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Abstract: A field experiment was conducted on clay soil in 

Armanet section, Aluxor Government, Egypt during two 

seasons (2022/2023)to study the effects of using plant growth 

promoting rhizobacteria (PGPR) and different types of bacterial 

strains as biofertilizers. The experiment also tested the use of 

compost tea or vermicompost tea as organic foliar extracts. The 

results showed that the combination of PGPR, compost, and 

organic teas led to higher growth and yield of henna plants 

compared to traditional mineral fertilizers. The bio-organic 

fertilizers also had a positive effect on the microoranisms in the 

soil. Conclusions, using bio-organic fertilizers can improve 

henna plant productivity and reduce the need for mineral 

fertilizers, benefiting the environment. 
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Introduction 

The study of aromatic and medicinal plants has been extensively researched in recent 

years. There is a resurgence in the use of herbs in pharmaceuticals and cosmetics, with over 

20,000 plant species now being used for their medicinal properties. Additionally, more than 80% 

of the world's population utilizes these plants (Padma, 2005 and Sarma et al., 2016). Henna, 

scientifically known as Lawsoniainermis Linn, is a member of the Lythereaceae family and is 

primarily found in subtropical and tropical regions. It is believed to have originated in Africa and 

Asia, with distribution in countries such as Egypt, Somalia, Sudan, India, Pakistan, and Sri 

Lanka (Chaudhary et al., 2010). The leaves of henna (Lawsoniainermis L.) have been used for 

centuries as a cosmetic dye, commonly applied to nails, hands, hair, and textiles. It is also 

utilized in the treatment of skin problems, hand aches, and other medical conditions (Zumrutdel 

et al., 2012). 

The leaves of Lawsoinainermis contain phenolic and flavonoids as phytochemicals 

(Sharma et al., 2016). 

PGPR are a diverse group of microorganisms that can promote plant growth. 

Recognizing the potential benefits of PGPR can lead to increased crop productivity. Using PGPR 

as biofertilizers can replace chemical fertilizers and pesticides, resulting in increased plant 

growth and yield (Glick, 1995 & (Kloepper et al., 2004 and Farzana et al., 2009. 

Several reports show that PGPR has promoted the growth of cereals, vegetables, and 

medicinal aromatic plants. Biofertilizers are important for sustainable agricultural practices. 

Organic fertilizers like compost and vermicompost, as well as their teas, can meet the nutrient 

requirements of crops. The application of compost and its teas has a significant impact on plant 

growth, productivity, and soil properties (Kamilova, 2009; Mishra et al., 2010; Verma et al., 

2010; Egamberdieva, 2011; Mansour et al., 2011; Housseinand Abotaleb, 2023). 
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The primary aims of this study were to examine the function of plant growth promoting 

rhizobacteria (PGPR) in conjunction with various types and concentrations of compost, along 

with organic extract teas, as organic fertilizers in order to enhance henna productivity and 

increase the overall abundance of microorganisms in the rhizosphere. Additionally, the goal was 

to reduce dependence on synthetic fertilizers and mitigate environmental pollution. 

 

 

 

MATERIALS AND METHODS 

 

A field experiment was conducted on clay soil at our farm, specifically in the Arment 

section of Aluxor Government, located at a latitude of 32° 60' 31" N and a longitude of 037° 25' 

32.5333" E. This experiment took place in Egypt over the course of two consecutive seasons 

(2022/2023) in order to assess the combined impact of bio and organic fertilizers on various 

growth and productivity parameters of henna plants, as well as the overall abundance of soil 

rhizospheric microorganisms. 

1. Soil: 

 

The soil samples were subjected to analysis in order to determine their mechanical, 

physical, and chemical properties, as outlined by Jackson (1973) and documented in Table (1). 

2. Host plant: 

Hardwood cuttings, with a length ranging from 25 to 30 cm and containing 6 to 9 nodes 

of the local henna cultivar (Lawsoniainermis L.) were utilized in this research. These cuttings 

were graciously acquired from a private farm located in the Aswan governorate of Upper Egypt. 
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3. Fertilizers used: 

a. Mineral fertilizers: 

 

Synonyms: Nitrogen mineral (N), phosphorus (P), and potassium (K) manure were 

implemented at the two levels the first level at the recommended doses (60 N, 30 P, and 48 K) 

forms 300kg ammonium sulfate (20.5% N), 200kg super phosphate (15.5% P2O5) and 100kg 

potassium sulfate (48% K2O) per Fadden, the second level was25% N, P, and K from the 

recommended doses waterlogging involves executing drainage systems, enhancing soil structure, 

selecting suitable crops, and practicing effective water management. By deploying these tactics, 

land managers can alleviate waterlogging issues, promote proper soil drainage, and ensure 

optimal conditions for plant growth. This ultimately contributes to upholding agricultural 

productivity and sustainability in waterlogged areas. 

Table 1 Mechanical and chemical properties of soil. 

 

Property Before planting 

Soil particle size distribution  

Sand (%) 9.93 

Silt (%) 19.27 

Clay (%) 70.80 

Texture Clay 

Chemical analysis  

pH (in soil paste) 8.20 

E.C (ds/m) 0.63 

Saturation percentage (%) (SP) 43.70 

Organic matter (%) 0.74 

Available N (ppm) 40 

Available P (ppm) 6.2 

Available K (ppm) 310 

Soluble cations and anions (meqL-1)  

Ca++ 
2.70 

Mg++ 
1.20 

Na+ 2.40 

K+ 
0.10 

CO— 
3 0.0 

HCo3
- 2.80 

Cl- 1.20 

SO-- 
4 2.40 
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Available amounts (mg Kg-1) of some nutrients  

Fe 320 

Zn 120 

Mn 150 

Cu 0.10 

b. Organic fertilizer used: 

 

 Compost: 

Plant organic matter that consisted of plant remains with exclusively microbial 

decomposition was utilized and administered at the two magnitudes of 8 and 2 tons per Fadden. 

Certain chemical characteristics of the organic matter utilized can be found in Table (2) as 

indicated by Page et al. (1982). 

Table 2. Some physical and chemical properties of organic fertilizer used (compost) during 

this study. 

Analysis Values 

Bulk density (kg M3) 686 

Moisture content% 28.5 

pH 7.6 

EC (dsm2) 4.82 

Organic matter % 51.73 

Organic carbon % 30.07 

Ash % 71.5 

Total nitrogen % 1.70 

C/N ratio 1:17.9 

Total P 0.8 

Total K 1.3 

Fe ppm 1250 

Zn ppm 1.8 

Mn ppm 3.60 

Cu ppm 105 

Nematoda Nil 

Seed weed Nil 

E.coli Nil 

 Organic teas; 

Compost and vermicompost infusions were generated obtained from expedited infusion 

as biological deterioration of plant remains identical operative microorganisms and/or 

association between earthworms (1:10 water) and implemented as a foliar infusion at the two 
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levels (5 and 10 liters per fed-1) at two intervals 30 and 60 days after sowing (AP). Certain 

chemical characteristics of the two varieties of organic infusions exploited are exhibited in Table 

(3) corresponding to Page et al. (1982). 

 

Table 3. Some physical and chemical properties of organic fertilizer used (compost) during 

this study. 

Properties Values 

Compost tea Vermicompost tea 

pH 8.35 8.72 

EC (dsm2) 2.95 3.21 

Available N- (NH4)ppm 8.75 11.70 

Available N- (NO3)ppm 25.31 37.81 

Total nitrogen ppm 791 863 

Total phosphors ppm 11200 14300 

Total potassium ppm 14750 15893 

Fe ppm 15.63 21.73 

Zn ppm 7.67 9.83 

Mn ppm 3.17 4.25 

Cu ppm 1.51 1.83 

 

 

c. Biofertilizer (PGPR): 

Three distinct categories of bacterial strains were employed as biofertilizers and/or plant 

growth-promoting rhizobacteria (PGPR). These strains include 1) Azotobacterchroococcum and 

Azospirillumbrasilense, which function as diazotrophic bacteria capable of fixing nitrogen as 

free and associative organisms. They are used in combination as a mixed culture, known as 

Azoto + Azo (1:1). 2) Bacillus megaterium (Bm) serves as a phosphate dissolving bacteria 

(PDB). Lastly, 3) Bacillus circulans (Bc) is utilized as a potassium releasing bacteria (KRB). The 

bacterial cultures were generously procured from the biofertilizers production unit (BPU) at the 

Agriculture Microbiology Department of the Soil Water and Environment Research Institute 

(SWERI), which is part of the Agricultural Research Center (ARC) in Giza, Egypt. During the 

planting of henna plants, the hardwood cuttings were inoculated by soaking them in mixed liquid 
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cultures (1N:1P:1K) derived from the aforementioned three strains (Azoto+Azo) + Bm + Bc. 

The bacterial load in the inoculant was maintained at a level below 109cfuml-1. Furthermore, a 

basal dressing of the aforementioned inocula was re-applied 21 days after planting and utilized as 

a foliar application at a dosage of 10 liters per Fadden. 

4. Field experiment 

The experiment was conducted using a randomized complete block design (RCBD) with 

three replicates. Each plot had an area of 10.5 m2 (3x3.5) or 1/400 fed-1. The following 

treatments were applied: 

T1: Control (no treatment). 

 

T2: Full recommended dose of N, P, and K mineral fertilizers. 

T3: Organic fertilizer (compost) at a rate of 8 tons per feddan. 

T4: Compost (2 tons per feddan) + 25% of the recommended N, P, and K mineral fertilizers + 

PGPR. 

T5: T4 + compost tea at a rate of 5 liters per feddan (applied 30 days after sowing). 

T6: T4 + compost tea at a rate of 5 liters per feddan (applied 90 days after sowing). 

T7: T4 + compost tea at a rate of 10 liters per feddan (applied 30 days after sowing). 

T8: T4 + compost tea at a rate of 10 liters per feddan (applied 90 days after sowing). 

T9: T4 + vermicompost tea at a rate of 5 liters per feddan (applied 30 days after sowing). 

T10: T4 + vermicompost tea at a rate of 5 liters per feddan (applied 90 days after sowing). 

T11: T4 + vermicompost tea at a rate of 10 liters per feddan (applied 30 days after sowing). 
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T12: T4 + vermicompost tea at a rate of 10 liters per feddan (applied 90 days after sowing). 

 

5. Plant determination 

 

Two cuts at the growth stage (180 and 360 DAP) five henna plants were uprooted from 

each plot to assay the following parameters plant height (cm), number of branches, area as well 

as fresh and dry weight of leaves per plant, and yield of dry weight of leaves per plot (kg plot-1) 

and yield of dry leaves ton per Fadden (ton fed-1), according to A.O.A.C.(2005). 

6. Measurements of plant leaf phytochemical of henna plants 

 

Both total phenolic content (TPC) and total flavonoids content (TFC) were determined 

according to (Cheng et al., 2007) and Pothitiratet al., 2009. 

7. Microbial determination 

 

The quantification of rhizospheric microorganisms, including total bacteria (cfu 106), 

fungi (cfu 104), and actinomyces (cfu 105), per unit of dry soil (g) was determined prior to 

planting (time zero) as well as after the first and second cuts, referred to as cut one and cut two, 

using the methodologies established by Page et al. (1982). 

8. Statistical analyses 

 

The outcomes were executed through the utilization of analyses of variance, specifically 

ANOVA. The least significant differences (L.S.D.) were computed from the ANOVA tables, 

following the methodology established by Steel and Torrie (1984). 
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RESULTS AND DISCUSSION 

 

1. Growth characteristics of henna plants: 

 

The growth characteristics of henna plants, such as plant height (cm), number of branches 

(no. plant-1), and leaf area (mm2), were analyzed after 180 and 360 DAP (cut 1 and cut 2) and are 

presented in Table (4). The data obtained from the experiment revealed that the combined 

application of PGPR as biofertilizers and compost as organic fertilizers, along with foliar 

application of compost tea or vermicompost tea at two different rates (5 and 10 l. Fed-1) and two 

different times, resulted in significant differences and notable increases in all tested henna plants 

compared to the untreated control. Additionally, the treatment that received biofertilizers + 2-ton 

compost as organic fertilizer + 1/3 N mineral fertilizer dose exhibited higher values, with no 

significant differences observed compared to the treatment that received the recommended N, P, 

and K mineral fertilizers or 8-ton compost per Fadden as organic fertilizers. Among the tested 

treatments, the treatment that received the higher rate (10 l.fed-1) of foliar application of 

vermicompost tea + 1/3 N mineral fertilizers + 2-ton compost fed-1 in combination with PGPR as 

biofertilizers demonstrated the highest values for plant height (218.2 cm), number of branches 

(35 plant-1), and leaf area (45.8 mm2) compared to the other treatments in both tested cuts. 
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Table (4): The height (cm), Number of branches(no plant-1), and Leaf area (mm2)of Henna 

plants as affected by theapplication of different fertilizer treatments at 180 and 

360 DAP 

 Plant height (cm) Number of branches 
(no plant-1) 

Leaf area (mm2) 

cut 1 cut 2 mean cut 1 cut 2 mean cut 

1 

cut 2 mean 

Control (1) 92.7 95.6 94.0 14 15 14.5 25.1 24.8 24.9 

F.N (2) 161.0 173.2 167.1 25 27 26.0 34.2 36.7 35.5 

F.O.M (3) 153.0 162.8 157.9 16 20 18.0 37.7 39.2 38.5 

Bio+ F.O.M+1/3N (4) 162.7 166.3 164.5 20 25 22.5 32.7 34.8 33.8 

(4)+5LCT1 179.3 183.2 181.3 23 28 25.5 36.2 42.7 39.5 

(4)+5LCT2 192.7 197.5 195.1 23 31 27.0 39.6 44.8 42.2 

(4)+10CT1 183.2 187.4 185.2 25 33 29.0 37.3 39.2 38.3 

(4)+10CT2 201.0 209.3 205.2 21 37 29.0 31.5 34.3 32.9 

(4)+5LVT1 192.3 201.7 197.0 28 28 28.0 36.2 40.2 38.2 

(4)+5LVT2 200.7 210.8 205.8 24 32 28.0 37.4 41.7 39.6 

(4)+10LVT1 205.7 215.3 210.5 28 29 28.5 37.7 43.7 40.7 

(4)+10LVT2 206.0 218.4 212.2 28 35 31.5 39.6 45.8 42.7 

L.S.D. 0.05 5.63 6.23 7.91 4.25 6.65 7.27 2.88 3.17 4.03 

 

 

The findings from the experiment displayed data on the fresh weight (g plant-1) and dry 

weight (g plant-1) of leaves, as well as the weight in kilograms per plot (kg plot-1) and kilograms 

per feddan (kg fed-1). The analysis of the data in Table (5) indicated that the plants treated with a 

combination of bio and organic fertilizers, along with 1/3 N mineral fertilizers and foliar 

application at two different rates and times, exhibited higher values and significant increases in 

both the fresh and dry weight of henna leaves. In comparison to the treatment receiving either the 

recommended doses of N, P, and K mineral fertilizers or the full dose of organic fertilizer (8-ton 

fed-1), Treatment (T4) demonstrated higher values for the fresh and dry weight of henna leaves. 

Furthermore, the application of foliar organic teas, such as compost and vermicompost teas, at 

the two rates and times resulted in higher values and significant differences compared to the 

other tested treatments. The treatment that received bio and organic fertilizers + 1/3 N mineral 
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fertilizers dose + vermicompost tea at a rate of 10 l.fed-1 at cut 2 exhibited the highest values for 

fresh weight (341.7 g plant-1), dry weight (159.7 g plant-1), weight per plot (6.388 kg plot-1), and 

weight  per  feddan  (2559.6  kg  fed-1)  when  compared  to  the  other  tested  treatments. 
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Table (5): Fresh weight of leaves, dryweight of leaves of Henna plants as affected by theapplication of different fertilizer 

treatments at 180 and 360 DAP. 

 Fresh weight of leaves 
(g. plant-1) 

Dryweight of leaves 
(g. plant-1) 

Dryweight of leaves 
(kg plot-1) 

Dryweight of leaves 
(kg fed-1) 

cut 1 cut 2 mean cut 1 cut 2 mean cut 1 cut 2 mean cut 1 cut 2 mean 

Control (1) 27.0 28.3 27.7 14.7 15.3 15.0 0.588 0.612 0.600 235.2 244.8 240.0 

F.N (2) 148.0 163.7 155.9 70.7 75.7 73.2 2.828 3.028 2.928 1131.2 1211.2 1171.2 

F.O.M (3) 85.3 92.1 88.7 39.5 49.3 44.4 1.580 1.972 1.776 632.0 788.8 710.4 

Bio+ F.O.M+1/3N 
(4) 

189.7 193.4 191.6 88.9 92.7 90.8 3.556 3.708 3.632 1422.4 1483.2 1452.8 

(4)+5LCT1 178.0 183.2 180.6 85.8 87.4 86.6 3.432 3.496 3.464 3172.8 1398.4 1385.6 

(4)+5LCT2 226.3 245.2 235.8 110.7 118.3 114.5 4.428 4.732 4.580 1770.2 1892.8 1832.0 

(4)+10CT1 253.3 278.9 266.1 112.6 131.7 122.2 4.504 5.268 4.88 1801.6 2107.2 1955.2 

(4)+10CT2 262.0 294.1 278.1 127.1 142.8 134.9 5.084 5.712 5.396 2033.6 2284.8 2158.4 

(4)+5LVT1 261.7 287.3 274.5 139.2 139.2 139.2 5.568 5.568 5.568 2227.2 2227.2 2227.2 

(4)+5LVT2 283.7 305.7 294.7 144.3 147.2 145.8 5.772 5.88 5.808 2308.8 2355.2 2323.2 

(4)+10LVT1 292.0 325.1 308.6 154.4 151.7 153.1 6.176 6.068 6.124 2470.4 2435.2 2449.6 

(4)+10LVT2 300.0 341.7 320.9 156.4 159.7 158.1 6.256 6.388 6.324 2502.4 2555.2 2559.6 

L.S.D. 0.05 25.63 43.72 46.23 15.81 19.17 23.32 1.054 1.278 1.554 381.6 417.2 597.6 
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Irrespective of the utilization of the two types of organic foliar teas, namely compost and 

vermicompost, at the two different rates of 5 and 10 liters per feeding, and at two distinct time 

points of 0 and 60 days after planting, in conjunction with both bio and organic fertilizers, along 

with a 1/3 dose of N mineral fertilizer, as well as the two cuts that were examined, the data 

presented in Table 6 demonstrated that the application of both organic teas in the presence of bio 

and organic fertilizers, combined with a 1/3 dose of N mineral fertilizer, resulted in a percentage 

range of 12 to 112%, 6 to 90%, 3 to 55, and 45 to 779 for plant height (in centimeters per plant), 

number of branches (per plant), leaf area (in square millimeters), and leaf dry weight (in 

kilograms per feeding), respectively, in comparison to the control treatment. The control 

treatment consisted of the application of the recommended doses of N, P, and K mineral 

fertilizers, an organic fertilizer (at a rate of 8 tons per feeding), and biofertilizers in combination 

with a 2-ton compost per feeding and a 1/3 dose of N mineral fertilizers, in the aforementioned 

order. 

Table (6): The effect of applications of both compost and vermicompost teas on some 

vegetative growth parameters (plant height, number of branches, leaf area 

and leaves fresh and dry weight) of henna plants as an average of the two 

tested cuts. 

 

 Plant height Number of Leaf area Dryweight of 

(cm) branches (no (mm2)  leaves  

 plant-1)   (kg fed-1)  

value % value % value % value % 

Control 94.0 112 14.5 90 24.9 55 240.0 779 

FN 167.1 19 26 6 35.5 9 1171.2 80 

F.O.M. 157.9 26 18.0 53 38.5 3 710.4 197 

Bio+F.O.M+1/3N 164.5 21 22.5 22 33.8 14 1452.8 45 

Bio+F.O.M+1/3N+O. teas 199.5 - 27.6 - 38.6 - 2111.4 - 
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This phenomenon may be attributed to the fundamental rate of PGPR as biofertilizers and 

compost as organic fertilizers, as well as their co-application with the foliar organic two teas, 

which contribute to the enhancement of henna plant growth by augmenting both soil fertility and 

soil rhizospheric microorganisms. In this regard, the findings obtained are consistent with the 

reports of Attia-Elham (2000), Attia-Elham and Hoda (2005), Abo El Ala (2015), El Massoudi et 

al. (2019), and Ibrahim et al. (2022), who observed that applying PGPR in various forms and 

microbial types in conjunction with diverse sources and levels of organic fertilizers and organic 

foliar components (such as organic acids or teas extract), together with reduced amounts of N, P, 

and K fertilizers, resulted in notable enhancement of both growth characteristics and yield 

productivity of henna plants. Moreover, these practices yielded significant differences when 

compared to the application of mineral N, P, and K fertilizers alone, particularly under different 

soil types, stress conditions, and circumstances. 

2. Both total phenolic content (TPC) and total flavonoids content (TFC) as leaf 

phytochemical compounds of henna plant 

The data obtained from the two cuts, as well as the average of the two cuts, revealed that 

the application of various fertilized treatments had a significant impact and led to significant 

increases in both total phenolic content (TPC) and total flavonoid content (TFC). Furthermore, 

when henna plants were inoculated with PGPR as biofertilizers, combined with compost as an 

organic fertilizer and 1/3 N mineral fertilizer dose, in the presence of compost tea or 

vermicompost teas, higher values for the two tested parameters were observed compared to other 

treatments. The values recorded at cut2 and in the presence of vermicompost were higher than 

those at cut1 and the other fertilized treatments. Specifically, the values ranged from 0.78 to 1.98 

and 1.07 to 2.11 for TPC at cut1 and cut2, respectively, and the corresponding values for TFC 
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were 0.70 to 1.96 and 0.81 to 2.53, respectively. The data obtained from table (8) indicated that 

the application of two types of organic foliar compounds (compost or vermicompost teas) 

combined with PGPR, organic fertilizers, and 1/3 N mineral fertilizer dose supported the 

stimulation of higher amounts of TPC and TFC in henna plant leaves compared to other 

fertilized treatments. This resulted in a higher percentage increase of up to 103% for TPC and 

163% for TFC compared to other fertilized treatments. These findings are consistent with 

previous studies by Kasntin et al. (2013), Abo El-Ela (2015), Al Damy et al. (2016), and Leela 

and Sing (2020), which reported that henna plant leaves exhibit significant physicochemical 

properties (TPC and TFC) and show higher values when various fertilized systems, such as 

mineral fertilizers, organic fertilizers, and PGPR as biofertilizers, are applied individually or in 

combination with organic foliar compounds, such as organic acids and/or extract teas. 

 

 

Table (7): Total phenols (g-1 100g) and Total flavonoids (g-1 100g) of Henna plants leaves as 

affected by application of different fertilized treatments at 180 DAP 

 Total phenols (g-1 100g) Total flavonoids (g-1 100g) 

cut 1 cut 2 mean cut 1 cut 2 mean 

Control (1) 1.05 1.15 1.10 0.77 0.81 0.79 

F.N (2) 1.43 1.48 1.46 0.70 0.76 0.73 

F.O.M (3) 0.78 1.07 0.93 0.96 1.11 1.04 

Bio+ F.O.M+1/3N (4) 1.86 1.93 1.90 0.92 1.08 1.00 

(4)+5LCT1 1.92 1.98 1.95 0.93 1.10 1.02 

(4)+5LCT2 1.52 1.95 1.74 1.42 1.63 1.52 

(4)+10CT1 1.42 1.46 1.44 1.87 1.98 1.93 

(4)+10CT2 1.88 1.93 1.91 1.89 2.11 2.00 

(4)+5LVT1 1.96 2.03 2.00 1.93 2.43 2.18 

(4)+5LVT2 1.93 1.98 1.96 1.96 2.53 2.25 

(4)+10LVT1 1.98 2.11 2.05 1.94 2.47 2.21 

(4)+10LVT2 1.95 2.05 2.00 1.96 2.51 2.24 

L.S.D. 0.05 0.21 0.28 0.33 0.11 0.31 0.28 
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Table (8): The effect of applications of both compost and vermicompost teas on Total 

phenols (g-1 100g) and Total flavonoids (g-1 100g) of henna leaves plants as 

an average of the two tested cuts. 

 Total phenols Total flavonoids 

 TPC % TFC % 

Control (1) 1.10 72 0.79 143 

F.N (2) 1.46 29 0.73 163 

F.O.M (3) 0.93 103 1.04 85 

Bio+F.O.M+1/3N+O. teas 1.89 - 0.92 - 

 

 

3. Rhizosphric microorganisms of henna plants total count of bacteria, fungi,and 

actinomycetes: 

The findings of the comprehensive enumeration of bacteria (colony-forming units ≈ 

10^6), fungi (colony-forming units ≈ 10^4), and actinomycetes (colony-forming units ≈ 10^5) in 

the rhizosphere of planted henna plants, as influenced by different fertilizer treatments, can be 

found in Table (9). The collected data revealed that the experimental site exhibited lower values 

for total bacteria (2.12 x 10^6), fungi (1.06 x 10^4), and actinomycetes (1.82 x 10^5) before the 

planting process. However, when henna plants were planted as is or fertilized with recommended 

amounts of nitrogen (N), phosphorus (P), and potassium (K) mineral fertilizers, higher values 

were observed in comparison to the aforementioned pre-planting values, with no statistically 

significant differences observed. The application of organic fertilizers alone or in combination 

with biofertilizers, along with the presence of organic foliar components such as compost and 

vermicompost teas, resulted in even higher values and significant increases compared to the 

untreated treatments at the tested time points (180 and 360 days after planting). The treatment 

that received plant growth-promoting rhizobacteria (PGPR) as biofertilizer, compost as organic 
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fertilizer, and one-third of the recommended amount of N mineral fertilizer, along with foliar 

application of vermicompost tea at a rate of 10 liters per feddan, twice, exhibited the highest 

values for total bacteria (14.72 x 10^6), fungi (9.67 x 10^4), and actinomycetes (11.41 x 10^5). 

Table (9): Total count of bacteria (-x106), total count of Fungi (-x104) and total count of 

actinomycetes (-x105)of therhizosphere of Henna plants as affected by 

theapplication of different fertilizer treatments at 180 DAP. 

 Total count of Total count of Total count of 

bacteria (-x106)  Fungi (-x104)  Actinomycetes (- 
    x105)  

cut 1 cut 2 mean cut cut mean cut 1 cut 2 mean 
   1 2     

Before planting 2.12 1.06 1.82 

Control (1) 2.18 4.53 3.36 1.01 1.21 1.11 2.07 3.71 2.89 

F.N (2) 3.80 6.37 5.09 1.09 1.19 1.14 3.66 4.66 4.16 

F.O.M (3) 5.47 8.31 6.89 2.09 2.19 2.14 4.96 5.31 5.14 

Bio+ F.O.M+1/3N (4) 6.32 9.43 7.88 3.58 3.85 3.72 6.70 7.25 6.98 

(4)+5LCT1 6.81 10.11 8.46 5.02 6.31 5.67 5.57 7.57 6.57 

(4)+5LCT2 7.76 11.72 9.74 4.95 7.04 5.99 8.08 9.11 8.60 

(4)+10CT1 8.76 12.33 10.55 5.04 7.73 6.39 8.75 9.93 9.34 

(4)+10CT2 9.99 12.78 11.39 5.73 8.11 6.92 8.99 9.98 9.49 

(4)+5LVT1 7.82 12.88 10.35 4.83 8.17 6.28 9.04 10.04 9.54 

(4)+5LVT2 8.71 13.11 10.91 6.11 9.02 7.57 9.28 10.83 10.01 

(4)+10LVT1 9.43 13.20 11.32 6.22 9.31 7.77 10.01 11.22 10.62 

(4)+10LVT2 11.32 14.72 13.02 6.62 9.67 8.15 10.14 11.41 10.91 

L.S.D. 0.05 1.62 2.73 2.90 1.55 2.17 2.48 2.27 3.14 3.61 

 

 

Furthermore, the data presented in Table (9) indicates that the treatments not subjected to 

compost tea or vermicompost tea exhibited lower values for total bacteria, fungi, and 

actinomycetes. However, the application of either compost tea or vermicompost tea resulted in 

significant percentage increases ranging from 34% to 214%, 84% to 717%, and 23% to 214% for 

total bacteria, fungi, and actinomycetes counts, respectively, compared to the control treatment. 

This increase was observed in the presence of recommended doses of N, P, and K mineral 
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fertilizers, compost as organic fertilizer (8-ton fed-1), and PGPR as biofertilizers, along with 2- 

ton compost fed-1 and 1/3 mineral fertilizer dose, in the same order. These findings are 

consistent with the results reported by Ragab et al. (2006), El-Mehrat et al. (2013), Elmaghraby 

et al. (2011), and Zaky (2019), which suggest that the application of biofertilizers (PGPR) and 

organic fertilizer in various sources, levels, and forms, in conjunction with low amounts of N, P, 

and K mineral fertilizers, can activate and positively impact rhizosphere soil microorganisms in 

different types of cultivated crops. This leads to an increase in the number and count of these 

microorganisms by up to 620% during the growth stage period, compared to untreated and 

uninoculated treatments. 

 

 

Table (10): The effect of theapplications of both compost and vermicompost teas on the 

total counts of themicrobial rhizosphere of henna plants as an average of 

the two tested cuts. 

 

 Total count of 

bacteria (-x106) 

Total count of 

Fungi (-x104) 

Total count of 

Actinomycetes 

(-x105) 
 count % count % count % 

Before planting 2.12 - 1.06 - 1.82 - 

Control (1) 3.36 214 1.11 717 2.89 214 

F.N (2) 5.09 107 1.14 501 4.16 118 

F.O.M (3) 6.89 53 2.14 207 5.14 76 

Bio+ F.O.M+1/3N (4) 7.88 34 3.72 84 6.98 23 

Bio+F.O.M+1/3N+O. teas 10.55 - 6.85 - 9.07 - 

 

 

CONCLUSION 

 

There is a substantial body of evidence indicating that the utilization of PGPR as 

biofertilizers, when combined with various types, levels, and forms of organic fertilizers, along 
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with reduced quantities of mineral N, P, and K fertilizers, holds significant promise as a viable 

approach to enhance both growth and yield productivity. Additionally, this approach has the 

potential to diminish the reliance on chemical agricultural components for medicinal and 

aromatic plants, thereby fostering the development of environmentally sustainable agriculture. 

Furthermore, it is plausible to assert that such a fertilization regimen may function as a sound 

agricultural practice, not only serving to augment henna plant productivity, but also effectively 

curbing reliance on chemical fertilizers and mitigating environmental pollution. 

 عذد ومذلل ، الحناء نباث وإنتاجيت المورفولوجيت الخصائص بعض على والعضويت الحيويت ذةلألسم المشتزك التأثيز تقييم

 

 .التزبت جذور في الذقيقت الحيت النائناث

 

 العزبي الملخص

 

 .العربٌة مصر جمهورٌة ف   األقصر لمحافظة التابعة أرمنت، بمنطقة خاصة مزرعة ف   حقلٌة تجربة إجراء تم
 

 الدقٌقة الحٌة الكائنات من مجموعة الستخدام التكامل   التأثٌر دراسة بهدف 2023/2022 موسم   خالل التجربة هذه تمت
 

 األزوتوباكتر بكتٌرٌا :وه   الكائنات، هذه من أنواع ثالثة استخدام تم .النمو ومنشطات السمادٌة العناصر توفٌر ف   تسهم الت  
 

 مساعدة بكتٌرٌا وه   مٌجاتٌرٌم، الباسلس وبكتٌرٌا الجوي، الهواء لنٌتروجٌن مثبتة بكتٌرٌا وه   األزوسبٌرٌلم، وبكتٌرٌا
 

 باإلضافة حٌوي، كسماد الكائنات هذه استخدام تم .للبوتاسٌوم مساعدة بكتٌرٌا وه   سٌركٌولنس، الباسلس وبكتٌرٌا للفوسفور،
 

ن الفٌرمٌكمبوست وشاي الكمبوست شاي رش تم .العضوي للسماد كمصدر الكمبوست استخدام إلى ٌٌ  وذلك مختلفٌن، بمستوٌ
 

م ٌٌ  .والفالفوندٌ للفٌنوالت الكل   المحتوى تقدٌر ٌ ضا أٌ  تم .الحنة نباتات أوراق وحصاد الخضري النمو صفات على تأثٌرهما لتقٌ
 

 شاي من كل من (للفدان لتر 10 - 5  ) للرش بمعدلٌن العضوي السماد إضافة مع المختلفة بالبكتٌرٌا المعامالت تلقٌح تم

 التجربة تصمٌم تم .المستخدمة النٌتروجٌنٌة لألسمدة السمادةٌ الجرعة لثلث قاٌ   وف وذلك الفٌرمٌكمبوست، وشاي الكمبوست

 
 أن علهٌا الحصول تم الت   النتائج أظهرت .مكررات ثالث وجود مع كاملة، عشوائٌة قطاعات إلى الزراعٌة القطع بتقسٌم

 
 المعدن   التسمٌد بمعاملة مقارنة عالةٌقمٌ  إلى أدى الفٌرمٌكمبوست وشاي الكمبوست بشاي الرش ومعامالت الكمبوست وجود ف   الخلٌط البكتٌري اللقاح تطبٌق

 التسمٌد معاملة إلى باإلضافة البوتاسٌوم، الفوسفور، النٌتروجٌن، من كاملة بجرعة

 الورقة، ومساحة والتفرٌع، النبات، طول ف   معنوٌة قاٌ   فرو المعامالت هذه سجلت وقد (.للفدان طن 8) كاملة بجرعة العضوي
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بدو .مكتمل لٌس النص ولكن لألورأعتذر، الجاف والوزن لألوراق، الرطب والوزن  .الجملة منتصف ف   النص قطع تم أنه ٌٌ

 .أفضل بشكل مساعدتك من أتمكن لك   ل   قدمها فضال   التجربة، حول االستفسارات أو المعلومات من المزٌد لدٌك كان إذا

 
 :المزجعيت النلماث

 

 الحٌوي التسمٌد المنشطة للمواد والمفرزة الرٌزوسفٌر منطقة ف   المتعاٌشة البكترٌا مجموعة – – الحنة نباتات –

 
 .الرٌزسفٌر منطقة ف   الدقٌقة الحٌة الكائنات مجموعة – الفٌرمٌكمبوست شاي – الكمبوست شاي



Page 7413 of 7416 
El-sayed I. Gaber / Afr.J.Bio.Sc. 6(5) (2024).7394-7416 

 

 
 

 
REFERENCES 

 

A.O.A.C. Association of Official Agriculture Chemists (2005). Official methods of analysis 

18th Ed. AOAC International suite 500 481 North Frederick Avenue, Gaithersburg, 

Maryland 20877-2417, USA. 

Abo-El Ela H. K. (2015). physiological studies on the activity of azotobacter isolated under 

different temperatures and their effect on the production of henna plants cultivated in 

shalateen Region. J. of Appl. Sci., 30(2): 63-81. 

Al-Daamy A. H. Ka, A. Abdul Hassan and Mahmood A. (2016). Stady of antibioterial activity 

of Lawsoniainermisleaf extract. J. contemp. Med. Sci (2)7:103-106. 

Attia, Elham M. (2000). Using different forms of agricultural managements to produce henna 

(Lawsoniainermis) with minimized pollution underNorth Sinai conditions. Ph.D. Thesis, 

Inatitute of Environmental Syudies and Research, Ain Shams Univ., Cairo, Egypy. 

Attia, Elham M. and Hoda M. abdel- Azeem (2005). Effect of biofertilization on yield and 

active materials in LawsoniainermisL. plants at Maryout the 6th Arabian Conference for 

Horticulture., 39:49. 

Chaudhary G.; S. Goyal and Poonia P. (2010). LawsoniainermisLinnaeus A 

phytopharmacological Review. I . J. Pharma. Sci. 2(2); 91-98. 



Page 7414 of 7416 
El-sayed I. Gaber / Afr.J.Bio.Sc. 6(5) (2024).7394-7416 

 

Cheng, H. Li. K., Wong; C.; Fan, K.; Chen, Fand Y. Jiang (2007). Evaluation of antioxid 

capacity and total phenolic content of different fractions of selected micro alge. Food 

Chemistry, Vol. 102 no.3 pp, 771-776. 

El Massoudi S., Benidir M., Chabir R., Benjelloun M., El Ghadraoui L., and Errachidi F. 

(2019)Morphological, Biochemical, and Climatological Analysis of Three Moroccan 

Henna   Verities.The   Scientific   World   Journal   Volume 2019 | Article 

ID 1418456 https://doi.org/10.1155/2019/1418456 

Elmaghraby M. M.K.; Ragab A. A.; Ali M.A. and Higazy A.M (2015).Response of mint to 

some organic agriculture practices under greenhouse conditions. Arab J. Biotech., 

17(2): 107-120. 

Elmehrat H. G., I. M. K. Elmaghraby, A. A. Alkafrawy and H. H. Abotaleb (2013). 

Influence of biofertilizers application on growth yield, yield components quality and 

market ability of banana fruits under Egyptian soil condition vol. 38 (2) pp 729-744. 

Farzana, Y.; Saad, R.O.S. and Kamaruzaman, S. (2009). Growth and storage root 

development of sweet potato inoculated with rhizobacteria under glasshouse 

conditions. Australian Journal of Basic and Applied Sciences, 3(2): 1461-1466. 

Glick, B.R. (1995). The enhancement of plant growth by free living bacteria. Canadian Journal 

of Microbiology, 41 (2):109–117. 

Hussein, Mona, H. A. and H. H. Abotaleb (2023): performance of N, P and K plant uptake as 

affected by application both compost tea, vermicompost tea and rhizobial for plant. 

Minofia J. Agric. Biotech. 3: 48-60. 

https://doi.org/10.1155/2019/1418456
https://drive.google.com/open?id=17Ct3gVHtwmFjJPRVi27M4gdY88nEW3QI
https://drive.google.com/open?id=17Ct3gVHtwmFjJPRVi27M4gdY88nEW3QI


Page 7415 of 7416 
El-sayed I. Gaber / Afr.J.Bio.Sc. 6(5) (2024).7394-7416 

 

Ibrahim, El. Sh. M. M., Hassan, E. A., AbdElmawgoud, A. S. A. and A. L., Elgohary 

(2022). Effect of irrigation intervals, mineral and organic fertilization on productivity of 

henna (LawsoniainermisL.) plants. Arch. of Agric. Sci. J. 5(3):91-105. 

Jackson, M.L. (1973). Soil Chemical Analysis. Prentice-Hall of India Private Limited, New 

Delhi, pp 38-269. 

Kloepper, J.W.; Reddy, M.S.; Rodríguez-Kabana, R.; Kenney, D.S.; Kokalis-Burelle, N.; 

Martinez-choa, N. and Vavrina, C.S. (2004). Application of rhizobacteria in 

transplant production and yield enhancement. Acta, Horticulturae, 631:217-229. 

Leela K. and Sing J. (2020) Bioactive compound studies of Lawsoniainermis L henna its 

ethnomedicinal and pharmacological application: A Review. Inter. J. for Modern Trends 

in Sci. and Tech., 6(9): 187-200. DOI: https://doi.org/10.46501/IJMTST060929 

Available online at: http://www.ijmtst.com/vol6issue09.html 

Mansour, S.F.;Abdel-Wareth, M. and Rashed, Azza R.A. (2011). Impact of applied mixtures 

of natural soil conditioners on some soil properties and productivity of AL-Arish – 

North Sinai. Egypt. J. of Appl. Sci., 26(5):51-66. 

Padma TV (2005) India Ayuveda. Nature 436 (7050): 436-386. 

 

Page, A. L.; Miller, R. M. and Keeney, D. R. (1982). Methods of Soil Analysis. Li chemical 

and Microbiological properties. Soil Sci. Amer., Madison Wisconsin, USA. 

Pothitirat,  W.,  Chomnawang,  M.  T.,  Supabphol,  R.  and  W.  Critsanapan  (2009). 

Comparison of bioactive compounds content. Free radical scavenging and anti-acne 

http://www.ijmtst.com/vol6issue09.html


Page 7416 of 7416 
El-sayed I. Gaber / Afr.J.Bio.Sc. 6(5) (2024).7394-7416 

 

inducing bacteria activities of extracts from the mangos teen fruit at two stages of 

maturity. Fitoterapia, 80:442-447. 

Sharma R. K.; A. Goel and Bhatia A. K. (2016). antityphoid activity and phytochemical 

screening of different extracts of L. inermis plant leaues. Int. J. Curr. Res; 8:37539-42. 

Steel, R.G.D. and Torrie, G.H. (1984). Principals and procedures of Statistics. McGraw Hill 

Book Company, Singapore .A Biometrical Approach. 2nd ed., pp 172-7. 

Verma R, Verma RK, Chauhan A, Yadav A (2010). Changes in the essential oil composition 

of Majorana hortensis Moench. cultivated in India during plant ontogeny. J. Serb. 

Chem. Soc., 75(4): 441-447. 

Zaky M. H. (2019). Using organic and biofertilizer to improve saline soil properties and quality 

and production of some medical plants in Egypt and Morocco. Ph.D. thesis, Fac. Of 

African Postgraduate studies Dept. Natural Resor. Cairo Univ. 

Zumrutdal E., Ozaslan M. (2012) A miracle plant for the herbal pharmacy; henna 

(Lawsoniainermis) Pharmacology 2012;896: 483-9. 


	El-sayed I. Gaber1; Amira Sh. Soliman1; MohamedH. Zaki1 andHatemH. Abotaleb2
	Introduction
	MATERIALS AND METHODS
	1. Soil:
	2. Host plant:
	3. Fertilizers used:
	Table 2. Some physical and chemical properties of organic fertilizer used (compost) during this study.
	Table 3. Some physical and chemical properties of organic fertilizer used (compost) during this study.
	4. Field experiment
	5. Plant determination
	6. Measurements of plant leaf phytochemical of henna plants
	7. Microbial determination
	8. Statistical analyses
	RESULTS AND DISCUSSION
	Table (4): The height (cm), Number of branches(no plant-1), and Leaf area (mm2)of Henna plants as affected by theapplication of different fertilizer treatments at 180 and 360 DAP
	Table (5): Fresh weight of leaves, dryweight of leaves of Henna plants as affected by theapplication of different fertilizer treatments at 180 and 360 DAP.
	Table (6): The effect of applications of both compost and vermicompost teas on some vegetative growth parameters (plant height, number of branches, leaf area and leaves fresh and dry weight) of henna plants as an average of the two tested cuts.
	2. Both total phenolic content (TPC) and total flavonoids content (TFC) as leaf phytochemical compounds of henna plant
	Table (9): Total count of bacteria (-x106), total count of Fungi (-x104) and total count of actinomycetes (-x105)of therhizosphere of Henna plants as affected by theapplication of different fertilizer treatments at 180 DAP.
	Table (10): The effect of theapplications of both compost and vermicompost teas on the total counts of themicrobial rhizosphere of henna plants as an average of the two tested cuts.
	النلماث المزجعيت:
	REFERENCES
	Pothitirat,  W.,  Chomnawang,  M.  T.,  Supabphol,  R.  and  W.  Critsanapan  (2009).

