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Abstract  
Roselle (Hibiscus sabdariffa L.) is a valuable medicinal 

and economic crop widely cultivated in Egypt, with Aswan 

contributing 53% of the total area. On the other hand, sustainable 

agriculture increasingly relies on plant-microbe interactions, 

particularly endophytic microorganisms. This study investigated 

the potential of self-endophytic microbiomes as a bioformulation 

to reduce dependence on chemical fertilizers while enhancing 

roselle growth and productivity. A field experiment was 

conducted using different NPK fertilizer levels combined with a 

mixed self-endophytic inoculum. Results showed that replacing 

25% of NPK with bio-inoculation significantly increased fruit 

number and shoot biomass by 25% and 15%, respectively. Also, 

using 75% NPK plus bio-inoculation improved seed weight and 

dry calyx yield by 35% and 16%, respectively, compared to full 

NPK. Additionally, this treatment enhanced chlorophyll a and b 

content by 15% and 23%. The highest carotenoid content was 

observed with 25% NPK plus bio-inoculant with 21% increase. 

These findings confirm that endophytic bacteria can colonize 

roselle tissues without causing harm, improve nutrient uptake, 

and boost productivity. This eco-friendly approach represents a 

promising strategy for sustainable roselle cultivation, reducing 

chemical input while maintaining high yields and supporting 

environmental health. 

 

Keywords: Hibiscus sabdariffa; PGPR; Endophytic; 

Rhizobacteria; Bioformulation. 

* Corresponding author 

Wagdi S.  Soliman  

wagdi79@agr.aswu.edu.eg 

 

10.21608/ajabs.2025.404

381.1014 

Received:  15/07/2025 

Revised:    21/07/2025 

Accepted:  30/07/2025 

Published: 16/09/2025 

  

©2024 by the authors. Licensee 

AJABS, Egypt. This article is 

an open access article 

distributed under the terms and 

conditions of the Creative 

Commons Attribution (CC BY) 

license 

(http://creativecommons.org/lic

enses/by/4.0/). 

 

 

mailto:wagdi79@agr.aswu.edu.eg
mailto:drkhaledarafat@agr.nvu.edu.eg
https://orcid.org/0000-0002-9895-4982


Soliman et al., 2025                                                                                                               https://ajabs.journals.ekb.eg/ 

AJABS. 1 (2) 2025, 17-28   18 
 

Introduction  

Roselle (Hibiscus sabdariffa L.) is a 
medicinal plant belonging to the family 
Malvaceae, commonly known as karkade. It is 
believed to be native to West Africa and has 
been widely distributed across various regions 
worldwide. Roselle is an herbaceous shrub that 
grows to a height of 1.5–2 meters (Dhar et al., 
2015). Although roselle is cultivated in several 
Egyptian governorates, Aswan is the primary 
hub for its cultivation, accounting for 
approximately 53% of Egypt’s total cultivated 
area (CAPMAS, 2023). 

Roselle is valued for its stems, leaves, 
calyxes, and seeds, all of which have industrial, 
medicinal, and nutritional applications. The 
calyxes contain organic acids (tartaric, oxalic, 
malic, ascorbic, and succinic acids), glucose, β-
carotene, lycopene, and anthocyanins such as 
delphinidin and cyanidin (Gaafar et al., 2021). 
In addition to its numerous therapeutic 
properties, roselle seeds contain 3.2% sterol 
content, including ergosterol (Hashem et al., 
2017). In addition, roselle fruits and calyxes are 
rich in essential nutrients including vitamin A, 
vitamin C, minerals, polysaccharides, pectin, β-
carotene, and anthocyanins (Ahmad et al., 2010; 
Fallahi et al., 2017). The plant is particularly 
known for its anthocyanin pigments, which play 
a crucial role in protecting it from biotic and 
abiotic stresses (Middleton et al., 1993). 

In recent years, using chemicals increased to 
address issues with diseases and pests, 
susceptibility to abiotic stress, and improve the 
growth and output of medicinal plants by 
reducing nutrient depletion (Pérez-Jaramillo et 
al., 2016). Nitrogen, the most often used agent 
in horticulture and agriculture, is one of the 
fundamental components that generate yield 
and could influence the levels of numerous 
metabolites (Strzemski et al., 2021). Although 
nitrogen fertilization has varying effects on the 
yield of cultivated medicinal plants as well as on 
the synthesis of significant secondary 
metabolites, it is important to keep in mind that 
this practice frequently contribute to soil 
pollution and may result in excessive chemical 

residues in products derived from medicinal 
plants (Liao & Xia, 2024). Numerous 
qualitative problems have emerged as a result of 
chemical fertilizer use, and the conventional 
agricultural approach such as decreased plant 
secondary metabolite production, heightened 
vulnerability to pests and diseases, decreased 
nutrient usage efficiency, and inability to 
withstand abiotic stressors.  

In order to cultivate and harvest medicinal 
plants in sustainable manner, new eco-friendly 
fertilizers and intercropping techniques should 
enhance their quantitative and qualitative while 
maintaining ecosystem balance and preventing 
the release of hazardous chemicals into the 
environment (Machiani et al., 2023). Among the 
most promising sustainable solutions is the 
utilization of self-endophytic microbiome, 
which plays a crucial role in enhancing plant 
resilience, development, and productivity under 
stressed environmental conditions.  

Several studies highlighted the potential of 
plant-growth-promoting endophytes in 
alleviating abiotic stress (Li et al., 2019; Sanayei 
et al., 2021; Kumar et al., 2022). The bacterial 
genera Pseudomonas, Bacillus, Azospirillum, 
and Rhizobium, as well as fungal endophytes 
like Trichoderma and Aspergillus, have been 
associated with enhanced heat stress tolerance 
in crops (Khan et al., 2016). Endophytic 
microbes, including bacteria and fungi residing 
within plant tissues, establish mutualistic 
relationships with roselle. They conferred 
various benefits through enhanced production of 
heat-shock proteins and antioxidant enzymes, 
improving water and nutrient uptake by 
increasing root surface area and solubilizing 
essential nutrients, induction of systemic 
resistance to protect against oxidative stress and 
temperature-induced damage, and regulation of 
plant hormonal balance (e.g., auxins, 
gibberellins, and abscisic acid) to maintain 
growth under stress (Hiruma et al., 2016). 

Therefore, this study aimed to utilize a 
selected group of potent endophytic 
microbiomes to enhance growth and yield 
characteristics of roselle under Aswan 
conditions. 
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Materials and methods 

A. Roselle (Hibiscus sabdariffa L.) plants 

collection  

 Roselle (Hibiscus sabdariffa L.) plants 

collection 

Samples of healthy and mature roselle plants 

were randomly collected from different 

locations at the experimental farm of the 

Faculty of Agriculture and Natural Resources, 

Aswan University, Egypt )23°59'52"N 

32°51'35"E170). Root samples were collected 

as a source for the isolation of endophytic 

bacteria. Samples were placed in sterile, sealed 

bags and transported to the laboratory in an ice 

box and subjected to processing within 24 

hours. 

 Isolation of endophytic bacteria 

Endophytic bacteria were isolated from root 

samples according to the method of (Fisher et 

al., 1992; Zou et al., 2023) with some 

modifications. Root samples (13.0g) were 

washed with running tap water to remove soil 

and dust then dried with filter papers. The root 

segments were transferred to a laminar airflow 

hood and cut into small slices or pieces for 

surface sterilization. Sequentially immersed in 

75% (v/v) ethanol for 2 min and then washed in 

sterilized distilled water two times, immersed in 

5% (v/v) sodium hypochlorite (NaClO) for 10 

min, and finally washed five times with sterile 

distilled water. Pieces of sterilized roots, with a 

surface sterilization, were taken, ranging in size 

from 3 to 5 cm, and were ground and transferred 

to 90 ml of a sterilized saline solution potassium 

chloride (0.85%). One to seven 45 ml bottles of 

saline were serially diluted. They were then 

cultured on ten nutrient plates, each containing 

two different types of roselle agar (RA) and 

nutrient agar (NA). These plates were incubated 

at 30°C for 24–72 h to count the bacterial 

population. Following the selection of various 

bacterial colonies from the third (10-3) dilution 

plates, colonies were streaked onto plates, 

purified at least three times in fresh NA agar, 

and then moved to slant agar.  The purified 

isolates were kept in 70% glycerol at -20°C. 

 Inocula formulation 

Ten potent isolates recording the highest 

values in PGPR traits (Table 1) were mixed 

equally to make formulate a composite 

inoculum (5x106) in nutrient broth medium. 

Each isolate was gently shaken for 150 rpm for 

1 hour. Seeds of roselle were soaked overnight 

in mixed inoculum (250 ml for each isolate) 

before sowing. A boost inoculation dose (10 ml 

plant-1) was applied after 41 of planting. 

Table 1: The selected potent endophytes isolate recorded the highest values in PGP traits under in vitro 
conditions. 

S. 

NO 

Isolates 

code 

IAA 

mgl -1 

N2 assay 

mgl -1 

Solubilization Temperature tolerance (°C) 

P (PSI)* K (KSI)** 45 50 55 

1 HER15Z 11.13 32.67 2.21 2.61 +ve +ve -ve 
2 HER21Z 16.50 - 2.29 2.68 +ve +ve -ve 

3 HER43Z 25.85 30.80 2.43 2.31 +ve +ve -ve 

4 HER36Z 37.01 - 2.35 2.58 +ve +ve -ve 

5 HER46Z 26.34 35.47 2.61 2.30 +ve +ve -ve 

6 HER12Z 5.83 28.93 2.30 2.26 +ve +ve -ve 
7 HER25Z 24.46 29.87 - - +ve -ve -ve 

8 HER28Z 30.86 - 2.27 2.25 +ve -ve -ve 
9 HER23Z 30.08 - - 2.39 +ve -ve -ve 

10 HER15WZ 3.28 - 2.45 2.30 +ve +ve -ve 
-; Not detected, *PSI; Phosphate Solubilization Index, and **KSI; Potassium Solubilization Index 
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B. Plant materials and growth condition  

A field study was conducted in summer 

season 2024 at the experimental farm of the 

Faculty of Agriculture and Natural Resources, 

Aswan University, Aswan, Egypt (24° 05' 53" 

N, 32° 53' 57.91" E). The aim of study was to 

evaluate the effect of potent endophyte bacterial 

isolate mixture (10 isolates) on growth and 

productivity of roselle plants cultivated in newly 

reclaimed soil under high-temperature. 

Roselle seeds were obtained from the 

Horticulture Department, Faculty of Agriculture 

and Natural Resources, Aswan University, 

Egypt. On June 1st, 2024, seeds were sown in 

soil, each sub-plot measuring 5×1.20 m, 

consisting of two rows spaced 30 cm apart. 

Approximately 30 days after sowing, the plants 

were thinned to maintain two plants per hill, 

resulting in 64 plants per sub-plot (32 plants per 

row across two rows). A drip irrigation system 

was implemented, and all agricultural practices 

were carried out according to the recommended 

procedures throughout the growing season.  
The soil was sandy, and its physical and 

chemical properties were analyzed following 
the methods described by Jackson (1973) and 
Black et al. (1982), as detailed in (Table 2).   

C. Experimental design 

A randomized complete block design 
(RCBD) in factorial design was used in this 
study with four replicates. The recommended 
dose of chemical fertilizer (100% NPK) 
consisted of ammonium nitrate 33.5% (250 kg 
per feddan), superphosphate 19.5% (150 kg per 
feddan) and potassium sulphate 49.5% (75 kg 
per feddan). The bio-formula consisted of ten 
isolates as described before. The total treatments 
were six treatments as follows: 1) control, the 
recommended dose (100% NPK), 2) 75% NPK 
plus bio-formula, 3) 50% NPK plus bio-
formula, 4) 25% NPK plus bio-formula, 5) bio-
formula alone, and 6) fertilizer-free (without 
chemical and bio-formula). 

D. Data recorded 

 Morphological characteristics 

After 116 days (blooming stage), five plants 
from each treatment were harvested in each 
replicate to record vegetative measures: plant 
height (cm), plant diameter (mm), branches 
number, and fruits number. The fresh weights of 
the calyxes, seeds, and shoots (g plant-1) were 
measured directly after harvesting, and dry 
weight were measured after air drying for two 
weeks. 

 Chemical determination 

a) Photosynthetic pigments 

Random samples of fresh leaves from 
healthy plants were collected by selecting the 
middle parts of the plants for each treatment 
during the fruiting stage to evaluate the content 
of chlorophyll "a", chlorophyll "b", and 
carotenoids (Metzner et al., 1965).  

b) Mineral Content 

For chemical analysis, 0.2 g of dried plant 
leaves were subjected to wet digestion using a 
1:1 (v/v) mixture of concentrated sulfuric acid 
(H2SO4) and hydrogen peroxide (H2O2) in a 
heating digester (DK, Velp Scientific Srl, Italy). 
The resulting extracts were used for further 
chemical analysis. 

Table 2: Physical and chemical characteristics of 
the studied soil 

Characteristics  Value  

Physical properties (%) 

Silt+Clay 
Sandy 
Textural class 

3.9 
96.10 
Sandy  

Chemical properties 
pH (1:2.5 extract) 
EC (dSm-1) at 25°C 

7.94 
0.53 

Soluble anions (meq/L) 
CO3

-2 
HCO3

- 
Cl- 
SO4

-2 

0.0 
2.7 
1.0 
2.0 

Soluble cations (meq/L) 

Ca++ 
Mg++ 
K+ 
Na+ 

1.07 
1.23 
1.3 
2.1 

Available macronutrients (ppm) 
Available N 
Available P 
Available K 

192.0 
24.0 
185.0 
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 Nitrogen (%) was determined using the 
Micro-Kjeldahl method following the 
procedure described in (Al Sahaf and 
Fadel,1989). 

 Phosphorus (%) was measured using 
the soft digestion method with 
ammonium molybdate and ascorbic acid 
and quantified calorimetrically using a 
SPECTRO star Nano (BMG LAbTECH 
GmbH, Germany) (John, 1970). 

 Potassium (%) was estimated to use a 
flame photometer, according to the 
method outlined in (Chapman and Pratt, 
1961). 

 Calcium (%) was analyzed using a 
flame photometer as described in 
(Pearson, 1976). 

E. Statistical Analysis 

Data were statistically analyzed using the "F" 
test, as described by Snedecor and Cochran 
(1982). Mean comparisons were performed 
through the Least Significant Difference 
(L.S.D.) test following the methodology 
outlined in Gomez and Gomez (1984). 
Statistical analysis was performed using the R 
software (version 2023, R Foundation for 
Statistical Computing, Vienna, Austria). 

Results 

A. Vegetative characteristics 

 Plant height 

Data in Table (3) showed that partial 
replacing chemical fertilizers with biofertilizer 
did not cause significant changes in plant height. 
The only treatment that exhibited a noticeable 
decline was without fertilizers (fertilizer-free). 
The lowest plant height (133 cm) was recorded 
in the fertilizer-free treatment, while the highest 
(158 cm) was observed in the 50% NPK + 
biofertilizer treatment. This suggests that 
biofertilization performed comparably to the 
recommended chemical fertilization regime. 

 Plant diameter 

As shown in Table (3), there were no 
significant differences in plant diameter among 
the biofertilization treatments combined with 
varying levels of chemical fertilizer (25, 50, and 
75% NPK) and the 100% chemical fertilization 
treatment (control). This indicates that the 
proposed chemical and biological fertilization 
methods were comparable. The highest stem 
diameter (15.8 mm) was recorded in the 100% 
chemical fertilization treatment, while notable 
reductions were observed in the bio-fertilizer 
treatment (13.4 mm) and the fertilizer-free 
treatment (12.9 mm). 

 Number of branches  

Table (3) showed that incorporating biofertilizer 
significantly increased the number of branches 
per plant compared to the 100% NPK 
fertilization treatment. The highest values were 
recorded in the 50% NPK + biofertilizer (4.3) 
and 75% NPK + biofertilizer (4.1) treatments. In 
contrast, the lowest number of branches (3.4) 
was observed in the treatments with biofertilizer 
alone and fertilizer-free. 

 Number of fruits  

Data in Table (3) indicate that the number of 
fruits significantly increased as the percentage 
of chemical fertilizers decreased. When the 
recommended NPK dose was applied, the fruit 
count was 14.9. However, with partial 
replacement by biofertilizer, the number 
gradually increased, reaching 18.6 in the 25% 
NPK+ biofertilizer treatment, showing a 

Table 3: Effect of different levels of chemical fertilizers 
with bio-formula on vegetative characteristics of roselle 
plants. 

Treatments 

Plant 

height 

(cm) 

Plant 

diameter 

(mm) 

Branches 

number 

plant-1 

Fruits 

number 

plant-1 

T1 154.5a 15.81a 3.73bc 14.93bc 
T2 156.0a 15.31a 4.07ab 17.93a 

T3 158.1a 15.20a 4.27a 15.40b 
T4 156.3a 14.63ab 3.87abc 18.60a 
T5 157.6a 13.41bc 3.40c 15.33bc 
T6:  133.6b 12.89c 3.40c 13.33c 

L.S.D. 0.05 6.70 1.23 0.48 2.01 
T1: Full dose 100% NPK; T2: 75% NPK+Bio; T3: 50% 

NPK+Bio; T4: 25% NPK+Bio; T5: Bio only; and T6: 

Fertilizer-free. 
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significant increase compared to the control. 
Conversely, fertilizer-free treatment exhibited a 
notable decrease in fruit count, dropping to 13.3. 

 Shoot fresh and dry weight 

 Data in Table (4) showed that partially 
replacing chemical fertilizers with biofertilizer 
supported vegetative biomass. The highest fresh 
weight (286 g plant-1) was recorded in the 25% 
NPK + biofertilizer treatment, with no 
significant differences compared to the 100% 
NPK treatment or the 50% and 75% NPK + 
biofertilizer treatments. However, using 
biofertilizer alone (220.5 g plant-1) or no 
fertilizer (206 g plant-1) resulted in notable 
declines. 

For shoot dry weight, a steady increase was 
observed with partial replacement of chemical 
fertilizers by biofertilizer. The highest dry 
weight (68.4 g plant-1) was recorded in the 25% 
NPK+biofertilizer treatment, whereas 
significant reductions were noted in the 
biofertilizer-only (47.9 g plant-1) and fertilizer-
free (15.5 g plant-1) treatments compared to the 
control (100% NPK). 

 Calyxes fresh weight per plant  

As shown in Table (4), the highest fresh 
weight of calyxes (53.3 g plant-1) was recorded 
with the100% NPK dose. Partial replacement of 
25–75% NPK with biofertilizer maintained high 
fresh weight levels, with no significant 
differences compared to the control. However, 
significant reductions were observed in the 
biofertilizer treatment (42 g plant-1) and 
fertilizer-free treatment (35 g plant-1). 

 Calyxes dry weight per plant and yield 

per feddan 

According to Table (4), fertilization with 
75% NPK + biofertilizer resulted in the highest 
dry weight of calyxes and yield (8.13 g plant-1 
and 285 kg feddan-1, respectively), achieving a 
16% increase compared to the 100% NPK 
treatment. However, reducing chemical 
fertilizers by more than 25% led to significant 
declines, with the lowest dry weight recorded in 
the biofertilizer-only (4.9 g plant-1 and 172.7 kg 
feddan-1) and fertilizer-free (4.7 g plant-1 and 
193.3 kg feddan-1) treatments. 

 Fresh and dry weights of seeds 

Table (4) showed that the lowest fresh seed 
weight (34.5 g plant-1) was recorded with the 
application of 100% chemical fertilizers, with 
minimal variation in the fertilizer-free 
treatment. Fresh seed weight increased with 
partial substitution of chemical fertilizers with 
biofertilizer, reaching its highest value in the 
75% NPK + biofertilizer treatment (57.9 g plant-

1), followed by 50% NPK + biofertilizer 
treatment (48.7 g plant-1). 

Statistical analysis of the dry seed weight 
data revealed no significant differences among 
treatments, whether using the recommended 
chemical fertilizer dose, partial replacement, or 
no fertilization. The only exception was a 
significant increase observed in the 75% NPK + 
biofertilizer treatment compared to the other 
treatments. 

Table 4: Effect of different levels of chemical fertilizer with bio-formula on fresh and dry weights of shoot, calyxes, 
and seeds of roselle plants. 

Treatments  

Shoot fresh 

weight  

(g plant-1) 

Shoot dry 

weight 

(g plant-1) 

Calyxes 

fresh 

weight 

(g plant-1) 

Calyxes 

dry weight 

(g plant-1) 

Seed fresh 

weight 

(g plant-1) 

Seed dry 

weight 

(g plant-1) 

Yield dry 

(Kg 

feddan-1) 

T1 257.4a 59.4c 53.3a 7.00ab 34.5d 11.20b 245.0ab 

T2 283.7a 61.5bc 52.3a 8.13a 57.9a 15.13a 284.7a 
T3 283.9a 67.7ab 50.8a 6.60bc 48.7b 11.40b 231.0bc 
T4 286.4a 68.4a 52.1a 5.73cd 48.0b 11.47b 200.7cd 
T5 220.5b 47.9d 42.0b 4.93d 40.5c 10.13b 172.7d 
T6 205.9b 15.5e 35.0c 4.67d 38.3cd 11.13b 163.3d 

L.S.D. 0.05  35.6 6.4 4.9 1.25 5.5 1.70 43.8 
T1: Full dose 100% NPK; T2: 75% NPK+Bio; T3: 50% NPK+Bio; T4: 25% NPK+Bio; T5: Bio only; and T6: Fertilizer-free.  
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B. Chemical analysis 

 Photosynthetic pigments 

As shown in Table (5), using biofertilizer in 
combination with 50% or 75% NPK led to a 
slight increase in chlorophyll “a”, whereas 
applying biofertilizer only or without fertilizers 
resulted in a noticeable decrease. Chlorophyll 
“b” remained unaffected regardless of whether 
chemical fertilizer was fully or partially 
replaced with biofertilizers or omitted entirely. 
Carotenoid content was highest in the 25% NPK 
+ biofertilizer treatment compared to control 
(100% NPK), while the lowest values were 
recorded in the biofertilizer-only and fertilizer-
free treatments. 

 Minerals (N-P-K) content: 

The highest uptake levels of nitrogen 
(1.56%), phosphorus (0.26%), potassium 
(1.24%), and calcium (2.95%) were recorded in 
100% NPK treatment (Table 6). The mineral 
content gradually decreased with partial 
replacement of chemical fertilizers, showing 
noticeable variations. The lowest values were 
observed in biofertilizer-only and fertilizer-free 
treatments. 

Discussion 

The experimental findings underscored the 
significant potential of self-endophytic 
microbiomes as a sustainable bioformulation 
capable of reducing dependence on chemical 
fertilizers together with enhancing plant growth, 
nutrient accessibility, and improving 
productivity. These results are consistent with 
(Berg et al., 2020) who indicated that the 
production of bioactive metabolites, resistance 
to biotic and abiotic stressors, nutrient supply, 
seed germination and growth, and other aspects 
of plant holobiont functioning were all 
influenced by the species- and habitat-specific 
plant microbiota. Oukala et al. (2021) also 

indicated that the close connection of soil 
microbiota with the host results in significant 
changes in the physiology of the plant, and 
bacterial endophytes are a vital component of 
the plant microbiome and are known to support 
plant health through several processes. 

The potent endophytic isolates secured in the 
present study highlighted their ability to express 
multiple PGPR traits. These self-endophytic 
microbiomes can establish a robust microbial 

Table 5: Effect of different levels of chemical fertilizer with bioformula on photosynthetic pigments in roselle 
leaves. 

Treatments  Chlorophyll “a” (µl ml-1) Chlorophyll “b” (µl ml-1) Carotenoids (µl ml-1) 

T1 2.55ab 1.29a 0.84bc 
T2 2.92a 1.58a 0.39e 
T3 2.74ab 1.51a 0.99ab 
T4 2.49ab 1.39a 1.02a 

T5 2.36b 1.32a 0.81c 

T6 2.33b 1.30a 0.55d 

L.S.D. 0.05 0.56 0.59 0.16 

T1: Full dose 100% NPK; T2: 75% NPK+Bio; T3: 50% NPK+Bio; T4: 25% NPK+Bio; T5: Bio only; and T6: Fertilizer-free.  

 

Table 6: Effect of different levels of chemical fertilizer with bioformula on some minerals (nitrogen, phosphorus, 
potassium and calcium % of roselle leaves). 

Treatments  Nitrogen (%) Phosphorus (%) Potassium (%) Calcium (%) 

T1 1.67a 0.27a 1.24a 2.95a 
T2 1.52ab 0.22ab 1.04b 2.71ab 
T3 1.51ab 0.22ab 1.05b 2.55b 
T4 1.49ab 0.21b 1.01b 2.49b 

T5 1.47b 0.20b 0.93bc 2.11c 
T6 1.57b 0.20b 0.84c 1.15d 

L.S.D. 0.05  0.09 0.05 0.14 0.33 
T1: Full dose 100% NPK; T2: 75% NPK+Bio; T3: 50% NPK+Bio; T4: 25% NPK+Bio; T5: Bio only; and T6: 
Fertilizer-free  
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consortium that not only enhances the 
vegetative growth of crops such as roselle 
(Hibiscus sabdariffa) but also improves nutrient 
acquisition under stress conditions. These 
results are consistent with previous findings on 
roselle plants (Abo-Baker and Mostafa, 2011; 
Al-Sayed et al., 2020; Riddech et al., 2024), 
Aloe vera (Silva et al., 2020), Lolium perenne 
(Kukla et al., 2014), wild pistachio trees 
(Etminani and Harighi, 2018), and Camellia 
sinensis (Shan et al., 2018; Borah et al., 2019; 
Kabir et al., 2023).  

The integration of biofertilizers derived from 
these potent endophytes enhanced the 
bioavailability of essential nutrients. The 
capacity of the selected isolates to fix 
atmospheric nitrogen and solubilize phosphorus 
and potassium plays a crucial role in nutrient 
cycling. This microbial activity has the potential 
to reduce the reliance on chemical fertilizers. 
Experimental data indicated that partial 
replacing chemical fertilizers with biofertilizers, 
supported, vegetative biomass and yield. 
Notably, the treatment comprising 25% NPK 
supplementation with biofertilizer resulted in 
shoot fresh weight comparable to that achieved 
with full chemical fertilization, illustrating that 
strategic biofertilizer application can maintain 
plant growth while minimizing chemical inputs. 
These findings align with Esmaeilian et al. 
(2024) on roselle plant, Alraey et al. (2019) on 
Origanum syriacum subsp. Sinaicum, and 
Ordookhani et al. (2011) on Ocimum basilicum. 

Abiotic stresses, particularly high 
temperatures of Aswan governorate, present a 
significant limitation to crop productivity. The 
resilience of the selected endophytic isolates to 
elevated temperatures offers a critical 
advantage. Plants inoculated with these robust 
microbial partners exhibit enhanced stress 
tolerance, thereby ensuring stable yields under 
fluctuating environmental conditions. 
Additionally, these microbes stimulate the 
production of plant hormones and secondary 
metabolites, further improving plant resilience. 
Moreover, the potential of endophytic 
microbiomes in producing exosomes plays a 
pivotal role in plant-microbe interactions, 

contributing to stress adaptation and enhanced 
plant resilience to abiotic challenges. Given that 
the identified endophytic microbiomes 
demonstrate high-temperature tolerance and 
multiple PGPR traits, it is plausible that they 
also produce exosomes that facilitate plant 
defense mechanisms and stress adaptation. 
These results are in line with Wu et al. (2021) 
who showed better understanding of endophyte 
bacteria, to be used for medicinal plants to 
increase yield and resilience to a range of 
environmental stressors (Mukhtar et al., 2020) 
on Solanum lycopersicum L.  

The integration of self-endophytic 
microbiomes into crop management strategies 
aligns with sustainable agricultural practices by 
reducing reliance on chemical fertilizers. The 
experimental results indicated that while 
complete replacement of chemical fertilizers 
with biofertilizers may lead to low nutrient 
content and reduced dry biomass, a balanced 
approach—moderately reducing chemical 
fertilizers while supplementing with 
biofertilizers—can optimize yield. In this study, 
the 75% NPK + biofertilizer treatment not only 
maintained essential growth parameters but also 
led to a 16% increase in calyx dry weight and 
overall yield compared to the full chemical 
fertilizer regime. This demonstrates that 
bioformulations based on endophytes can 
effectively enhance nutrient uptake and 
productivity while mitigating the environmental 
impact associated with excessive chemical 
inputs. These result agreement with previous 
studies which indicated increased plant height, 
number of branches, number of fruits/plants, 
calyxes fresh and dry weights (Shalan et al., 
2001; Hassan, 2009; Vashvaei et al., 2017). 
Also, Esmaeilian et al. (2024) demonstrated that 
the stability and sustainability of agricultural 
production are now seriously threatened using 
chemical fertilizers in farming systems, 
particularly in dry areas. Therefore, one of the 
most important aspects of crop management is 
identifying alternative nutrition systems based 
on organic and biological sources (Gupta and 
Pandey, 2015), which indicated that bacterial 
suspensions increase Ocimum basilicum plant 
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seed yield enhanced production of new biomass 
and decreased severity of root-knot disease. In 
addition, Ibrahim et al. (2019) revealed that 
Coriandrum sativum plants are home to the 
endophytic bacterium Bacillus siamensis, which 
allows the plants to grow larger with supporting, 
shoot length, root length, dry weight.  

Conclusion  

In conclusion, the use of self-endophytic 
microbiomes as a bioformulation presents a 
promising avenue for sustainable agriculture, 
offering a viable strategy to enhance plant 
growth, nutrient efficiency, and resilience 
against abiotic stress with reducing chemical 
fertilizer dependency. 
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