
Vol.:(0123456789)1 3

Waste and Biomass Valorization (2022) 13:3611–3627 
https://doi.org/10.1007/s12649-022-01743-8

ORIGINAL PAPER

Tangerine, Pomegranate, and Banana Peels: A Promising 
Environmentally Friendly Bioorganic Fertilizers for Seed Germination 
and Cultivation of Pisum sativum L.

Azeddin El Barnossi1  · Fatima Zahrae Moussaid1 · Hamza Saghrouchni2 · Btissam Zoubi1,3 · 
Abdel Ilah Iraqi Housseini1

Received: 11 October 2021 / Accepted: 21 February 2022 / Published online: 8 March 2022 
© The Author(s), under exclusive licence to Springer Nature B.V. 2022

Abstract
The world generates millions of tons of bioorganic waste in the form of peels annually, thus requiring more sustainable solu-
tions to valorise these bioresources. Therefore, the objectives of the current study are the physicochemical and microbiologi-
cal characterization of pomegranate (PP), banana (BP), and tangerine (TP) peels and the study of the effects of these peels 
and their mixtures (PBTP) at each stage of their decomposition in water and soil, as well as the effects of their decomposition 
water on the germination and growth of Pisum sativum. Based on the physicochemical and microbiological characteristics of 
PP, BP, and TP (C/N ratio: 29.57 ± 0.51, 23.05 ± 0.38, and 19.28 ± 0.39 respectively), these wastes can be used as bioorganic 
fertilizers to improve the physicochemical and microbiological properties of the soil. Moreover, their use as bioorganic ferti-
lizers showed positive effects on germination (94.44% by using PBTP without decomposition and 94.44% by using PP after 
2 months of decomposition in the soil) and growth of P. sativum (number of pods 8.33 ± 0.58 and 8.67 ± 0.58 by using PP 
and TP after 2 months of decomposition in the soil). As shown by the obtained results, pomegranate, banana, and tangerine 
peels can be used as promising and environmentally friendly bioorganic fertilizers that can substitute chemical fertilizers.
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FW  Fresh weight
No  Number
OD  Optical Density
P. sativum  Pisum sativum
PBTP/soil  A mixture of decaying pomegranate, 

banana, and tangerine peels in soil
PBTP/water  A mixture of decaying pomegranate, 

banana, and tangerine peels in water
PBTP  Pomegranate, banana, and tangerine peel 

mixtures
PP/soil  Pomegranate peel decomposing in the soil
PP/water  Pomegranate peel decomposing in water
PP  Pomegranate Peel
TP/soil  Tangerine peel decomposing in the soil
TP/water  Tangerine peel decomposing in water
TP  Tangerine Peel
Water/BP  Water from the decomposition of banana 

peel
Water/PBTP  Water from the decomposition of a mixture 

of pomegranate, banana, and tangerine 
peels

Water/PP  Water from the decomposition of pome-
granate peel

Water/TP  Water from the decomposition of tangerine 
peel

Statement of Novelty

The current study is a new contribution since it assesses 
the effects of PP, BP, TP, and PBTP at each stage of their 
decomposition in water and soil, and the water of their 
decomposition on seed germination and cultivation of P. 
sativum. Additionally, the present research investigated the 
physicochemical and microbiological characteristics of PP, 
BP, and TP in more detail. The current article will be ben-
eficial for academic research and farmers, new scientists, 
managers of the fruit processing industry, and the public 
because it shows a more appropriate and suitable solution for 
the valorisation of PP, BP, and TP to protect the environment 
and human health.

Introduction

Currently, many farmers use chemical fertilizers to improve 
the physicochemical properties of soils as well as crop pro-
duction. However, the increased use of chemical fertilizers 
disrupts the food chain through eutrophication, pollution of 
air, surface water, sub-surface water, and soil by incorporat-
ing heavy metals, and also presents risks to human health [1, 
2]. Therefore, bioorganic fertilizers are the best solution for 
the preservation of the environment and human health. Yet, 

organic farming currently provides several fertilizer sources 
to be used as bioorganic fertilizers in agriculture, thus also 
increasing the opportunities for cost-effectiveness [2].

The world generates millions of metric tons of organic 
waste every day [3]. In 2018, the world produced about 
34.72 to 46.29 million metric tons of BP. In 2017, the world 
produced about 1.9 million metric tons of PP. In 2019, the 
world produced about 12.68 to 15.85 million metric tons of 
TP [4]. The majority of these wastes are obtained as by-prod-
ucts from the food industry, juice companies, restaurants, as 
well as household waste [4]. Traditional organic waste dis-
posal strategies are currently insufficient and hurt the envi-
ronment and human health [5]. Furthermore, to minimize 
management costs and prevent damage to the environment 
and human health, several utilizations for tangerine, pome-
granate, and banana processing wastes have been evaluated. 
Some studies have focused on using fruit peels immediately 
or after drying in the soil to enhance its physicochemical and 
microbiological properties and to improve plant productiv-
ity. In their literature review of recent scientific articles, El 
Barnossi et al. [4] have discussed that PP, BP, and TP can 
be successfully used as fertilizers to improve soil fertility 
and enrich soil microbiota due to their content of minerals 
necessary for crop growth, whereas BP is a potassium-rich 
organic waste that could be used as a potassium fertilizer, 
thus an alternative source of potassium for crop productivity 
[6]. Also, Anastopoulos et al. [7] have documented that the 
incorporation of TP and BP into the soil significantly affects 
the structure of the bacterial community related to nitrous 
oxide releases. However, the utilization of these wastes as 
an organic amendment is very poorly documented, and the 
study of the effects of PP, BP, TP, and PBTP at each stage of 
their decomposition in water and soil, and the water of their 
decomposition in comparison with control soil and compost 
on seed germination and growth of P. sativum particularly 
and plant crops generally, to the best of our knowledge, has 
not been studied until now.

The input of these fruit peels into the soil without phys-
icochemical characterization and possible treatment can lead 
to soil perversion and potential contamination of soil, water, 
and air. Accordingly, environmental requirements must be 
adequately accounted for concerning the preservation of the 
environment. Hence, the most sustainable solutions for the 
recovery of these peels should include a combination of the 
highest efficiency measures and sustainable recovery pro-
cesses, particularly concerning the environment and human 
health. For the previous reasons, the objectives of the cur-
rent study are (i) the physicochemical and microbiological 
characterization of PP, BP, TP, compost, water, and soil used 
for seed germination and cultivation of P. sativum and (ii) 
the study of the effect of PP, BP, TP, and PBTP at each 
stage of their decomposition in water and soil, and the water 
of their decomposition comparatively with control soil and 
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compost on seed germination and cultivation of P. sativum 
to investigate their suitability for utilization as promising and 
environmentally friendly bioorganic fertilizers.

Materials and Methods

Collection and Decomposition of Pomegranate Peel, 
Banana Peel, Tangerine Peel, and Their Mixtures 
in Water and Soil

Pomegranate, banana, and tangerine peels were collected 
from fruit juice sellers in the city of Fez, Morocco, these 
wastes were received in sterile polyethylene bags. For the 
decomposition in water, the collected peels were put in mesh 
bags (in polyethylene, 10 cm wide and 15 cm long) in the 
order of 150 ± 1.00 g, and then were introduced separately 
in 20 L polyethylene buckets, filled with 15 ± 0.01 L of well 
water from the Faculty of Sciences Dhar El Mahraz in Fez, 
Morocco (see characteristics in the results section, Table 2). 
For the decomposition in soil, all peels were dried at room 
temperature (between 15 and 35 °C), then cut up and put into 
pots containing 5 ± 0.01 kg of garden soil of the Faculty of 
Sciences Dhar El Mahraz Fez, Morocco (see characteristics 
in the results section, Figs. 1 and 2; Tables 3 and 4) in the 
order of 50 ± 1.00 g in each pot. The decomposed peels in 
the soil were irrigated periodically with well water to main-
tain a favourable moisture content for the decomposition. 
Two parameters were monitored to maintain constant mois-
ture content, soil moisture, and temperature to determine 
the volume of water to be used for irrigation to maintain 
a favourable and constant soil moisture content for peel 
decomposition.

Physicochemical and Microbiological 
Characterization of Pomegranate Peel, Banana 
Peel, Tangerine Peel, Compost, Water, and Soil Used 
for the Growth of P. sativum

Physicochemical Characterization

pH, temperature, electrical conductivity, turbidity, DO, 
COD,  BOD5,  NH4

+,  NO3
−,  NO2

−,  PO4
3−,  SO4

2− and salin-
ity were measured according to the standard methods of 
Rodier et al. [8]. Moisture was determined by the method 
used by Ghanem et  al. [9]. The alcohol-solubles were 
determined in accordance with Stevenson [10]. Ether-
solubles are extracted with diethyl ether, in the same way 
as alcohol-solubles, from the residues remaining from the 
alcoholic extraction. To determine the total water-solules, 
each residue, freed from the alcohol and ether-soluble fac-
tion, is suspended in 20 ml of distilled water, then auto-
claved for 1 h at 120 °C to obtain, after centrifugation 

and filtration, two fractions; one containing the water-
solubles (supernatant + filtrate), and the other containing 
the insoluble (pellet). Water-soluble sugars were deter-
mined by the standard method of Dubois et al. [11]. The 
water-soluble proteins were determined by the standard 
technique of Lowry et al. [12]. Water-soluble phenols were 
determined using the “2–6-dibromoquinone-chloroimide” 
technique described by Rodier et al. [13]. The cellulose 
and the hemicellulose were evaluated according to David 
and Fornasier, [14]. Total Kjeldahl nitrogen was estimated 
according to Awasthi et al. [15]. Total organic carbon was 
determined by wet digestion according to the method of 
Heanes, [16].

Microbiological Characterization

Global Microbial Activities To assess the global microbial 
activity, three activities were studied. The release of  CO2 was 
monitored according to the standard method described by 
Crawford et al. [17]. The dehydrogenase activity was deter-
mined by using TTC (2,3,5-triphenyl-tetrazolium-chloride) 
as substrate, according to the method adopted by Sardar 
et al. [18]. The global hydrolytic activity was determined by 
using FDA (fluorescein diacetate) as substrate, according to 
the method described by Chergui and Legssyer, [19].

Systematic and  Functional Microbial Groups Systematic 
groups were enumerated by using elective culture media 
modified by enrichment with 7% (v/v) peel extracts and 
by using well water [20]. The abundance of total bacte-
ria, moulds, yeasts, and actinomycetes was estimated on 
their respective media: nutrient broth medium, agar-malt 
medium, YPG (yeast, peptone, and glucose) medium, and 
actinomycetes medium by utilization of the suspension-
dilution method; 0.1 ml of each dilution  (10–1 to  10–8) pre-
pared from the homogenate (10 g of peel + 90 ml of sterile 
spring water) was deposited separately in the centre of the 
medium in 3 Petri dishes of 90 mm diameter, after spread-
ing on the surface and incubation at 28 °C for 7 days, the 
colonies that appeared were counted for each dilution, and 
then the average number of CFU (colony-forming units) 
per gram of dry weight was calculated for each peel [20]. 
For the microbiological analysis of the well water, total and 
faecal coliforms were enumerated using BGBLB (Brilliant 
Green Bile Lactose Broth) medium, according to the stand-
ard method of Raugel, [21]. While for the quantification of 
functional groups, enumeration of amylolytic, aerobic nitro-
gen fixers, ammonifiers, denitrifiers, and nitrifiers, 1 ml in 
three replicates of each dilution  (10–1 to  10–8) correspond-
ing to each type of peel was added separately to the tubes 
containing the elective culture media for each microbial 
group, after inoculation, the tubes were incubated at 28 °C 
for 7 days and the determination of the microbial load was 
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done by determining the most probable number of germs 
(MPN) using the Mac Crady table [20].

Study of the Effect of Pomegranate Peel, Banana Peel, 
Tangerine Peel, and Their Mixtures Decomposing 
in Water and Soil and Water of Their Decomposition 
on Germination and Growth of P. sativum

Plant Material

In the present study, we evaluated the effect of different 
peels in comparison with compost and control soil for seed 
germination and growth of pea. The species Pisum sativum 
L (smooth pea) was procured from farmers in the region 
of Fez, Morocco. P. sativum is one of the most important 
legume species in the world. Due to its high sensitivity to 
inorganic and organic contaminants, it has been used as an 
indicator plant in various studies [22].

Germination Test of P. sativum Seeds

P. sativum seeds were sterilized with a 4% sodium hypochlo-
rite solution for 30 min on a magnetic stirrer and then rinsed 
with sterile distilled water [22]. After the sterilization of 
the seed surface, 20 seeds were sown in each pot contain-
ing the different types of decomposing peels in water and 
soil or irrigated with water from their decompositions in 
comparison with the control soil and compost. After 5 days 
the germination rate (%) was calculated using the following 
equation [22]:

Monitoring the Growth Parameters of P. sativum Crop

The seeds were sown in pots containing the different types of 
peels (PP, BP, TP, and PBTP) decomposed in water and soil 
or irrigated with water from their decompositions in com-
parison with the control soil and compost; before decom-
position, after 2 months, 4 months, and 6 months of decom-
position between November 2020 and July 2021. The crops 
were irrigated with well water of the Faculty of Sciences 
Dhar El Mahraz Fez, Morocco (See characteristics in the 
results section, Table 2). The soil used is slightly alkaline (pH 
7.77 ± 0.047), with low carbon and nitrogen availability (See 
characteristics in the section results, Figs. 1 and 2; Tables 3 
and 4). The data regarding the fresh weight of the aerial part, 
dry weight of the aerial part, stem height of aerial part, num-
ber of nodes, number of leaves, number of flowers, number 
of pods, and number of seeds. Were determined after 30, 60, 
and 90 days of sowing, as per Newman protocol [23].

Germination rate (% )=

(

Number of seeds germinated

Total seeds

)

× 100.

Statistical Analyses

Quantitative results were expressed as means of triplicate 
experiments ± SD (standard deviation). The significance of 
the difference between the means was tested by analysis of 
variance (one-way and two way-ANOVA). Tukey’s multiple 
range tests and Dunnett’s multiple range tests at p < 0.05 
were performed using GraphPad Prism 8.0.1 (Graph Pad 
Software Inc., San Diego, United States). Principal compo-
nent analyses were performed using Minitab 19.1.1 software 
(Minitab Inc., State College, USA).

Results and Discussion

Physicochemical and Microbiological Characteristics 
of Pomegranate Peel, Banana Peel, Tangerine Peel, 
Compost, Water, and Soil Used for Germination 
and Growth of P. sativum

Main Constituents of Pomegranate, Banana, and Tangerine 
Fruits

The pomegranate fruit consists of the peel, pulp, and 
seeds (Table 1), 49.95 ± 3.636% of the fresh weight of 
this fruit consists in the peel. Our result is similar to 
Jalal et al. [24] who also showed that about 50% of the 
weight of pomegranate consists in the peel. The tangerine 

Table 1  Main constituents of pomegranate, banana, and tangerine 
fruits

Bold values indicate the average of each main constituent in pome-
granate, banana, and tangerine fruits

Pulp (%) Peel (%) Seeds (%)

Tangerine fruit Mean 55.20 42.75 2.05
Std. Deviation 1.55 1.47 0.19
Std. Error of 

Mean
0.49 0.46 0.06

Coefficient of 
variation

2.81 3.44 9.27

Pomegranate 
fruit

Mean 41.29 49.95 9.659
Std. Deviation 1.189 3.636 0.4799
Std. Error of 

Mean
0.3760 1.150 0.1518

Coefficient of 
variation

2.88 7.28 4.97

Banana fruit Mean 66.80 33.20 –
Std. Deviation 2.044 2.044 –
Std. Error of 

Mean
0.6464 0.6464 –

Coefficient of 
variation

3.060 6.157 –
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fruit also consists of the peel, pulp, and seeds (Table 1), 
42.75 ± 1.47% of the fresh weight of this fruit consists in 
the peel. Our result is in line with the study of Kashyap 
et al. [25] which has shown that the tangerine fruit consists 
of between 40 and 50% peel. The banana fruit consists 
only of the peel and the pulp (Table 1), 33.20 ± 2.044% 
of the fresh weight of this fruit consists in the peel. Our 
result is in line with Albarelli et al. [26] who have been 
shown that the banana fruit consists of between 30 and 
40% peel. Returning to the worldwide production of these 
three fruits, and the percentage of peels in each fruit, the 
world generates millions of metric tons of peels of these 
fruits each year as a result of the large production and con-
sumption of these fruits worldwide, which requires finding 
optimal and sustainable recovery pathways to change the 
traditional strategies of dumping these wastes in landfills 
and thus protecting the environment and human health.

Physicochemical and Microbiological Characteristics of Well 
Water Used for Peels Decomposition and P. sativum Crop 
Irrigation

The well water used for the decomposition of the stud-
ied peels and the irrigation of the P. sativum crop was 
characterized physicochemically and microbiologically 
(Table 2) to show the quality of the water used. The water 
used is characterized by a slightly alkaline pH, with very 
low concentrations of Dissolved oxygen, Chemical oxy-
gen demand, Biochemical oxygen demand for 5 days, 
Ammonia, Nitrate, Nitrite, Orthophosphate, Sulphate, and 
Total Kjeldahl nitrogen. Concerning the microbiological 

characteristics, the well water used contains very low den-
sities of microorganisms especially coliforms, it contains 
only 4.66 ± 1.15 Cells/ml of total coliforms, and it does 
not contain faecal coliforms. Based on the current results 
of the physicochemical and microbiological characteristics 
of the well water used, and based on these comparisons 
with the standard norms [27, 28], we can conclude that the 
well water used is of good quality, so it does not have any 
harmful effect on the physicochemical and microbiological 
properties of the soil and also on the growth of the plant 
studied particularly and the plants generally.

Physicochemical and Microbiological Characteristics 
of Pomegranate Peel, Banana Peel, Tangerine Peel, 
Compost, and the Soil Used for Germination and Growth 
of P. sativum

Physicochemical Characteristics The physicochemical char-
acteristics of the peels used for germination and growth of 
P. sativum show a statistically significant difference between 
TP, PP, BP, compost, and the soil used, for total water-sol-
uble, water-soluble phenols, cellulose, total Kjeldahl nitro-
gen, and total organic carbon (Table 3). While they show 
a statistically no significant difference for the other phys-
icochemical characteristics examined (Table 3). TP, PP, and 
BP have good C/N ratios (< 40), so they are in the optimal 
range because reports have shown that a C/N ratio of about 
25 to 30 is optimal, while a higher C/N ratio slows down the 
rate of decomposition of organic matter and a lower C/N 
ratio leads to a loss of nitrogen, generally, net immobili-
zation of nitrogen occurs when the C/N ratio is above 20 
[29]. Furthermore, TP and PP and BP have a reliable pH 

Table 2  Physicochemical and 
microbiological properties 
of well water used for peels 
decomposition and irrigation of 
P. sativum crop

EC Electrical conductivity, DO Dissolved oxygen, COD Chemical oxygen demand, BOD5 Biochemical 
Oxygen Demand for 5 days, NH4

+ Ammonia, NO3
− Nitrate, NO2

− Nitrite, PO4
3− Orthophosphate, SO4

2− 
Sulphate, TKN Total Kjeldahl Nitrogen, TPF 1,3,5-triphenyl formazan, OD Optical density, CFU Colony-
forming unit, Dw Dry weight

Physicochemical characteristics Microbiological characteristics

pH 7.83 ± 0.006 CO2 release (µg of  CO2 produced/h/ml) 102.22 ± 8.39
EC (µs/cm) 228.67 ± 5.13 Hydrolytic activity (OD of Fluorescein/h/ml) 0.0047 ± 0.0034
Water temperature (°C) 14.19 ± 0.051 Dehydrogenase activity (µg of TPF/h/ml) 0.424 ± 0.293
Turbidity (NU) 3.05 ± 0.15 Aerobic Nitrogen Fixers (Cells/g Dw) 0.00 ± 0.00
DO (mg/l) 4.44 ± 0.115 Ammonifiers (Cells/g Dw) 1.016  102 ± 2.31
COD (mg/l) 22.4 ± 0.23 Nitrifiers (Cells/g Dw) 0.00 ± 0.00
BOD5 (mg/l) 0.55 ± 0.03 Denitrifiers (Cells/g Dw) 5.00  102 ± 0.17
NH4

+ (mg/l) 0.015 ± 0.005 Amylolytics (Cells/g Dw) 4.33  102 ± 2.02
NO3

− (mg/l) 1.19 ± 0.16 Total Bacteria (CFU/ml) 1.12  104 ± 7.66
NO2

− (mg/l) 0.00 ± 0.00 Moulds (CFU/ml) 8.00  103 ± 4.36
PO4

3− (mg/l) 0.078 ± 0.008 Yeasts (CFU/ml) 4.53  103 ± 3.23
SO4

2− (mg/l) 0.026 ± 0.006 Actinomycetes (CFU/ml) 0.00 ± 0.00
TKN (mg/l) 0.011 ± 0.001 Total coliforms (Cells/ml) 4.66 ± 1.15
Salinity (mg/l) 0.22 ± 0.015 Faecal coliforms (Cells/ml) 0.00 ± 0.00
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of 4.83 ± 0.091, 4.24 ± 0.057, and 5.74 ± 0.13 respectively, 
which shows that alkaline soils are the best soils that can 
be used for crops when using these wastes as an organic 
amendment to reach the optimal pH of the pea crop which is 
between 6 and 7 [30]. In addition, soil pH levels near 7 are 
optimal for overall nutrient availability, crop tolerance, and 
soil micro-organism activity [31]. However, the physico-
chemical composition of TP, PP, and BP depends on several 
factors, such as the method of cropping, the time of harvest-
ing, the stage of maturation, and the various juice extrac-
tion techniques applied to the fruit [32]. But thanks to these 
physicochemical characteristics summarized in Table 3, TP, 
PP, and BP can be used as an organic amendment to improve 
the physicochemical properties of the soil and consequently 
the yield of crops.

Microbiological Characteristics For the microbiological 
characterization of TP, PP, BP, compost, and the control 
soil, the overall microbial activities (Fig.  1), the system-
atic microbial groups (Fig. 2), and the functional microbial 
groups (Table 4) were studied to show the safety of using 
these peels as an organic amendment. Concerning the over-
all microbial activity, Fig.  1A illustrates that  CO2 release 

is high in BP compared to other peels, compost, and the 
control soil, Fig. 1B shows that hydrolytic activity is high 
in all three peels and also in compost and the control soil, 
and Fig.  1C indicates that dehydrogenase activity is high 
in PP compared to BP, TP, compost, and the control soil. 
The results of the overall microbial activity show statisti-
cally no significant differences between TP, PP, BP, com-
post, and the control soil for hydrolytic activity. But they 
show statistically significant differences for  CO2 release and 
dehydrogenase activity, especially for BP compared to other 
substrates in the case of  CO2 release, and for PP compared 
to other substrates in the case of dehydrogenase activity. As 
for the results of the systematic microbial group’s study, we 
found significant differences for some microbial groups and 
no significant differences for the other groups between TP, 
PP, BP, compost, and the control soil (Fig. 2), PP has the 
highest amount of bacteria and moulds compared to other 
peels, compost, and control soil (Figs. 2A and B), TP and 
PP have a high yeast amount compared to BP, compost, and 
control soil (Fig. 2C), and the control soil has the highest 
level of actinomycetes than other substrates (Fig. 2D), thus 
showing that the density of systematic microbial groups 
depends on the microbial groups studied (Bacteria, yeasts, 

Table 3  Physicochemical properties of PP, BP, TP, compost, and the control soil used for germination and growth of P. sativum 

Mean values (± SD, n = 3) followed by different letters in the same row are significantly different according to Tukey’s multiple range tests at 
p < 0.05

TP PP BP Compost Control soil

Chemical characteristics
 pH 4.83 ± 0.091a 4.24 ± 0.057a 5.74 ± 0.13a 6.97 ± 0.05a 7.83 ± 0.13a

 Moisture (%) 71.4 ± 1.66a 65.73 ± 2.73a 91.16 ± 0.45b 15.53 ± 0.48c 18.33 ± 1.53c

 Alcohol-solubles (%) 7.44 ± 0.62a 8.67 ± 0.81a 6.27 ± 0.61a 2.67 ± 1.15a 4.13 ± 0.61a

 Ethero-solubles (%) 4.27 ± 0.61a 8.51 ± 0.99a 8.38 ± 0.72a 2.8 ± 0.69a 4.84 ± 0.58a

 Total hydrosolubles (%) 6.68 ± 0.51abc 8.87 ± 0.85ab 7.74 ± 1.40abc 2.09 ± 1.64abc 1.06 ± 0.78ac

 Hydrosoluble sugars (mg/gDw) 19.24 ± 0.39a 20.24 ± 0.99a 16.51 ± 0.59a 3.05 ± 0.08b 1.98 ± 0.05b

 Hydrosoluble phenols (mg/gDw) 25.35 ± 2.19a 215.98 ± 10.45b 16.86 ± 0.60c 0.00 ± 0.00d 0.00 ± 0.00d

 Hydrosoluble proteins (mg/gDw) 0.00 ± 0.00a 0.24 ± 0.03a 0.63 ± 0.04a 0.00 ± 0.00a 0.00 ± 0.00a

 Hemicellulose (mg/gDw) 8.17 ± 0.12a 8.14 ± 0.36a 8.55 ± 0.21a 1.76 ± 0.14a 1.61 ± 0.08a

 Cellulose (mg/gDw) 96.35 ± 2.61a 159.53 ± 8.24b 123.49 ± 7.92c 41.89 ± 1.05d 30.13 ± 1.52e

 Total Kjeldahl Nitrogen (mg/gDw) 28.00 ± 0.00a 14.00 ± 0.00b 21.00 ± 0.00a 14.00 ± 0.00b 4.63 ± 0.34c

 Total organic carbon (mg/gDw) 539.92 ± 10.84a 414.00 ± 7.15b 484.13 ± 8.03c 387.39 ± 6.38d 54.28 ± 8.70e

 C/N ratio 19.28 ± 0.39a 29.57 ± 0.51b 23.05 ± 0.38a 27.67 ± 0.45b 11.69 ± 1.27c

Physical characteristics of the control soil

 Soil composition Texture

 Sand (%) Clay (%) Silt (%)

Physical characteristics of the control soil
 47 ± 1.00a 45.67 ± 2.08a 7.33 ± 1.15b Sandy-clay
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moulds, and actinomycetes) on the one hand, and the sub-
strates used (TP, PP, BP, compost, and the control soil) on 
the other. Concerning the functional microbial groups, we 
found an absence of aerobic nitrogen fixers for all substrates 
studied except for compost, and an absence of nitrifiers for 
all substrates. However, for the remaining microbial groups, 
we found densities that differ from one functional microbial 
group to another and from one substrate to another (Table 4).

The microorganisms associated with TP, PP, BP, com-
post, and control soil are varied according to the varieties, 
the study period, the study conditions, and the study meth-
ods. In the published research, many scientific studies have 
concentrated on the microbiological study of TP, PP, and BP 
in the context of compost or vermicompost preparation [33]. 
Yet, the study of the global microbial activities, systematic 
and functional microbial groups of TP, PP, and BP is very 
poorly documented until now. There are only a few research 

studies that focus on the study of these microorganisms, 
such as the study of El Barnossi et al. [20] which showed 
a quantitative difference for the systematic and functional 
microbial groups associated with decomposing PP and BP 
in water and soil, and also the study of El Barnossi et al. 
[34] which reported that the  CO2 release of the microflora 
associated with the decomposition of TP and PP in water 
and soil evolves according to a sigmoid model over time, 
and an increase in the dehydrogenase activity and hydrolytic 
activity as a function of time of the decomposition of TP 
and PP in water and soil. Based on these microbiological 
characteristics and based on the comparison of these char-
acteristics with those of compost and control soil. TP, PP, 
and BP could be used as bioorganic fertilizers to improve 
the microbiological properties of soils without any harmful 
effects on the environment and human health.

Fig. 1  Global microbial activity 
of PP, BP, TP, compost, and 
control soil used for germina-
tion and growth of P. sativum. 
A  CO2 release; B Hydrolytic 
activity and C Dehydrogenase 
activity. Means (± SD, n = 3) 
denoted by the same letter indi-
cate no significant difference 
according to Tukey’s multiple 
range tests at p < 0.05

(A) (B)

(C)
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Fig. 2  Systematic microbial 
groups of PP, BP, TP, compost, 
and the control soil used for 
germination and growth of P. 
sativum. A Bacteria; B Moulds; 
C Yeasts and D Actinomycetes. 
Means (± SD, n = 3) denoted 
by the same letter indicate no 
significant difference according 
to Tukey’s multiple range tests 
at p < 0.05
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Effect of Pomegranate Peel, Banana Peel, Tangerine 
Peel, and Their Mixtures at Each Stage of Their 
Decomposition in Water and Soil, and the Water 
of Their Decomposition on Seed Germination 
and Growth of P. sativum

Germination Rates

The germination rates of P. sativum by the application of 
PP, BP, PBTP decomposing in water and soil, and the water 

of their decompositions in comparison with compost and 
control soil show a promising result which is summarised 
in Fig. 3. For the peels used without decomposition; BP, 
PBTP, and compost show significant results compared to 
the control soil (p < 0.05), were respectively, 83.33 ± 16.67, 
94.44 ± 9.62, and 94.44 ± 9.62% (Fig. 3A). For peels used 
after 2 months of decomposition in water and soil, Fig. 3B 
illustrates that PP/Soil, BP/Soil, PP/Water, TP/Water, Water/
PBTP, and compost presented the highest germination rates 
compared to the other peels and the control soil (p < 0.05). 

Table 4  Functional microbial groups of PP, BP, TP, compost, and the control soil used for germination and growth of P. sativum 

Mean values (± SD, n = 3) followed by the same letters in the same row indicate no significant difference according to Tukey’s multiple range 
tests at p < 0.05

TP PP BP Compost Control soil

Aerobic Nitrogen Fixers (Cells/g Dw) 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 6.67  104 ± 9.63a 0.00 ± 0.00a

Ammonifiers (Cells/g Dw) 3.72  106 ± 4.95e 4.46  106 ± 5.94b 4.86  103 ± 0.15ac 7.32  106 ± 9.63d 1.49  103 ± 0.23ac

Nitrifiers (Cells/g Dw) 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

Denitrifiers (Cells/g Dw) 1.43  102 ± 0.05a 0.00 ± 0.00a 350.00 ± 0.015a 0.00 ± 0.00a 6.94 ± 4.71a

Amylolytics (Cells/g Dw) 0.00 ± 0.00a 0.00 ± 0.00a 4.27  102 ± 0.22a 1.02  104 ± 1.61a 0.00 ± 0.00a
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For peels used after 4 months of decomposition in water 
and soil, Fig. 3C indicates that only PBTP/Soil and com-
post showed high germination rates compared to the control 
soil (p < 0.05). For the peels used after 6 months of decom-
position in water and soil, Fig. 3D illustrates that PP/Soil, 
PP/Water, BP/Water, PBTP/Water, and compost present 
the highest germination rates compared to the control soil 
(p < 0.05). The current results indicate that the germination 
rate of P. sativum seeds varies according to the substrates 
used as organic amendments and also according to the time 
of decomposition in water or soil. Furthermore, these results 
show that PP, BP, and TP decompose in water and soil, and 
the water from their decompositions could be used as prom-
ising bioorganic fertilizer for the germination of P. sativum 
seeds particularly and for the germination of other plants 
seeds generally.

Few scientific research studies have focused mainly on 
the use of fruit peels for the seed germination of crops. But 

after extensive research in the scientific literature, we were 
lucky to find some researches that are useful for the dis-
cussion of the present results. As Balliu and Sallaku, [35] 
have shown that environmental temperature is a key fac-
tor involved in seed germination of P. sativum L., and also 
Švubová et al. [36] have demonstrated that seed germination 
is the first critical moment in the life cycle of every plant and 
is strongly influenced by many biotic and abiotic factors. 
Numerous other studies have indicated that the improvement 
of seed germination can be attributed to the role of some 
important microorganisms that influence the availability 
of nitrogen, phosphorus, and potassium in the soil, which 
improves the metabolic activity of the cells and increases 
germination rates [37]. Our result is similar to Kamboj et al. 
[38] who have found that application of vermicompost in P. 
sativum crop significantly affected seed germination. How-
ever, our result is in contradiction with the study of Adam 
and Ramdhani, [39] who showed that leachate from biowaste 

Fig. 3  Germination rates of P. 
sativum seeds by using PP, BP, 
TP, and PBTP decomposed in 
water and soil. A peels without 
decomposition; B peels after 
2 months of decomposition; 
C peels after 4 months of 
decomposition and D peels after 
6 months of decomposition. 
Means (± SD, n = 3) denoted 
by stars indicate a significant 
difference in comparison to 
the control soil according to 
Dunnett’s multiple range tests 
at p < 0.05
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of selected invasive alien plant species did not have signifi-
cant effects on seed germination of maize and pea.

Growth Parameters of P. sativum

The variation of different growth parameters of P. sativum 
through the application of PP, BP, TP, and PBTP in water 
and soil decomposition and the water of their decomposi-
tions according to decomposition times and in comparison 
with compost and control soil are summarised in Tables 5 
and 6. For the various types of peels without decomposition 
(Table 5), the results obtained show that these peels present 
positive effects on the various parameters of the growth of 
P. sativum, especially the number of seeds, all the peels and 
the compost present statistically no significant differences 
between each other’s (p < 0.05). But they show statistically 
significant differences compared to the seeds obtained by 
using control soil (p > 0.05). For the results of the effects 
of different types of peels decomposed in water and soil 
and the water of their decompositions (Table 6), these peels 
have improved significantly the growth parameters such as 
seed germination rate, number of leaves, number of flowers, 
number of pods, number of seeds, number of nodes, stem 
height of aerial part, fresh weight of the aerial part, and dry 
weight of aerial part of P. sativum as well as the effects on 
the growth of P. sativum are varied depending on the time 
of decomposition and the type of peels used as an organic 
amendment. Moreover, these peels after 2 months of decom-
position have proved the best effects on the improvement of 
the growth parameters of P. sativum among all other decom-
position times (at p < 0.05).

As for the results of the statistical correlations (Fig. 4), 
the principal component analysis of PP, BP, TP, and PBTP 
decomposing in water and soil, the water of their decompo-
sitions, compost, and control soil (Fig. 4A) show that the 
effect of TP/Soil, Water/PBTP, and PP/soil are positively 
correlated with each other, and also the compost, BP/Soil, 
PP/Water and PBTP/Soil are positively correlated with each 
other concerning all other types of peels decomposing in 
water and soil, water from their decompositions and control 
soil. According to these results, the different decomposing 
peels in the soil are the most successful organic amendments 
for improving the growth parameters of P. sativum. The 
statistical correlations of the different growth parameters 
of P. sativum through principal component analysis in the 
 C1–C2 plane (Fig. 4B), show that nearly all parameters are 
positively correlated with the first plane. This means that 
all parameters studied according to time and peel types are 
positively correlated with each other on the one hand and 
they have direct effects on the growth of P. sativum on the 
other hand. The current results clearly show that PP, BP, TP 
decomposed in water and soil, and also the water of their 
decompositions could be used as the best bioorganic ferti-
lizers to improve the physicochemical and microbiological 
properties of the soil, as well as the yield of the P. sativum 
crop specifically and the yield of crops generally.

Tangerine, pomegranate and, banana peels are very high 
in the most nutritious minerals. BP biochar is highly potas-
sium content that is suitable for application as potassium fer-
tilizer, thus providing an important source of potassium for 
crop yields [40]. BP, when decomposed in the soil increases 
the phosphorus content, suggesting that incorporation of this 

Table 5  Growth parameters of P. sativum culture by utilization of PP, BP, TP, and PBTP without decomposition in comparison with the compost 
and the control soil

Means (± SD, n = 3) followed by the same letters in the same row indicate no significant difference according to Tukey’s multiple range tests at 
p < 0.05

Growth parameters Observation PP BP TP PBTP Compost Control soil

No. of leaves 30th day 13.33 ± 1.15a 14.00 ± 0.00a 14.67 ± 2.31ab 14.00 ± 0.00a 14.00 ± 2.00a 10.67 ± 1.15ac

60th day 28.00 ± 0.00a 28.67 ± 1.15ab 30.00 ± 0.00ab 29.33 ± 1.15ab 28.67 ± 1.15ab 26.00 ± 0.00 ac

90th day 47.33 ± 3.05a 48.00 ± 2.00a 46.33 ± 1.53a 46.00 ± 0.00a 48.00 ± 0.00a 40.67 ± 1.15b

No. of flowers 60th day 7.00 ± 1.00a 6.67 ± 0.58a 8.00 ± 0.00ac 6.33 ± 0.58ab 7.67 ± 0.58a 5.00 ± 0.58b

No. of pods 90th day 7.00 ± 0.00a 7.67 ± 0.58ab 8.00 ± 0.00b 7.00 ± 0.00a 8.33 ± 0.58b 5.00 ± 0.00c

No. of seeds 90th day 36.67 ± 1.53a 40.33 ± 1.53a 40.00 ± 4.00a 36.00 ± 1.73ac 44.00 ± 4.00ad 22.00 ± 2.00b

No. of nodes 30th day 5.33 ± 0.58a 6.00 ± 0.00ab 5.67 ± 0.58ab 5.33 ± 0.58a 6.00 ± 0.00ab 4.33 ± 0.58ac

60th day 8.66 ± 0.58a 8.00 ± 0.00b 9.00 ± 0.00a 9.00 ± 0.00a 9.00 ± 0.00a 8.00 ± 0.00b

90th day 13.33 ± 0.58a 13.33 ± 0.58a 13.67 ± 0.58a 10.33 ± 0.58b 14.00 ± 2.00a 9.33 ± 0.58b

Stem height of aerial part (cm) 30th day 15.77 ± 0.21a 15.93 ± 1.36a 17.67 ± 1.60ab 16.17 ± 0.29a 16.67 ± 0.29a 14.53 ± 0.90ac

60th day 34.00 ± 3.00a 34.33 ± 2.52a 36.00 ± 1.73a 36.66 ± 0.58a 35.66 ± 1.53a 33.43 ± 1.25a

90th day 57.77 ± 2.54a 65.00 ± 2.64ab 58.33 ± 1.53a 60.00 ± 1.00ab 63.00 ± 1.00ab 53.66 ± 1.15ac

FW of aerial part (g) 90th day 29.63 ± 0.59a 34.30 ± 0.43b 33.18 ± 0.28b 31.22 ± 0.50c 35.77 ± 0.46d 24.02 ± 0.40e

DW of aerial part (g) 90th day 7.68 ± 0.22a 8.75 ± 0.11b 8.47 ± 0.07b 8.12 ± 0.13c 8.80 ± 0.11b 5.06 ± 0.06d
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peel might enhance the soil with phosphorus [41]. Many 
research reports have documented that the utilization of TP, 
PP, and BP as biofertilizers for soil enrichment has other 
advantages, for example, the research by Cao et al. [42] 
which has demonstrated that biochar based on PP has a sig-
nificant capacity as an adsorbent for Cu (II) disposal in the 
soil, and the research of Sial et al. [43] which has shown the 
reduction of greenhouse gas releases through the use of BP 
and its biochar. Also, Anastopoulos et al. [7] have been dem-
onstrated that the incorporation of TP and BP into the soil 
is known to have a substantial impact on the bacterial com-
munity pattern. The usage of TP, PP, and BP or their biochar 
also helps plants to resist diseases [4]. Numerous scientists 
such as Maji et al. [44] and Singh et al. [22] have shown 
that plant growth is directly proportional to the increase in 
parameters such as seed germination rate, number of leaves, 
number of flowers, number of pods, number of seeds, num-
ber of nodes, height, fresh weight, and dry weight. Our 
conclusion fits very well with the previous report of Maji 
et al. [44] who found that the growth parameters showed 
an increase in total height, fresh weight, and dry weight by 
uses of organic fertilizers, such as manure, compost, and 
vermicompost. Many other reports show that the addition 
of fresh organic matter, such as green manures, mulch, 
composts, and vermicompost intensifies the mineralization 
of soil organic matter [45]. The explanation for the better 
improvement of growth parameters obtained by application 
of different peels after 2 months of decomposition might be 
due to the time of decomposition, and our conclusion is in 
line with that of Frink et al. [46] who found that the nutrients 
present in organic fertilizers can be released only when their 
decomposition takes a long time. Moreover, of the essential 
nutrients nitrogen, phosphorus, and potassium needed by 
crop plants, nitrogen is most often deficient in tropical soils 
and is widely available through the decomposition of organic 
matter [47]. The present results are similar to Chinthapalli 
et al. [48] who have studied the effect of organic and inor-
ganic fertilizers on the agronomic performance of faba bean 
(Vicia faba L.) and pea (P. sativum L.). And to Kamboj et al. 
[38] who have shown that organic fertilizer was good for 
pea production. Also, to Khan et al. [49] who have dem-
onstrated distinct differences between vermicompost, put 
compost, and garden soil (control) in terms of nutrient con-
tent and effect on P. sativum growth. Furthermore, Eid et al. 
[50] have reported that root, shoot and pod length, biomass, 
and the number of leaves and pods of P. sativum increased 
with the different amendments used. However, our results 
are opposite to those of Adam and Ramdhani [39] who have 
shown that composts of biowaste of selected invasive alien 
plant species have not significantly improved the growth of 
maize and pea compared to the commercial compost.
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Conclusions

According to the physicochemical and microbiological char-
acteristics of PP, BP, and TP, these wastes could be the best 
bioorganic fertilizers to improve the physicochemical and 

microbiological properties of soils, as well as the produc-
tivity of crops. In the greenhouse experiments, parameters 
such as seed germination rate, number of leaves, number 
of flowers, number of pods, number of seeds, number of 
nodes, stem height, fresh weight, and dry weight of P. 

Fig. 4  Statistical correlations. A Principal component analysis of PP, 
BP, TP, and PBTP decomposed in water and soil, and the water of 
their decompositions. B Principal components analysis in the  C1–C2 
plane presenting the correlations of different studied parameters of 
P. sativum cultivation. FW fresh weight, DW dry weight, SH stem 
height, NN The number of nodes, NL The number of leaves, NF The 

number of flowers, NP The number of pods, NS The number of seeds. 
A After 2 months of decomposition; B After 4 months of decomposi-
tion; C After 6 months of decomposition; 30. Observation after 30th 
day; 60. Observation after 60th day and 90. Observation after 90th 
day
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sativum were significantly improved by the application of 
these peels. In conclusion, the different peels studied could 
be used as promising and environmentally friendly bioor-
ganic fertilizers.
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