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Abstract: A laboratory experiment followed by field experiment were conducted during 2014 and 2015 seasons
to find the answer for; could amino acids (AA) produced by bacteria be used as alternative nitrogen fertilizer
source. The laboratory experiment was carried out to study the amino acids produced quantity and quality by
Bacillus sp. R20EG2 strain using continuous fermentation at different levels of feeding with sugar cane
molasses at dilution rates 0.017, 0.027, 0.037 and 0.047 h . At 0.037 h  dilution rate, the amino acid1 1

concentration was increased to reach up to 4.01 g/L after 24 h fermentation time comparing to other dilution
rates. Also, amino acid productivity was 0.167 g/L/h which increased from 1.86 to 3.56 fold comparing with
batch and fed-batch fermentation from previous study. From qualitative and quantitative estimation of amino
acids in the supernatant, the highest amounts were for glutamic and aspartic acids. Therefore, the produced
AA fermented solution combined with different concentrations of urea as a mineral nitrogen source were tested
in a field experiment on Jew's mallow plant. AA concentrations at 0, 250, 500, 1000 and 2000 ppm were applied
to the foliar system, whereas urea was added to the soil with the following levels 0, 35 and 70 kg/feddan
(recommended dose). Individual foliar applications of AA fermented solution over 250 ppm led to an increase
in most of studied vegetative parameters over the recommended dose of urea, especially for average leaf f.w
and plant f.w, which reflected on increasing the yield of both leaves and entire plant, respectively. The highest
values in all vegetative parameters and biochemical content per leaf unit except for nitrate content were recorded
with AA treatment at 500 ppm combined with all levels of urea. Although, the highest significant values in
leaves yield recorded with treatments of AA at 500 ppm and AA at 500 ppm + urea at 70 kg/feddan, the highest
significant values for entire plant yield recorded with the combined applications of AA at 500 ppm with urea
at 70 & 35 kg/feddan followed by individual treatment of AA at 500 ppm. AA individual treatments reduced the
content of nitrate in leaves of Jew's mallow plants.
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INTRODUCTION the available amount of N to plant roots [1]. So, the

Nitrogen (N) is an essential element in plant nutrition, established as an obligate practice for crop production.
which required in a large amount by plants, where it The major nitrogen sources applied to higher plants are
integrated in constituent of proteins, nucleic acids, the inorganic fertilizers containing nitrate (NO ) and
chlorophyll, co-enzymes, phyto-hormones and secondary ammonium (NH ) [1]. Due to the high valuable effects of
metabolites. Plant growth and productivity depends on N on plant productivity, a huge amounts of N fertilizers

addition of different N forms to the cultivated soils is
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were applied annually, which reached for the globe level hazards [19]. There are many reports describe how to
approximately 113 million tons of N fertilizers in 2014 and reduce the levels of nitrate in plants, from this methods
will reach to 119 million tons in 2018 [2]. Plants didn't using urea as another inorganic N source which led to
utilize all these N amounts, where a considerable amount insignificant decrease in nitrate content in Jew's mallow
is lost from the plant–soil system can result in leaves [20], or using organic fertilizers with or without
environmental problems, including water and air pollution bacteria which decreased nitrate content in vegetables
[1]. Tries of many authors to broaden N sources used in [19, 21].
agriculture started at the 20  century, to include using of From leafy vegetables accumulate nitrate in its leavesth

organic nitrogen to reduce the inorganic N amount is Corchorus olitorius plant [22], which has different
applied to the soil. These tries take its place during the names and different usages from different countries, in
last two decades, where amino acids are now treated as English known as Jew's mallow, but in its native countries
another source of N for some plants [3]. known as mulukhiyah or molokhia in Egypt, Middle and

Plants have the ability to acquire amino acids from Near East which use as edible leafy vegetable crop, while
growth medium or from soil [4]. Source of amino acids in in India and countries of the circumference known as jute
the soil come from proteins digestion by enzymes and used as vegetable fibre. It was belonging to the
secreted by microbes, or plant roots [3]. Plant roots have Tiliaceae family, but recently in Malvaceae. Leaves of the
a competition from soil microorganisms on the available plant are so rich in vitamin B and beta-carotene that these
amount of amino acids in the soil [5]. So, the addition of have been eaten traditionally in Egypt and the Middle
AA in foliar application form consider an alternative route East as a medical vegetable [23]. It has a higher amount of
for delivering AA to cultivated plants. Many reports phenolic than many other vegetables which acquiring it
confirmed that foliar application of AA enhanced the an anti-inflammatory effects [24].
growth, productivity and secondary metabolites content Using mineral nitrogen source as an obligate
of many plants [6-8]. agricultural practice leads to enhancing the plant growth

Producers and farmers are constantly looking for and productivity. Unfortunately, the addition of inorganic
alternatives to reduce production costs. Using nitrogen forms has some negative effects on plant and
biosynthetically produced AA byproducts provide a environment such as increasing the nitrate content which
potential means to farmers to increase revenues by reflect on harming the human health [19]. So, the
adopting the utilization of biosynthetically produced AA objectives of the present study were;
and reducing the associated costs with synthetic N Defining the best conditions of continuous
fertilizer application [9]. The production of amino acids by fermentation method leading to maximize the amino
microbial fermentation was found to be cheaper than its acids production by Bacillus sp. R20EG2 strain.
production by chemical synthesis [10]. There are large Explore the capability of AA fermented solution as
numbers of bacteria capable of producing amino acids organic nitrogen source on enhancing plant growth,
such as Bacillus subtilis, B. licheniformis, B. polymyxa, as inorganic nitrogen fertilizers did.
Corynebacterium acetoacidophilum, Brevibacterium Studying the effect of AA foliar application on
lactofermentum [11-13]. The synthesis of some amino metabolites changes, which reflect on plant
acids like lysine, threonine, isoleucine and histidine using nutritional quality and nitrate content.
various models of fermentation (batch, fed-batch and
continuous bioreactor) have been reported [14-16]. In a MATERIALS AND METHODS
continuous fermentation process, cultivation is started in
a batch and when productivity per unit time becomes Two different types of experiments were carried out
relatively high, the fermentation is shifted from batch to during 2014 and 2015 to evaluate the best conditions for
continuous culture [17]. This method can be overcome maximizing the amino acids production by bacteria
some batch and fed-batch fermentation problems and (laboratory experiment), which followed by field
reduce the fermentation time [18]. experiment to assess the influence of produced amino

Under excessive application of inorganic nitrogen acids on vegetative yield quantity and quality of Jew's
fertilizers, another problem rising up especially in leafy mallow.
vegetables, which have the  ability  to  accumulate  high The first experiment was conducted at the Research
levels of nitrate over other crops and, upon being Lab of Microbiology, Faculty of Agriculture, Ain
consumed by humans or animals, cause serious health Shams University, Cairo, Egypt.
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Table 1: The Chemical analysis of the experimental soil in 2014 and 2015 seasons
--------- Macro elements (ppm) --------- NO ------------------------ Micro elements (ppm) ------------------------3

Seasons N P K ppm Fe B Zn Mn
2014 40 85 662 3.1 5.3 4.3 3.4 11
2015 65 98 438 4.0 4.9 4.7 3.6 12

E.C ------- Soluble anions (meq/L.) -------- ------ Soluble cations (meq/L.) ------
pH CaCO % dS/m HCO SO Cl Ca Mg Na3 3 4

- -2 - ++ ++ +

2014 7.6 2 0.93 2.4 2.42 1.7 6.1 0.9 1.51
2015 7.5 1 1.06 2.2 5.13 1.9 4.0 1.7 2.25

The second experiment was conducted at the Continuous culture was carried out in the bioreactor using
Experimental Farm, Faculty of Agriculture, Ain Shams 1980 ml of the productive medium. After sterilization, the
University, Cairo, Egypt, in clay loam soil with the medium was inoculated by adding 20 ml standard
following chemical characteristics (Table 1), inoculum of Bacillus sp. R20EG2 strain to give 2-liter final
according to A.O.A.C. [25]. working volume. The culture in the vessel was allowed to

First Experiment: Production of AA medium was pumped to the fermentation culture at
Bacterial Strain and Media different flow rates using 34, 54, 74 and 94 ml h flow rate
Bacillus sp. R20EG2 strain was used as the producer of to give 0.017, 0.027, 0.037 and 0.047 h  dilution rate,

amino acids throughout this study [26]. Stock cultures respectively for Bacillus sp. R20EG2 strain. Cultivation of
were maintained in 70% glycerol at -20°C. Culture was each dilution rate was kept for at least 24 h intervals.
transferred on nutrient agar slants. After growth at 30°C Samples (10 ml) were taken aseptically at each steady
for 24 h, slants were stored at 4°C for using in inoculum state to determine the cell dry weight, amino acid
preparation. The modified productive medium by Abou- production,  consumed  sugar  and  amino  acid
Taleb and Sayed [26] had been used, which containing a parameters.
modified molasses medium with the following structure
(g/100 ml): sugar cane molasses, 5.0; CaCO , 2.0 (added Analytical Methods: The pellet (biomass) was washed3

after sterilization of medium); KH PO , 0.05; K HPO , 0.05; twice with distilled water and then dried at 80°C to2 4 2 4

MgSO .7H O, 0.025; soybean husk, 2.0 and pH adjusted constant weight. The quantitative analysis of the total4 2

to 7.2. amount of amino acids was determined using acidic

Preparation of Bacterial Inoculum: The nutrient broth amino acids produced by tested strain were identified
medium was used for the preparation of bacterial using amino acid analyzer (Bichrom 30) according to
inoculum. The medium was sterilized at 121°C for 15 min. A.O.A.C. [25]. Residual sugar was determined in
A 250 ml conical flask containing 50 ml of medium was supernatant  according   to   Park   and   Johnson   [28].
inoculated with a loopful of cells taken from slant and The  specific  growth  rate  (µx)  was  calculated according
incubated at 30°C on rotary shaker at 150 rpm for 24 h. to Doelle [29]. Amino acids yield (%), conversion

Bioreactor as Continuous Culture Experiment: In the efficiency   (%)    were    calculated   according to
present work, 3L dished bottom bioreactor Z6110/code Ramadan  et  al.  [30].  Amino  acids  productivity  (g/L/h)
(Cole. Parmer Instrument) was used, which consists of 3- and amino  acids  yield  coefficient  relative  to  biomass
liter vessel equipped with lip seal stirrer assembly, (Y )  were   calculated   according  to  Lee  [31]  and
automatic pH controller, automatic dissolved O Grothe et al. [32], respectively.2

controller, CO  controller, automatic temperature2

controller, foam controller and multi-channel peristaltic Second Experiment: Application of AA
pump (for feeding). The amino acids producing bacterium Experimental Design and Treatments: Seeds of Jew's
was grown in the bioreactor as continuous cultivation. mallow cv. Balady were sown in lines on 5  of April
During all fermentations, temperature, dissolved O  and during 2014 and 2015 seasons in clay loam soil. The2

agitation speed were kept at 30°C, 20% of saturation and experimental plot area was (2 x 3) 6 m included 100 lines,
500 rpm, respectively. Initial pH was adjusted to 7±0.1 length of each line was 3 meters. The plant density was
which was not controlled during the fermentation period. about 150 plant/m . Agricultural management, fertilization

grow up as a batch culture for 60 h. After this period fresh

1

1

ninhydrin  method  described  by  Chinard  [27]. Free

coefficient (%), effective yield (%) and sugar utilization
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(except for nitrogen fertilization source), disease and pest Total leaf protein, together with free amino acids, was
control programs were performed as recommended by the
Egyptian Ministry of Agriculture and Land reclamation.
Application of fertilization program was started after two
weeks from seeds sowing.

Urea was used as a source for mineral nitrogen, which
applied as land application at three levels: (1)
recommended dose at 70 kg/feddan (166.6 kg/hectare), (2)
half recommended dose at 35 kg/feddan (83.3 kg/hectare)
and (3) control (0 kg urea/feddan).

The AA fermented solution produced from 1st

experiment was used as organic nitrogen source, which
was tested to be a replacement for mineral nitrogen source
in Jew's mallow. Based on AA concentration in the
fermented solution, the AA fermented solution applied as
a foliar treatment at five AA concentrations, 0, 250, 500,
1000 and 2000 ppm sprayed to the foliar system three
times with 7-day intervals. Regarding, the tested levels of
urea (3-levels) and AA fermented solution (5-levels), the
number of tested treatments in this 2  experimentnd

(application of AA) will be 15 treatments.

Vegetative Growth Characteristics: Plant height, leaves
no./plant, average leaf area, leaf area density (LAD),
average leaf f.w, plant f.w and stem-plus-root f.w were
recorded at 45 days after sowing. Since, Jew's mallow has
two marketable form, one as entire plant (leaves + stem +
root) and the other as packet consist of specific weight of
leaves (the edible part) with higher price. Therefore, yield
of entire plant (kg/m ) and leaves yield (g/m ) were the2 2

best parameters for this case. Total leaves area was
calculated from the digital images of the plant leaves
using Image-pro plus software (version 6.2, Media
Cybernetics Inc., USA). LAD was calculated from the leaf
area of a plant stand, which divided by the volume of
space occupied [33].

Biochemical Changes: Third leaf of the harvested plants
was collected to determinate the biochemical changes in
Jew's mallow plants under the effect of urea and/or AA
fermented solution applications.

Photosynthetic pigments of Jew's mallow leaves were
extracted using 80% acetone as described by Arnon [34]
to determine chlorophyll a, chlorophyll b and total
chlorophylls. Concentrations of chlorophyll a, chlorophyll
b, total chlorophylls and carotenoids were calculated
using formulae described by Lichtenthaler and Wellburn
[35], after measuring the absorption of the extracted
pigments using a spectrophotometer (Mapada UV 1200)
at 470, 647 and 664 nm.

estimated by digesting the freezing leaves samples to
amino  acids  in 6 M Hcl, as described by Barbehenn [36].
Total amino acids consisted of total free amino acids plus
amino acids from total proteins acid hydrolysis were
measured using ninhydrin method. And also, the total free
amino acids concentrations in leaves samples were
determined according to the method described by Swamy
[37]. The developed color with ninhydrin reagent was
measured using a spectrophotometer (Mapada UV 1200)
at 570 nm. Total protein (TP) in leaf sample calculated by
subtracted the amount of total free amino acids (TFAA)
from total amino acids. Total soluble proteins (TSP) were
determined in leaf extracts using the method of Bradford
[38]. Total non-soluble proteins (TNSP) which indicate to
structural proteins amount were calculated by subtract the
concentration of TSP from TP. Nitrogen concentration in
leaves samples were calculated by dividing the
concentration of TP on 6.25 (nitrogen-to-protein
conversion factor).

Nitrate and nitrite were extracted from leaves in
methanol:water (1:1) as described by Salomez and Hofman
[39].  Nitrate   concentration    was    determined   using
the nitration of salicylic acid method described by Cataldo
et al. [40], whereas nitrite concentration in leaves was
determined using the phosphomolybdenum blue complex
method described by Zatar et al. [41].

Total soluble sugars (TSS) were extracted from 0.2 g
leaf tissues by 80% hot ethanol [25] and determined using
anthrone method as described by Sadasivam and
Manickam [42]. The total carbohydrates (T.Carbs) were
estimated using the same anthrone method, after leaves
sample were hydrolyzed in HCl [42].

Total  Phenolic   concentration  was  determined
using Folin-Ciocalteu method described by Singleton and
Rossi [43] with catechol as standard, which read at 650
nm. The concentrations of the previous biochemical
parameters were re-calculated without further statistical
analysis to express on its content per leaf unit, which
consider a better indicator for the plant physiological
status.

Statistical Analysis: Data of the two seasons were
arranged and statistically analyzed using CoStat software
(version 6.4, CoHort Software, USA) according to the
method described by Gomez and Gomez [44]. One-way
ANOVA was used to reveal the significant differences
across the interaction between urea levels and AA
fermented solution levels.
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RESULTS AND DISCUSSION 0.017 h  and 0.027 h  respectively. At 0.047 h  dilution

Production of AA (1  Experiment)st

Using Bioreactor as A Continuous Culture at Different
Dilution Rates: A continuous fermentation was
performed to find the influence of dilution rate on growth
and amino acids production at pH 7.2 and 30°C. Fresh
medium was added into the bioreactor with a peristaltic
pump at four different dilution rates being 0.017, 0.027,
0.037 and 0.047 h  were carried out during the1

fermentation time of Bacillus sp. R20EG2 on 5% sugar
cane molasses as continuous culture. The values of them
were selected after calculating the specific growth rate (µ)
after 60 h using bioreactor  as  a  batch  culture  being
0.027 h . The medium added to the bioreactor was 34, 54,1

74 and 94 ml h  (0.017, 0.027, 0.037 and 0.047 h  dilusion1 1

rate, respectively) after 60 h of incubation period for
Bacillus sp. R20EG2.

Results in Figure (1) show that varying the dilution
rates, resulted in producing changes in the steady state of
amino acids yield, conversion coefficient and amino acids
productivity. At steady state levels of 0.017, 0.027 & 0.037
h , amino acid production, consumed sugar and cell dry1

weight remained constant for 24 hours for Bacillus sp.
R20EG2, while washing out was observed at 0.047 h  (941

ml medium / h flow rate / 2000 ml culture). It is interesting
to notice that mean values of the highest amount of amino
acid concentration either per hour or liter was 0.148 g h 1

or 4.01 g/L  which  attained  at  0.037  h   dilution  rate.1

The means of amino acid concentration were 2.96 & 3.16
g/L and  cell  dry  weight  out  let  were 1.92 & 2.00 g/L  at

1 1 1

rate, where no steady state was observed, amino acids out
let and biomass in bioreactor were decreased from 2.80 to
0.31 and 1.89 to 0.52 g/L, respectively, after 24 h of
fermentation period. It is important to point out that the
percentage decrement of cell after 24 h, at dilution rate
0.047 h  (washing out). Comparing to the recorded1

values at zero time of incubation (after 60 h of batch
culture). With respect to consumed sugar (g/L) by
Bacillus sp. R20EG2 at different dilution rates, it was
found that the sugar consumption rate increased with the
increase of sugar input till 0.037 h  (1.63 g/h) and then1

decreased at 0.047 h  dilution rate (1.35 g/h). Regarding1

to amino acids yield, conversion coefficient and
productivity, they increased with increasing of dilution
rate (sugar input), reaching their maximum at 0.037 h 1

being 8.27%, 9.08% & 0.167 g/L/h, respectively, then
decreased at 0.047 h  dilution rate (where no steady state1

was observed). Therefore, it could be stated that the
maximum dilution rate to be used, is 0.037 h  for giving1

maximum amino acids production by Bacillus sp. R20EG2.
Comparing the value of amino acids productivity

obtained by Bacillus sp. R20EG2 using different
fermentation techniques (Figure 2), it could be noticed
that the highest productivity of amino acids was attained
by using continuous culture technique at 0.037h 1

dilution rate of molasses being 0.167 g/L/h after 24 hours.
Continuous culture led to increase the productivity by
about 4.77 fold than that obtained by shake flasks as a
batch   culture   after   72   h   from   previous   study  [26].

Fig. 1: Cultivation of Bacillus sp. R20EG2 on productive medium using bioreactor as a continuous culture at different
dilution rates. (*Conc.= Concentration)
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Fig. 2: Comparison between different fermentation methods for amino acids production by Bacillus sp. R20EG2.

Table 2: Qualitative and quantitative characterization of free amino acids produced by Bacillus sp. R20EG2 strain using continuous bioreactor at 0.037 h 1

dilution rate of sugar cane molasses after 24 h fermentation time.
Essential AA Lysine Phenylalanine Leucine Histidine Valine Isoleucine Threonine Methionine
(mg/100 ml) 29.09 22.82 21.6 13.71 13.46 13.31 12.41 4.31
Non-Essential AA Glutamic acid Aspartic acid Proline Arginine Tyrosine Glycine Serine Alanine Cysteine
(mg/100 ml) 77.84 44.29 26.42 20.82 16.97 15.86 15.8 15.69 6.91

Also, it could be observed that 3.56 fold higher than batch medium / h flow rate / 2000 ml culture). Among 20 amino
bioreactor and 1.86 and 3.15 fold over increased than acids,  17   amino   acids   (8   essential  amino  acids  and
continuous feeding at 2.01 g/L/h sugar after 48h and 9 non-essential amino acids) were presence in
pulsed feeding at 0.099 g/L/h sugar after 60 h (as fed- supernatant.  The  essential amino acids can be arranged
batch fermentation) by Bacillus sp. R20EG2, respectively in the following order: lysine> phenylalanine> leucine>
[45]. Azuma and Nakanishi [46] and Azuma et al. [47] histidine> valine> isoleucine> threonine> methionine,
found that continuous bioprocess was the best technique which ranged between 29.09 and 4.31 mg/100ml. Nine non-
for production of L-arginine from Corynebacterium essential amino acids were in order of glutamic acid>
acetoacidophilum. In addition to, Ishii et al. [13] aspartic acid> proline> arginine> tyrosine> glycine>
observed that L-glutamic acid production by serine> alanine> cysteine, which ranged between 77.84
Brevibacterium lactofermentum using a continuous and 6.91 mg/100ml. The maximum value of amino acids
bioreactor was increased productivity about 2 fold as presented in supernatant of Bacillus sp. R20EG2 was
compared to batch processes. described as glutamic acid being 77.84 mg/100 ml then

So, it could be concluded that continuous aspartic acid being 44.29 mg/100 ml. However, the
fermentation was favorable than any other fermentation maximum amount of free amino acids as glutamic acid was
technique, which the fermentation time was reduced from achieved by using continuous fed-batch bioreactor being
48 to 24 h for amino acids production. 85.62 mg/100 ml but after 48h fermentation time, from

Characterization of Free Amino Acids Produced by has been reported with different types of bacteria such as
Tested Bacteria: Data in Table (2) clearly show that total B. subtilis, B. licheniformis, B. polymyxa and B. pumilus,
free amino acids presented in supernatant, which Brevibacterium divaricatum and B. methanolicus,
produced by Bacillus sp. R20EG2 strain after 24 Bacillus sp. R22EG1 and Bacillus sp. R20EG2, which
fermentation  time  using  continuous  bioreactor at produced the highest amount of free amino acids as
0.037h  dilution rate of sugar cane molasses (74 ml glutamic acid [11, 12, 45, 48].1

previous study of Abou-Taleb [45]. A similar tendency
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Table 3: Influence of foliar spray of amino acids fermented solution, urea as soil fertilizer and their combinations on parameters of the vegetative growth and
vegetative yield of Jew's mallow plants during 2014 and 2015 seasons (main of two seasons)

-------- Treatments -------- Plant height Leaves average leaf LAD Average Leaves Stem + Plant Plant
Amino acids Urea (cm) no./plant area (cm ) (cm /dm ) leaf f.w (mg) yield (g/m ) root f.w (g) f.w (g) yield (kg/m )2 2 3 2 2

0 ppm 0 kg/fed 29.3 h 6.7 c 7.7 g 2.61 c 121 f 122 f 1.5 f 2.3 f 0.34 f
0 ppm 35 kg/fed 39.7 g 6.7 c 11.1 f 2.80 bc 175 ef 178 ef 2.5 ef 3.7 ef 0.56 ef
0 ppm 70 kg/fed 40.0 g 7.7 ac 12.3 df 3.58 bc 267 cd 309 bd 3.7 ce 5.8 ce 0.87 ce
250 ppm 0 kg/fed 42.0 fg 7.3 bc 12.0 ef 3.14 bc 240 de 263 de 6.5 ab 8.3 ac 1.24 ac
250 ppm 35 kg/fed 39.7 g 7.0 bc 14.8 de 3.94 ab 291 bd 306 bd 3.4 df 5.4 de 0.81 de
250 ppm 70 kg/fed 46.7 df 6.7 c 15.6 be 3.36 bc 247 ce 249 de 4.1 ce 5.7 ce 0.86 ce
500 ppm 0 kg/fed 57.3 b 8.0 ab 18.2 bc 3.85 ab 369 ab 443 a 5.4 bd 8.4 ac 1.25 ac
500 ppm 35 kg/fed 63.3 a 7.7 ac 18.6 b 3.40 bc 336 ac 386 ac 7.8 a 10.4 a 1.56 a
500 ppm 70 kg/fed 52.7 bc 7.7 ac 21.9 a 4.84 a 397 a 460 a 6.5 ab 9.6 ab 1.44 ab
1000 ppm 0 kg/fed 50.7 ce 7.7 ac 15.8 bd 3.58 bc 274 cd 315 bd 5.8 ac 7.9 ad 1.19 ad
1000 ppm 35 kg/fed 45.3 f 6.7 c 13.7 df 3.02 bc 216 de 218 df 5.0 bd 6.5 cd 0.97 cd
1000 ppm 70 kg/fed 52.7 bc 7.0 bc 15.4 be 3.07 bc 264 ce 283 be 4.8 bd 6.7 cd 1.00 cd
2000 ppm 0 kg/fed 51.3 cd 8.7 a 15.1 ce 3.81 ac 307 bd 397 ab 5.1 bd 7.8 bd 1.17 bd
2000 ppm 35 kg/fed 50.7 ce 7.3 bc 14.7 de 3.21 bc 249 ce 273 ce 5.9 ac 7.8 bd 1.16 bd
2000 ppm 70 kg/fed 45.7 ef 7.0 bc 13.6 df 3.15 bc 224 de 236 df 6.0 ac 7.6 bd 1.14 bd

LSD 0.05 4.7 1.0 3.1 1.05 78.3 106 2.03 2.3 0.34

Means followed by different letters are significantly different at P< 0.05 level; Tukey's HSD test. Where LAD = leaf area density; fed = feddan.

Application of AA (2  Experiment) decreased comparing with recommended urea dose, whilend

Vegetative Growth Characteristics: Growth of non- led to an increase in plant f.w and its reflected yield which
fertilized (control) Jew's mallow plants depended on refer mainly to the promotive effect of AA fermented
available N in the cultivated soil only (Table 1), which in solution at 250 ppm on increasing the value of stem + root
turn, according to its insufficient amount for plant f.w to a significant level (Table 3). The most effective dose
production led to decrease all vegetative growth of AA fermented solution as individual application led to
parameters to the lowest value, comparing with other boosting all vegetative growth and yield parameter to a
treatments (Table 3). Application of urea at recommended higher significant value over recommended dose of urea,
dose (70 kg/feddan) restored the growth to its normal was AA fermented solution at 500 ppm, where led to
productive levels recorded by Egyptian Ministry of increase the leaves yield and entire plant yield to 1.4-fold
Agriculture and Land reclamation, where the yield of over recommended dose of urea. This valuable increase
entire plant increased 2.5-fold than recorded with non- refers mainly to the effect of AA fermented solution on
fertilized plants (0.87 kg/m  comparing with 0.34 kg/m ). increasing average leaf f.w and leaf area density (LAD)2 2

The most significantly unaffected trait was leaves which indicate to increasing leaf area per stand space
no./plant, wether under N starvation or N nutrition which allow them to capture more light and increase the
(organic and non-organic N) as shown in Table 3. The efficiency of photosynthetic machinery (Table 3). This
highest significant value in leaves no./plant recorded only hypothesis did not support by photosynthetic pigments
with individual application of AA fermented solution at concentrations available in Table 4 which decreased
2000 ppm and 500 ppm, respectively. Although under values obtained from recommended dose of urea,
application of different concentrations of AA fermented but the supportive evidences for this hypothesis come
solution promoting most of vegetative growth and yield from Table 6, when we expanded our sight to look to the
parameters to the levels over obtained by the biochemical changes in the content per leaf unit not as a
recommended dose of urea, these increases are not concentration (mg/g f.w), which revealed that all metabolic
correlated with the gradual increase in AA fermented biochemical constituents included total chlorophyll
solution tested concentrations. Application of AA increased over recommended dose of urea under AA
fermented solution individually at 250 ppm recorded fermented solution at 500 ppm. Increasing the
values near to the values recorded with recommended concentration of AA fermented solution applicable to the
dose of urea in most of vegetative growth parameters plant to 1000 and 2000 ppm increased the leaves and plant
except for average leaf f.w and its reflected yield which yield, but did not as 500 ppm concentration did (Table 3).
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Table 4: Influence of foliar spray of amino acids fermented solution, urea as soil fertilizer and their combinations on photosynthetic pigments concentration
of Jew's mallow plants in both seasons (2014 and 2015).

--------- Treatments -------- ------------------------ mg/g f.w ------------------- Chl a:b ---------------------- mg/g f.w --------------------- Chl a:b
Amino acids Urea Chl a Chl b Chl a+b Carot ratio Chl a Chl b Chl a+b Carot ratio

------------------------------- 1  season ------------------------------ ------------------------------ 2  season --------------------------------st nd

0 ppm 0 kg/fed 2.14 de 0.79 df 2.93 cd 0.29 df 2.74 ab 2.07 df 0.76 eg 2.82 df 0.26 g 2.75 ad
0 ppm 35 kg/fed 2.36 bd 0.91 bd 3.26 bc 0.29 df 2.64 ac 2.25 bd 0.87 be 3.11 bd 0.28 fg 2.63 be
0 ppm 70 kg/fed 2.74 a 1.14 a 3.88 a 0.33 bd 2.42 d 2.61 a 1.11 a 3.72 a 0.32 ce 2.38 f
250 ppm 0 kg/fed 2.03 de 0.72 df 2.75 ce 0.32 bd 2.82 a 1.92 ef 0.68 fh 2.60 ef 0.32 cd 2.80 ac
250 ppm 35 kg/fed 2.30 bd 0.82 ce 3.12 bc 0.30 de 2.80 a 2.2 be 0.78 df 2.98 ce 0.28 fg 2.82 ab
250 ppm 70 kg/fed 2.58 ab 1.04 ab 3.62 ab 0.33 bd 2.49 cd 2.46 ab 0.99 ab 3.44 ab 0.31 cf 2.50 ef
500 ppm 0 kg/fed 2.52 ac 0.98 ac 3.50 ab 0.37 ab 2.56 bd 2.41 ab 0.94 bd 3.35 ac 0.36 ab 2.55 df
500 ppm 35 kg/fed 2.23 cd 0.87 bd 3.1 bc 0.35 bc 2.58 bd 2.11 ce 0.82 cf 2.93 ce 0.33 bc 2.57 cf
500 ppm 70 kg/fed 2.12 de 0.75 df 2.87 cd 0.29 df 2.81 a 2.02 df 0.72 eh 2.74 df 0.28 eg 2.81 ac
1000 ppm 0 kg/fed 2.49 ac 1.01 ac 3.49 ab 0.40 a 2.47 cd 2.37 ac 0.96 ac 3.33 ac 0.37 a 2.48 ef
1000 ppm 35 kg/fed 1.65 f 0.60 f 2.25 e 0.24 f 2.74 ab 1.56 g 0.57 h 2.13 g 0.22 h 2.71 be
1000 ppm 70 kg/fed 2.32 bd 0.88 bd 3.2 bc 0.30 ce 2.63 ad 2.20 be 0.83 bf 3.03 be 0.27 fg 2.66 be
2000 ppm 0 kg/fed 1.89 ef 0.67 ef 2.56 de 0.29 df 2.84 a 1.80 fg 0.61 gh 2.42 fg 0.29 dg 2.98 a
2000 ppm 35 kg/fed 1.66 f 0.63 f 2.29 e 0.26 ef 2.64 ac 1.55 g 0.59 h 2.14 g 0.25 gh 2.64 be
2000 ppm 70 kg/fed 2.03 de 0.72 df 2.75 ce 0.31 ce 2.84 a 1.95 ef 0.67 fh 2.62 ef 0.29 dg 2.95 a
LSD 0.05 0.30 0.17 0.47 0.04 0.18 0.25 0.15 0.39 0.03 0.21
Means followed by different letters are significantly different at P< 0.05 level; Tukey's HSD test. Where Chl = chlorophyll; Carot = carotenoids; fed = feddan.

Although, AA fermented solution at 500 ppm degradation in the mitochondria, which generally
increased the leaves and plant yield to 1.4-fold over converted to intermediates of the tricarboxylic acid cycle
recommended  dose  of urea,  using the combination of (TCA). Thus, they contribute to mitochondrial metabolism
AA fermented solution with urea maximized all studied and ATP production. Energy yield could be used for
parameters to the highest level. The highest significant supporting new plant growth [50].
values in leaves yield recorded with the application of AA
fermented solution at 500 ppm + urea at 70 kg/feddan and Biochemical Changes: The highest significant values of
AA fermented solution at 500 ppm, respectively. chlorophyll fractions in leaves of Jew's mallow plant
Whereas, the highest value of the yield of entire plant recorded with the individual application of recommended
recorded  with  AA  fermented  solution  application at dose of urea (Table 4). The gradual increase in urea added
500 ppm + urea at 35 kg/feddan which was not to the cultivated soil led to parallel increase in chlorophyll
significantly deferent from the individual application of fractions concentrations. The highest values in
AA fermented solution at 500 ppm (Table 3). The carotenoids concentration recorded with individual
superiority of combined application between AA at 500 application for all levels of AA fermented solution,
ppm and urea at 75 kg/feddan come from its effect on especially at 1000 and 500 ppm, respectively (Table 4).
increasing both average leaf f.w and LAD. When urea applied in the presence of AA fermented

In this respect, Tegeder [49] reported that, amino solution, led to decrease the levels of carotenoids in
acids have various prominent functions and essential leaves. This observation suggests that increasing the
roles in plants. Considering their role as the building units levels of applicable amino acids increasing the
for enzymes and proteins, they provide important antioxidants defense system in Jew's mallow leaves throw
components for plant metabolism and structure. increasing carotenoids concentrations. The highest
Furthermore, they serve as nitrogen donors or precursor significant values of Chl a:b ratio recorded with AA
for the synthesis of a large variety of compounds critical fermented solution individually applied at 2000 and 250
to plant development including nucleotides, chlorophyll, ppm, respectively, which in turn did not indicated to
hormones and secondary metabolites. The next step after increase Chl a concentration for these treatments over
amino acids synthesis, they are immediately used for recommended dose of urea, but greatly indicated to a
metabolism, transiently stored (e.g. in the vacuole) or significant decrease in Chl b below recommended dose of
transported in the phloem to developing vegetative or urea (Table 4). The increase in chlorophyll concentration
reproductive sink tissues, which in turn affect plant in Jew's mallow leaves under recommended dose of urea
growth and development. Moreover, amino acids could be correlated with the increase in total N concentrations
a source for increasing the plant energy through its under  same  conditions  which could  share the   N  faster
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Table 5: Influence of foliar spray of amino acids fermented solution, urea as soil fertilizer and their combinations on concentration of total free amino acids
(TFAA), total soluble protein (TSP), total non-soluble protein (TNSP), total protein (TP), total soluble sugars (TSS), total carbohydrates
(T.Carbs), nitrate, nitrite, total nitrogen and total phenolics in leaves of Jew's mallow plants during 2014 and 2015seasons (main of two seasons).

-------- Treatments --------- ----------------------------------------------------------------------- mg/g f.w ------------------------------------------------------------------------
Amino acids Urea TFAA TSP TNSP TP TSS T.Carbs Nitrate Nitrite Nitrogen Phenolics
0 ppm 0 kg/fed 4.9 d 8.4 bd 54.4 de 62.9 e 17.8 bd 58.1 de 0.89 a ND 9.6 e 1.5 fg
0 ppm 35 kg/fed 5.9 bd 10.6 b 67.1 ab 77.8 ac 19.2 ac 65.4 de 1.01 a ND 12.0 ac 1.6 eg
0 ppm 70 kg/fed 9.0 a 9.4 bd 69.9 a 79.3 ab 19.5 ac 71.6 bd 1.03 a ND 12.3 ab 1.8 cg
250 ppm 0 kg/fed 6.8 bc 9.2 bd 55.1 ce 64.2 de 20.7 ab 92.6 a 0.35 d ND 9.8 de 2.7 a
250 ppm 35 kg/fed 8.9 a 9.8 bd 65.4 ac 75.1 bd 21.2 a 89.9 ab 0.56 cd ND 11.6 bd 2.2 ad
250 ppm 70 kg/fed 6.8 bc 9.3 bd 68 ab 77.3 ac 17.2 cd 57.5 de 0.97 a ND 11.9 ac 1.8 cg
500 ppm 0 kg/fed 6.9 bc 8.9 bd 57.6 be 66.5 ce 20.8 ab 87.2 ac 0.45 cd ND 10.2 ce 2.1 bd
500 ppm 35 kg/fed 5.1 cd 9.7 bd 64.8 ad 74.5 bd 20.9 ab 84.4 ac 0.62 bc ND 11.5 bd 2.2 ac
500 ppm 70 kg/fed 4.9 d 15.8 a 72.4 a 88.2 a 11.7 f 60.7 de 0.85 ab ND 13.7 a 1.6 dg
1000 ppm 0 kg/fed 6.8 bc 7.5 d 69.9 a 77.4 ac 19.2 ac 88.6 ab 0.86 ab ND 12.0 ac 2.0 bf
1000 ppm 35 kg/fed 2.8 e 10.4 bc 39.4 f 49.7 fg 13.4 ef 54.6 de 0.87 a ND 7.5 fg 2.0 be
1000 ppm 70 kg/fed 4.3 de 8.1 bd 51.5 e 59.6 ef 13.0 ef 49.0 e 1.01 a ND 9.1 ef 1.3 g
2000 ppm 0 kg/fed 7.5 ab 7.6 cd 51.6 e 59.2 ef 18.2 ad 72.7 bd 0.51 cd ND 9.0 ef 2.3 ab
2000 ppm 35 kg/fed 2.9 e 9.2 bd 38.7 f 47.9 g 15.5 de 69.6 cd 0.59 c ND 7.2 g 2.4 ab
2000 ppm 70 kg/fed 4.3 de 9.6 bd 55.0 ce 64.5 de 17.1 cd 61.7 de 0.83 ab ND 9.9 de 1.9 bf
LSD 0.05 1.66 2.38 9.48 10.39 2.92 16.91 0.218 ND 1.66 0.47
Means followed by different letters are significantly different at P< 0.05 level; Tukey's HSD test. Where fed = feddan; ND = not detected.

Table 6: Influence of foliar spray of amino acids fermented solution, urea as soil fertilizer and their combinations on content per leaf unit of total free amino
acids (TFAA), total soluble protein (TSP), total non-soluble protein (TNSP), total protein (TP), total soluble sugars (TSS), total carbohydrates
(T.Carbs), nitrate, total nitrogen, total phenolics and total chlorophyll of Jew's mallow plants during 2014 and 2015seasons (main of two seasons).

--------- Treatments --------- -------------------------------------------------------------------- mg/leaf unit -----------------------------------------------------------------------
Amino acids Urea TFAA TSP TNSP TP TSS T.Carbs Nitrate Nitrogen Phenolics Chl a+b
0 ppm 0 kg/fed 0.60 1.02 6.6 7.6 2.16 7.0 0.11 1.17 0.18 0.36
0 ppm 35 kg/fed 1.04 1.86 11.8 13.6 3.37 11.5 0.18 2.11 0.28 0.57
0 ppm 70 kg/fed 2.39 2.51 18.6 21.2 5.21 19.1 0.27 3.27 0.47 1.03
250 ppm 0 kg/fed 1.62 2.19 13.2 15.4 4.97 22.2 0.08 2.36 0.64 0.66
250 ppm 35 kg/fed 2.59 2.85 19.1 21.9 6.19 26.2 0.16 3.38 0.63 0.91
250 ppm 70 kg/fed 1.68 2.30 16.8 19.1 4.23 14.2 0.24 2.95 0.44 0.89
500 ppm 0 kg/fed 2.54 3.27 21.3 24.5 7.69 32.2 0.16 3.77 0.78 1.29
500 ppm 35 kg/fed 1.70 3.25 21.8 25.0 7.01 28.3 0.21 3.86 0.74 1.04
500 ppm 70 kg/fed 1.94 6.27 28.7 35.0 4.63 24.1 0.34 5.43 0.65 1.14
1000 ppm 0 kg/fed 1.87 2.06 19.1 21.2 5.26 24.2 0.23 3.27 0.55 0.96
1000 ppm 35 kg/fed 0.62 2.24 8.5 10.7 2.89 11.8 0.19 1.63 0.44 0.49
1000 ppm 70 kg/fed 1.13 2.14 13.6 15.7 3.43 12.9 0.27 2.40 0.34 0.85
2000 ppm 0 kg/fed 2.30 2.33 15.8 18.2 5.58 22.3 0.16 2.77 0.71 0.79
2000 ppm 35 kg/fed 0.72 2.29 9.6 11.9 3.86 17.3 0.15 1.80 0.59 0.57
2000 ppm 70 kg/fed 0.96 2.14 12.3 14.5 3.84 13.8 0.19 2.22 0.42 0.62

than AA did, to the chlorophyll biosynthesis machinery. whereas all individual treatments of AA fermented
The total chlorophyll content per leaf unit in all treatments solution decreased the levels of nitrate significantly in
containing AA fermented solution at 500 ppm were leaves. The lowest nitrate levels recorded with 250 and
increased over recommended dose of urea, due to its high 500 ppm AA fermented solution (Table 5). The content of
total N content (Table 6). nitrite couldn't be detected under all tested treatments.

All individually tested concentrations of AA Carbohydrates fractions didn't take the same trend as N
fermented solution decreased the concentration of total N fractions did under urea and AA treatments, where
in Jew's mallow leaves comparing with urea at 70 application of AA fermented solution increased the levels
kg/feddan (Table 5). This decrease of total N levels of total carbohydrates and total soluble sugars (TSS) over
reflected on decreasing all the protein studied fractions recommended dose of urea. The highest significant value
included TFAA. On the contrary, the highest values of in total carbohydrates and total phenolics recorded with
nitrate in leaves recorded with recommended dose of urea, AA fermented solution at 250 ppm. Also, other AA
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fermented solution concentrations applied individually NRT2.1 nitrate transporter encoding gene, which reduced
increased the levels of total phenolics comparing with the amount of nitrate uptake by plant roots, (2) Increasing
recommended dose of urea (Table 5). Increasing the the activity of nitrate reductase (the responsible enzyme
concentrations of total phenolics under all AA treatments for nitrate reduction to nitrite) may be led to decrease the
indicated to the ability of AA fermented solution amount of nitrate, the existence of nitrite in leaves couldn't
treatments on enhancing the secondary metabolites be detected in the present work, so this second
status in leaves of Jew's mallow which reflected on hypothesis must be excluded, (3) Hanafy Ahmed et al.
increasing its antioxidants status and others related [21] suggested that increasing the concentration of simple
compound, which in turn increasing its feeding potential organic molecules (TSS, free amino acids and total
when used as medicinal plant. phenolics) let them act as an osmoticum for the regulation

The unexpected decrease in TFAA concentration in of plant osmosis which have the ability to take nitrate
leaves of Jew's mallow under all treatments containing AA place as an osmiticum, which in turn reflected of reducing
fermented solution than values recorded with the nitrate levels. In this respect, the current results showed
recommended dose of urea (Table 5), was highly the same reverse relationship between increasing the
correlated with the increase in stem + root f.w (Table 3), concentration of simple organic molecules (TSS and total
which suggested that  all  AA  treatments  could  modified phenolics) and reducing nitrate levels in leaves of Jew's
the source to sink relationship by enhancing the mallow. The same results on Jew's mallow were confirmed
metabolic turnover rate of assimilates and N fractions to by Hanafy Ahmed et al. [22] who reported that
be more efficient in stem than leaf, which reflected on biofertilizers treatments can lower nitrate concentration
increasing stem + root f.w (Table 3) and decreasing nitrate while sugars, amino acids and several nutrient
concentration in leaves (Table 5). concentrations were increased. Increasing total sugars,

Urea in soils is hydrolyzed by urease enzyme free amino acid and total phenolics in lettuce may use the
produced by soil microorganisms into ammonium, with accumulated nitrate in plant and enables it to use more
often a concurrent nitrification to nitrate [51]. Thus, carbohydrates for plant structural growth [21]. So,
fertilization with urea may result in plant roots being increasing the levels of total sugars enabled Jew's mallow
simultaneously exposed to urea, ammonium and nitrate, at plant to accelerate the metabolic turnover rate of nitrate.
least for short periods of time. The uptake of nitrate and Finally, Rivera [9] in his study on corn production,
ammonium into plant roots is mediated by transport tried to answer the same question here "could amino acid
proteins located in the plasma membrane of the epidermal produced by bacteria be used as alternative N fertilizer
and cortical root cells. The genes encoding nitrate or source?" by using the nitrogen rich byproducts as
ammonium transporters belong to the NRT (nitrate replacement for inorganic N in corn production and
transporter) and AMT (ammonium transporter) families confirmed our results through the enhancement in grain
[1]. Expression of NRT2.1, the major component of the N partitioning when biosynthesis byproducts are used
high-affinity nitrate transport system, is induced by relative to controls treatments, suggesting that N from
nitrate and repressed by high N status through a negative amino acids may be influencing the physiology of N
feedback mechanism, probably mediated by ammonium or partitioning and submit a clear answer that biosynthesis
amino acids [52]. This observation confirmed results of byproducts can replace inorganic N fertilizers on an
the current study where the decrease in nitrate levels in equivalent N basis to produce high corn grain yields.
leaves of Jew's mallow under all AA fermented solution Regarding the current results, the answer for the question
concentrations were recorded. Increasing the levels of N will be modified to, farmers can use the AA fermented
fractions under the effect of urea were confirmed by solution to boosting the production of leafy vegetables
Mérigout et al. [51]. with concomitant small addition of inorganic N source to

While the application of urea as inorganic N fertilizer haste the vegetative growth.
recorded the highest nitrate concentration in leaves of
Jew's mallow, application of AA fermented solution as CONCLUSION
organic N source reduced the levels of nitrate in leaves
with concomitant increase in the concentration of TSS, The highest amino acid production from Bacillus sp.
total carbohydrates and total phenolics (Table 5). R20EG2 using continuous fermentation process was
Decreasing nitrate levels under AA treatments could be achieved at 0.037 h  dilution rate of sugar cane molasses
refer to more than one reason; (1) The high concentration (74 ml sugar cane molasses h  flow rate) after 24 h
of AA could have a repressed effect on the expression of fermentation time. The maximum amount of amino acids

1

1
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was glutamic acid followed by aspartic acid. Using AA 8. Ardebili, Z.O., A.R.L. Moghadam, N.O. Ardebili and
fermented solution as a bio-fertilizer for vegetable crops,
has the ability not only to replace the fertilization with
mineral nitrogen source, but also maximizing the
vegetative yield weight and its quality. Applying amino
acids at 500 ppm was the most effective amino acids
concentration led to boosting the quantitative and
qualitative leaves yield characteristics of Jew's mallow
plant over the recommended dose of mineral nitrogen
fertilizer. Moreover, addition the half recommended dose
of mineral nitrogen fertilizer to AA fermented solution at
500 ppm gave the highest values for plant f.w and its
vegetative yield. If the purpose of planting Corchorus
olitorius was fiber production, the increased values of
stem + root f.w under all AA levels to 2-fold its values
under recommended dose of urea with concomitant
increase in total carbohydrates, suggested using AA to
increase fibre content in Corchorus olitorius.
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