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Nutrient supplements in agriculture are crucial for plants healthy growth and for production of high
quality yield. The scope of the present study was identifying and evaluating systematically the possible
influential role of the isolated S2 and S4 bacteria on degrading the industrial organic wastes such as
skins of chicken and skeleton of shrimp and hence, the bacteria role in nutrient production. The
possible impact of the produced extracts of nutrient on vegetable plants early growth and on enhancing
soil fertility as compost was further studied. The organic compounds, which originated from bacteriawaste degradation, were used in irrigation of one-month grown crop plants in non-fertile or in partially
fertile soils. The candidate cultivars were: Solanum melongena, Abelmoschus esculentus, cucurbita
pepo and Petroselinum hortense. GC-MS analysis detected volatile organic compounds after wastes
degradation using bacteria, such as Nonanal, 6-Ethyl-2-methyldecane, Tridecane, 2, 3, 8Trimethyldecane, 3-Dodecanamide, 1-cyclopentyl- Decane and Tetradecane. In addition, some
nitrogenous and amid compounds were found such as Cyclo(leucyloprolyl), Cyclo(leucyloprolyl)
isomers and Hexadecanamide. Irrigated plants with extracts containing these compounds along with S2
and S4 bacteria resulted in upregulation of the overall seedling height, weight and dry matters
compared to irrigation using nutrient broth (NB) and mineral salt medium (MSM) extracts. Stepping
forward to the environmental and human health sustainability, we emphasize on: (1) substituting the NB
synthetic expensive carbon sources with the natural carbon rich chicken and shrimp skins and, (2)
using it for safer utilization by cultivated plants and for plants growth improvement.
Key words: Bacteria, biofertilizer, chicken skin, GC-MS, nutrient broth, shrimp skeleton.
INTRODUCTION
Authors had discovered that when the proper plant
nutrition was ignored, the regulation of growth that
contributed at the lower level or whole plant level was not
made (McDonald et al., 1996). Fertilization in agriculture
originates from various sources; it could be organic,
chemical or from microbial action. There is a steadily
increasing demand on agronomic utilization of industrial
wastes for improving crop plant growth and for solving
soil and agriculture problems (Aranda et al., 2010).

However, biofertilizer as a definition hints to the living
microorganism containing product that influences plant
growth and yield using various mechanisms (Vessey,
2003). The 'biofertilizer' technique is used in this research
and refers to the bacteria containing soluble organic
nutrient and minerals that could be better utilized by
plants than synthetic fertilizers for improving vegetable
plant performance. Chicken skin and shrimp skeleton are
by-products of poultry and fish industries, respectively.
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Although considered as source of crude nutrients and
despite of their richness in protein, amino acids, collagen,
gelatin, oils and minerals, millions of tons of these byproducts had annually been released to the environment
(Sims, 1987; Ghaly et al., 2013). So far, these wastes are
not discarded properly as they are merely disposed
leading to catastrophic environmental contamination
ending with health serious problems (Jayathilakan et al.,
2012).
The biofertilizers of industrial wastes had drawn global
attention towards recycling of these by-products. In
recent studies, the addition of bio-fertilizer to the culture
soil of cotton had significantly improved the
physicochemical and biological properties of the soil,
including soil density, total nitrogen, resistant antioxidant
enzymes and increased microbial flora as compared with
the effects of organic and chemical fertilizers (Li et al.,
2017). In addition, the application of Trichoderma
biofertilizers in tomato culture soil has led to the induction
of minerals, pigments and increased the growth and
leave greenness (Khan et al., 2017). Furthermore, the
biofertilizers have improved soil attributes and melon
commercial properties via reinforcing N-fixation and
nutrient uptake more than the soluble mineral fertilizers
(Silva et al., 2016). Likewise, the purple non-sulfur
bacteria was used to enhance rice growth and yield and
was beneficial in reducing the environmental hazard of
methane emission and was a potent alternative to
organic and saline fertilizers (Kantachote et al., 2016). On
another hand, the non-sulfur bacteria have been also
found important in providing the production of growth
promoting substances and as bioremediators of soil
heavy metals such as cadmium and zinc (Sakpirom et al.,
2017). It was early discovered that some endophytic
rhizobacteria living on cereal plants from Family:
Graminae also acted as excellent biofertilizers, inducing
soluble phosphate and fixed nitrogenous compounds
(Hafeez et al., 2006).
The dry matter distribution over plant structure is
depicting plants life plan, growth, performance and
survival. It was reported that accumulation of dry matter
is usually balanced and considered as a net result of
many physiological processes, such as carbon
assimilation, respiration and death of organs. Hence, a
number of factors, among which the soil nutrients
become the most important as influencing plants dry
matter (McDonald et al., 1996). In this study, we
investigated the biofertilizers impacts on four
economically important crop plants. The eggplant
Solanum melongena, which belongs to the Solanaceae
family, encompasses 2300 species, that are all
economically important (D’Arcy, 1991). Except the United
States of America, the eggplant is the third important
daily dietary vegetable in the rest of the world, particularly
the developing world for its cheap prices and nutritional
values. The Abelmoschus esculentus (okra) fruit is used
as food in many countries. The mucilage it contains

originated from the dense polysaccharide, which was
reported to have industrial and medicinal applications
(Tomoda et al., 1980). Recently, the seed extract was
used for synthesis of gold nanoparticles and acted as
antifungal (Jayaseelan et al., 2013). Cucurbita pepo from
the Cucurbitaceae family is known as a highly
polymorphic economically important native plant to North
America (Ferriol et al., 2003). The fruits vary in
characteristics between Species. It is a resistant plant to
deterioration having stable seed oil with high quality
(Ardabili et al., 2011). Finally, Petroselinum hortense
(parsley) is a Mediterranean member plant of the
Apiaceae family (Fejes et al., 1998). The plant is
economically important and used in traditional medicine
as a diuretic, a stomach, an emmenagogue and an
abortifacient (Kreydiyyeh et al., 2001).
In principle, this study is exploring the efficacy of S2
and S4 bacterial strains isolated from petroleum nearby
soil as biofertilizer following their incubation with chicken
and shrimp skin powders. The subsequent early effect of
all on the growth and the dry matter of cultivated
vegetable plants in non-fertile or partially fertile soils was
underlined. This study was novel and important by
providing an approach regarding proper recycling of
emerging wastes from poultry and fish industries and
their potential role regarding promotion of agriculture
methods.
MATERIALS AND METHODS
Testing the ability of bacteria to use chicken skin
powders and shrimp skin powder as a carbon source
Two bacterial strains were used in this experiment
designated as S2 and S4 for easy recognition. Bacteria
strains were isolated from soil samples near the
petroleum aquifers in the eastern province of the kingdom
of Saudi Arabia, Al-Othmaniya region. They grow
optimally at 28-30°C and a pH ranging from 6.8-7.2. The
bacterial isolates were introduced to the mineral salt
medium (MSM) containing 0.2 g/L MgSO4, 0.02 g/L
CaCl2, 1.0 g/L KH2PO4, 1.0 g/L K2HPO4, 1.0 g/L NH4NO3,
0.05 g/L FeCl3 and 15 g/L Agar; the pH was adjusted to
7-7.2 (Kim et al., 2003). The medium was amended with
3% chicken chicken skin powders (CSP) or shrimp
skeleton powder (SP) as the sole carbon source to
support the bacterial growth. Two control sets were
prepared; MSM, without carbon source and NB, the
nutrient agar medium to compare the intensity of growth.
All the treatments were prepared, autoclaved and poured
on to Petri dishes under aseptic conditions, inoculated
with the bacteria and kept at 30°C for 48 h.
Measurement of the degradation products
To measure the degradation products, mineral salt
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Table 1. Growth intensity of S2 and S4 bacterial strains expressed as (+) after inoculation into carbon-free mineral salt
medium (MSM), nutrient broth medium (NB), MSM amended with 3% shrimp skin powder (SP), and MSM amended
with 3% chicken skin powder (CSP).

Bacterial isolates
S2
S4

SP
++
++

medium (MSM) is prepared as described above without
the addition of agar powders; all the treatment done in a
liquid medium. Two sets of four Erlenmeyer conical flasks
containing 250 ml MSM were set up as follows: nutrient
broth (NB) control 1, the MSM only without carbon
source, control 2, MSM containing 3% chicken skin
powders (CSP) and MSM containing 3% shrimp skin
powder (SP). One set inoculated with S2 and the other
set inoculated with S4. All the treatments were incubated
at 30°C for over 3 days followed by gas chromatography
analysis.
Gas chromatographic analysis
The technique was conducted to analyze and identify the
possible accumulated organic compounds in eight
extracts resulting from the biodegradation following S2
and S4 bacteria inoculation into a nutrient broth (NB), MS
media (MSM), chicken skin powder (CSP) and shrimp
skeleton powder (SP). The biodegraded soluble products
were filtered in order to remove any unwanted solid
residues. Five millimeters from each extract were
extracted by 5 ml chloroform by shaking in a closed
conical flask for 3 h. After extraction, the organic phase
was collected by using a separation funnel. The obtained
organic extract was analyzed by Shimadzu Gas
Chromatography Mass Spectrometer (GC-MS) model
QP2010 SE equipped with Rxi-5 Sil MS capillary column
(30 m length × 0.25 mm ID × 025 um film thickness). The
analysis of 1 µl of each extract was performed using the
gas chromatography parameters as follows: injector
temperature, 250°C; initial oven temperature, 40°C (held
−1
for 1 min), increased to 230°C at a rate of 10°C min .
The total time required for one GC run was 25 min.
Furthermore, the inlet was operated in the Split less
mode, while the MS transfer line was held at 200°C. The
carrier gas is high-purity helium with a flow rate 1 ml min
1
. Lab Solution software was used to control the system
and to acquire the analytical data.
Plant material and pot experiment
Seeds of the four experimental crop plants; S.
melongena, A. esculentus, C. pepo and P. hortense
were purchased and surface sterilized using 1% sodium

Growth conditions
CSP
NB
+
+++
+
++

MSM(C)
none
none

hypochlorite (NaClO) solution for 5 min and then washed
thoroughly with distilled water. Seeds of S. melongena,
C. pepo and P. hortense were normally planted in small
plastic pods filled with non-fertile soil and were regularly
irrigated using S2 and S4 bacterial extracts which
produced following bacterial incubation with shrimp
skeleton powder (SP) or chicken skins powder (CSP).
Seeds of A. esculentus and one set of P. hortense
seeds were planted in partially fertile soil with organic
matter. Water irrigation is designated as a control (water).
Irrigation with bacterial extracts was from nutrient broth
(NB) and from mineral salt media (MSM). The plants
were left to grow for one month in growth chamber
controlled at 25°C temperature. Each treatment was
conducted using five replicates.
The seedlings were subjected to height measurements,
weighed using local Lab balance and the percentages of
their dry weights were recorded after drying the seedlings
in Lab oven for one day at 50°C.
RESULTS
Gas chromatographic analysis of the four bacterial
organic matter produced from biodegradation was
obtained by using the isolated S2 and S4 bio-fertilizer
and showed different organic species including the
following
hydrocarbons:
Nonanal,
6-Ethyl-2methyldecane,
Tridecane,
2,3,8-Trimethyldecane,
Tetradecan and 1-cyclopentyl Decane. Also, nitrogen
containing species were obtained like different isomers of
Cyclo(leucyloprolyl),
Dodecanamide
and
Hexadecanamide (Tables 1 and 2, Figures 1-4).
Figure 1 shows that almost 12 compounds were
detected when using NB with either isolated S4 or S2
bacteria. Hexadecanamide and different isomers of
Cyclo(leucyloprolyl) were found in high intensity in both
cases (S2 or S4). Nonanal peak intensity was
significantly higher in NB and CSP media of both S2 and
S4 bacteria, while Tridecane and 2,3,8-Trimethyldecane
were obtained with nearly the same intensities for the
four treatments. The overall intensities were higher in S4
compared to S2 (Figure 5 and 6). Both 3-Dodecanol and
Tetradecane were produced in each bacterium following
similar trends. Regarding S2, the amended media with
CSP posed the lowest peak area for 3-Dodecanol and
Tetradecane compounds, whereas SP, CSP and MSM
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Table 2. GC-MS data screening of volatile organic compounds elicited from biodegradation of nutrient broth, MS media,
chicken skin powder and shrimp skeleton powder via S2 and S4 bacteria isolated from soil samples near aquifers petroleum.

Peak No.
1
2
3
4
5
6
7
8
9
10
11
12

Compound
Nonanal
6-Ethyl-2-methyldecane
Tridecane
2,3,8-Trimethyldecane
3-Dodecanol
Dodecanamide
Tetradecane
Cyclo(leucyloprolyl)
Cyclo(leucyloprolyl) isomer
Cyclo(leucyloprolyl) isomer
1-cyclopentyl- Decane
Hexadecanamide

Retention time (min.)
9.09
12.06
13.3
14.6
15.29
17.54
15.87
18.34
19.34
19.51
20.93
22.25

Mwt
142
184
184
184
186
199
198
210
210
210
210
255

Molecular formula
C9H18O
C13H28
C13H28
C13H28
C12H26O
C12H25NO
C14H30
C11H18N2O2
C11H18N2O2
C11H18N2O2
C15H30
C16H33NO

Table 3. The percentage of dry matter of grown crop plants seedlings in soil including S2 and S4 biofertilizers.
Bacterial
strains

S2

S4

Cultivars
Solanum melongena
Abelmoschus esculentus
Petroselinum hortnse.
Petroselinum hortense
Solanum melongena
Abelmoschus esculentus
Petroselinum hortense
Petroselinum hortense.

Soil fertility
none
partially
partially
none
none
partially
partially
none

Water
8.20±0.02
11.10±0.01
3.0±0.02
8.68±0.014
8.20±0.3
11.10±0.2
3.90±0.12
8.68±0.22

% Dry matter
NB
MSM
9.0±0.21
3.20±0.01
11.0±0.22
10.98±0.05
10.4±0.11
11.5±0.22
14.20±0.22
1.80±0.11
9.50±0.11
6.10±0.21
14.90±0.27
8.99±0.02
15.40±0.3
12.84±0.31
11.10±0.031
12.0±0.01

SP
9.30±0.11
11.20±0.1
14.13±0.22
21.70±0.11
6.40±0.03
18.75±0.65
20.71±0.54
19.40±0.32

CSP
10.48±0.02
26.80±0.32
14.2±0.03
34.40±0.44
10.10±0.50
17.24±0.43
8.54±0.45
23.80±0.65

The two bacterial strains were inoculated into nutrient broth (NB), MS media (MSM), Shrimp skeleton powder (SP), and chicken skin powder (CSP)
and incubated before using their extracts in irrigation of plants in either non-fertile or partially fertile soils.

Figure 1. GC-MS chromatogram for (a) S4 and (b) S2 bacteria incubated with NB (For
peak detection see Table 2).
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Figure 2. GC-MS chromatogram for (a) S4 and (b) S2 bacteria incubated with MS media
(For peak detection see Table 2).

Figure 3. GC-MS chromatogram for (a) S4 and (b) S2 bacteria incubated with chicken
skin powder (CSP). (For peak detection see Table 2).

have elicited the highest peaks compared to NB for S4.
The 6-Ethyl-2-methyldecane was produced with low
intensities only when using S4 with the four treatments
(Figure 6). Peaks of Dodecanamide were detected in all
S2 and S4 culture media, whereas 1-cyclopentyl-Decane
was particularly characterizing the NB media of S2 and
S4 showing higher intensities in S4 as compared to S2
(Figures 5 and 6). Using of S2 or S4 in SP medium
showed the highest intensity of 3-dodecanol and
tetradecane. Likewise, each or both SP and CSP media
have resulted in a high peak intensity of
Hexadecanamide in S2 and S4 (Figures 4- 6).

Comparing different treatments together in S.
melongena pot experiment, the weight of one-month old
seedling grown in non-fertile soil was relatively higher
when the synthetic carbon source NB was introduced into
the poor soil. Similar results were obtained when SP and
CSP bacterial extracts were used for irrigation as
compared to irrigated plants with either water or in the
absence of carbon sources (MSM, Figure 7A).
In case of A. esculentus experiment, the plant was
sown in partially fertile soil. The weight of seedlings was
not changed significantly among the treatments.
However, the weight was relatively higher in S2-seedlings
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Figure 4. GC-MS chromatogram for (a) S4 and (b) S2 bacteria incubated with Shrimp
skeleton powder (SP). (For peak detection see Table 2).

Figure 5. Average peak areas of replicated measurements (n =3) of extracted compounds by using S2 isolates in
NB, MSM, CSP and SP powder (Note that, the intensities of nonanal, tridecane and 2,3,8-trimethydecane are
multiplied by 5 times in order to compare to the other detected compounds).

irrigated with shrimp extracts after degradation (Figure
7B).
The grown C. pepo seedlings in non-fertile soil had
experienced failure to germinate when irrigated with
water or with S2 extracts (data not shown). Alternatively,
the weight and length of S4 seedlings were superior
when the shrimp has been decomposed by S4, followed

by chicken skin. The lowest weight and length values
were determined in the MSM treatment (Figure 7C and
D).
P. hortense seedlings grown on non-fertile soil, then
irrigated with S2 and S4 organic waste extracts, viewed
significant seedling length values with SP and CSP
extracts compared to water, NB, and MSM treatments.
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Figure 6. Average peak areas of replicated measurements (n =3) of extracted compounds by using S4 isolate in NB,
MSM, CSP and SP powder. (Note that, the intensities of nonanal, tridecane and 2,3,8-trimethydecane are multiplied by 5
times in order to compare to the other detected compounds).

However, the effect of S2 surpassed that of S4 (Figure
7E). The weight of seedlings was particularly higher upon
using S2-CSP treatment (Figure 7F).
When P. hortense grew in partially fertile soil, the
seedling weight was significantly higher regarding SP and
CSP treatments compared to the control treatments.
Moreover, the effect of S4 was higher for SP treatment,
whereas S2 effect was the best with CSP treatment
(Figure 7G).
The overall percentage data of the dry matter of
growing seedlings in biofertilizers extracted from shrimp
and chicken wastes using S2 and S4 bacteria isolated
from petroleum proves the accumulation of insoluble
assimilates in the form of dry matter in S2- and S4seedlings irrigated with extracts from SP and CSP (Table
3).
DISCUSSION
This study was conducted to examine the possible role of
the indigenous petroleum nearby soil bacterial isolates:
S2 and S4 in degrading organic matters released in
theenvironment as wastes of industrial poultry and fish
wastes and their successive action in extracting soluble
nutrients that could be potent in agriculture. The
important objective of this study was to make use of the
released organic wastes to assist both environmental and
human health problems and to replace the expensive
carbon source necessary for bacterial growth and for
decomposing organic matter with cheaper one. Here, we

investigated the presence of any nutrient constituents in
the four media, i.e. NB, MSM, SP and CSP at the end of
the incubation period using the GC-MS technique.
Nutrient impact on the early growth of candidate
vegetable plants, e.g. S. melongena, A. esculentus, C.
pepo and P. hortense during growth in non- and partiallyfertile soils was also examined.
The data viewed that both S2 and S4 isolates possess
high ability to breakdown CSP and SP as natural carbon
sources. Nonetheless, we also observed the
abundanceof nitrogenous and amide compounds
produced from the degradation of NB media which could
be referred to the presence of the organic nitrogen richpeptone in the NB media. However, SP and CSP beside
their hydrocarbon contents were also containing
nitrogenous compounds, such as Dodecanamide and
Hexadecanamide, which seemed to be better utilized by
vegetable plants than that of NB media, probably due to
their natural source and/or to their concentration which
was favored for plant growth. As previously reported,
plant growth could be affected by nutrient concentrations
and nutrient flux around the root (McDonald et al., 1996).
The GC-MS analysis underlined the appearance of
twelve volatile organic compounds, some of which
possess medicinal and industrial values. For example,
the authors have previously reported that 'Nominal' was
the volatile organic compound extracted from leaves of
the olive tree and characterized by high electrophysiological signals to olive fly (Malheiro et al., 2015).
Similarly, the 6-Ethyl-2-methyldecane was detected as
volatile compound produced upon degradation of potato
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Figure 7. Growth of irrigated vegetable plants seedlings using extracts from S2 and S4
bacterial biodegradation of nutrient broth (NB), MS media (MSM), shrimp skeleton powder (SP)
and chicken skin powder (CSP). (A) Weight of one-month old Solanum melongena seedlings
grown in non-fertile soil, (B) weight of one-month old Abelmoschus esculentus seedlings grown
in partially fertile soil and treated for 15 d, (C) weight of one-month old S4-Cucurbita pepo
seedlings grown in non-fertile soil, (D) and length, (E) length of Petroselinum hortense grown in
non-fertile soil for one month with the treatments, (F) weight of Petroselinum hortense seedlings
grown in non-fertile soil for one month with the treatments, (G) weight of one- month old
Petroselinum hortense grown in partially fertile soil and fertilized for 20 d.
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extracts in fungus containing media (Siddiquee et al.,
2012). In addition, Tridecane was the volatile organic
compound produced by Specific bacteria to mediate the
induction of systemic resistance in Arabidopsis (Lee et
al., 2012). Moreover, the Dodecanamide is synthesized
by bacteria after contamination with food stuffs and could
be detected in plants as one derivative of
phenylethylamine pathway which is used as indicator for
food quality and validity (Horbowicz et al., 2015).
Recently, Dodecanamide was further extracted from the
wild Rostellularia diffuse plant as a valuable bioactive
compound in pharmacology (Saleem et al., 2017). The
Cyclo(leucyloprolyl) isomer is a bacterial important
product with inhibitory action against aflatoxins of
Aspergillus SP. (Yan et al., 2004). Moreover, the two
compounds Tridecane and Dodecanamide were
extracted from tea leaves, having antibacterial activity
against Candida albicans, Pseudomonas aeruginosa,
Staphylococcus aureus and Salmonella typhi (Beltagy,
2016). The nitrogenous compound Hexadecanamide was
previously extracted from leaves of Piper betle L. in
volatile organic form and as antibacterial compound
(Nalina and Rahim, 2007) and was also detected in
extract of transgenic Nicotiana tabacum root after the
bacterial gene glutamate dehydrogenase was transferred
from E. coli (Mungur et al., 2005).
As mentioned above, the volatile organic compounds
which were extracted by S2 and S4 following their action
in SP and CSP media not only had substituted the
synthetic carbon in NB media, but had also provoked
plants early, better and safer growth. Generally, the
natural sources evolved from SP and CSP degradation
characterized for being potent having physiological and
medicinal importance. They facilitated vegetable plant
growth likely through signaling or through microbial
elimination. In addition to their nutritional value, they must
have also acted as hormones and antioxidants during
plant growth.
Comparing the two natural carbon sources together,
the activity of shrimp waste in enhancing vegetable plant
growth was superior probably due to enclosure of an
alternative protein source which was detected before and
substituted soybean in feeding hens (Gernat, 2001).
Our data revealed that plants respond to the
biofertilizers abruptly, significantly and quite early, as
provided after 15-30 days only from the culture date
compared to the synthetic carbon media. The eggplant
early response was prevailing as long as the carbon was
in soil regardless of its source; collected from natural
sources e.g. SP, CSP, or even from synthetic carbon e.g.
NB. The early growth performance and nutrient
assimilate were reflected in the percentage of the dry
biomass, which was higher when SP and CSP were used
as compared to the other treatments, and with S2
compared to S4 bacteria. The grown A. esculentus for 15
days in partially fertile soil under treatment for a further
12 days with NB, MSM and the biofertilizers prevailed
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better growth performance and seedling weight
particularly with the chicken skin when S2 was the
degrading bacteria. However, the chicken skin data were
not sound probably due to the existence of carbon source
in the soil before irrigation with the biofertilizers. It seems
that S4 products were not effective regarding growth
increment as they already present organic matter in the
soil and that of the chicken extract were likely
antagonistic in their effect with the soil present nutrient.
Thus, the seedling weight was less in S4-CSP treatment
compared to the other treatments. It was discovered that
nutrient proportions could be also the key factor affecting
the distribution of dry matter amongst plant organs
(Ericsson and Kahr, 1995).
Alternatively, the C. pepo which was grown in nonfertile soil and irrigated using NB, MSM, SP and CSP
bacterial extracts for one month had exhibited higher
seedlings weights and lengths when S4 was inoculated
into the shrimp skin, followed by chicken skin, NB, and
the least effect were detected in the absence of carbon in
the soil i.e. MSM media. The grown plants in water have
failed to grow in non-fertile soil as well as under the effect
of S2 biofertilizers plants probably due to an antagonistic
condition that could had influenced Cucurbita growth.
Apparently, the 30- days grown P. hortense in nonfertile soil exhibited amelioration of S4-seedlings
regarding the length in this order: CSP-SP-NB-MSM.
Irrigation using S2-CSP resulted in a pronounced
increase in length. The dry mass results of S2-SP plants
were matching that of S2-CSP plants. However, S2-SP
treatment was the superior in Petroselinum grown in semi
fertile soil for 12 days, followed by CSP, MSM, and finally
NB. This hints to the possible antagonistic effect of
synthetic source with soil organic carbon.
Conclusion
The present investigation underlined the early vegetable
plant response to by-products released from industrial
organic waste degradation by S1 and S4 isolated
bacteria from soil samples near the petroleum aquifers in
Saudi Arabia. Bacterial degradation of chicken skin and
shrimp skeleton resulted in production of hydrocarbons,
amides and nitrogenous compounds that could substitute
the conventional synthetic sources of carbon and
nutrients. The outcomes indicated that S2 biofertilizer
impact on improving vegetable plant growth was better
than S4 biofertilizer. However, all examined plants had
benefited from S2 and S4 biofertilizers in a manner
dependent on the plant genera, soil fertility, culture
period, waste type and the bacterial strain used for waste
degradation. In fact, the investigated bacteria isolate are
potential candidates for solving environmental problems,
in synthesis of cheap biofertilizers, and hence, in
maintaining human health. Here, we propose the
importance of using S2 and S4 biofertilizers to substitute
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synthetic carbon and for enhancing vegetable plant
growth.
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APPENDIX

Supplementary 1. One-month old Solanum melongena seedlings grown in non-fertile soil with S2 and S4 biofertilizers. Bacteria was
inoculated into shrimp skeleton powder, chicken skin powder, NB and MSM.

Supplementary 2. One-month old Abelmoschus esculentus seedlings grown in non-fertile soil and irrigated for 15 d with inoculated
S2 and S4 bacteria into shrimp skeleton powder, chicken skin powder, NB and MSM.
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Supplementary 3. One-month old Cucurbita pepo seedlings grown in S2 and S4 bacteria inoculated into shrimp skeleton powder,
chicken skin powder, NB and MSM in non-fertile soil. The plate views the MSM seedling death for lack of nutrient, and NB- unsprout
seedling due to the diminished soil nutrient.

Supplementary 4. One-month old Petroselinum hortense grown for 20 d in partially fertile soil with S2 and S4 bacteria inoculated into
shrimp skeleton powder, chicken skin powder, NB and MSM.
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Supplementary 5. One-month old Petroselinum hortense seedlings grown in non-fertile soil for one month with inoculated S2 and S4
bacteria into shrimp skeleton powder, chicken skin powder, NB and MSM.

