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Abstract— Changes in electrophoretic profiles of
myofibrillar protein (MFP) in the Longissimus thoracis
(LD) of young camels (2 to 4 years), preserved by
refrigeration has been treated or not by lactic acid
solution 4% or citric acid 1%, were followed during the
post-mortem time at the following times: 1, 2, 4, 6, 8, 10,
12, 24 and 48 hours. The cold preservation for 48 hours
has not shown any particular distinctions in the protein
profiles of this muscle. Changes related to the type of
treatment were recorded during the storage time.
Proteolysis of the myofibrillar fraction was earlier in this
muscle in the case of treatment with one of two solutions
of organic acids used, particularly in the case of using
lactic acid. Indeed, these changes have affected at the
first hour after slaughter the proteolysis of the
myofibrillar proteins. Fragments of low molecular weight
(42, 36, 33, 26, 23, 18, 16, 14 and 13 kDa) have been
identified. The electrophoretic analysis showed that
during refrigeration, LD treated with a solution of lactic
acid is more sensitive to disruption phenomena and
muscle protein proteolysis that lots of this muscle that
even in the case of preservation by refrigeration only or
by refrigeration after treatment with a solution of citric
acid.

Keywords— Camel, citric acid, lactic acid, Longissimus
thoracis, refrigeration, protein electrophoresis.

l. INTRODUCTION

Meat is the product of transformation of muscle after
animal slaughter [1]. Organoleptic quality is extremely
important in the red meat industry [2, 3]. Tenderness is
the first criteria for selection by consumers of meat and
they are willing to pay more for this quality [4, 5, 6]. The
main problem facing meat industry are the variabilities
due to complex factors rising from variations during
animal growth as well as factors ante and post mortem.

www.ijeab.com

Tenderness is the most difficult criterion to control or
predict [7, 8], the tenderness of the meat depends on two
tissue structures, the myofibrillar proteins and connective
tissue. The first is strongly influenced by meat’s storage
conditions while the second is directly linked to livestock
characteristics of the animal at time of slaughter [9].
Indeed, after slaughter, myofibrillar muscle structure
undergoes profound changes that are largely dependent on
enzymatic activity and physicochemical characteristics of
the fibers.

After the death of the animal, the tenderizing processes
are started. They are the cause of the rupture of the
myofibrils and leads to tenderizing meat [10, 11]. There
are few studies on the comparison of the effect of the
refrigeration or refrigeration after treatment with a
solution of lactic or citric acid on the myofibrillar proteins
of dromedary muscle. The objective of this work is to
study the evolution of Longissimus thoracis myofibrillary
profiles (LD) of camels aged two to four years within 48
hours of refrigeration. These are subjected to a prior
treatment with one of two organic acid solutions (the 4%
lactic acid or citric acid 1%). And searching for the effect
of variation of the method of preservation on these
profiles.

1. MATERIALS AND METHODS
1.1. Biological material
To study the evolution of proteolysis of the myofibrillar
proteins, the Longissimus thoracis (LD) from camels ages
two to four years of the Sahrawi race were used. The
animals were slaughtered according to the Muslim rituals
at the slaughter house of Ouargla, Algeria.
Longissimus thoracis (dorsal Long) is the larger muscles
of the body. It forms the most important muscle of the
thoracolumbar region; it extends along the vertebral gutter
bro-costal from the sacrum to the base of the neck (Figure
1).
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Longissimus thoracis (LD)

Fig.1: Location of the studied muscle at the last vertebra.

1.2. Preservation (organic acids)

Conservation of the muscles studied, is accomplished by
the combination of two methods, one physical
(refrigeration), while the other is chemical using two
organic acid solutions (lactic acid and citric acid, at
concentrations of 4% and 1%, respectively).

Samples of muscle were taken after the gutting and
cutting of carcasses. Triplicate samples of each muscle
were individually wrapped in polythene bags and then
transported to the laboratory where they were boned and
trimmed of external fat. The removal of lipids before
protein extraction is desirable to avoid formation of an
emulsion preventing protein extraction [12, 13]. These
were divided into three groups; a control, one treated with
4% lactic acid, the third was subjected to treatment with
1% citric acid. Each sample was individually packaged in
sealed sterile plastic bags and placed in a refrigerator at
4°C. These muscles were followed up proteolysis
myofibrillar proteins at specific time intervals.

1.3. Extraction of myofibrillar proteins

The extraction of myofibrillar proteins was achieved
using the method described by Gagaoua et al., [14]. To
avoid activation of proteases, samples were maintained on
ice throughout the extraction procedure. 200 mg of
sample was incubated on ice with an extraction buffer for
10 minutes with constant agitation. These were then
ground and homogenized by polytron for 15 to 20
seconds and reincubated under the same conditions for a
further 5 minutes. The mixture was then centrifuged for
15 min at 5000g. The supernatant containing the
sarcoplasmic proteins was removed. The myofibrils pellet
obtained was reconstituted in the extraction buffer and
homogenized using a vortex. These samples were stored
at -20 ° C for ulterior use.

1.4. Electrophoresis on polyacrylamide gel in the
presence of SDS (SDS-PAGE)

Mpyofibrillar protein electrophoresis was performed under
denaturing conditions as described by Laemmli, [15].
Protein separation was based solely on their molecular
weights. The estimate of the degree of proteolysis of the
myofibrillar proteins was performed at different time
points post mortem by electrophoresis on polyacrylamide
gel in the presence of sodium dodecyl Sulfate (SDS-
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PAGE) from myofibrillar proteins obtained at the end of
extraction. The protein sample was treated with a
reducing agent, the p-mercaptoethanol, a compound
which has a denaturing effect on proteins by disruption of
their three dimensional structure. Migration in the gel is
thus affected only by molecular weight [16]. Samples
were fractionated by electrophoresis on 12%
polyacrylamide gel. All protein fragments separated
according to their molecular weight which has been
determined by protein markers (reference protein). The
standard proteins used are low molecular weight markers
containing the B phosphorylase (97 kDa), albumin (66
kDa), ovalbumin (45 kDa), carbonic anhydrase (30kDa),
trypsin inhibitor (20, 1 kDa), and o-lactaloumin (14,4
kDa). Protein bands were revealed using the stain with
Coomassie blue R-250. This colouration starts with a
fixing step in a solution containing 30% methanol, 5%
acetic acid for 20 min, followed by staining in the same
solution containing 0.12% Coomassie Blue R-250 for 1
hour. Discoloration was carried out by the same solution
as that used for fixing, it may last overnight. Finally, the
gels were scanned to be studied.

. RESULTS AND DISCUSSION
According to Jia et al., [17]; Zapata et al., [18]; Kemp et
al., [19] and Ouali et al., [20], post-mortem maturation of
muscles is an enzymatic process that leads to degradation
of myofibrillar structures and to lesser extent collagens by
endogenous proteolytic enzymes, which will condition
tenderizing red meat. Proteolysis of the myofibrillar
proteins was evaluated in the LD muscle preserved by
refrigeration or treated with citric acid or 1% lactic acid
4% before being refrigerated. The effect of different
treatments was well highlighted. The electrophoretic
profiles of myofibrillar fraction muscle protein in
Longissimus thoracis from camels aged 2 to 4 years
preserved by refrigeration having undergone previous
treatment with a citric acid solution 1%, lactic acid 4%,
are represented respectively in figures 2, 3, 4.

According to the electrophoretic profile of the
myofibrillar fraction in refrigerated LD or previously
treated by a solution of citric acid 1%, several bands were
observed in protein extracts (Figures 2, 3 and 4). The
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bands identified one hour after slaughter were had
molecular weights of 66, 53, 42, 36, 33, 18, 16 and 14
KDa. According to the work of Delbarre-Ladrat et al.,
[21] and Bond et al., [22], these bands were identified as
tropomyosin, desmin, actin (AC), tropomyosin (TMP),
Troponin 1, Troponin C and two light chains myosin
(MLC), respectively. Starting from hours post-mortem,
the strips 66 and 48 kDa disappeared as well as the bands
of relative molecular weights of the order of 42, 36, 33,
26 and 23 kDa, have been identified and the molecular
weight bands 13, 14, 16, 18 and 97 kDa. The intensity of
these bands is variable. Observing these protein profiles
showed no major differences 6 hours after slaughter for
LD preserved by refrigeration having ,or not, undergone
previous treatment with a 1% citric acid solution (Figures
2 and 3). This is probably due to a similar proteolysis
during this period. Similar results were observed in sheep
[23]. However, the small differences in band intensity can
be attributed to the difference in the relative amount of
protein loaded on the gel electrophoresis as was noted by
Martinez et al., [24].

Pretreatment with a 4% lactic acid solution strongly
influenced the proteolysis of the myofibrillar proteins, the
disappearance of the bands corresponding to molecular
weight fragments greater than 66 kDa was observed
starting from the first hour following slaughter (Figure 4).
The disappearance of high molecular weight protein in
citric acid treated samples took at least eight hours. The
appearance of bands at 33 kDa indicator of tenderness
were also reported by Ho et al., [25] and Zamora et al.,
[26] on beef and Smili, [27] on camel meat. The lower
molecular weight bands at 23 kDa for the muscles having
undergone or not before refrigeration acid treatment
consistent with the results of Chobert et al., [28]; Cho,
[29]; Barany et al., [30], Delbarre-Ladrat et al., [21] and
Ouali et al., [20] on beef. The use of organic acids (citric
and lactic acids) accelerated proteolysis myofibrillar
proteins, thus leading to early proteolysis, which can
induce a tenderizing meat. The same effect of the organic
acids has been demonstrated by Cannon et al., [31] and
Ertbjerg et al., [32]. Early onset fragments whose
molecular weight varies between 33 and 30 kDa,
associated with the maturation of meat confirms that the
rate of maturation of the treated muscles was faster than
the muscles which did not undergo any treatment before
refrigeration . This suggests an early proteolysis, which
can be explained by lower pH thus promoting the activity
of proteases. Bands whose molecular weight is in the
order of: 13, 14, 16, 18, 23, 26, 33, 36, 42 and 53kDa,
persisted in the electrophoretic profile of refrigerated
muscles or having previously been treated by one organic
acid solutions used, between 24 hours and 48 hours post-
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mortem. Intensity was more remarkable at the end of the
experiment (48 hours) (Figure 2).
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Fig.2: Electrophoretic profile of the myofibrillar fraction
in refrigerated LD
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Fig.3: Electrophoretic profile of the myofibrillar fraction
in refrigerated LD previously treated by a solution of
citric acid 1%
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Fig.4: Electrophoretic profile of the myofibrillar fraction
in refrigerated LD previously treated by a solution of
lactic acid 4%

Iv. CONCLUSION

During refrigeration for 48 hours, the profiles of
myofibrillar proteins of muscle Longissimus

During refrigeration for 48 hours, the profiles of
myofibrillar proteins of muscle Longissimus thoracis
(LD) of dromedary have shown relative stability and have
displayed only small changes in the intensities of several
protein bands for the same treatment suffered. This
indicated a low proteolysis of myofibrils. However,
variations affecting these proteins were detected between
different lots of the muscle according to the retention
mode. Art refrigeration supplemented with a treatment
with an organic acid has proven adequate to accelerate the
maturation of muscle LD dromedary. But other analyzes
of other qualitative parameters, including the enzyme
level is needed to better determine the chilling period and
the dose of organic acids which allow preserving the
nutritional quality of the meat.
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Abstract— Brewer's yeast was subjected to analytical
studies to determine the chemical composition of its
biomass. To this end, traditional methods of analysis were
used to determine ribonucleic acid (RNA), mineral
elements, amino acids and fatty acids. The results showed
that proteins (49.63%), carbohydrates (31.55%),
minerals (7.98%), RNA (8.12%) and total lipids (4.64%)
predominate in the biomass composition. The amino acid
profile of the protein is suitable for human nutrition,
exceeding the recommendations from the
FAO/WHO/UNU for essential amino acids. It is
particularly rich in lysine and could be recommended as
protein supplement in cereals. It was also observed that
the yeast was an excellent source of some microelements,
such as selenium, chromium, nickel and lithium; that it is
also a good source of dietary fiber, particularly soluble
fibers; and that the content of lipids was low, with a
predominance of saturated and mono-unsaturated fatty
acids with 10, 16 and 18 carbon atoms.

Keywords— Brewer's yeast, Biomass, Chemical
Composition, Protein Value.

I.  INTRODUCTION

The spent yeast used in the fermentation for the
production of beer is an industrial residue that represents
the second largest waste product generated in this sector,
second only to brewers' spent grain. This residue has a
high BOD (biological oxygen demand), which may
represent up to 60% of the value of this indicator in the
effluent (Andreis, 2012). Since Brazil is a major producer
of beverages and fuels through alcoholic fermentation
(fifth largest beer producer in the world) (Cetesb, 2005),
the amount of yeast produced is high.

The micro-organism used in the beer production process
is Saccharomyces cerevisiae. During the fermentation
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process, the yeast uses 90% of the available fermentable
sugars to produce alcohol, and only 10% for the
production of biomass (Cetesb, 2005). From an industrial
and national perspective, however, 10% represents a large
amount of residue.

The spent yeast used in the alcoholic fermentation process
has been used in various sectors, such as the production of
animal feed because it is an excellent source of protein
(Huige, 2006); as fish feed, potentially offsetting up to
50% of the protein in the feed without any negative effect
(Ferreira et al., 2010); and also as input in the
biotechnology industry, e.g. for the production of pulp, in
the food industry to obtain flavors for certain foods and in
pharmaceutical industry (Nasseri et al., 2011; Lin et al.,
2013).

Studies with yeasts have stood out not only because they
are traditionally associated with the preparation of
fermented food and beverages, but also because of their
versatility and ability to grow quickly on a wide variety of
substrates (Guzmén-Juarez, 1983; Sgarbieri, 1987; Giec
and Skupin, 1988). Yeast as a source of proteins has been
studied mainly after the 1960s, and so far there is no
comprehensive and suitable technology for its extensive
application (Nasseri et al., 2011).

The production of protein isolates and concentrates from
micro-organisms such as yeast, algae and bacteria, has
received considerable attention in recent decades. Due to
the high protein content (45-65%), they are considered
great non-conventional sources of protein (Halasz; Barath
and Matri, 1988).

Brewer's yeast has been poorly studied for nutritional
purposes, perhaps because of its bitter taste, which results
from the beer fermentation process. Some studies
performed with the excess yeast from beer production,
used the intact inactive cells for functionality tests,
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without addressing the nutritional aspects (Roshkova;
Dukiandjiev; Pavlov, 1986). The two main factors cited as
limiting factors for the biological use of yeast nutrients
are its high content of nucleic acid (RNA) and the very
thick and resistant cell wall, which interferes with its
digestibility (Kihlberg, 1972; Nasseri et al., 2011).

Considering the nutritional potential of waste arising from
the beer manufacturing process, the objective of this work
was to evaluate the influence of the mechanical rupture of
the cell walls for the biological use of the protein biomass
from yeast cells obtained from a craft beer brewery in the
southwestern region of the state of Parand, Brazil.

1. MATERIALS AND METHODS
Yeast:
The yeast Saccharomyces sp., from a brewery located in
the southwestern region of the state of Parana, Brazil, was
obtained in the form of fresh, already debittered cells
suspended in water.
Analytical Methods:
Proximate composition - total protein, moisture and ashes
were determined in accordance with the AOAC
procedures (1975; 1990). Total carbohydrates were
determined through the colorimetric method from Dubois
et al., (1958). Total lipids were extracted through the
procedure of Blight and Dyer (1959) and determined
gravimetrically. Soluble and insoluble fibers were
quantified through the method from Asp et al., (1983).
Nucleic Acid (RNA):
The nucleic acids in yeast, which consist mainly of RNA,
were determined through the method from Hebert et al.,
(1971). The RNA was extracted with 0.5m perchloric acid
at a temperature of 37° C for 2 hours. It was then
hydrolyzed with 0.5m perchloric acid at a temperature of
100° C for 15 minutes.
The quantification of ribose was done with the orcinol
reagent, which produces a greenish color and absorbs at
670 nm. The readings were compared with those of the
standard curve made with the purified RNA of yeast
(Sigma).
Mineral Elements:
The samples were first burned and left in the oven at
450°C for several days, until they were completely white.
They were then dissolved in nitric acid at 5%. Aliquots
were injected in an Argon Plasma Emission Spectrometer
(ICT 2000 Baird). The operating conditions were: radio
frequency, 40.68 Mhz; concentric pneumatic nebulizer;
entry flow of the sample to be nebulized, 4 mL/min;
cooling gas flow, 70 mL/min; position of the vertical
torch, 9.8 mm; power applied, 100W.
The quantification of minerals was performed using the
standard curve constructed based on a solution (100
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pg/mL) of the BAIRD analytical grade in nitric acid at
5%.

Amino Acids:

Amino acids were determined in a laboratory analyzer
with a cation exchange column and post-column
derivatisation with ninhydrin. The samples were
hydrolyzed in advance with HCI 6N at 110°C for 22h,
with the exception of tryptophan, for which the hydrolysis
was performed with LiOH 4N for 24 h at the same
temperature.

Fatty Acids:

The fatty acid composition was determined by gas
chromatography of the methyl esters of the fatty acids,
obtained according to the method described by Hartman
and Lago (1973). A Variam 3400/3300 gas
chromatograph was used with a flame ionization detector
(FID), OV 275-15% Carbowax (1/8" x 2m) column. The
fatty acids were identified by comparing the retention
time with the standards (Sigma) and quantified through
the automatic calculation of the area with the Perkin-
Elmer-100 integrator.

Statistical Analysis:

The statistical analysis was performed with the SANEST
software (Statistical Analysis System), submitting the
experimental results to analysis of variance and Tukey's
test at a confidence interval of 95% (Gomes, 1982).

1. RESULTS AND DISCUSSION

The proximate composition of the brewer's yeast biomass
of Saccharomyces cerevisiae is shown in table 1.

For the calculation of the crude protein (49.63%), the
conversion factor of 5.8 was used, calculated after
subtracting the non-protein nitrogen corresponding to the
RNA of the biomass. The composition is characterized by
high levels of protein, ashes, RNA and soluble fiber. The
total lipid content is low and total carbohydrates represent
approximately one third of the biomass.

When the data presented in Table 1 is compared with
other studies, one can see that the data is similar to those
obtained by Farnun and Cleland (1975); Guzman-Juarez
(1983) and Caballero-Cordoba et al., (1997). The results
of these studies are very similar and are very close to
those found in the study presented here.

In Table 2 , the data of the amino acid composition of the
yeast biomass as compared with the reference standard of
FAO/WHO/UNU (1985), is presented.

One can see that all essential amino acid profiles of the
yeast cells exceed the recommended amino acid quantities
by the three organizations of the United Nations. It should
be noted that the high concentrations of lysine (LYS) and
threonine (Thr) in the yeast biomass, turn it into an
exceptional material for the supplementation of cereals,
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since the protein content of cereals is commonly deficient
in these two amino acids and also in tryptophan.

The fatty acids profile of the lipid fraction of the biomass
of Saccharomyces cerevisiae is shown in Table 3.

After the performed analysis, 11 fatty acids (C8-C18)
could be identified, including palmitic acids (34.33), oleic
acids (11.02), stearic acids (9.56), capric acids (6.26),
linoleic acids (4.37) and palmitoleic acids (2.99). Fatty
and mono-unsaturated acids, therefore. The linoleic acid
content (C18:3) was low, as it was only 0.63%. It should
be emphasized that the data obtained in this study are in
line with the data from Caballero-Cérdoba et al., (1997),
who analyzed fatty acids levels in yeast using the same
methodology, presenting very similar rates, but they are
not in agreement with the results from Halasz and Lastity
(1991), both from a quantitative and qualitative
perspective.

Accordig to Halasz and Lastity (1991), the lipid content
of yeast varies from 7 to 15% and the fatty acid
composition is characterized by a high content of
unsaturated fatty acids, with the oxygen flow during the
cultivation of the cells being the parameter that most
influences the fatty acid composition.

In Table 1, the total lipid content is 4.64% lower than the
range of 7-15%, but very similar to the data presented by
Farnun and Cleland (1977); Guzmén-Juarez (1983) and
Caballero-Cordoba et al., (1997) with values of 3.44; 4.91
and 4 to 7%, respectively.

In the data observed in Table 3, on the other hand, the
saturated and mono-unsaturated fatty acids predominated
instead of the poly-unsaturated fatty acids. It is likely that
this difference reflects the different physiological and
nutritional conditions of the different biomasses. In the
case of the results reported in this work, the biomass was
more spent after several recyclings in the fermentation
process. In the example of the literature, the biomass used
was grown in ideal conditions for nutrient concentration
in the medium and oxygen supply.

The mineral composition of the biomass is presented in
Table 4. Considering the high content of nucleic acid in
the yeast (Table 1), which limits its daily intake to a
maximum of 20-30 g of dry yeast per day, the yeast will
not be able to contribute with very significant quantities
of macro-elements. With respect to the micro-elements, it
can be considered an excellent source of selenium,
manganese, chromium, nickel and lithium, with observed
values of 25.12; 14.98; 10.11; 9.05, 8.23 and 6.13 mg for
every 100 grams of biomass evaluated.

The data presented here are in line with the data obtained
by Caballero-Cordoba et al., (1997) in studies that also
considered the yeast biomass of the same species and in
which they observed the presence of the same chemical
elements in the performed quantifications. In the two
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works compared here, the macro-elements phosphorus,
potassium, sodium, magnesium, aluminum, calcium and
iron were observed. The micro-elements obtained in this
work are the same observed in the work described here.
Yeast is considered an excellent source of selenium and
chromium, with its intake being recommended as a
dietary supplement to prevent deficiencies of these
elements, which are characterized by hair loss, growth
retardation, reproductive deficiency, heart diseases,
necrosis and degeneration of the liver and pancreas
(Levander, 1989).

The presence of lithium should also be emphasized,
because it has been used in the treatment of various
problems associated with neuropsychiatric disorders in
the past three decades. It is particularly beneficial for the
acute treatment of mania, and usually for the prophylaxis
and treatment of depression in bipolar patients. Currently,
lithium is the treatment of choice for bipolar disorder,
preventing relapses and suicide attempts. Its use is
successful in dramatically reducing depressive and manic
symptoms in 70% to 80% of patients (Muller-
Oerlinghausen et al., 2002).

V. CONCLUSION
With the data obtained, the conclusion can be drawn that
the biomass of the brewer's yeast of Saccharomyces
cerevisiae - (Meyen ex E. C. Hansen, 1883) obtained
from the beer production process is a rich source of
protein with good nutritional value, taking into account
the various levels of biological evaluation.
With a high content of lysine, this protein source proves
to be of special interest as a protein supplement for
cereals. The rupture of the cell wall significantly
improved the digestibility and use of the net protein from
the biomass.
It was also observed that the yeast proved to be an
excellent source of some microelements, such as
selenium, chromium, nickel and lithium; that it is also a
good source of dietary fiber, particularly soluble fibers;
and that the content of lipids was low, with a
predominance of saturated and mono-unsaturated fatty
acids with 10, 16 and 18 carbon atoms.
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Table 1: Proximate composition of the yeast biomass obtained from breweries - Saccharomyces cerevisiae.

Components Yeast! Yeast? Yeast? Yeast*
Protein 49.63+2.43 48.51 49.80 45-49
RNA 8.12+£1.54 7.52 8.40 8-12
Lipids 4.64+0.52 3.44 4.91 4-7
Ashes 7.9840.76 8.33 5.10 5-10
Total Carbohydrates 31.55+4.32 32.86 - 26-27
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Soluble Fibers 9.12+1.22 9.59 - -
Insoluble Fibers 2.87+0.87 2.60 - -

Yeast! - Conversion factor to protein = at 5.8.
Yeast? - Farnun and Cleland (1975).

Yeast® - Guzman-Juarez, (1983).

Yeast*- Caballero-Cérdoba et al., (1997).

Table 2: Composition of amino acids (g/100g of protein) of the brewer's yeast biomass - Saccharomyces cerevisiae.

Not Essential BI Essential BI PR
Cys 1.2440.21 Lys 6.73+1.21 5.8
Tyr 4.12+0.32 Leu 8.75+0.67 6.6
Glu 8.56+0.45 lle 4.63+0.32 2.2
Asp 10.05+0.56 Thr 6.09+0.57 34
Ser 5.45+0.31 Try 0.96+0.04 1.1
Pro 5.11+0.67 Val 5.34+0.43 34
Ala 6.89+0.12 Met+Cys 3.55+0.64 25
Gly 5.23+0.87 Phe+Tyr 8.36+0.89 6.3
Arg 4,02+0.64 His 2.78+0.06 1.9
Phe 5.57+0.10 Met 3.12+0.21 -

Bl = whole biomass; PR = reference standard of the FAO/WHO/UNU (1985).

Table 3: Composition of fatty acids and total lipids of the brewer's yeast biomass - Saccharomyces cerevisiae.

Fatty Acids Structure Total Concentration (%)
Caprylic C8:.0 0.29
Capric C10:0 6.26
Lauric C12:0 1.26
Myristic C14:0 0.78
Myristoleic C14:0 0.39
Palmitic C16:0 34.33
Palmitoleic C16:1 2.99
Stearic C18:0 9.56
Oleic C18:1 11.02
Linoleic C18:2 4.37
Linolenic C18:3 0.63

Table 4: Mineral composition (macro and micro-elements) of the brewer's yeast biomass - Saccharomyces cerevisiae.

Macro-elements Mg/100g Micro-elements Mg/100g
Phosphorus 17.31 Selenium 25.12
Potassium 14.21 Manganese 14.98
Sodium 9.13 Lead 10.11
Magnesium 3.02 Chromium 9.05
Aluminum 1.12 Nickel 8.23
Calcium 0.87 Lithium 6.13
Iron 0.17 Zinc 4.89

Copper 4.19
Vanadium 0.56
Cadmium 0.45
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Abstract— Stone pine (Pinus pinea) is a typical
Mediterranean tree well adapted to drought and high
temperatures. It is a species of great interest and
economical importance in Lebanon and has a strong
beneficial impact on the local communities from the
marketing of its edible nuts. This tree is threatened by
human activities and fire that are leading to its
degradation. Therefore, the aim of this study is to
delineate and map the suitability of soils for the
plantation and extension of the stone pine. For this
purpose, the adopted research methods were composed of
the following three steps: (1) identifying through
available data and traditional methods the ability of the
lands to be planted with stone pine (2) identifying the
various factors influencing the growth and fruiting of the
treeand (3) transforming and integrating all the data into
geo-referenced thematic maps and introducing them into
the Geographic Information System (GIS) suitable for
delimiting Lebanese areas suitable for planting stone
pines. The obtained results were presented in a form of 10
thematic maps (GIS layers) that represent the influence of
each ecological factor on the land suitability for
afforestation by stone pine. A final thematic map that
illustrates the most suitable areas for Pinus pinea
plantations was generated by superimposing the 10 GIS
layers.

Keywords—Pinus pinea, forest plantation, suitability of
soil, GIS, Lebanon.

I INTRODUCTION

Stone pine (Pinus pinea L.) is a Mediterranean tree. It is
well suited to high temperatures and drought (Montero et
al. 2004), characteristic of Mediterranean climates. The
total area covered by the forest of stone pine is about
380,000 hectares (75% in Spain, 9% in Portugal, 9% in
Turkey, 5% in Italy), and lower percentages in Greece,
Lebanon and France (Moussouris&Regato 1999, Rego
2007).

In Lebanon, the stone pine forests cover the northern and
southern Mediterranean facades exposure of Mount
Lebanon to an altitude of 1200 m and represents 18% of
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total forest cover and 36% of coniferous forests or nearly
14 000 ha (Baltaxe 1996). It is considered as one of the
essential tree species that form the botanical richness of
the Mediterranean phyto-sociology stages of the country.
The multi-usage of its light and soft wood (carpentry,
framing and especially in marine construction), the
landscape value of this species and the use of its seeds in
a wide variety of sweets, give the stone pine a high
economic value (Calama et al. 2007).

In Lebanon and according to the Ministry of Agriculture,
the total annual production was estimated at 1200-1500
tons for the period 2003 to 2005, with a total annual value
of 16.5 to 25.8 millions of dollars. Most of the production
comes from the Mount Lebanon region, especially Rass
al-Metn and from the region of Jezzine. The price of one
kilogram of seeds in the Lebanese market reached $ 37
per kg (Nehme& Johnson 2010).However, forest stands
of pine trees in the country are threatened by
deforestation, overgrazing, and urban development and
fires (MOE / UNDP, FNRCBD2009). References show
that during the past 40 years a decrease of 58% in the
forest cover of the inner region of the Bekaa and 5 to 10%
in southern and northern Lebanon (Masri et al.
2002).Currently, the priority in Lebanon is to promote
afforestation and reforestation activities. Many actions
and programs have been undertaken by the Ministry of
Agriculture to compensate for the lossesin the forest
cover over, and extends the next 20 years, including the
program "40 million trees" (MoA 2012). The country has
never had such ambitious reforestation movements. The
choice of species is made after consultation and in
collaboration with municipalities and local stakeholders.
It turns out that stone pine is considered one of the most
attractive species. The International Institute of Genetic
Resources (IPGRI 1998), classified pine pinion among
the top three most valued forest species in Lebanon. This
classification is based on three main parameters: (1) the
economic value of the tree, (2) the ecological value and
(3) the risks that threaten it. However, favourable places to
grow this tree were not geographically delineated by
IPGRI (1998) or by reforestation plans adopted by the
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Ministries in Lebanon. Reforestation of stone pine implies
knowledge of the available free surfaces, the soil types
and the favourable climate conditions for the
development of this tree. A Scientifically unjustified
reforestation means loss of seedlings, repeated and costly
work.Identifying proper planting locations requires; an
up-to-date land use map, the availability of a database on
soil types and a detailed understanding of the behaviour
of the tree in relation to the environmental conditions.
Most of the maps that were needed for this work were be
reproduced, updated and digitized.

The purpose of this study is to classify the lands
according to their ability to reforestation. This ability will
be illustrated geographically in the form of a coloured
thematic map with 5 classes of hierarchy from the most to
the least favourable. This thematic map will become a key
tool for the development of a reforestation plan where
priority areas will be designated as well as the number of
neededseedlings. The calculation of the total cost of the
operation at the national level will be even possible.

1. MATERIALS AND METHODS
2.1. Study zone
Lebanon is located on the eastern coast of the
Mediterranean Sea, between 36 ° 66 'and 38 ° 60" latitude
(Figure 1). Its area is 10,452 km2 and spans over 210 km
length from southwest to northeast, with a width not
exceeding 85 km. It is characterized by a mountainous
topography formed by two chains running from north to
south parallel to the coast separated by the internal plain
of Bekaa. This topography has divided Lebanon into four
geographical zones (Murtada 2003):
1- The coastal area that forms a narrow border between
the sea and the Mount Lebanon chain. It expands to reach
30 km in the plain of Akkar.
2- Mount Lebanon, a mountain chain ranging from 600 m
in the south to 3080 m north. It gradually overcomes the
sea to the peaks, while it forms a steep slope to the
opposite side to the plain of Al Bekaa. At Beirut, this
chain is crossed from east to west by the collar of Dahr al-
Baydar which influences the climate and biodiversity of
the Mount Lebanon eastern exposure. This area is divided
into two main bioclimatic stages. The first is of average
altitude ranging between 500 and 1200 m, divided by a
series of narrow valleys. The second, a high altitude
chain, reaching up to 3080 m of altitude at Kornet El-
Sawda.
3-The Anti-Lebanon is the eastern chain of the country
with a peak of 2616 m at Tallat Moussa. The upper zone
is a high and dried plateau. It is lower than Mount
Lebanon and decreases gradually from south to north.
4- The interior plain Al Bekaa separates the two mountain
ranges. It is a high plateau of 800 m of altitude and 133
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km in length. Lebanon is characterized by a temperate
climate with hot dry summer and mild and wet winter
influenced by the cold winds of the west and north and
sub-desert from the east and south. Five climatic units are
present ~ (Abi  Saleh &  Safi  1988): the
Thermomediterranean,  the  Eumediterranean, the
Supramediterranean, the Montane Mediterranean and the
Oromediterranean.

According to the soil map of Lebanon (Darwish et al.
2005), a high variability of soil types was observed. Stone
pine is abundant on sandy soil. The soil has greatly
influenced the landscape determining its floristic
composition. Stone pine is associated with other
vegetation, mainly Erica spiculifora, Gallipoli rose,
Calicotomespinosa, Lavandulastoechas and Juniperus
oxycedrus.

2.2. Methodology

The methodology is based on three main steps: (1)
identify and characterize through available data and
traditional methods the ability of the soil for stone pine
plantation, (2) identify the various factors that influence
the growth and the fruiting of the tree, and (3) transform
and integrate all the data into geo-referenced thematic
maps and introduce them into the Geographic Information
System (GIS) suitable for delimiting areas suitable for
stone pine plantation pine (Figure 2).

2.3. Land Classifications

The classification of lands suitable for the stone pine
reforestation takes into account the topographical, soil
and climatic factors (FAO 1984). Different information is
derived from several maps from the National Remote
Sensing Centre. Several field investigations have allowed
us to update and validate the map information and
identify all of the factors influencing the growth and
regeneration of stone pine.

30 field trips were carried out according to the budget
available and taking into consideration the unstable
political situation in some areas of the country. A data set
was collected: geomorphologic parameters (slope,
exposure, altitude), pedologic (drainage, soil depth,
CaCO03, pH, texture, organic matter) and climate
(precipitation, sum of annual temperatures, extreme
temperatures) that affect the growth and fruiting of the
tree.

The purpose is to arrange all these spatial and geometric
data into an integrated system where they can be
organized, analyzed and transformed into a map. Each
spatial unit, referring to the soil and geo-climatic data,
will advise us on reforestation potential of stone pine in
Lebanon.

2.4.Gradation of the ecological parameters

The choice of appropriate evaluationof parameters is
essential to successfully develop an evaluation method for
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land suitability (Olivas 2007). For the stone pine, we
focussed on the biological and ecological characteristics
of the lands rather than parameters that can be used in a
more general framework for assessing lands
suitability(Deng et al. 2014).

2.4.1. Determination of criteria influencing land
suitability

The parameters of evaluation selected in this study are
based on a large literature review taking into account soil
and climatic requirements of the species.Soil properties
such as soil type, pH, organic matter and soil depth
significantly influence the growth and existence of stone
pine. A soil with a pH between 4 and 9 is the most
suitable for the growth of pine. Values lower than 4 and
greater than 9 cause inhibition of the extension of roots.
Stone pine grows poorly on heavy, compact, clay or marl
soils and prefers sandy loam and sandy soils and supports
also stony and dry soils (Alexandrian 1982). A maximum
of 50% of total limestone and 15% of active limestone is
tolerated by the pine trees (Boisseau 1993). The organic
matter content is also important because it improves the
growth of the tree by increasing soil fertility (Becker et
al., 1994). Weather conditions are also important to the
growth of the species. The optimum rainfall varies from
550-1500 mm (Alexandrian 1982). In addition, this tree is
sensitive to temperature above its absolute minimum
(Rapp &Cabanette 1981), in which the effect varies with
altitude and exposure (Alexandrian 1982,Adili2012).The
species can endure low temperatures between -2 ° C and 7
° C on average during the coldest month, and high
temperatures between 27 ° C and 30 ° C on average of the
hottest months (Zaki 1978). The species comes into
winter dormancy when low temperatures become
unfavourable for its growth. During harsh winters, it is
the least resistant among all conifers (Vazhov et al. 1988).
For this reason, Boisseau (1993) considered the
correlation of temperature with altitude as an indicator of
upper limits to the Mediterranean expansion of this
species. According to Labadie (1983), stone pines prefer
humid climate (> 70%). In addition, topographic factors
(i.e. slope and elevation) play an important role in the
distribution of moisture and temperature (Deng et al.
2014). The tree manifests itself best on flat lands and with
a slope of less than 8 degree (Alexandrian 1982).

2.4.2. The weight (pi) of the ecological parameters
Based on the literature reviews, it is confirmed that
several environmental factors have different effects on the
growth of stone pine. Therefore, the weight determination
of parameters is an important step for the development of
a model equation. There are many methods for
determining the weight of parameters (Deng et al. 2014).
To assign weights to the parameters used in this analysis,
comparisons were made between these parameters. In
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result of these comparisons, each parameter was
attributed a weight from 1 to 5 depending on its
importance  (Partoune&Quoilin2002). It varies in
ascending order from 1 (limiting factor) to 5 (least
influencing) by providing significant value to the best
environmental conditions. For example, calcium
carbonate will have a low weight of around 2 (limiting
factor), while the factor that ensures better conditions of
the tree, like the rate of organic matter in soil (fertility) or
exposition will have a higher weight equivalent to 4.
These weights were awarded following an extensive
literature review and in collaboration with 5 forestry
specialists taking into account local conditions of the
study area.
2.4.3. Gradation and standardization of the ecological
parameters
In the context of Geographic Information System (GIS), it
was necessary to calculate land suitability based on the
ecological factors specific to the development of Pinus
pinea trees (J Malczewski 2006). An equation model was
established to enable the GIS to filter the data. This
equation 1 is used to classify a given location (i) using the
coefficients and weights assigned to each environmental
parameter retained.

Classe :w xY

Xipi

Where, Ci is the coefficient value allocated to each rank
of parameter gradations; Pi is the weight given to each
parameter; and Y is the coefficient of the most important
limiting factor for a given location.
The coefficient (Ci) was estimated on the basis of
bibliographic data and several field observations (Table
1). The coefficient (Ci) varies from 0.1 (worst) to 1
(optimal). However, the values of some parameters
cannot be segregated because of their weak variations
(like in the case of pH, which almost always oscillates
around 7); they will be considered homogeneous over the
entire study area and will not be taken into account. Also,
all values of Ci are not represented for all parameters. A
deliberate choice was made for every variation of the
parameter considered in light of the ecological constraints
observed in the field. Therefore empty boxes (N/A) appear
in the weighting table (Table 1). Each parameter is
spatially represented in the form of a thematic map to
enable visualization and analysis. Secondly, and in order
to maintain the values ranging from 0 to 1, the sum of the
values (Ci.pi) of each station will be divided by the sum
of their weight (pi). The resulting number will always be
less than 1 classifying the sitesfrom “most suitable” to the
“non-suitable” for Pinus pineareforestation.In order to
prevent a non-suitable sitefrom having a high rating, in
cases when all other conditions are favourable, a factor
(Y) was added at the end of the calculation to eliminate

(equation 1)
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the non-suitable sites. The multiplicative factor (Y) will
differentiate  between the classes of suitability
emphasizing the importance of the limiting factor. The
factor (Y) represents the most restrictive parameters of
the coefficient (Ci)gradation in cases when it is not
suitable to plant the pines even if the other parameters are
suitable.
Based on land suitability characteristics for different
crops, FAO (1976) proposed a land suitability evaluation
by differentiating five classes: highly suitable, moderately
suitable, marginally suitable, currently not suitable and
permanently not suitable.In our study, five classes are
differentiated by the land’s ability for stone pine
reforestation:

- Class 1: Highly Suitable > 0.8

- Class 2: Suitable 0.6 to 0.8

- Class 3: Moderately Suitable or Average 0.4 to 0.6

- Class 4: Low suitable 0.2t0 0.4

- Class 5: Not suitable <0.2

2.5.Generating the database in a ArcGIS platform

To illustrate these parameters in the form of thematic

maps, we used the computerized database of the National

Remote Sensing Centre. The maps used are:

- The soil map of Lebanon (Géze 1956),

- The Digital Model of the Land (M.N.T.) with contour
lines every 50 meters,

- The rainfall map of Lebanon (Plassard 1972),

- The Climatic Atlas of Lebanon Tom. Il (Blanchet
1976),

- The land cover map to scale 1/20000 recently
prepared with the IRS satellite images 5 meter spatial
resolution (CNRS, MoA, MoE 2002).

These maps helped to constitute the various thematic

layers (GIS Layers) according to the weighting table

(Table 1). We worked under the ArcGIS - ESRI. The

crossing of different layers, generated from the equation

1, in GIS resulted in the final map of the ability of

Lebanese land for stone pine reforestation.

. RESULTS

3.1.I1dentification of constraints to reforestation of
pinion pine

3.1.1. Soil occupation

The first step undertaken begins by identifying favourable
areas for reforestation according to land availability. So, it
was excluded the territories occupied by urbanization,
agriculture and dense forests, as well as water surfaces
and beaches according to Lebanese soil occupation map
at the scale 1:20 000 (CNRS, MoA, MoE 2002).This card
includes 4 levels of classification. The first level consists
of 9 classes which then detailed in 86 subclasses. In order
to transform this map into thematic map layer (Layer
GIS), this map was simplified into 5 classes (Figure 3).

www.ijeab.com

First class is bare and rocky soils that are considered in
principle as priority areas for reforestation with the
highest coefficient of 1 (best station), followed by fire and
shrublands.Then come the free surfaces in sparse forests,
since the vegetation of these forests does not exceed 60%
of their total area. In contrast, the dense forests are not
completely excluded in the reforestation of stone pine,
due to the free surfaces that sometimes exceed 40%. The
given coefficient to the latter had a significant weight
(Table 1). Similarly, for agricultural and urban land,
afforestation by the stone pine is not excluded. It takes
sometimes the form of hedges around houses and gardens
as well as along highways.

3.1.2. The climate

Climatic factors are not limiting factors, but they usually
play a negative role in the growth and fruiting of stone
pine. These factors are humerous, such as: precipitation,
extreme low temperatures of the coldest month, the rate
of evapo-transpiration, wind etc.The data for these
parameters are sometimes available, sometimes
incomplete or require additional work to their finding and
compilation. In this work, we have selected only the two
thematic maps for extreme low temperatures of the
coldest month (January) and the amount of annual rainfall
in order to define the most favourable areas for stone pine
reforestation.

3.1.3.The Minimum temperatures

The Mediterranean region characterized by a mild spring
with a maritime influence (moisture), is most favourable
to this species. Most continental regions where extreme
low average temperature of the coldest month is less than
0 or 5°C are considered moderately favourable (Figure 4).
In the inner regions of Begaa valley where temperatures
are below 0°C, vegetative growth of the tree is low. In the
mountains high altitudes where the average temperatures
are negative, stone pine is damaged by the snow that
causes breakage of branches. However, the afforestation
by this species remains possible given the pine forests
which are at 1300 and 1400 meters above the sea. The
coefficient assigned to these regions in the weighting
table is 0.6. On the other hand, mountain regions where
temperatures drop below -5°C (extreme limiting factor)
fall into the category of inappropriate places for
reforestation by this tree.

3.1.4. Annual precipitations

With the exception of the semi-arid northeastern
Lebanese zone where annual rainfall is less than 300 mm
considered unfavourable, all Lebanese regions are
favourable for growth and fruiting of stone pine where
rainfall is often higher than 700 mm. However, the most
favourable places are those with rainfall greater than 900
mm (Figure 5).

3.2.The topography
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3.2.1. The altitude

The altitudinal parameter reflects indirectly several clues
at once: temperature, rainfall, evapotranspiration and soil
moisture. The two Mediterranean stages thermo and Meso
(between O and 1000 meters above sea level) are
considered the most favourable to the stone pine (Figure
6). Beyond this elevation, snowfall causes breakage of
branches and acts as a limiting factor in the production of
the tree. Altitude between 1000 and 1300 meters
corresponds to the coefficient 0.5 regions that exceed
1300 meters are unfavourable.

3.2.2. The slope

The influence of the slope is seen in two complementary
negative aspects: first, as an index of erosion, which
weakens the soil fertility; the second, as an obstacle to the
mechanization of work since the stone pine can be
planted as a fruit tree. However, it manifests in crusts and
rocky escarpments. It is recommended for reforestation of
degraded areas (Figure 7). The coefficient given to over
30% steep slopes is not so weak, it is of the order of 0.4
but a strong weight is assigned in the order of 4.

3.2.3. The exposition

Stone pine is reforested for profits as a fruit tree. The
availability of water is a requirement for good production.
Evapotranspiration is always less accentuated on the
northern exposure than the sunniest southern exposure
that will be assigned a lower coefficient. In the weighting
table (Table 1), only three classes are distinguished
because of the proximity of values and low variation of
this factor. The values range from 0.8 for the northern
exposure and 0.6 for the South exposure. The stations of
all exposition, considered as plateaux facilitating the
access to light, soil moisture and work mechanization, are
the most favourable (Figure 8).

3.3. The pedology

3.3.1. The Soil depth

The soil physical characteristics are more important to the
stone pine that its chemical characteristics. The tree can
adapt to different soil types, from the poorest to the most
profound. But fertility affects productivity and vigour of
the tree. All soils with a depth exceeding 10 cm are
considered suitable for reforestation (Figure 9). However,
the coefficient assigned to different depths is not the
same. It is given the maximum value 1 for soils with a
depth exceeding 1 meter and minimum 0.6 for those with
depths ranging between 10 and 50 cm (Table 1).

3.3.2. Organic Matter

The majority of the Lebanese soils are poor in organic
matter. The amounts found throughout the country do not
exceed usually 2%. The contribution of manure from
poultry that is free in the mountain areas has been
successful. The tree tolerates sandy soil and can also
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adapt to the rocky soils (Figure 10). The fertility index an
important factor in the production of the tree, which is
manifested by the percentage of organic matter in the soil
is low. This is reflected in the weighting table with high
weight of 4, but the coefficients that is maintained at 0.5.
These coefficients are not far from the poor and rich soils.
They range from 1 for fertile land and 0.5 for soils with
less than 1% organic matter.

3.3.3.Calcium carbonate CaCOs3

Although the stone pine adapts to different types of soil,
the vigour of the tree and its fruit depends largely on the
lime content in the soil. The forests that grow on soils
formed based sandstone can regenerate spontaneously,
unlike the planted forests on calcareous soils where
human intervention is necessary. For this reason, the
minimum weight given to this parameter is 2. In the other
hand, the best coefficient 1 is assigned to the soil
completely devoid of CaCO3. However, soils with an
amount that exceeds 30% are not considered tolerable by
this species (Figure 11) and their ratio remains above 0.4.
3.3.4. Soil texture

For this tree, soil texture is a major limiting factor
especially for seedlings germination (Figure 12). In
general, the tree tolerates light and well drained soils with
the presence of deep groundwater and stony soils. For
extreme cases, in heavy, clay or overly compact marl
soils, this species grows poorly due to poor structuring
and aeration in the soil (Boisseau 1993, 1996). For these
reasons, the weight given to this parameter is the one
closest to the limiting factor 2, and the coefficients of
land having a compact texture (i.e. fine and very fine)
have minimum values of respectively 0.2 and 0.4.

3.4. Map of stone pine reforestation opportunities in
Lebanon

We took into account the influence of each parameter
according to the weighting table (Table 1) and generated
10 thematic maps (GIS layers). The intersection of all the
information in the form of thematic layers allow us to
reach a final map (Figure 13). Unlike previous maps,
where the classification depended on the weight given to
each station, the classification of potential areas for stone
pine even more delicate since the spatial units no longer
carry weight, but the result of repeated multiplication of
the weight inherited by all factors.In order not to lead to a
fragmentation of stations following this intersection, the
stations having the same final weight after each
intersection were merged together to form a
homogeneous spatial unit (USH). Similarly, the area of
stations less than 4 ha were fused with the largest terraced
station. Based on this logic crossing cards and
multiplying the respective weight for each station, we
have reached the final card of the rank of land according
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to their potential for reforestation of pinion pine (Figure
13).

V. DISCUSSION
The final map is obtained using the geographic
information system (GIS) on the ERDAS software. Figure
13 provides a clear delineation of very favourable land for
reforestation of stone pine; they occupy an area of 25,365
hectares. This category also adds an area of 21,765
hectares representing favourable land with a total area of
47 130 hectares. These two classes that are distinguished
are considered priority for reforestation.They represent
nearly 5% of the entire Lebanese territory. This
percentage is considerable given that the total forest area
in Lebanon according to NFA (2010) is nearly 13% (136
000 hectares). It is observed that the concentration of
favourable land (to the state) reforestation by this tree are
not only those based on geological basalt (the plateau of
Akkar) or lower Cretaceous (Upper Metn and Jezzine)
that means devoid of limestone carbonate but also those
who are training on compact limestone (the Lebanese
south case). However, it appears that the region of
Jezzine-Nabatieh is currently the least provided by a leafy
forest cover, although the Mediterranean climatic
conditions are favourable for reforestation by this forest
species. The agricultural vocation of the internal Bekaa
and its dry climate pre-steppe appears as an obstacle to
reforestation by stone pine. This constraint can be
considered as the limiting factor for Mount Lebanon and
eastern exposure to the eastern chain (Anti-Lebanon)
which now is placed in the category of land with little or
unfavourable reforestation by the stone pine. The
moderately favourable land reforestation by this tree
occupies 56,300 hectares, or approximately 6% of the
entire Lebanese territory.It ultimately appears that the
classification of these lands is a compromise between
several factors and parameters. The results were validated
from the land use map. However, an update can be seen
from the data and maps and now renewed by the Remote
Sensing National Center with better resolution. In
addition, several aspects were not addressed in this study,
including the logistics (roads), the forestry aspects
(density and planting methods, thinning, production and
operating age) and status land (state, municipalities,
individuals ...). But many constraints did not allow us to
have access to this information.However, this work has
well demonstrated the relevance of GIS for making
synthesis maps that can be very useful for field managers.
Nevertheless, it is important to stress that constant
updating is expected following the changes that can take
place before the complete planting of all land identified
suitable for reforestation with the species. Also, other
parameters (roads, water etc.) can be integrated according
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to the assigned objectives.It would also be interesting to
extend this methodology to other important species for
reforestation in Lebanon. A synthesis map that helps to
identify the suitability of soils for reforestation according
to the species is a decisive factor for the development of
forests in Lebanon.

V. CONCLUSION

The Lebanese government has set the goal of achieving
forest coverage of 20%, or 70 000 hectares must be
reforested in the coming years. So this work has focused
primarily on mapping soil and climatic factors,
component necessary, even essential, to achieve a
plantation program.Our goal was primarily to result in
operational maps for the land manager. The results were
presented to officials and decision makers from the
Ministry of Agriculture, who are very interested in the
methodology and wish to invest in such an approach to
facilitate the identification of areas to be reforested.It is
clear that this cartographic base is only a starting point for
such an ambitious goal. The field manager will
implement a strategy of planting where the proposed
maps can find all their interest as they allow delineating
the Lebanese territories according to their potential. But
we must not lose the supply of seeds that will be provided
by the Ministry of Agriculture for each region from the
elite trees and orchards in pre-identified seed.However, in
the future, all this information must be supplemented by
field experiments and a network of permanent plots (not
currently available in Lebanon). This will enable closer
monitoring of stone pine (or other species) to establish
indicators of fertility and yield tables for each zone and
validate the results.
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Fig.1: Geographical location of Lebanon according to Mediterranean basin (Google map, www.globaleye.org.uk), and the
various topographical zones.
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Identification of parameters that affect the development and fructification of Pinus pinea
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Data searching attributed to these ecological parameters and their classification according to their tolerance to stone pine
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Fig.2: Flowchart of the methodology adopted in this study.
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Fig.3: Ability of the Lebanese territory for stone pin reforestation according to land’s occupation.
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Fig.4: Ability of the Lebanese territory for stone pin reforestation according to the extreme minimum temperatures.
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Fig.5: Ability of the Lebanese territory for stone pin reforestation according to climate.
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Fig.6: Ability of the Lebanese territory for stone pin reforestation according to altitude.
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Fig.7: Ability of the Lebanese territory for stone pin reforestation according to slopes.
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Fig.8: Ability of the Lebanese territory for stone pin reforestation according to exposition.

www.ijeab.com Page | 577


http://dx.doi.org/10.22161/ijeab/2.2.3
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB) Vol-2, Issue-2, Mar-Apr- 2017

http://dx.doi.orq/10.22161/ijeab/2.2.3 ISSN: 2456-1878
":‘X‘! l'-l;!) ZIIAW)
1030304 L32000)
20904 - 25030)
23030 230503
€300 15000)

|m'rv1r I'i’"h‘.'l nr."m
Fig.9: Ability of the Lebanese territory for stone pin reforestation according to soil depth.
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Fig.10: Ability of the Lebanese territory for stone pin reforestation according to soil organic matter.
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Fig.11: Ability of the Lebanese territory for stone pin reforestation according to CaCO3 in the soil.
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Fig.12: Ability of the Lebanese territory for stone pin reforestation according to soil texture.
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Fig.13: Final map of the ability of the Lebanese territory for stone pine reforestation.
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Table.1 : Evaluation Table.

Parameters Coefficients (Ci) Poid
1.0 0.8 0.6 0.5 0.4 0.2 0.1 S
(Pi)
Altitude (m). 400-700 | <400 & N/A 1000- N/A N/A >13 3
700- 1300 00
1000
Slope (°). <8 8-15 15-30 N/A >30 N/A N/ 4
A
Exposition. Plat. N,N-E. | S, S-E. N/A N/A N/A N/ 4
N, N-W. | S, S-W. A
Soil Depth (cm). | >100 50-100 10-50 N/A N/A | <10 N/ 3
A
Soil Organic >2.0 1.5-2.0 1.0-1.5 <1.0 N/A N/A N/ 4
Matter (%). A
Soil CaCO3 (%). | 0 0-10 10-30 N/A >30 N/A N/ 2
A
Soil Texture Coarse Medium | medium- N/A Fine Very fine N/ 2
fine A
Precipitation >900 700-900 | 500-700 N/A 300- <300 N/ 4
(mm/year). 500 A
Extreme minimal | 10-15& | -10 0-(-5) N/A N/A | <(-5) N/ 3
Temperature 0-55 A
(°C).
Soil Occupation Bare and | Shrub Sparse N/A Dense | Agricultur | N/ 3
rocky and Forests Forests | e, rural A
soil herbaceo and/or
us zones water
surface
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Environmental Changes and Effects on a
Population of Smooth Newt Lissotriton
meridionalis (Boulenger, 1882) (Amphibia,
Urodela) in a Mediterranean Woodland

Antonio Pizzuti Piccoli

" Associazione Natura per Tutti Onlus — Via Monteroni n°1265, 00055 Ladispoli (RM) Italy.

Abstract — The population of Lissotriton meridionalis in
the area of “Bosco di Palo” Natural Park are monitored
since 1995. From 2004 to 2005 in the area it was carried
out a massive cutting of dead trees with evidence of
alteration of the undergrowth. The study aims to verify,
through the index of the population estimate, if the
species has suffered changes in the size of the population
following environmental changes. For the research were
chosen three ponds in the wood and the data collection
took place from the breeding season of 1995 — 1996 to
2014 — 2015, in each of the seasons was made an
estimation of the population density. The data obtained
are been compared in order to make assessments on the
conservation status and persistence of the species in the
site, also as a result of environmental changes suffered by
“Bosco di Palo” Natural Park. The analysis of the
population estimate, used in this work as an index of the
conservation status of the species in the Park, confirms
that, in the previous period and in the period following
the die-off of trees and cutting plant health, we have
substantially the same values of population size.
Keywords —  Biscogniauxia mediterranea, Lissotriton
meridionalis, “Bosco di Palo” Natural Park, population
estimate, temporary pond, terrestrial phase, wood
cutting.

l. INTRODUCTION

The present work aims to contribute to know the
dynamics of the population of Smooth Newt Lissotriton
meridionalis (Boulenger, 1882) as a result of
environmental alteration due to human activities.

The Smooth Newt Lissotriton meridionalis (Boulenger,
1882) is an Amphibian distributed in the Italian
peninsula, with the exclusion of the southern regions
(RAzzeTTI & BERNINI, 2006). Its ecology, in the
Mediterranean, is closely influenced by local
environmental parameters. The vitality of the populations
is closely linked to the conservation of small wetland,
often temporary, that allow egg laying and larval

www.ijeab.com

development (BELL & LAWTON, 1975; ACCORDI &
NoBILI, 1999; PizzuTI PiccoLl, 2008).

The smooth newt breeds in both temporary and perennial
waters (ponds, lakes, fountains), never in the flowing
waters (BELL, 1977; RAzzETTI & BERNINI, 2006). Given
the absence of fish, temporary ponds have the advantage
of significantly reducing the number of predators present.
The temporary ponds, on the other hand, are extremely
unpredictable habitats and often a premature drying can
destroy a whole generation of larvae.

Metamorphosed individuals spend about two years in the
undergrowth before reaching sexual maturity and return
for reproduction in the ponds. The adults make terrestrial
life outside of the breeding season (GRIFFITHS, 1984;
AGREEMENTS et al., 1990).

Actually their habits in the terrestrial phase are still little
known; in particular smooth newts seem to use habitats
characterized by old tall forests with undergrowth.

The individuals mostly remain in the vicinity of area of
deposition (50% within 100 meters, 100% within 700
meters), though they are rarely found, during terrestrial
phase, at less than 30 meters from the ponds
(RITTENHOUSE & SEMLITSCH, 2007; SEMLITSCH, 2008)

In the “Bosco di Palo” Natural Park, populations of
Lissotriton meridionalis are monitored since 1995 and we
have seen how their status and their reproductive biology
are closely correlated with rainfall, temperatures and
seasonal filling of temporary ponds (PizzuTi PiccoLl,
2008; Pi1zzuTI PiccolLl, 2010).

Since the 90s, the water table of “Bosco di Palo” has
suffered a significant decrease, as underlined by the
irregularity of filling of the temporary ponds present.
Because of the soil drying and the consequent state of
water stress of the trees, since 1999, the mushrooms
Phytophtora sp. and Biscogniauxia mediterranea (De
Not.) O. Kuntze have given rise to an epidemic that lead
to the death of a high percentage of the trees of the forest
(FRATICELLI, 2003; PETRICCIONE, 2003; SCARNATI &
ATTORRE, 2014; SoLomou et. Al., 2017).
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The pathogen has spread through the vessels of wooden
fibers cavity, large and empty due to the lack of water so
as to colonize the woody tissues, Killing the tree in a
single growing season.

Consequently, in 2004 and then in 2005 it was carried out
a massive cutting of trees in order to eliminate the fungal
pathogens. The cut and the removal of the timber was
operated mechanically (with the use of a bulldozer), with
evidence of alteration of the undergrowth.

The cut has produced the creation of a large clearing in
the middle of the forest, characterized by the presence of
scattered trees and a uniform layer of sclerophyllous
shrubs. The average percentage of coverage of the tree
layer, considering the coverage of the upper layer to 8
meters in height, is lower (42%) compared with the
computed values for the same site in 1983 (75%)
(FRATICELLI & SARROCCO, 2012)

Habitat alteration is now considered one of the possible
causes of the decline of amphibian populations in Italy
and Europe (D’AMEN & BowmBl, 2009).

The study aims to verify, through the index of the
population estimate, if the Lissotriton meridionalis, given
the importance of the terrestrial habitat during the non
reproductive phase of adults and in the period of growth
of metamorphosed individuals, has suffered changes in
the size of the population following damage to vegetation.

1. STUDY AREA

The “Bosco di Palo” Natural Park (Figure 1) is located 37
km to the north of Rome (Central Italy - IGM
Topographic Map Sheet 149 NE 1V) and is situated
between the sea and the Via Aurelia in locality of Palo
Laziale, in the town of Ladispoli (41 ° 56 'N, 12 ° 05 'E).
The study area is part of a narrow coastal plain that
extends from the delta of the Tiber River and that was
formed during the Quaternary period.

.
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Fig. 1: The “Bosco di Palo” Natural Park.

The territory was divided into three longitudinal strips
parallel to the sea, a band made up of silt deposits and
marshy black lands, an intermediate band characterized
by ancient fossil dunes and a third more recent band
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formed by coastal dune and beach (currently in strong
erosion). The soil wooded area is characterized by clay.
The climate is part of the type mesomediterranean with
mild winter, a summer period of about three months of
dryness and rainfall regime of maritime type.

The environments that we find in the Park are the
Mediterranean scrub, planitial wood and grassland. The
planitial wood, characterized by the presence of
temporary ponds, consists of a mixed forest of deciduous
oaks of about 60 hectares, with the dominance of Quercus
ilex L., Quercus cerris L., Quercus pubescens Willd. and
Ulmus minor Miller (LUccHESE 1990). The amphibians
of the study area are represented by four species: Bufo
bufo (Linnaeus, 1758), Hyla intermedia Boulenger, 1882,
Pelophylax bergeri (Glnther, 1986) / Pelophylax klepton
hispanicus  (Bonaparte, 1839) and  Lissotriton
meridionalis (Boulenger, 1882).

The temporary ponds are temporary water basins whose
depth varies between 20 and 150 cm. These environments
are extremely precarious because they are influenced by
the seasonal weather patterns. Because of the shallow,
thermal stratification is absent; the temperature of the
water, from surface to bottom, is under the direct
influence of the sun and reflects the seasonal and daily
variations in air temperature, even if it remains always
few degrees below respect to it. The ponds undergo a
drying period, from June to September, and freezing at
the surface for few days during negative peaks of
temperatures in the months of January and February. The
oxygen concentration is subject to daily and annual
fluctuations and also varies vertically; it is higher in
surface for the presence of photosynthetic organisms and
less abundant on the bottom for the presence of organisms
decomposers. The water pH decreases with the onset of
warm weather (GATTA, 1990; MURA & BRECCIAROLI,
2003).

The bottom of the ponds is characterized by a strong
decomposing activity; the half-submerged trees growing
around the ponds and directly into the water (mainly
Fraxinus oxycarpa Bieb.) release a considerable mass of
leaves on the bottom of ponds. Within the ponds, the
vegetation is very scarce and characterized by terrestrial
grasses that withstand periods of immersion. After the
phytosanitary cut the vegetation composition was altered.
For the research were chosen three ponds in the wood that
have the following characteristics: Pond 1, called "pond
of Emys", with a maximum diameter of 20 m, a maximum
area of 62.8 sq. m. and a maximum depth of 120 cm;
Pond 2, called "pond of newts”, with a maximum
diameter of 4 m, maximum area of 12.56 sg. m. and a
maximum depth of 81 cm; Pond 3, called "pond of reeds",
with a diameter of 22 m, maximum area of 69 sq. m. with
a maximum depth of 83 cm. The Pond 3 is characterized
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by the coverage of rushes, Juncus sp. and Typha sp. in
about a third of the surface (LUCCHESE,1990).

1. MATERIAL AND METHODS
The data collection took place from the breeding season
of 1995 — 1996 until the breeding season 2014 - 2015, the
breeding season is considered the beginning of the filling
of temporary ponds until they are completely drained.
Samples were taken every fifteen days. The capture of the
specimens was performed by dipnetting, according to pre-
established transects, by using a net square shape with
side of 36 sq. cm, with square mesh of 0.5 cm side.
For each sampling has been established dipnetting mode
according to the size of the pond (HEYER, 1988); in the
pond of reeds the research was carried out with an
average of 80 dipnetting for sampling, in the pond of
Emys the research was carried out with an average 80
dipnetting for sampling and newts in the pond of newts
the research was carried out with an average of 30
dipnetting for sampling.
During the breeding seasons each exemplar of Lissotriton
meridionalis, after being captured and measured, has been
marked by photograph of the ventral pattern and then
released.
In each of the seasons, in the two consecutive sampling
in which was recorded the highest seasonal presence of
individuals, was made an estimation of the population
density.
The estimated population density was performed by the
Lincoln - Petersen Method modified by Bailey, suitable
for small populations of temporary ponds (ACCORDI &
NoBILI, 1999). The method assumes that the total
population size to be estimated contains N individuals.
From this population, take a sample of M individuals,
mark and return them to the population. Later, take a
second sample of n individuals from the population. This
second sample contains R recaptured animals. The
Lincoln-Petersen equation for estimating population size,
N, is:

Mn

R
This equation overestimates the actual population size.

This bias can be reduced by using Bailey's modification
of the Lincoln-Petersen equation:

M(n+1)

R+1

NB:
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Bailey's madification is thought to yield a better estimate
when sample size is small (less than circa 20) (BAILEY,
1951; GREENWOOD & ROBINSON, 2006).

The long term monitoring allows to compare the
population estimate obtained during all the years of study
in order to make assessments on the conservation status
and persistence of the species in the site, also as a result
of environmental changes suffered by “Bosco di Palo”
Natural Park.

The field monitoring was conducted in accordance with
applicable laws and authorizations provided for this kind
of studies. Handling of individuals was made in
compliance with the standards necessary to prevent
transmission of pathogens between individuals (RAZzZETTI
& BONINI, 2001).

Iv. RESULTS

In Table 1 are shown the number of individuals caught
per breeding season and the population size estimated for
the site. The data produced can be considered an
underestimation of the population of “Bosco di Palo” for
the presence of other breeding sites besides those
investigated, certainly has been identified the range size
of the population.

Comparing the results obtained with the breeding seasons
as reported in Figure 2, it is noted that there is not a
significant change in the estimated size of the population,
the trend line is almost horizontal, with mean values of
284 individuals.

V. DISCUSSION AND CONCLUSIONS

The work aims to highlight if the cutting action and the
damage to the undergrowth may have influenced the
survival of populations of newts. This habitat alteration
may affect adult population during terrestrial phase, and
the juvenile population during the sexual maturity
development phase, which takes place on the ground in
the undergrowth. In particular, the action of tree cutting it
was assumed to have altered the component of the
understory (low bushes, litter, bark and rotting logs ) that
are the refuge microhabitat for this species (VILLE
VUOCRIO et al., 2015).

The causes of extinction of the species in many sites of its
distribution could be caused by a set of more
environmental factors, such as changes in water chemical
component and the increase in temperatures (GALLOY &
DENOEL, 2010); however, there seems to be more
correlation between the disappearance of the species with
the destruction of breeding sites that with destruction of
sites where the population spends the terrestrial phase.
Smooth newts live on average 6 years old, and a newt
newly metamorphosed spends approximately 2 to 3 years
in the undergrowth to reach sexual maturity (GRIFFITHS,
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1984). The cutting of dead trees occurred in the course of
years 2004 and 2005 and it was assumed that if the
environmental alteration has affected the fitness of newts
in the terrestrial phase, we would have a decrease of
presence in breeding sites starting by 2009 - 2010
reproductive season (about 6 years after the cutting).

The analysis of the population estimate, used in this work
as an index of the conservation status of the species in the
“Bosco di Palo” Natural Park, confirms that, in the
previous period and in the period following the die-off of
trees and cutting plant health, we have substantially the
same values of population size.

In the present work the Author uses the parameter of the
population size as an indicator of species stability
following the alteration of the ecosystem. Also if
declining causes may be various, the result of study
doesn’t detect a substantial alteration of the size of the
population, the Author assumes that even the die-off and
cutting of trees can be excluded as a cause of declining of
the species in the area.

In conclusion, the environmental alteration occurred at
the “Bosco di Palo” Natural Park does not seem to have
an effect on the population of Lissotriton meridionalis.
The present work is thought to contribute to the
understanding of the dynamics of the species in locations
submitted to anthropogenic disturbance such as forests
subjected to practices of wood cutting.
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Table.1: The data of the breeding seasons from 1995 — 1996 to 2014 — 2015.

Number of Popylation
Breeding season caught Males Females Male Female estimate
individuals percentage percentage (nu_m_bers of
individuals)
1995 — 1996 100 43 57 43% 57% 257
1996 — 1997 172 52 120 30% 70% 246
1997 — 1998 80 29 51 36% 64% 221
1998 — 1999 145 52 92 48% 52% 267
1999 - 2000 131 61 70 46% 54% 329
2000 — 2001 104 53 51 51% 49% 295
2001 - 2002 114 55 59 48% 52% 387
2002 - 2003 134 47 87 35% 65% 256
2003 - 2004 - - - - - -
2004 — 2005 - - - - - -
2005 — 2006 - - - - - -
2006 — 2007 154 51 103 33% 67% 294
2007 — 2008 165 63 102 38% 62% 232
2008 — 2009 136 56 80 41% 59% 267
2009 - 2010 145 63 82 45% 55% 360
2010 -2011 109 46 63 42% 58% 342
20112012 130 48 82 37% 63% 259
2012 -2013 112 52 60 46% 54% 212
2013 -2014 147 71 76 48% 52% 324
2014 - 2015 138 50 88 36% 64% 287
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Fig.2: Values of population size from 1995 to 2015.
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Abstract— Plant Growth promoting rhizobacteria are a
heterogeneous group of bacteria that can be found in the
rhizosphere, at root surfaces and in association with
roots. They benefit plants through Production of plant
hormones, such as auxins, asymbiotic N, fixation,
solubilization of mineral phosphates, antagonism against
phytopathogenic microorganisms by production of
antibiotics, siderophroes, Chitinase and other nutrients
ability to effectively colonize roots are responsible for
plant growth promotion. An experiment was conducted in
the field of National Institute of Agronomic Research of
Meknes. Morocco. The experiment was a completely
randomized design with six replicates. There were four
treatments viz. T1: (control; NO -PGPR), T2: (NO +2027-
2), T3: (NO +2066-7) and Ta4: (No+2025-1). The results
indicated that a remarkable increase in root growth,
namely length, the diameter of the rod and the total
chlorophyll. A total of three different bacteria colonies
were isolated and proceed with in vitro screening for
plant growth  promoting  activities;  phosphate
solubilization, nitrogen fixation, indole acetic acid (1AA),
ammonia production and antimicrobial enzymes
(cellulose, chitinase and protease) activity. Among the
three bacterial strains, all bacterial strains are able to
produce ammonia, IAA production and nitrogen fixation
activity, one strain phosphate solubilizing activity, two
strain are able to produce cellulase syntheses, Protease
activity and Chitinase activity.

Keywords— Solubilization phosphate, nitrogen fixation,
Production antimicrobial enzymes.

l. INTRODUCTION
Plant nutrients are essential for the production of crops
and healthy food for the world's expanding population.
Plant nutrients are therefore a vital component of
sustainable agriculture. Increased crop production largely
relies on the type of fertilizers used to supplement
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essential nutrients for plants. The nature and the
characteristics of nutrient release of chemical, organic and
biofertilizers are different, and each type of fertilizer has
its advantages and disadvantages with regard to crop
growth and soil fertility [1].

Bacteria that are present in the rhizosphere and improve
plant growth by some mechanism are called plants growth
promoting rhizobacteria (PGPR) [2]. The association
between organisms and roots can be beneficial (water
uptake, soil stabilization, growth promotion, N fixation,
biocontrol, antibiosis, symbiosis), harmful (infection,
phytoxicity) or neutral (nutrient flux, free enzyme release,
attachment, alleopathy, competition) [6], PGPR most
involved are: Pseudomonas, Bacillus, Rhizobium,
Burkholderia, Micrococcus, Azotobacter and Erwinia. [7].
Or indirectly via their ability to remove a broad spectrum
of bacterial, fungal and parasitic infections, also provide
protection against viral disease. Many studies show the
diversity of microbial agents involved in the biological
control [8].

Some rhizobia strains have the ability to produce
siderophores, biomolecules that act as specific iron
chelating agents, often unavailable to living organisms
and essential for achieving the vital functions such as
DNA synthesis, respiration, photosynthesis and
Biological nitrogen fixation [9 and 10].

This work was undertaken to evaluate and utilize the
potential of rhizobacteria PGPR for plants tomato and
characterize three PGPR, for their ability to produce
metabolites 1AA, solubilization of phosphorus, ammonia
production, synthesis of enzymes (chitinase cellulase and
protease) and nitrogen fixation.

1. MATERIALS AND METHODS
1. Plant Materials and Experimental Conditions
The experiment was conducted in the field of National
Institute of Agronomic Research of Meknes. A field
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experiment was conducted to evaluate the effects of 3
treatments of bacteria (2027-2, 2025-1 and 2066-7) on
tomato growth. The experiment was set up as a
completely randomized design with six replications, one
plantlet in each replicates. There were four treatments viz:
T1: (control; NO -PGPR), T2: (NO +2027-2), T3: (NO
+2066-7) and T4: (N0+2025-1).

Leaf chlorophyll content of youngest fully expanded leaf
(third leaf from the shoot) of each plant was indirectly
measured by a chlorophyll meter at harvest, 45 DAI (days
after inoculation). Measurements of morphological
parameters, namely, the length of the aerial plant, the
diameter of the stem, the length of the root system and
Average yield of tomato in Kg/Plant were also taken.

2. Study on Plant Growth promoting activity of the
Isolate
The isolated bacteria used were taken for studying its
plant growth promoting activity. Plant growth promoting
activity is studied for its determining it’s: Biostimulant
Activity, Biofertilization Activity and Biocontrol
Activity.
Study on Biostimulant activity: In this the ability
production of phytohormones indole acetic acid by the
isolate was studied.
Detection of 1AA production: For production testing of
the AIA, bacterial isolates were plated in Luria Bertani
(tubes containing medium supplemented with tryptophan
(T1: 0.5g9/l and T2: 1g/l). After 72 hours of incubation at
28 ° C, 3 ml of the suspension was removed for the 4000tr
to centrifugation at 4 °C for 10min. Then, in an Eppendorf
tube 90 i of supernatant was added to 60 pl of Salkowski
reagent, the mixture was incubated in the dark for 30 min.
using the spectrophotometer reading the OD at 530 nm
were performed to estimate the quantity produced AlA.
[11]
Study on Biofertilization activity: Ability of isolate to
fix the atmospheric nitrogen and Phosphate solubilization
was determined.
Phosphate solubilization: The bacterial strains were
evaluated for their ability to solubilize inorganic
phosphate. The PVK medium with or without BTB
containing tribasic calcium phosphate was used in this
trial. Each isolated culture was plated on Petri dishes and
the dishes were incubated at 27 ° C for 7 days. The
appearance of a clear halo around the colonies after four
days has been marked as positive for the solubilization of
phosphate [9]. The experiment was performed with three
repetitions for each bacterial strain. [12]
PSE= (Solubilization diameter/Colony diameter)*100

Production of ammonia: Isolates were grown in peptone
water at 28 ° C for 8 days. At the end of the incubation
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period, 1 ml of Nessler's reagent was added to each tube.
The development of the pale yellow to dark brown said
ammonia production. [9]

Nitrogen fixation: For the identification of fixing
rhizobacteria nitrogen, nitrogen fixation activity was
tested on medium Nfb. The binding activity was tested on
both liquid and solid medium 0.5% bromothymol blue
was used as a pH indicator. [13]

Study on Biocontrol activity: Ability of isolate to
produce cellulase synthesis, protease synthesis and
Chitinase synthesis was determined which can act against
plant pathogens.

Cellulase synthesis: The ability to produce cellulase was
measured on agar plates containing minimal medium with
2% (w/v) 1-carboxymethylcellulose as carbon source.
Bacterial strains were grown on this medium and
incubated at 30 °C for up to 8 days. The ability of
bacterial isolates to hydrolyze cellulose was detected
qualitatively by formation of a clear zone after the
culturing period by adding 0.1% Congo Reed solution
followed by de-staining with 1 M NaCl [14].

Protease synthesis: Protease activity was detected on 3%
(w/v) powdered skim milk agar plates. A single bacterial
colony of each strain was grown on this medium and
incubated at 30 °C for up to 8 days. Protease activity was
detected as a clear zone [15].

Chitinase synthesis: Activity of Chitinase was detected
on 1% (w/v) colloidal chitin agar plates. A single colony
of each bacterial strain was streaked on this medium and
incubated at 30 °C for up to 8 days. Chitin hydrolysis was
detected qualitatively after the culturing period by
pouring 0.1% Congo Reed solution onto culture plates
and checking for formation of a clear zone [16].

3. Statistical Analysis

Data from the infectivity and effectiveness tests were
analyzed with the Excel2007 software.

1. RESULTS AND DISCUSSION

Effect of the bacterial strains on the parameters of the
growth of tomato plants in a field
Agronomic measures namely the length of the overhead
system, the diameter of the rod, the total chlorophyll and
the length of the root system were used to develop the
following figures (Figure 1a, b, ¢, and d). Indeed the
length of the plants was very significantly stimulated by
the three strains PGPR 2025-1, 2027-2 and 2066-7 in
comparison with the inoculated plants (Figure 1a). For the
length of the root system, the three strains were well
stimulated length plants in comparison with other plants
inoculated with the other strains and compared to the
control (Figure 1b, 2).
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For the collar diameter of the plants, all the tested PGPR
have yielded significant results in comparison to the
control strain having 2025-1 including well stimulated
plants compared to all treatments (Figure 3). While the
total leaf chlorophyll was significantly stimulated by the
three bacterial strains 2025-1, 2027-2 and 2066-7 strain
(Figure 1d).

At the time of harvesting, it was found that the average
total yield of tomatoes treated with the bacterial strains
was significantly higher than that of the control. In fact,
the plants inoculated with the bacterium 2027-2 recorded
a yield Doubled compared to the control plants (Figure
le).

The results of this study, based on inoculation 3 PGPR
bacterial strains revealed the stimulatory effect of bacteria
belonging to the genus Bacillus on the stem height and
collar diameter of plants of tomato cultivation this was
demonstrated by Huseyin et al., 2007, who experienced
significant increase on the growth of apples inoculated
with bacteria of the genus Bacillus.
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Fig.1: Effect of three isolates on the growth of tomato: a.
Size of the air part, b. Size root part, c. stem diameter and
d. Total leaf chlorophyll and e. Yield of tomato in
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Fig.2: comparison between plant roots inoculated with
strain 2027-2 (a) and those control (b)
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In addition, inoculation based on Bacillus bacterial strains
resulted in more efficient results in terms of growth and
yield compared to other applications (Micobacterium) and
compared to control [7]. Similar results were reported in
Previous studies show that application of Bacillus can
stimulate yield and quality parameters in sugar beet,
barley [17], apricot [18], franboise [19] and apple [20].
Inoculation based Bacillus bacterial strains has resulted in
more effective results in terms of growth and vyield
compared to other applications (Mycobacterium) and
compared to the control [21] .From addition,
Pseudomonas species, Bacillus [22], and other endophytic
bacteria such as Enterobacter, Klebsiella, Burkholderiaet
Stenotrophomonas, attracted the attention of many
researchers in recent years because of their association
with important crops and their potential to improve plant
growth [23] .

The root growth was stimulated very significantly by the
genus Bacillus in comparison with other strains and
compared to the control. These results corroborate the
biological tests performed in 2011 on the cowpea, which
showed that its bacteria have the ability to promote root
growth by demonstrating a significant increase in the
roots of cowpea plants after 21 days [24].

The total chlorophyll content was significantly stimulated
by souches P. agglomeranset Proteamaculansen
comparison with other treatments; these results are similar
to those demonstrated by [25]. on the increase in the
absorption of nutrients by plants of the rice treated with
the compost formulation Pseudomeunas resulting in
increasing the growth of leaves, stems, roots and the

increase in the total chlorophyll content. Also the
treatment of rice plants based on the increased strain
pantoeaa macro-nutrient such as nitrogen, phosphorus
and potassium, and increased chlorophyll content [26].
Furthermore, similar results have shown the ability of the
strain Serratia increased total chlorophyll content relative
to other therapies [27].

Since the bacterial strains tested bacillus cereus (2027-2),
pantoea  agglomerans  (2066-7) and  serratia
proteamaculans (2025-1) gave satisfactory results
compared to the control plants in terms of aerial system
length, diameter of Stem, root length, chlorophyll content
and mean yield. These three bacteria were chosen to study
their mode of action on the basis of their characteristics of
improvement and promotion of the growth of tomato
plants in the field.

Since bacterial strains tested B.cereus (2027-2), P.
agglomerans (2066-7) and S.proteamaculans (2025-1)
gave satisfactory results compared to control plants in
terms of air system length, diameter stem, root length and
chlorophyll content these three bacteria were selected to
study their mode of action on the basis of their
characteristics to improve and promote the growth of
tomato plants in a field.

Solubilization of phosphate production of indole acetic
acid (IAA), the production of ammonia (NHs), the
biological nitrogen fixation and production of cellulase,
chitinase and protease. In our study, among the three
strains of P. agglomerans a single strain could solubilize
phosphate in vitro in Petri dishes as positive the formation
of a clear halo around the colony (fig. 6).

Table.1: Characterization of selected bacteria PGPR in different in vitro tests

Tests e . . . . Production

. solubilization production of Nitrogen Production Production
strains . . .. of the

phosphorus ammonia (NHs) fixation of cellulase | of chitinase
protease

2025-1 - + + - - T
2066-7 + + + + + +
2027-2 - + + + + -

Regarding production of the IAA, all strains are
producing indole acetic acid with different ranges for each
strain to be the first treatment (0.5 g/l of tryptophan) or to
the second treatment (1g/l tryptophan). Products isolates
significant amounts of 1AA from 4.32 g/l to 6.60 g/l for
Serratia, to 4,279/l to 6,58¢g/l for Pantoea and 6.37 g/l to
7,849 / | bacillus having shown the highest range of the
production of IAA. Similar observations for 1AA
production have been reported by others [28] (Fig. 3).
Another important feature of the PGPR is the production
of ammonia which indirectly affects the growth of plants.
All selected isolates were positive for the production of
ammonia (Fig. 3).
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Nitrogen is an essential nutrient known for the growth and
development of plants and its fixation by soil bacteria is
considered one of the main mechanisms by which plants
benefit from the microbial association. In our study all
selected bacteria gave positive results for the nitrogen
fixing activity by changing the green color of the medium
based on malic acid in a blue environment (Fig. 3).
Studies have shown that among the non-fixing bacteria
symbiotic nitrogen the most important property of many
species:  Azoarcussp.,Gluconacetobacterdiazotrophicus,
Herbaspirilliumsp., Azotobacter sp., Achromobacter,
Acetobacter, Alcaligenes, Arthrobacter, Azospirillum,
Azomonas, Bacillus, Beijerinckia, Clostridium,
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Corynebacterium, Derxia, Enterobacter, Klebsiella,
Pseudomonas, Rhodospirillum, Rhodopseudomonaset
Xanthobacter. Azospirillum is the representative of PGPR,
capacities were evaluated in experiments around the
world [29 and 30].

Table.2: phosphorus solubilization efficiency

Strains phosphorus solubilization
efficiency %

2025-1 0

2066-7 64,28

2027-2 0

Bacterial strains having protease activity must be highly
resistant to environmental stress, mechanical and
chemical. All selected strains were positive for the
production of the protease enzyme except for Bacillus
cereus strain that showed negative results.

Furthermore, cellulase activity and chitinase was well
observed in both strains and Pantoea bacillusen showing
a clear zone around the colony on agar colloidal medium,
with the exception of Serratia strain that showed negative
results in production of enzymes chitinase and cellulase.
Isolates producing PGPR plant hormones (indole acetic
acid), solubilizing the phosphate and ammonia
significantly improve plant growth. The maximum
improvement was observed in treatments with the
Bacillus cereus strain involving the average root length

Phosphate Solubilizing Activity: (A)

recorded with 42,6 cm. The average length of the plants
was recorded with 123 cm compared to control plants.
Table.3: Production of indole acetic acid in g/l by
bacterial isolates

Test Production AlA in g/L
Strains 0,5 g of 1g of
Tryptophane Tryptophane
2025-1 4,32 6,60
2066-7 4,27 6,58
2027-2 6,37 7,84

IV. CONCLUSION

This study illustrates the importance of rhizobacteria in
vitro conditions for several PGPR traits and their
evaluation in controlled conditions in a tomato field trial.
This led to the selection of effective PGPR namely
Serratia proteamaculans (2025-1), P. agglomerans
(2066-7) and Bacillus cereus (2027-2) which, because of
its multiple Traits PGPR, could prove effective in
enhancing the growth and vigor of plants and in the
stimulation of plant root system.

This type of study is necessary because it advocates the
use of PGPR biofertilizer or as an inoculant is an effective
approach to replace chemical fertilizers and isolates of
these PGPR can be used as organic fertilizers to improve
growth and productivity trade to grow the plants in the
local agro-climatic conditions.

ﬁiirogen fixation activity:

positive : presence ofclear haloin
| medium PVK,(B)and (C) : negative

production activity AlA ’

G positive: greencolor, H
negative: bluecolor

f itinase synthesis: Dand E:
Negative F: Positive Chitinass
activity was detected as aclear

wone

Protease synthesis:
Proteaseactivitywas
detected asa clearzone

Cellulase synthesis:
Positive Cellulase
activity was detected
asacieazone

Fig.3: Strains and their PGP traits and production of
antimicrobial substances
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Integrated Weed Management Effect on Weeds
and Seed Cotton Yield
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Abstract— Integrated weed management is a system
approach where by whole land use planning is done in
advance to minimise the very invasion of weeds in
aggressive forms and give crop plants a strongly
competitive advantage over the weeds. Further,
importance is given to involve more than one method of
weed control in tackling the weeds so those broad
spectrums of weeds are kept under check for longer
period. A pre emergence herbicide take care of weeds
only for a limited period and do not give long term weed
control in a long duration crop like cotton where the
problem of late emerging weeds arises and escape killing.
So to attain a season long weed control, integration of
chemical, mechanical and cultural methods holds a great
promise in crop production. Hence, integrated weed
management in cotton play important role in increasing
crop production. Field experiments were conducted
during 2013 and 2014, at Agricultural College and
Research Institute, Madurai (Tamil Nadu Agricultural
University) to study the effect of integrated weed
management in rainfed cotton. The weed management
practices consisted of pendimethalin (1.0 kg.ha?) and
(Calotropisgigantea leaf extract spray at three
concentrations (10%, 20%, and 30%) in combination with
power weeder operation twice and manual weeding twice.
From the results of the experiments, it could be
recommended that the integrated weed management
practices like, application of PE pendimethalin at 1.0 kg
ha* + power weeding on 40 DAS (T11) recorded higher
seed cotton yield and economic return.

Keywords— Economic return, Weed density, Weed Dry
weight, Yield.

I. INTRODUCTION
In India, cotton is grown under diverse agro-climatic
conditions. Cotton is the most important commercial crop
contributing nearly 65% of total raw material needs of
textile industry in our country. India ranks first in global
scenario occupying about 33 % of the world cotton area
but with regard to production it ranks second, next to
China. Cotton varieties are cultivated at wider spacing,
which in turn invites multiple weed species infestation.
Weed competition is severe during its initial growth
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stages. The increasing cost and unavailability of labour in
time has forced to use herbicides for weed control in
cotton. Hence, there is a need for selection of pre-
emergence herbicides to control early emerging weeds
during initial crop growth period. So to attain a season
long weed control, integration of chemical, mechanical
and cultural methods holds a great promise in crop
production. Hence, integrated weed management in cotton
play important role in increasing crop production.

Panwaret al. (1995) found that the requirement of one
hoeing before or after spraying pendimethalin would
assist through improved soil moisture conservation and
removal of weed population in cotton. Braret al. (1995)
stated that pre emergence application of pendimethalin @
1.5 kg ha? followed by one hoeing at 30 DAS was
effective for the control of annual broad leaved and grassy
weeds like Trianthemaportulacastrum and
Eleusineindica. The total weed density was reduced by
60-70 per cent with application of pendimethalin at 1.0 kg
ha! + hand weeding on 30 DAS (Viveket al., 2002).
Pendimethalin at 1.0 kg ha! as pre-emergence herbicide
followed by one hand weeding at 30 DAS reduced the
weed density and nutrient uptake by weeds (Chanderet
al., 1994). Pre emergence application of pendimethalin
1.0 kg ha' + one hand weeding resulted in maximum
weed control in  cotton (AICCIP, 1999).
Velayutham(1996)  reported  that  pre-emergence
application of pendimethalin at 0.75 kg ha followed by
one hand weeding resulted in the enhanced kapas yield
which was comparable with hand weeding twice. Highest
seed cotton yield (2318 kg ha) was recorded with pre-
emergence application of pendimethalin at 1.50 kg ha*
followed by one hoeing and was 72 per cent higher than the
unweeded control ~ (Braret al., 1999). Rajavelet al.(2002)
obtained higher seed cotton yield of 1217 kg ha? under
integrated method of herbicide with manual weeding which
was comparable with manual weeding twice (1205 kg ha™).
Ali et al. (2005) reported that maximum increase in seed
cotton yield was obtained with pendimethalin 2.5 kg ha*
in combination with interculturing with hand weeding.
The highest seed cotton yield was obtained from
application of pendimethalin 1.5 kg ha' followed by
hoeing (Shaikhet al. 2006). The higher seed cotton yield
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and benefit: cost ratio were recorded with three hand
weedings and three hoeings followed by pre and post-
emergence application of pendimethalin and glyphosate with
two hand weedings and two hoeings (Deshpandeet al.,
2006).So to attain a season long weed control, integration
of chemical, mechanical and cultural methods holds a
great promise in cotton production. Hence, integrated
weed management in cotton play important role in
increasing crop production.

1. MATERIALS AND METHODS

Field experiments wereconducted at Agricultural
College and Research Institute, Madurai during 2013 and
2014. Field trials were laid out in randomized block
design with fourteen treatments replicated thrice. The
weed management practices evaluated in the present
study consisted ofPE Calotropisgigantea at 30 % + one
hand weeding on 40 DAS ( T: ), PE Calotropisgigantea
at 30 % + one power weeding (PW) on 40 DAS (T2 ), PE
Calotropisgigantea at 30 % + EPOE of
Calotropisgigantea at 30 % ( T3 ) ,PE Calotropisgigantea
at 20 % + one hand weeding on 40 DAS( T, ), PE
Calotropisgigantea at 20 % + one power weeding (PW)
on 40 DAS( Ts), PE Calotropisgigantea at 20 % + EPOE
of Calotropisgigantea at 20 % ( Ts ), PE
Calotropisgigantea at 10 % + one hand weeding on 40
DAS(T7), PE Calotropisgigantea at 10 % + one
power weeding (PW) on 40 DAS( Ts ), PE
Calotropisgigantea at 10 % + EPOE of
Calotropisgigantea at 10 % ( Tq ), PE Pendimethalin @
1.0 kg.ha'+ one hand weeding on 40 DAS( T ), PE
Pendimethalin @ 1.0 kgha*+ one power weeding (PW)
on 40 DAS( T11), Two hand weeding at 20and 40 DAS(
T12), Two power weeding at 20and 40 DAS ( T13 ) were
tested and compared with unweeded control( Ti4 ).Leaf
extracts of 10, 20 and 30 per cent concentrations were
sprayed on 3 DAS as pre emergence (PE) and 10 DAS as
early post emergence (EPoE) by using hand sprayer.
Weed management practices (hand and power weeding)
were done on 40 DAS.

1. RESULTS
3.1. Effect onweeds
Weed flora of the experimental field consisted of fourteen
weeds and among these weeds,
CyanodondactylonandEchinochloacolonumwere the
dominantgrass, Cyperusrotunduswas the only
sedge, Trianthemaportulacastrum,
CorchorustrilocularisandCleome  viscose  were  the
predominantbroad leaved weeds.The results of the
experiment revealed that the broad leaved weeds
dominated over grasses and sedges in cotton during the
initial growth stage. Among broad leaved weeds,
Trianthemaportulacastrumwas the dominant weed flora
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during both the years. Dominance of broad leaved weeds
in early stages was due to their faster growth and deep
root system and thus promoted the absorption of soil
moisture.

3.1.1. Effect ontotal weed density, total weed dry weight
and weed control efficiency

3.1.1.1. Total weed density

Significant variation in total weed density was observed
among the weed control methods. At 20 DAS, lesser and
comparable level of total weed density was observed in
the application of PE pendimethalin at 1.0 kg ha* + HW
(T1o) with 9.17 m?; 468 m? and application of PE
pendimethalin at 1.0 kg ha* + PW(T1;) with 9.18 m?,
4.31m2 during 2012 and 2013, respectively. At 40 DAS,
during 2012 and 2013, lesser density of total weed was
observedwith two hand weeding (T12), two power
weeding (T13), application of PE pendimethalin at 1.0 kg
hat + HW (T1) and PE pendimethalin at 1.0 kg ha't + PW
(T11) which were comparable with each other(Table 1). At
60 DAS, lesser total weed density was found in two hand
weeding (T12) with 17.71 m; 6.82 m, PE pendimethalin
at 1.0 kg ha*+ HW (T10) with 18.04 m?; 7.16 m?, PE
pendimethalin at 1.0 kg ha*+ PW (T11) with 19.10 m?;
7.66 m? and two power weeding (T13) with 21.35 m? ;
8.79 m2 which were comparable with each other during
2012 and 2013, respectively. The cotton crop under
unweeded check had higher total weed density at all the
stages of observation in both the years.

3.1.1.2.Total weed dry weight

Weed management practices imposed to cotton
significantly influenced the total dry weight of weed.At
20 DAS, during 2012 and 2013, application of PE
pendimethalin atl.0 kg ha' + HW (Ty) and PE
pendimethalin at 1.0 kg ha* + PW (T11) were comparable
and recorded with lesser dry weight of total weed(Table
2). At 40 DAS, during 2012 and 2013, lesser dry weight
of total weed was observed with two hand weeding (T12),
two power weeding (Ti3), PE pendimethalin at 1.0 kg
ha'+ HW (T10) and PE pendimethalin at 1.0 kg ha™'+ PW
(T12) which were comparable with each other. At 60
DAS, during 2012 and 2013, the lowest dry weight of
total weed was registered with two hand weeding (T12),
PE pendimethalin at 1.0 kg ha’+ HW (Tiy), PE
pendimethalin at 1.0 kg ha'+ PW (T1;) and two power
weeding (Ti3) and were comparable. Unweeded check
observed with higher density of total weed at all the
stages of observation during both the years.

3.1.1.3.Weed control efficiency (WCE)

During 2012, application of PE pendimethalin at 1.0 kg ha*
+ HW (T1o) and PE pendimethalin at 1.0 kg ha* +
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PW (T11) registered higher WCE of 74.73 and 74.33 per
cent, respectively at 20 DAS(Table 3). During 2012, at 40
DAS, two hand weeding(T12), two power weeding(T1s),
PE pendimethalin at 1.0 kg ha' + HW (Ti) and PE
pendimethalin at 1.0 kg ha™* + PW (T11) recorded highest
WCE of 68.73, 68.40, 65.94 and 65.65 per cent. At 60 DAS,
two hand weeding(T1.), PE pendimethalin at 1.0 kg ha +
HW (T10), PE pendimethalin at 1.0 kg ha + PW (T11) and
two power weeding(T13) were recorded with higher WCE
of 88.25, 87.92, 87.66 and 87.32 per cent, respectively.
During 2013, at 20 DAS, higher WCE of 89.37 and 89.35 per
cent were recorded with the application of PE
pendimethalin at 1.0 kg ha® + PW (Tu) and PE
pendimethalin at 1.0 kg ha* + HW (T10). At 40 DAS, two
hand weeding(T12), two power weeding(Ti3), PE
pendimethalin at 1.0 kg ha®' + HW (Ty) and PE
pendimethalin at 1.0 kg ha + PW (T11) recorded highest
WCE of 77.84, 77.67,74.73 and 74.44 per cent. At 60 DAS,
two hand weeding(T12), application of PE pendimethalin at
1.0 kg ha'+ HW (T1), PE pendimethalin at 1.0 kg ha +
PW (T11) and two power weeding(T13) were recorded
with higher WCE.

3.1.2. Nutrient removal by weeds

3.1.2.1. Nitrogen

At 60 DAS, there was significant variation in N depletion
by weeds among different weed management practices
was found in both the crops(Table 4).In the first and
second crop, at 60 DAS, two hand weeding (T12), PE
pendimethalin at 1.0 kg hal+ HW (Tw), PE
pendimethalin at 1.0 kg ha* + PW (T11) and two power
weeding (Ti3) were comparable and reduced the N
removal by weeds markedly from 7.12 to 7.35 kg ha™ in
2012 and 6.94 to 7.46 kg ha' in 2013 compared to other
weed management practices.Unweeded controlrecorded
with highest removal of N by weeds by 17.86 and 15.47
kg ha*during 2012 and 2013.

3.1.2.2. Phosphorus

Weed control methods caused significant variation in P
uptake by weeds in cotton.During 2012 and 2013, at 60
DAS, two hand weeding (T12), PE pendimethalin at 1.0 kg
ha'l+ HW (Ti), PE pendimethalin at 1.0 kg ha'+ PW
(T11) and two power weeding (T13) were comparable and
analyzed with reduced P removal by weeds considerably
from 3.71 to 4.09 kg ha in 2012 and 2.58 to 2.89 kg ha™
in 2013 as compared to control. During 2012 and 2013, at
60 DAS,unweeded control resulted in removal by weeds
with 7.34 and 6.12 kg ha in 2012 and 2013(Table 4).

3.1.2.3. Potassium

During 2012 and 2013, at 60 DAS, significant variations
in K removal by weeds were observed among the weed
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management practices(Table 4).At 60 DAS, two hand
weeding (T12), PE pendimethalin at 1.0 kg ha'l+ HW
(T10), PE pendimethalin at 1.0 kg ha*+ PW (T11) and two
power weeding (T13) were found comparable and from
10.74 to 11.14 kg ha in 2012 and from 7.96 to 8.32 kg
hat in 2013 with reduced K removal by weeds compared
to other weed management practices.At 60 DAS, removal
of potassiumby weeds was highest under unweeded
control with 21.06 and 17.13 kg halin 2012 and 2013
respectively.

3. 2. Effect on yield attributes and seed cotton yield

3. 2. 1. Monopodial branches plant?

Weed management practices did not significantly
influence the number of monopodial branches plant? in
both the years(Table 5 and 6).

3.2.2. Yield characters

The data on number of sympodial branches plant?,
number of bolls plant™ and boll weight were recorded and
presented under yield characters. Significant variation
among the treatments was noticed for all the vyield
attributes(Table 5 and 6).

3. 2. 3. Sympodial branches plant

The treatments such astwo hand weeding(T12), PE
pendimethalin at 1.0 kg ha! + HW (Tw), PE
pendimethalin at 1.0 kg ha + PW (T11) and two power
weeding(T13) were comparable and recorded with
sympodial branches plant® of 19.36,19.11,18.96 and
18.23 in 2012 and 21.53.21.47,21.33 and 20.45 in 2013
(Table 5 and 6).Unweeded control registered lesser
number of sympodial branches plant?* 8.41 and 10.37 in
2012 and 2013.

3. 2. 4. Number of bolls plant

The observation on boll number plant? showed that the
weed management practices had significant effect on the
boll production of cotton in the both the years of
study.During 2012 and 2013, the treatments viz.,two hand
weeding(T12), PE pendimethalin at 1.0 kg ha' + HW
(T10), PE pendimethalin at 1.0 kg ha* + PW (T11) and two
power weeding(T13) were comparable and recorded with
higher number of bolls plant*(Table 5 and 6). Unweeded
control registered lesser number of bolls plant? of 11.60
and 12.90 in 2012 and 2013.

3. 2. 5. Boll weight

In both the years of study, two hand weeding (T12) showed
higher boll weight of 3.72 and 3.91 g which were on par
with Tig, T11, T1g, T, To, T4 Ts Ty andTs treatments
produced bolls with more weight during 2012 and 2013
respectively(Table 5 and 6). Unweeded control registered
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the lowest boll weight of 2.87 and 2.96 g boll* in both the
years. But it was on par with T3, Tesand Tgalso.

3. 2. 6. Seed cotton yield

In the present investigation, significant difference in seed
cotton yield was observed among the various weed
management practices with chemical, leaf extracts, manual
mechanical methods and integrated weed management in
both the years of study.During 2012, the maximum seed
cotton yield of 2185 kg ha was registered with two hand
weeding (T12) and the yield under this treatment was
comparable with PE pendimethalin at 1.0 kg ha*+ HW
(T10), PE pendimethalinat 1.0 kg ha*+ PW (T11) and two
power weeding (T13) with the yield of 2123, 2087, 2045
kg ha(Table 5 and 6).During 2013, two hand weeding
(T12) was comparable with PE pendimethalin at 1.0 kg ha
4+ HW (T10), PE pendimethalin at 1.0 kg ha’+ PW (T11)
and two power weeding (T13) which registered higher
seed cotton yield of 2293, 2232,2196 and 2174 kg ha
respectively. Unweeded control recorded lesser seed
cotton yield of 1356 and 1517 kg ha™ in both the years
respectively.

3. 3. Economics

The cost of cultivation was highest in hand weeded twice (T12)
with Rs. 50,049 per hectare followed by T1, T4 and T7 with
Rs. 49,811 per hectare(Table 7 and 8).In both the crops, PE
pendimethalin at 1.0 kg ha* + HW (T10), PE pendimethalin at
1.0 kg ha* + PW(T11) and hand weeding twice (T12) recorded
maximum net return. The unweeded control recorded the
lowest net return of Rs. 13,156/- ha! and Rs. 14,268/- ha?
during 2012 and 2013. Highest benefit cost ratio (B: C ratio)
was obtained with the application of PE pendimethalin at 1.0
kg ha' + PW (T11) with 1.82 and 1.69 during 2012 and 2013.
It was followed by PE pendimethalin at 1.0 kg ha! + HW
(T10) with 1.80 and 1.66 during the two years of study.

IV. DISCUSSION

4. 1. Effect of weed control treatments on weed density,
weed dry weight and weed control efficiency

Among the broad leaved weeds,
Trianthemaportulacastrumwas the dominant weed flora
during both the years of study. This might be due to the
smothering effect of broad leaved weeds on monocots.
The leaf area of the weed was more favourable for
interception of brighter solar radiation. Nazaret al. (2008)
reported that dominance of broad leaved weeds during the
early stages of cotton was due to their fast growth and deep
root system.

In the early stage of the crop growth (20 DAS), total weed
density, total weed dry weight , were reduced greatly by
the application of PE pendimethalin at 1.0 kg ha + HW
(T1w) and PE pendimethalin at 1.0 kg ha® + PW (Tu).

www.ijeab.com

Prabhu (2010) pointed out that broad spectrum action of
pendimethalin recorded lesser density of grasses at 25
DAS due to the translocative nature of the herbicide. At
20 DAS, the sedge weeds were not satisfactorily
controlled by pendimethalin 30 per cent EC formulation.
It was supported by Nair et al. (1983) stating the failure of
pendimethalin to control nutsedge. Pre emergence
application of  pendimethalin  effectively  reduced
Trianthemaportulacastrum which was the predominant
weed in the experimental site. This might be possibly due
to the effective prevention of seed germination of broad
leaved weeds.Nalini (2010) reported that pendimethalin
effectively controlled annual weeds than perennial weeds.
Das and Duary (1998) reported that the herbicidal effect
of pendimethalin might be due to the inhibition of cell
division and thus curtailed the density of weeds. The
reduced weed dry weight could be due to the reduction in
weed density at all the stages of crop growth. This might
be attributed to rapid depletion of carbohydrate reserve of
the weeds through rapid respiration as pointed out by
Prakashet al. (1999).At 20 DAS, application of PE
pendimethalin at 1.0 kg ha! + HW and PE pendimethalinat
1.0 kg ha* + PW recorded the highest WCE of 74.7; 89.35 and
74.33; 89.37 per centin 2012 and 2013, respectively.

But at later stages of crop growth (40 DAS), total weed
density, total weed dry weight, were reduced by manual
weeding twice (T12) and power weeding twice (Ti3). The
underground root portions like tubers and stolens were
effectively removed by mechanical methods of weed
control than the chemical application. This was due to the
imposement of first manual weeding on 20 DAS which
avoided the competition by weeds with crop for nutrient
and moisture (Prabhu, 2010). Shobana (2002) reported
that Cynodondactylon, was perennial in nature which was
not much controlled by pendimethalin application. At this
stage, manual weeding twice controlled the grass and
sedge weed efficiently and favored the growth of cotton
which influenced the crop and covered the field surface
area much earlier than the weed.

At 60 DAS, both mechanical methods namely manual
weeding twice (T12) and power weeding twice (T13) and
integrated weed management viz., application of PE
pendimethalin at 1.0 kg ha! + HW (Tiy) and PE
pendimethalin at 1.0 kg ha'l + PW (Tu) effectively
controlled all the weeds and reduced the dry weight of
weedsultimately lead to better weed control efficiency in
the above treatments. Shobana (2002) reported that the
mechanical methods were better in weed control due to
better removal of perennial weeds at 20 and 40 DAS. The
early emerging weeds were controlled by first hand
weeding and late emerging weeds were removed by
second hand weeding with better removal of underground
root portions. The integrated weed management practice
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registered the broad spectrum weed control as a result of
longer persistence in the soil profile. Similar finding was
reported by Balasubramanian (1992) who found that the
weed control efficiency was comparatively higher with the
application of pendimethalin at 1.0 kg ha™ as compared with
0.5and 0.75 kg ha™.

The nutrient (NPK) removal by weeds was greatly
reduced by two hand weeding (T12), PE pendimethalin at
1.0 kg ha't + HW (T10), PE pendimethalinat 1.0 kg ha +
PW (T11) and power weeding twice (T13). This might be
due to fairly weed free condition at early stages of crop
growth and the weed free environment created by the pre
emergence herbicide with reduced weed DMP. The dry
weight was another factor determining the nutrient
removal by weeds. This finding is in line with the reports
of Chanderet al. (1994) who described that application of
pendimethalin at 1.25 kg ha* followed by hand weeding
reduced the nutrient removal by weeds which was
comparable with hand weeding twice. Such positive effect
was due to lower population and dry weight of weeds
resulting from better control of the entire weed by two
hand weeding.

4. 2. Effect on yield attributes and seed cotton yield
Cotton being a wide spaced and slow growing crop is
sensitive to weed competition at early stages of growth
than at later stages. Due to heavy infestation of weeds
under unweeded check reduction in seed cotton yield was
recorded. During both the years, growth character number
of monopodial branches plant® was not significantly
influenced by the weed management practices. The
yield attributing characters viz., number of sympodial
branches plant™, number of bolls plant® and boll weight
ultimately decide the seed cotton yield. During both the
years, the treatments had significant effect on yield
attributes and seed cotton yield. The vyield attributes
andseed cotton yieldwere more with manual weeding
twice (T12), PE pendimethalin at 1.0 kg ha' + HW (To),
PE pendimethalin at 1.0 kg ha' + PW (Ti1) and power
weeding twice (T13). This could be due to the enhanced plant
height, dry matter production and nutrient uptake of the crop.
This might also be due to the season long weed control
which was favourable for better growth and enhanced leaf
area contributing for the activated photosynthesis and
translocation of more photosynthates to sink which
increased the boll weight (Nalini, 2010).In the above
treatments the yield increasing percentage over control
was 61, 57, 54 and 51 per cent during 2012 and 51, 47, 45
and 43 per cent during 2013, respectively. Gnanavel and
Babu (2008) also reported maximum seed cotton yield
with pendimethalin combined with hand weeding as
compared with control.

www.ijeab.com

4. 3. Effect of weed control treatments on economics
Weed management practices showed positive impact on
net return and benefit-cost ratio. By considering the cost
of cultivation, pre emergence application of
pendimethalin atl.0 kg ha?® + power weeding (T11)
resulted in higher net return of Rs.37,529/- during 2012
and Rs. 35,895/- during 2013 and benefit cost ratio of
1.82 and 1.69 during both the years, respectively. In the
above treatment, the additional income obtained over
unweeded control was Rs. 24,373/- and Rs. 21,627/-
during 2012 and 2013 respectively.

V. CONCLUSION
From the above study, it could be concluded,that the
integrated weed management practices like, application of
PE pendimethalin at 1.0 kg ha* + power weeding on 40
DAS (T11) could keep the weed density and dry weight
reasonably at a lower level and recorded higher seed
cotton yield and economic net return. The integrated weed
management practices also performed equally effective as
that of mechanical methods because of good control of
early emerging weeds by the pre emergence herbicide
application and better removal of late emerging weeds by
mechanical methods of weed control.
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Table.1: Effect of different weed management practices on total weed densityin cotton

Total weed density(No. m?)
Treatments 2012 2013

20 DAS 40 DAS 60 DAS 20 DAS 40 DAS 60 DAS
T g R | S5 Tangw | anes | 4B | gE | 2
e 0% | 52 g | emom | o | S | B
it 035 | 22 || mmwa | 28| 28| 2
T T | mE [ unes | waow | OB | 07 | 23
T wendoas ?67.571% 7287(854) | 5692 (7.54) (351.673 ?71.i04()) (460.3149)
ot g2 | s (e | mwaoe | 22| s | wy
T T g e | o8 Tawom | owem | on | o0 | oo
e SR % o | meom | g8 | g | S
T Epoggaﬁiiggﬁp% @1)01&% ?72.9835) 91.65(357) | 120.44 (10.97) (Af63t.65()£; (685.6076) ?90.23200)
e ot |t Tenew | weem | §2] 58| e
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Ti-  Pendi. @ 1.0 kg ha' + 9.18 431 14.41 7.66
PW on 40 DAS (3.03) 29.73 (545) 19.10 (4.37) (2.08) (3.65) 2.77)

81.19 58.87 9.74 6.82

Ti2-  HWon 20 and 40 DAS (9.01) 23.36 (4.83) 17.71 (4.21) (7.67) (3.12) (2.61)
80.49 59.15 11.02 8.79

Tis-  PWon20and 40 DAS (8.97) 25.47 (5.05) 21.35(4.62) (7.69) (3.32) (2.96)
81.19 109.29 59.67 79.37 99.00

Twa-  Unweeded control (9.01) (10.45) 134.17 (11.58) (7.72) (8.91) (9.95)
S. Ed 0.275 0.345 0.360 0.220 0.270 0.295

CD (P =0.05) 0.55 0.69 0.72 0.44 0.54 0.59

Figures in the parenthesis are transformed values

Table.2:.Effect of different weed management practices on total weed dry weight in cotton

Total weed dry weight (kg hat)
Treatments 2012 2013

20DAS | 40DAS | 60DAS | 20DAS | 40 DAS 60 DAS
T.-  PE Calotropis @ 30 % + HW | 146.07 209.29 98.08 112.61 154.40 76.34
on 40 DAS (12.09) (14.47) (9.90) (10.61) (12.43) (8.74)
T,-  PE Calotropis @ 30 % +PW | 145.99 209.71 99.41 112.91 154.87 77.16
on 40 DAS (12.08) (14.48) (9.97) (10.63) (12.44) (8.78)
Ts-  PE Calotropis @ 30 % + 144.76 207.60 325.32 111.33 152.87 257.95
EPoECalotropis @ 30 % (12.03) (14.41) (18.04) (10.55) (12.36) (16.06)
Ts-  PE Calotropis @ 20 % + HW | 151.97 226.03 101.99 117.05 163.02 79.99
on 40 DAS (12.33) (15.03) (10.10) | (10.82) (12.77) (8.94)
Ts-  PE Calotropis @ 20 % + PW | 152.65 226.71 104.20 117.81 164.36 80.60
on 40 DAS (12.36) (15.06) (10.21) | (10.85) (12.82) (8.98)
Te-  PE Calotropis @ 20 % + 151.14 221.59 328.86 115.41 160.23 260.90
EPoECalotropis @ 20 % (12.29) (14.89) (18.13) | (10.74) (12.66) (16.15)
T,-  PE Calotropis @ 10 % + HW | 206.03 348.29 110.55 170.10 258.11 83.26
on 40 DAS (14.35) (18.66) (1051) | (13.04) (16.07) (9.12)
Tg-  PE Calotropis @ 10 % + PW | 209.73 355.56 112.24 171.07 268.40 84.52
on 40 DAS (14.48) (18.86) (10.59) | (13.08) (16.38) (9.19)
To-  PE Calotropis @ 10 % + 203.78 345.13 332.52 165.88 253.18 266.79
EPoECalotropis @ 10 % (14.28) (18.58) (18.24) (12.88) (15.91) (16.33)
Tio- Pendi. @ 1.0 kghal + HW | 63.84 127.31 43.82 22.33 71.46 19.74
on 40 DAS (7.99) (11.28) (6.62) (4.73) (8.45) (4.44)
Ti- Pendi. @ 1.0 kghal + PW | 64.84 128.42 44.76 22.30 72.27 20.34
on 40 DAS (8.05) (11.33) (6.69) (4.72) (8.50) (4.51)

251.87 116.89 42.63 207.78 62.66 18.95
Tz~ HWon 20 and 40 DAS (1587) | (10.81) | (653) | (1441) | (7.92) (4.35)

252.05 118.14 46.00 208.24 63.15 21.22
T~ PWon20and 40 DAS (1588) | (10.87) | (6.78) | (1443) | (7.95) (4.61)
T.-  Unweeded control 252.61 373.82 377.80 209.70 282.79 377.80

1 (15.89) (19.33) (19.45) (14.48) (16.82) (19.45)

S. Ed 0.54 0.68 0.59 0.43 0.56 0.48
CD (P = 0.05) 1.07 1.36 1.17 0.86 1.11 0.96

Figures in the parenthesis are transformed values

Table.3: Effect of different weed management practices on the weed control efficiency (WCE) in cotton

Weed control efficiency(%)

Treatments 2012 2013
20 DAS | 40 DAS | 60 DAS DZA(\)S 40 DAS | 60 DAS
Ty- PE Calotropis @ 30 % + HW on 40 DAS 42.17 44.01 72.97 46.30 45.40 73.20
T2- PE Calotropis @ 30 % + PW on 40 DAS 42.21 43.90 72.60 46.16 45.24 72.91
Ts- PE Calotropis @ 30 % + EPoECalotropis 42.69 44.46 10.34 46.91 45.94 9.44
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@ 30%

Ts- PE Calotropis @ 20 % + HW on 40 DAS 39.84 39.53 71.89 44,18 42.35 71.92
Ts- PE Calotropis @ 20 % + PW on 40 DAS 39.57 39.35 71.28 43.82 41.88 71.70

: : X .
Ts PE Ca'o”Opg %’0202 %o+ BPOECalotropis | 4547 | 4072 9.36 | 44.97 | 43.34 8.41
T,-  PE Calotropis @ 10 % + HW on 40 DAS | 18.44 | 6.83 6953 | 18.88 | 8.73 70.77
Te-  PE Calotropis @ 10 % + PW on 40 DAS | 16.97 | 4.88 60.07 | 1842 | 5.0 70.33

- i 0, i
T PE Calotropg) (?010(/1 % + EPoECalotropis 19.33 768 8.35 20.90 10.47 6.34
Tiw- Pendi. @ 1.0 kgha' + HW on 40 DAS 74.73 65.94 87.92 89.35 74.73 93.07
Tuu-  Pendi. @ 1.0 kgha' + PW on 40 DAS 74.33 65.65 87.66 89.37 74.44 92.86

T - HW on 20 and 40 DAS 0.29 68.73 88.25 0.91 77.84 93.35
Tis- PW on 20 and 40 DAS 0.22 68.40 87.32 0.70 77.67 92.55
Tia - Unweeded control - - - - - -

Table.4: Nutrient removal by weed at 60 DAS as influenced by weed management practices in cotton

N, P, K removal by weeds at 60 DAS (kg ha't)
Treatments 2012 2013
N P K N P K

PE Calotropis @ 30 % + HW on 40 DAS 10.75 5.17 12.63 9.87 3.71 10.73
PE Calotropis @ 30 % + PW on 40 DAS 10.87 5.32 12.71 9.95 3.78 10.99
PE Calotropis @ 30 % +EPoECalotropis @ 30 % 16.81 6.89 19.69 14.59 5.75 16.09
PE Calotropis @ 20 % + HW on 40 DAS 12.34 6.83 15.13 11.59 4.66 12.32
PE Calotropis @ 20 % + PW on 40 DAS 12.82 6.91 15.34 11.69 475 12.56
PE Calotropis @ 20 % +EPoECalotropis @ 20 % 16.99 6.96 19.78 14.72 5.86 16.25
PE Calotropis @ 10 % + HW on 40 DAS 13.15 6.13 15.45 12.11 4.76 12.75
PE Calotropis @ 10 % + PW on 40 DAS 13.27 6.22 15.59 12.38 4.84 12.87
PE Calotropis @ 10 % +EPoECalotropis @ 10 % 17.34 7.13 19.83 15.01 5.91 16.54
Pendi. @ 1.0 kg ha® + HW on 40 DAS 7.22 3.88 10.89 7.15 2.71 8.09
Pendi. @ 1.0 kgha' + PW on 40 DAS 7.29 3.96 10.96 7.32 2.80 8.15
HW on 20 and 40 DAS 7.12 3.71 10.74 6.94 2.58 7.96
PW on 20 and 40 DAS 7.35 4.09 11.14 7.46 2.89 8.32
Unweeded control 17.86 7.34 21.06 15.47 6.12 17.13
S.Ed 0.56 0.25 0.72 0.50 0.20 0.57

CD (P =0.05) 1.12 0.49 1.43 1.01 0.39 1.13

Table.5: Effect of weed management practices on monopodial branches, yield attributes and yield of cotton in 2012

Growth . . .
attribute Yield attributes and yield of cotton
Treatments Monopodial Sympodial Bolls Boll Seed
branches branches o . cotton
1 3 plant weight -
plant plant (Nos) | (g boll) yield
(Nos.) (Nos.) ' g (kg hat)
Ty - PE Calotropis @ 30 % + HW on 40 DAS 1.67 14.37 21.61 3.68 1884
To- PE Calotropis @ 30 % + PW on 40 DAS 1.67 14.31 21.33 3.68 1850
- i 0, i
Ts PE Calotropis ?03(2) % + EPoECalotropis @ 133 8.99 1201 316 1408
Ts- PE Calotropis @ 20 % + HW on 40 DAS 1.67 14.24 18.96 3.56 1638
Ts- PE Calotropis @ 20 % + PW on 40 DAS 1.67 14.19 18.89 3.56 1603
Te - PE Calotropis @ 20 % + EPoECalotropis @ 1.33 8.76 11.95 3.09 1385
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20 %
T7- PE Calotropis @ 10 % + HW on 40 DAS 1.67 13.34 18.62 3.47 1589
Ts- PE Calotropis @ 10 % + PW on 40 DAS 1.67 13.25 18.56 3.47 1572
To - PE Calotropis 6;301(3 % + EPoECalotropis @ 133 8.65 11.78 2 96 1374
0
Tiw-  Pendi. @ 1.0 kg ha' + HW on 40 DAS 1.67 19.11 23.42 3.71 2123
Tiu-  Pendi. @ 1.0 kgha! + PW on 40 DAS 1.67 18.96 23.18 3.71 2087
Ti2-  HWon 20 and 40 DAS 1.67 19.36 24.50 3.72 2185
Tiz-  PWon 20 and 40 DAS 1.67 18.23 22.92 3.69 2045
T - Unweeded control 1.00 8.41 11.60 2.87 1356
S. Ed 0.40 0.63 0.82 0.15 80
CD (P =0.05) NS 1.25 1.63 0.30 159

Table.6: Effect of weed management practices on monopodial branches, yield attributes and yield of cotton in 2013

act;trr?;vlj?e Yield attributes and yield of cotton
Treatments Monopodial Sympodial Bolls Bf)ll Seed
branches branches plant™ weight | cotton
plant? plant? (Nos) (g boll- yield
(Nos.) (Nos.) ' h (kg hat)
PE Calotropis @ 30 % + HW on 40 DAS 1.67 18.96 20.12 3.70 2010
PE Calotropis @ 30 % + PW on 40 DAS 1.67 18.91 20.01 3.69 1998
PE Calotropis @ 30 % + EPoECalotropis @ 30 % 1.33 10.57 14.21 3.00 1582
PE Calotropis @ 20 % + HW on 40 DAS 1.67 18.75 17.43 3.67 1823
PE Calotropis @ 20 % + PW on 40 DAS 1.67 18.68 17.13 3.67 1811
PE Calotropis @ 20 % + EPoECalotropis @ 20 % 1.33 10.49 13.55 3.00 1560
PE Calotropis @ 10 % + HW on 40 DAS 1.67 17.86 16.75 3.65 1782
PE Calotropis @ 10 % + PW on 40 DAS 1.67 17.79 19.64 3.63 1759
PE Calotropis @ 10 % + EPoECalotropis @ 10 % 1.33 10.41 12.99 2.98 1541
Pendi. @ 1.0 kg ha' + HW on 40 DAS 1.67 21.47 26.18 3.86 2232
Pendi. @ 1.0 kg ha® + PW on 40 DAS 1.67 21.33 25.82 3.81 2196
HW on 20 and 40 DAS 2.00 21.53 26.30 3.91 2293
PW on 20 and 40 DAS 2.00 20.45 24.76 3.75 2174
Unweeded control 1.00 10.37 12.90 2.96 1517
S. Ed 0.39 0.62 0.88 0.16 86
CD (P = 0.05) NS 1.24 1.77 0.31 172
Table.7: Economics of different weed management practices in cotton during 2012
2012
Treatments Tota! . _Gross Net income .
cost of cultivation income (Rs ha') B:C ratio
(Rs ha?) (Rs hat)
PE Calotropis @ 30 % + HW on 40 DAS 49811 75360 24549 1.48
PE Calotropis @ 30 % + PW on 40 DAS 48466 74000 24534 1.50
PE Calotropis @ 30 % +EPoECalotropis @ 30 % 46388 56320 8932 1.19
PE Calotropis @ 20 % + HW on 40 DAS 49811 65520 14709 1.29
PE Calotropis @ 20 % + PW on 40 DAS 48466 64120 14654 1.30
PE Calotropis @ 20 % +EPoECalotropis @ 20 % 46388 55400 8012 1.17
PE Calotropis @ 10 % + HW on 40 DAS 49811 63560 12749 1.25
PE Calotropis @ 10 % + PW on 40 DAS 48466 62880 13414 1.27
PE Calotropis @ 10 % +EPoECalotropis @ 10 % 46388 54960 7572 1.16

www.ijeab.com

Page | 605



http://dx.doi.org/10.22161/ijeab/2.2.6
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB) Vol-2, Issue-2, Mar-Apr- 2017

http://dx.doi.org/10.22161/ijeab/2.2.6 ISSN: 2456-1878
Pendi. @ 1.0 kg ha® + HW on 40 DAS 47296 84920 37624 1.80
Pendi. @ 1.0 kg ha' + PW on 40 DAS 45951 83480 37529 1.82
HW on 20 and 40 DAS 50049 87400 37351 1.75
PW on 20 and 40 DAS 46544 81800 35256 1.76
Unweeded control 41084 54240 13156 1.32

Table.8: Economics of different weed management practices in cotton during 2013

2013
Treatments Tota! . .Gross Net income .
cost of cultivation income (Rs ha') B:C ratio
(Rs hal) (Rs ha?)
PE Calotropis @ 30 % + HW on 40 DAS 56235 80400 23065 1.40
PE Calotropis @ 30 % + PW on 40 DAS 54530 79920 24290 1.44
PE Calotropis @ 30 % +EPoECalotropis @ 30 % 52308 63280 9872 1.18
PE Calotropis @ 20 % + HW on 40 DAS 56235 72920 15585 1.27
PE Calotropis @ 20 % + PW on 40 DAS 54530 72440 16810 1.30
PE Calotropis @ 20 % +EPoECalotropis @ 20 % 52308 62400 8992 1.17
PE Calotropis @ 10 % + HW on 40 DAS 56235 71280 13945 1.24
PE Calotropis @ 10 % + PW on 40 DAS 54530 70360 14730 1.26
PE Calotropis @ 10 % +EPoECalotropis @ 10 % 52308 61640 8232 1.15
Pendi. @ 1.0 kg ha'+ HW on 40 DAS 53650 89280 35630 1.66
Pendi. @ 1.0 kg ha' + PW on 40 DAS 51945 87840 35895 1.69
HW on 20 and 40 DAS 56697 91720 35023 1.62
PW on 20 and 40 DAS 52352 86960 34608 1.66
Unweeded control 46412 60680 14268 1.31
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Regulation of Seed Germination and the Role of
Aquaporins under Abiotic Stress

Erina Kshetrimayum, Debee Prasad Sahoo, Jayeeta Mitra, Sanjib Kumar Panda”

Department of Life Science & Bioinformatics, Assam University, Silchar, India

Abstract— Aquaporins play a major role in governing the
movement of water between neighboring cells during seed
germination and are major players in response to abiotic
stress conditions that affect water availability. Seeds of pea
(Pisum sativum L. cv. Arkel) were used for studying cell
growth, expression and function of aquaporins during seed
imbibition, radicle emergence and growth.Water channel
functioning checked by inhibitory test with mercuric
chloride showed closed water channels prior to growth
initiation.  Addition of mercury scavenging agents
dithiothreitol and p-mercaptoethanol along with the HgCl,
overcame the observed inhibitory effects in terms of
moisture content. The presence of aquaporin inhibitors
(HgCl, and ZnCl,) and NaCl reduced seedling growth.
Here we studied expression of a plasma membrane intrinsic
protein (PsPIP1;2) and a tonoplast intrinsic protein
(PsTIP1;1) by using the semi quantitative RT-PCR in the
germinated seedlings exposed to different abiotic stresses.
Treatment with NaCl, HgCl, and ZnCl, differentially
regulated gene expression in radicle, cotyledon and
plumule. NaCl and Hg, upregulated expression of PsPIP1;2
and PsTIP1;1 in radicle and expression of PsTIP1;1 was
significantly upregulated in radicle and suppressed in
cotyledon by Zn. A possible role for aquaporins in
germinating seeds and seedling response to abiotic stresses
is discussed.

Keywords—Seed germination, Aquaporins, Pisum sativum
L., Heavy metals, dithiothreitol (DTT), g-mercaptoethanol
(ME).

I INTRODUCTION
Seed germination determines successful crop production
and is usually the most critical stage in seedling
establishment (Almansouri et al. 2001; Bhattacharjee 2008).
The germination of seeds requires great adeptness since the
process is very complex, a seed from its stillness is woken
up to its active state (Dow & Schwintzer 1999). Imbibition
of water marks the onset of germination of seeds and
triggers arrested metabolic activities which culminates in
the emission of a radicle and finalization of germination
(Nanogaki et al. 2010). Water moves through the plant
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tissue via three different pathways: the apoplastic pathway
through cell walls and intercellular spaces, the symplastic
path from cell to cell either through cytoplasm and
plasmodesmata, the transcellular path traversing through
cell membranes. The movement of water via the
transcellular path involves aquaporins, which are water
selective channels (Preston et al. 1992; Agre et al. 1998).
Plant aquaporins fall into five subfamilies: the plasma
membrane intrinsic proteins (PIPs), the tonoplast intrinsic
proteins (TIPs), the nodulin26-like intrinsic proteins (NIPs),
the small basic intrinsic proteins (SIPs), and the
uncategorized X intrinsic proteins (XIPs) (Maurel et al.
2015). Aquaporins are concentrated in zones of cell division
and enlargement, play a major role in governing the
movement of water between neighboring cells during seed
germination (Tyerman et al. 2002; Jain et al. 2008). Recent
studies have implicated the importance of aquaporins in
seed imbibition and subsequent germination (Schuurmans et
al. 2003; Liu et al. 2007; Liu et al. 2013; Cardoso et al.
2015). The function of seed aquaporins may be related to
the water imbibition and activation of the metabolic system
in the seed, which results in higher germination (Liu et al.
2007).

Seed germination occurs only when conditions become
favorable. Seeds in their germinating stage are highly
sensitive and germination is arrested by various heavy
metals like mercury, cadmium and zinc etc. (Du et al. 2004;
Chugh & Sawhney 1996; Rout & Das 2009). Mercury is
widely believed to block aquaporins by binding to a
cysteine residue located in close proximity to the aqueous
pore of the protein (Daniels et al. 1994; Agre et al. 1998).
Due to its aquaporins blocking activity (Przedpelska-
Wasowicz & Wierzbicka 2011), mercurial compounds have
been used to assess the contributions of aquaporins in water
transport at various growth stages of plant. A reversibility
of mercury effects by reducing agents like dithiothreitol
(DTT) and B-mercaptoethanol (ME), have also been used in
conjuction with HgCl.in current studies that seek to
evaluate the activity of aquaporins (Przedpelska-Wasowicz
& Wierzbicka 2011; Obroucheva et al. 2012; Liu et al.
2014).
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Several studies have shown that abiotic stresses such as
water deficit, salinity and heavy metals differentially
regulate expression of aquaporins in various plant organs
(Sakurai et al. 2005; Tyerman et al. 2002; Suga et al. 2001;
Alexandersson et al. 2005; Jang et al. 2004). In Arabidopsis,
the expression of MIP genes in different organs in response
to cold, salt, drought and ABA treatment has been
determined by using a semi-quantitative slot blot analysis
and quantitative real-time RT-PCR (Alexandersson et al.
2005;Weig et al. 1997). Most of the studies showed that
several aquaporins were predominantly expressed in one
organ and that many were markedly up or downregulated
under the different stress conditions. Analysis of 33 rice
MIP gene expression at different growth stages and in
different plant organs also showed that gene expression
varied with plant organ and growth stage (Sakurai et al.
2005). Heavy metals such as Cd, Cu and Hg are known to
modulate gene expression and function of MIPs in various
plant species. For example, in Pisum sativum reduction of
root hydraulic conductivity (Lpr) by HgCl, treatment was
accompanied by an increase in the expression of PsPIP2;1,
suggesting that the increase in PsPIP2;1 might compensate
for the AQPs blocked by Hg (Beaudette et al. 2007),
whereas in Populus deltoides roots subjected to copper
stress genes encoding plasmalemma (PIP) and tonoplast
(TIP) AQPs were downregulated under Cu application
(Guerra et al. 2009).

The present study was undertaken to assess the role of
heavy metals (Hg, Zn), salinity (NaCl) known aquaporin
inhibitors, along with several chemical agents known to
reverse the inhibitory effects of mercuric chloride in
regulating the water relations via aquaporins during pea
seed germination and investigated the expression and
function of plasma membrane and tonoplast aquaporins in
seedling tissues during seed imbibition, radicle emergence
and growth.

1. MATERIALS AND METHODS

1. Effect of HgCl2 on seed germination
Seeds of pea(Pisum sativum L. cv.Arkel) were procured

from Manipur Seeds Corporation, Manipur. Theyhad no
visible signs of injury and were uniform in size and
weight.The seeds were placed in petri dishes (90 mm in
diameter) lined with two layers of Whatman no.1 filter
paper, moistened with 3 ml of distilled water and HgCl,
solutions at concentrations of 100, 300, 500 and 1000 puM.
The petri dishes were incubated at 25 + 2°C in dark for 72
h, and daily evaluations of germination were performed.
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2. Effect of HgCl,, ME and DTT on activity of
aquaporins

To study the involvement of aquaporins on seed
germination, known aquaporin inhibitorHgCl,and mercury
scavenging agents (ME and DTT) were tested during
germination as per the method of Jain et al. (2008). The
seeds were placed in petridishes lined with two layers of
Whatman no.1 filter paper, moistened either with 3 ml of
the test solution i.e., HgCl, (0, 100, 300, or 500 uM) or in
combination with ME (250 uM) or DTT (500 puM). The
petri dishes were incubated at 25 + 2°C in dark for 72 h.
Five seedlings were used to calculate the percent moisture.
The fresh and dry weights of seedlings were recorded, and
the percentage moisture content was calculated as {(W:-
W2)/W1} x 100, where W, and W, represent fresh and dry
weights of five seedlings, respectively. All the experiments
were repeated thrice.

3. Effect of HgCl2, ZnClz2 and NaCl on seedling growth

In order to verify the significance of aquaporins in
germinating pea seeds HgCl,, ZnCl.and NaCl was
administered in germinating pea seeds. The germinated
seeds were treated with different concentrations of
HgCl»(100, 300, 500 and 1000 puM), ZnCl»(10, 25, 50 and
100 uM) and NaCl (100, 300, 500 and 1000 mM). Growth
of the seedlings was determined by measuring the length of
the radicle and plumule. Measurements were done inthree
replicates using five plants and expressed as cm.The data
were recorded after every 24 h upto 72 h.

4. Expression study of aquaporins

To study the effect of salt (NaCl) and heavy metals (Hg and
Zn) on gene expression, germinated seeds were treated with
NaCl (100 mM), HgCl»(100 and 300uM),and ZnCl, (50 and
100uM). After 24 h and 48 h, radicle, plumule and
cotyledon samples were taken from each treatment for RNA
extraction.100 mg of the tissue samples were homogenized
using liquid nitrogen and the total RNA was isolated using
Total RNA purification kit (Nucleopore’s) following the
manufacturer’s instructions. The RNA isolated were
quantified spectrophotometrically at 260/280 nm. Out of
total RNA isolated from the seed tissues, approximately
1000 ng was reverse transcribed using RevertAid™ First
Strand cDNA Synthesis Kit #K1622 following the
manufacturer’s instruction. The ¢cDNA thus obtained was
kept at -20°C till further use.The gene specific primers were
designed from the nucleotide sequences of PsPIP1;2 and
PsTIP1;1 (Gene bank accession number: AJ548795.1 and
AJ243309.1 respectively). The gene specific forward
primer 5>-TGATGCAGGTTCTTGGTG-3’, reverse primer
5’-CGTGCTGGGTTGATACCA-3> were used for
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amplifying  PsPIP1;2, and forward primer 5’-
TGGCTGAGTTCATCTCCA-3’, reverse primer 5’-
CACTCCAACTCCTGCGGA-3” were used for amplifying
PsTIP1;1.The PCR conditions were in house validated and
reconfirmed for each aquaporin gene. Each reaction system
contained 2.5 pl of 10x PCR buffer with MgCly, 1.0 pl of
10 pmole/ul each primer, 0.5 pl Tag DNA polymerase (5
U/ul), 2 pl cDNA and the volume was made up to 25 pl
with deionized water.The thermal cycle used for PsPIP1;2
was as follows: 96°C for 2 min; 30 cycles of 96°C for 30 s,
56°C for 1min, 72°C 30 s, and a final 72°C for 5 min. The
PCR reaction conditions for amplifying PsTIP1;1were the
same as those for PsPIP1;2 gene, but the annealing
temperature was changed into 56°C.The amplicons so
generated were resolved on 1.2% agarose (Sigma-Aldrich,)
gel electrophoresis. Then the gel was examined in Gel Doc
(KODAK) and the photographs were taken.

1. RESULTS

1. Effect of HgCl. concentration on seed germination
Initial experiments were carried out to determine the effect
of various concentrations of HgCl,(0, 100, 300, 500 and
1000 puM) on seed germination. The percentage seed
germination decreased gradually up to 1000 pM (Fig. 1).
The seeds soaked in 100 uM HgCl,showed similar trend in
germination as the seeds soaked in water and germination
percentage were not significantly different from the control.
However, 1000 pM HgCl, caused drastic reduction in
germinationpercentage of the seeds.

100

80 IET IJW

0 it 350 500 1000
Concentration of HgCly (M)

Fig. 1: Effect of different concentrations of HgCl, upon
germination percentage of pea seeds. Values are means +
S.E. based on three independent experimental data.

2. Effect of mercury- scavenging agents on activity of
aquaporins
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It is well known that the inhibitory effect of HgCl, on
aquaporins can be reversed by mercury-scavenging agents
such as DTT and ME. The moisture content of the seedlings
wasmeasured after treatment with distilled water, 250 pM
ME and 500uM DTT. Their presence had no inhibitory
effect on seedling moisture content (Fig. 2). Application of
these agents individually with 100, 300 or 500puM of HgCl.
overcame the inhibitory effect of HgCl,in terms of moisture
content. The seedling moisture content was significantly
lower than the control with 500 pM ofHgCl.. This
inhibitory effect of HgCl, was reversed by using DTT or
ME (Fig. 2).
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Fig. 2: Moisture content of pea seedlings germinated in the
presence of different concentrations of HgCl, (0, 100, 300,
or 500 uM) either alone or in combination with reversal
agents ME (250 uM) or DTT (500 uM). Values are means *
S.E. based on three independent experimental data.

3. Effect of HgCl2, ZnCl2 and NaCl on seedling growth

Radicle and plumule length were measured to illustrate the
impact of HgCl,, ZnCl, and NaCl upon the growth of pea
seedlings. Different concentrations of HgCl, (100, 300, 500
and 1000 pM) showed marked impact upon the measured
growth parameters in pea seedlings. Both radicle and
plumule length significantly inhibited at high concentration
(1000 pM) as compared with the control (Fig. 3). Seed
germination in ZnCl; also had reduced radicle and plumule
length at a concentration of 100 uM compared to the control
(Fig. 4). In the present study, radicle and plumule length
decreased progressively with increasing NaCl concentration

(Fig. 5).
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Fig. 3: Effect of different concentrations of HgCl, upon
radicle length, plumule length of pea seedlings. Values are
means + S.E. based on three independent experimental
data.
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Fig. 4: Effect of different concentrations of ZnCl, upon
radicle length, plumule length of pea seedlings. Values are
means =+ S.E. based on three independent experimental
data.
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Fig. 5: Effect of different concentrations of NaCl upon
radicle length, plumule length of pea seedlings. Values are
means * S.E. based on three independent experimental
data.

4. Differential Expression of PsPIP1;2 and PsTIP1;1
during germination under stress conditions

The expression pattern of PsPIP1;2 and PsTIP1;1 in pea
seedling tissues under salt and heavy metal treatment was
examined by semi-quantitative RT-PCR. The results
showed that the transcripts of PsPIP1;2 and PsTIP1;1 were
responsive to salt stress in radicle. Transcript level of
PsPIP1;2 accumulated 24 h after treatment of salt, then
decreased as the same level as the control 48 h later.
Transcript level of PsTIP1;1 downregulated 24 h after
treatment of salt and further decreased as the same level as
the control 48 h after treatment (Fig. 6). Since heavy metals
are known to block water movement by inhibiting the
activity of aquaporins, we studied the effects of Hg and Zn
on PsPIP1;2 and PsTIP1;1 expression. In radicle, Hg
upregulated expression of PsPIP1;2 and PsTIP1;1 after 24
h and 48 h of treatment (Fig. 6).
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Fig. 6: Tissue Expression pattern of PsPIP1;2 and PsTIP1;1 in radicle of pea seedlings after 24 h and 48 h of treatment with 100
mM NacCl, 100 uM HgCland 300 uM HgCl,;PsActin primers were used as internal control.

Expression of PsTIP1;1 was studied under different concentrations of Zn stress after 24 h in cotyledon, plumule and radicle.Zn
downregulated expression of PSTIP1;lin cotyledon whereas upregulated in radicle. Expression of PsTIP1;1 was not affected in

plumule (Fig. 7).
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Fig.7: Tissue Expression pattern of PsTIP1;1 under ZnCl; stress in pea seedlings. PSTIP1;1 expression in cotyledons, plumule
and radicle after 24 h treatment with 50 and 100 uM ZnCly;PsActin primers were used as internal control.

V. DISCUSSION

Mercury at different concentrations affect seed germination
differently.Higher concentrations of mercury cause death of
the seed embryo by exerting oxidative stress and damaging
cellular components. Mercury at low concentrations
affectsseed germination by changing the hydration pattern
(Munzuroglu & Geckil 2002; Jain et al. 2008).In previous
studies mercurials reduced the speed of seed imbibition and
seed germination in pea and Arabidopsis, respectively
(Veselova et al. 2003; Vander Willigen et al. 2006). Since
mercury blocks aquaporin activity and aquaporins play
major role in transmembrane transport of water (Aroca et al.
2012), high concentration of HgCl, might have suppressed
aquaporin activity and subsequent reduction in hydration
and germination.

In this study, addition of DTT and ME to HgCl, treated
seeds reduced the inhibition of imbibition. Similar results
were obtained by Jain et al. (2008) in which addition of
DTT and ME overcame the inhibitory effect of HgCl.on
tomato seed germination and moisture content. Veselova
and Veselovsky (2006) reported that DTT restored reduced
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rate of water uptake by mercury-containing compound in
pea.

Excessive accumulation of heavy metals in the soil
environment due to rapid industrialization, urbanization and
intensive agriculture adversely affects the germination of
seeds, plant growth, alters the level of biomolecules in the
cells and interferes with the activities of many key enzymes
related to normal metabolic and developmental processes
(Parmar & Chanda 2005; Jayakumaret al. 2008;
Ogundiran2007). Diminution in plant growth is one of the
clearest symptoms induced by heavy metals.Reduced root
and shoot length in response to heavy metal has been
reported by a number of investigators (Nag et al. 1989;
Zhenguo et al. 1998; Tomulescuet al. 2004; Zhanget al.
2009; John etal. 2009).The visible symptoms of mercuric
chloride toxicity were decrease in germination percentage,
decrease in radicle length and plumule length. Root growth
inhibition and lateral roots development are symptoms of
mercury toxicity which can be attributed to the inhibition of
mitosis, reduced synthesis of cell wall components and
changes in photosynthetic activity. Similar observations
with HgCl, treatment to Arachis hyposea seeds were
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noticed by Abraham and Damodaran (2012).To further
substantiate the results, ZnCl,, another inhibitor of
aquaporins, was used. ZnCl, inhibits water transport in a
permanent manner as it reacts with sulfhydryl groups of a
cysteine in the vicinity of the conserved NPA motif,
blocking the constriction region of the channel (Niemietz &
Tyerman, 2002). According to Flowers et al.(2010) salinity
(as NaCl) reduces seed germination and growth of pea
seedlings. There is reduction in both seedling growth and
root growth. It may be due to the fact that the root cannot
balance the nutrient uptake due to osmosis. The osmotic
effect takes place during salt stress which affects seed
germination (Welbaum et al. 1990) which in turn slows
down the water uptake by the plant. Neuman (1995) also
observed that salinity inhibits root growth rapidly and hence
the capacity of water uptake. Similar results were observed
by Demir and Arif (2003) in safflower. This osmotic effect
in the plant cell cause negative pressure in the pore of water
channel affecting hydraulic conductivity (Ye et al. 2004).
The hydraulic conductivity when lower also lowers the
aquaporins activity. The reduction in root hydraulic
conductivity is also correlated with a dynamic change in the
post-translational modifications such as phosphorylation
and amidation that affect aquaporin function(Khan et al.
2015). Aguaporin is also altered by ROS which leads to
channel closure through a direct oxidative mechanism
(Kourie 1998), and induces internalization of PIPs and
reduces hydraulic conductivity through cell signaling
mechanisms (Boursiac et al. 2008a, Boursiac et al. 2008b).

Since abiotic stresses such as salt and heavy metals induce
osmotic stress to plants and disturb plant water balance, we
tried to investigate the molecular mechanisms involved in
maintaining osmotic homeostasis by studying gene
expression and water transport activity of one PIP and one
TIP isoforms in pea. Transcripts of PsPIP1;2 and PsTIP1;1
studied were detected in both radicle and plumule at
different levels. Our results showed that transcript levels
responded differently to 100 mM NacCl treatment depending
on the type of gene. In radicle, salt stress significantly
upregulated transcript of PsPIP1;2during the initial 24 h of
treatment but reached to same level as of unstressed after 48
h of treatment. The transient induction of PsPIP1;2 by salt
stress might confer the membrane permeability to water
transport in water-deficient condition (Yamada et al. 1997).
Our study is in accordance with a real-time PCR analysis of
PIP gene expression (Jang et al. 2004), which revealed in
salt-treated roots an increase in abundance more
pronounced for PIP genes. Salt stress downregulated the
expression ofPsTIP1;1after 24 and 48 h of treatment. At the
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gene level, expression of TIPs and PIPs was co-ordinately
reduced. This could mean that TIPs also contribute to
control transcellular water transport in radicle. Mercury,
having inhibitory effect on water transport activity (Carvajal
et al. 1996; Maggio & Joly 1995) stimulated gene
expression as in the current study and as reported earlier in
pea(Beaudette et al. 2007). Mercury enhancing transcript
accumulation of PsPIP1;2 and PsTIP1;1, suggests that
seedlings tend to overcome water shortage by compensating
the water channels blocked by Hg.

Being the aquaporins of the tonoplast, TIPs are thought to
permit a more rapid transcellular water flow by increasing
the effective cross-section of the cytoplasm, and to facilitate
osmotic adjustment between cytosol and vacuole (Barrieu et
al. 1998). Previously Schuurmans et al. (2003) found
PsTIP1;1land/or its close homologues and their abundant
expression in cotyledons of developing and germinating pea
seeds, and in roots and shoots of seedlingsand concluded
that TIP1 members play a role in the rehydration of the dry
seed during imbibition and subsequent germination. In our
case, expression of PsTIP1;1 was significantly high in
plumule and radicle which wasconsistent with the
expression pattern of TIP1s in Arabidopsis (Alexandersson
et al. 2005). The expression of PsTIP1;1 upregulated by Zn
in radicle and suppressed in cotyledon after 24 h of
treatment and was not affected in plumule. High expression
of PsTIP1;1 might contribute to transcellular water
transport in germinating seeds and facilitate water supply to
expanding tissues.

V.  CONCLUSION

Based on the results of our study, higher concentration of
mercuric chloride suppressed aquaporin activity and
subsequent reduction in hydration and germination of pea
seeds.Addition of mercury scavenging agents along with
HgCl, overcame the inhibitory effects. It concludes a
putative role for aquaporins in controlling pea seed
germination, by possibly acting in the initial phases of
germination. The presence of aquaporin inhibitors (HgCl,
and ZnCl,) and NaCl reduced seedling growth and
differentially regulated expression of plasma membrane
intrinsic protein (PsPIP1;2) and tonoplast intrinsic protein
(PsTIP1;1) in different parts of the seedlings, suggesting
that the isoforms have a distinct role under these stress
conditions.
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Abstract— Mobile phone is strategic in the current effort
to improve advisory services delivery and effectiveness of
information sharing toenhance aquaculture
entrepreneurship for food security, and wealth creation in
the country. This prompted the study of mobile phone
gratification sought and obtained among table size
aquaculture fish food producers through the application
of Uses and Gratification Theory. In pursuit of the set
objectives, primary data was generated from 100
respondents in Niger State, Nigeria which was analysed
with descriptive and inferential statistic tools. Personal
profile revealed dominance of aquapreneur by people in
middle age categories with mean age of 42 years and
4.5year of experience. Respondents top gratifications
sought from mobile phone usage were to be accessible,
connected, job accomplishment and socialization whereas
obtained gratifications in enterprise were to support
adoption of technologies, timely information, linkage to
customers, quick response, and access to inputs. It was
revealed that respondents had positive antecedent to
mobile phone services subscription relating to caller tone,
music, news alert, sports, and health. Socio-economic
variables that correlate with gratification sought and
obtained were marital status, religion, and education at
0.05 level. In view of the finding on responsible usage of
mobile phone in aquaculture enterprise, more investment
is required develop mobile phone applications and
services. To sustain and improve on the benefits derived,
respondents need capacity building to acquire more
knowledge and skills to effectively participate in advisory
services.

Keywords— Mobile phone, aquaculture, gratification,
innovative platform, Nigeria.
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I INTRODUCTION
Mobile phone technology is driving contemporary

information society and behaviour which is transforming
economies and livelihood activities at global, regional,
national and individual levels. Report of GSM
Association (2015a) revealed that as at 2014, global
mobile industry achieved 3.6 billion subscribers, 50%
penetration, 7.3 billion SIM connections, 2.4 billion
mobile internet users, 2.6 billion smartphones adopters,
39% of 3/4G connections and contributed $3.0 trillion to
gross domestic product (GDP). In sub-Saharan Africa, it
is good news with 367 million subscribers representing
41% penetration rate, 680 million SIM connections
representing 77% penetration rate, 24% broadband
connection, 160million smartphone users and contributed
$100 billion to the region’s economy in 2015 (GSMA,
2015b). In the case of Nigeria as at June, 2016, there
exist 213,113,202million connected GSM lines of which
the active lines were 149,179,083 (70%) whereas internet
users stood at 86million (http://www.ncc.gov.ng/).

Above evidence points to positive impact of mobile phone
technologies in diverse business situations in many
countries. Ogbeide and Ele, (2015) posits that it provides
different opportunities to transfer information and
knowledge among stakeholders in the agribusiness value
chain. Therefore, deployment of mobile technologies
which exist in infrastructure, services, and applications is
capable of accelerating access to quality and effective
information to agricultural community in the region. An
innovation mix of mobile phone with radio programs
(call-in or SMS) facilitates interaction, feedback and most
cost-effective solution.

The World Bank (2006) acknowledged that information is
a factor of production as enterprise do better with
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information and communication. By implication,
information is an input required by actors in agricultural
value chain to take informed decision. As such, evolution
of mobile phone has increased farmers’ investment in
information as an input through ownership, subscription
and access to applications and services. Aker (2010)
highlighted mobile phone functions and benefits in
agricultural extension services whereas Gakuru et al.
(2009) shared evidences of mobile phone in advisory
services in sixteen African countries. On productivity,
Bayes (2001) established higher returns of using mobile
services for the poor compared to the non-poor. Mobile
phones have been found to help improve the productivity
of individuals and organizations within resource-
constrained environments due to increased efficiency,
effectiveness, and reach (Qiang, et al., 2011; Hudson,
2006). In Nigeria, Ogbeide and Ele (2015) established
that crop and livestock farmers that use mobile phone to
access market and financial information significantly
increased productivity .In capture and aquaculture fishery,
Aphunu and Atoma (2011), Ifejika (2013) and Jiriko et. al
(2015) established mobile phone ownership and usage to
access fisheries information. Also, Ifejika (2015)
empirically found that mobile phone ownership facilitates
storage and evaluation of aquaculture information before
usage.

In aquaculture production, mobile phone applications are
needed for fish species identification, fingerlings
counting, fish sex detection, water quality parameters
measurement in pond, fish disease and adulterated fish
feed. Likewise, mobile phone advisory services are
needed to overcome extension deficiencies in manpower,
knowledge, cover distance and effectiveness. Hecht
(2006) hinted that aquaculture in sub-saharan Africa is
contributing less than 1% to world aquaculture
production. In 2015, fish production in Africa amounted
to 11 million tons with 85% coming from catch fishing
and 15% from fish farming which accounted for 7% of
the world production (Ntagungira, 2016). However,
outrageous fish importation bill of US$2.006billion spent
by west African countries is a big threat to aquaculture
development in the sub region.

In Nigeria, aquaculture performance is encouraging and
exemplary in the sub region. It is interesting to note that
Nigeria’s aquaculture growth which picked up in 2000
coincided with the introduction of mobile phone in the
same year. According to Federal Ministry of Agriculture
and Rural Development (FMARD) (2012),aquaculture
has attained double digit growth of 20% in domestic fish
production from 5.50% to 24.75% between 2003 and
2011. Other positive attributes of aquaculture are; highly
profitable venture of which the cost of production was
N571, 231.79, the total revenue of N5, 853, 625.64 and
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the net income was N5, 282, 393.85 as found in Kaduna
State (Kudi etal 2008); generates monthly income of N26,
553.40 which is higher than national minimum wage of
N19, 000= US$126.67 (Oluwemimo and Damilola,
2013); fish farming activity reduces poverty by 34.2% as
found in Adamawa State (Ndamu 2016); catfish
fingerling producers attest that patronage was
encouraging and demand for fingerlings is more than
supply in Borno State (Olanrewaju et al, 2010); attractive
to economic active age group including women and
youths (Ifejika et al, 2015; Ndamu, 2016; Kudi et al,
2008). Others are transformation of a rural community is
the case of “MonaiFish Farming Village” in Borgu
council, Niger State, wealth creation in the value chain for
hatchery operators, table size growers, fish feed millers
and producers, input dealers, pond construction, fish
smoking, security guards and attendants, hiring of ponds,
transporters, fish marketing, and increase value of land.

Muir (2005) predicted that aquaculture should develop
rapidly to increase by over 260% which translates to an
annual average of more than 8.3% by 2020. Aquaculture
in the region with less than 5% of the suitable land area
being used, deserve attention and investment in mobile
phone technologies services and applications for
information delivery. Meanwhile, huge gap exists in
literature on studies of mobile phone dedicated to
aquaculture as well as on the application of Uses and
Gratification Theory (UGT). Communication experts
provided a new dimension in the study of mobile phone
through UGT which provides insight on “why and how”.
Ruggiero (2000) wrote that as new mobile technologies
present people with more and more media choices,
motivation and satisfaction become even more crucial
components of audience analysis. UGT belongs to social
functionalism and  psychological ~communication
perspective school of thought (Luo, 2002). UGT is useful
in understanding of gratifications sought and obtained as
well as helpful in clarifying activity and activeness of
media audiences. “Activity” refers to what the media
consumer does whereas “activeness” refers to the
audience's freedom and autonomy. In this direction,
Quan-Haase and Young (2010) and Ruggiero (2000)
posits that new media like mobile phone possess at least
three attributes not commonly associated with traditional
media: interactivity, demassification, and asynchroneity.
Above attributes are critical in emerging mobile phone
platforms in extension advisory services. Present study
seeks to break the jinx and unfold why fish farmers
acquire mobile phone and benefits derived from its usage
in fish farming activity. Above arguments informed the
decision to carry out investigation on aquaculture
farmers’ gratification sought and obtained from mobile
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phone and its consequences on advisory services as
strategy for aqua-business in the region.
Therefore, the study seeks to provide answers to the
following research questions:
1. What are the gratifications fish farmers’ sought
and obtained from mobile phone?
2. What is their mobile phone communication
behaviour?
3. What are their antecedents’ to mobile phone
services subscription?
4. What is their personal profile?

. HYPOTHESES TESTING FOR THE STUDY
Ho. Null hypothesis: There is no significant relationship

between gratifications sought and obtained from mobile
with selected personal profiles of subjects.

Hi. Alternative hypothesis: Significant relationship
exists between gratifications sought and obtained from
mobile with selected personal profiles in the States.

1. AREA OF STUDY
In Nigeria, Niger State is located in the north central geo-

political zone and in guinea savannah belt which lies on
latitude 80°to 11°:30” North and Longitude 03° 30’ to 07°
40’ East (Niger State Planning Commission, 2011). It has
twenty-five administrative councils and population figure
of 3,950,249 million in 2006 census. About 85% of the
land mass is arable whereas three hydroelectric power
dams boostcapture fishing livelihoods. Based on survey
of fish farms in the country, Niger State was categorized
as low aquaculture zone due to low number of operators
(AIFP Project, 2004). Between then and now, evidences
of aquaculture intensification and scaling up are visible in
Minna, Bida and New-Bussa environs. In the State,
aquaculture is attracting investment, growth in number
and practices which is quite significant and contributing
to job creation, income and food security in the value
chain.

V. METHODOLOGY
Secondary information collected from Fisheries Subject

Matter Specialist in the State Agricultural Development
Programme (ADP), Research Institution, Fish Farmers
groups in Minna, New Bussa and Bida as well as physical
observations put the number of fish farmers in the State at
close to 1080 which is the population for the study. While
the study sample sizewas contact fish farmers with ADP
and NIFFR found to be 250. Respondents’ were randomly
selected 110 active contact fish farmers’ in the last six
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months representing 44% of the sample size. After data
collection, ten respondents were discarded due to error
from enumerators hence the valid respondents were 100.
Primary data was generated from respondents in the three
ADP zones namely Minna, Bida and Kontagora in the
month of April to July, 2013. Instrument for data
collection was semi-structured questionnaire which was
face validated by experts in agricultural extension and
fisheries subject matter specialist. Reliability was
measured with Cronbach Alpha values and alpha value of
0.70 coefficients was obtained which confirmed
instrument as reliable. Primary data was collected through
face to face interview by trained enumerators fluent in
local and English languages. Variables were measured at
nominal, ordinal and interval levels and scored
accordingly. Dasgupta (1989) procedure was adopted to
categorise respondents into high (50% <) and low (50%
>) from the index score. Generated data was analysed
with descriptive and inferential tools of frequency, mean,
percentage, standard deviation and Pearson Product
Moment of Correlation (PPMC) which is presented in
tables, figures and charts.

V. RESULT AND DISCUSSIONS
Figure 1 show respondents’ antecedent behaviour to

adoption of subscribed mobile phone services which
discloses familiarity with mobile phone services. Mean
adoption score revealed low antecedent behaviour by
majority (57%) to mobile phone services compared to
highantecedent  behaviour ~ (43%).  Respondents’
antecedents suggest high awareness but low adoption of
services. Subscribed mobile phone services among
respondents with high adoption above the mean score (>
27) were on caller tone (32%), news alert (20%), music
(19%) while low adoption behaviour below the mean
score (< 27) was observed in joke, health, love, and sport
services. Probably, low adoption of subscribed services
among fish farmers can be traced to high charges ranging
from ¥50 to ¥100, reckless deduction of credit by service
providers, unappealing andirrelevant messages.  These
factors might be responsible for the negative reaction of
respondents to stop usage by 0.71% and trial only without
adoption by 12.28%. Respondents antecedents predict
possibility of participation in mediated aquaculture
mobile  phone advisory  services. However,
discontinuance behaviour is a caution that respondents
will pull out if subscribed services don’t meet
expectations to satisfy information need in terms of
quality, efficiency and effectiveness.
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M Total adoption

Fig.1: Antecent behaviour to paid mobile phone services adoption

Source: Field data (2013)

Displayed in Table 1 is result of gratifications sought by
aquaculture farmers to acquire mobile phone. Total mean
score confirmed that higher proportion of subjects (57%)
sought high gratification against smaller proportion (43%)
to acquire mobile phones. Sought gratifications with high
expectations (> = 39.9) among subjects was found to be
mobile and accessible (96%), connect to people (81%),
job accomplishment (68%) and socialization (45%)
whereas low motive was observed on time management
(32%), security and boost image (30%) respectively. The

result confirmed that aquaculture farmers were highly
motivated to acquire mobile phone to satisfy social and
job related task among others. Wei (2001), Wei and Lo
(2006) studies corroborated the finding on high
gratification sought for usage of mobile phone on
mobility, intimacy, job and sociability. Response on job
gratification by 68% justify investment in mobile phone
acquisition and subscription to services as an input with
return on investment.

Table.1: Respondents gratification sought to acquire mobile phone (%)

Sought variables

Socialization

Job Accomplishment

Connected to people

Time management

Mobile & Accessible

Security

Boost image

Categorization

Mean

Standard deviation

High

Low

Source: Field data (2013)

Table 2 provides information on job gratifications
obtained from using mobile phone in aquaculture

practice. Mean score (78.2%) attests that majority (71%)

www.ijeab.com

No

12

46

40
31

Low High
43 45
26 68
15 81
22 32

2 96
30 30
39 30

39.9 (> = high), 0.365 (< = low)
4.2
57
43

obtained high benefits on aquaculture work compared few
(29%) that derived low benefit. As seen, mobile phone
facilitated the following benefits: adoption of
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technologies (99%), timely information delivery & link to
customers (94%) respectively, market information (92%),
quick response/intervention (90%) among others
satisfactions in the table below. The findings on high job
gratificationsobtained in the usage mobile phone in
economic activity agreed with Puro (2002) and Hooper

and Zhou(2007). Positive contribution of mobile phone to
accomplishment of work task justify investment in
subscription to servicesand applications. It further attests
to mobile phone delivery of quality information in terms
of relevance, credibility and effectiveness to support
decision making process among aquaculture farmers.

Table.2: Job related gratifications obtained in aquaculture practice

Benefits obtained
Timely information
Take informed decision
Adopt new technologies
Increase fish yield
Link customers
Market information
Better sells & profit
Improve access to inputs
Quick response & intervention
Reduce risk
Categorization
Mean
Low
High

Source: Field data (2013)

As shown in Table 4, respondents mean age (42yeras)
was slightly above the young group category indicating
dominance of people in the early and middle adulthood
(52%) than the youth and young categories (44%) in fish
farming. Ifejika et al (2015) and Karem et al (2009)
agreed on the activeness of the two age categories as
contending force in aquaculture. On gender, men (82%)
dominated aquaculture practice over the women (18%) in
the study area. Previous findings consistent with the result
on men dominating aquaculture enterprise were Ifejika et
al (2015) and Karem et al (2009). However, women
involvement in fish farming enterprise is gradually rising
unlike ten years ago in the country. Probably, investment
in mobile phone services and applications in aquaculture
might provide the needed leverage to attract more women.
Result on religion indicates that it is not a barrier to the
practice of catfish fish farming in the States by either
Muslim (59%) or Christians (41%). Rather religious
should be an asset for platform formation as network to
promote knowledge sharing and solve challenges in
aquaculture. On marital status, majority were married
(75%) and few singles (21%) among the young people.
Corroborating the fact on high involvement of family
members over singles in aquaculture enterprises in the
country were Ifejika et al (2007), Nwosu and Onyeneke,
(2013). Fish farming is supporting family farming
enterprises which provides income, food and job security

www.ijeab.com

No Yes
6 94
21 79
1 99
16 84
16 94
8 92
16 84
19 81
10 90
17 83
78.2
29
71

as well as labour, information and entry point. Majority
(50%) had between 4-6years, 34% had between 1-3years
which signify that 95% entered the business in less than
ten years.Experience is a critical factor to success of
aquaculture practice as most operators depend on past
knowledge to evaluate information before usage. In view
of this result, fish farmers’ opinions should be respected
and consulted in aquaculture mobile phone advisory
services. Response on education strongly confirmed that
fish farming is an elite agricultural enterprise compared to
crop and livestock. Large proportions of respondents
(81%) hold higher degrees of National Diploma (33%),
BSc (35%) and MSc (16%). In agreement with the result
on engagement of graduates into fish family were Karem
et al (2009) who found 82% as graduates in Ogun State
and Okunola et al (2011) found 63% in Ondo State. This
development is a good omen for aquaculture as they will
be flexible in thinking and innovative towards mobile
phone driven advisory services. Response on English
language communication skill, over 90% affirmed to have
competency to read, write and speak English language
very well. This is not surprising as over 80% of them
were graduates, hence, dissemination of aquaculture
information in English language will not be a challenge to
subscribers. As such respondents, can make use of verbal
and nonverbal communication tools to send and receive
information with mobile phone.
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Table.4: Personal profile of respondents

Age %
20-30 Youth 23
31-40 (Young) 21
41-50 (Early adulthood) 28
51-60 (Middle adulthood) 24
< 61 (Late adulthoodO 4

Mean 42
Religion

Christianity 41
Muslim 59
Traditional 0

Marital status

Single 21
Married 75
Widow

Divorced 0

Language skill No
Speak Good English 2

Read Good English
Write Good English

Source: Field data (2013)

Table 5 shows result of personal variables that correlates
with gratification sought and obtained. Personal
characteristicsthat positively correlated with mobile
phone gratification sought were religion (p=.029) and
marital status (p=.000) whereas gratification obtained
were positively correlated with education
(p=.017).Collaborating the finding was Ofuoku et al.,
(2007) on the positive contribution of education to usage
of mobile phone among poultry farmers in Delta State. By

Years of experience %

1to3 34

4106 50

7t09 11

10to 12

1310 15

Mean 4.52

Education

No school

Primary

JSS

SSS 14

NCE/ND 33

BSc 35

MSc 16

Gender

Men 82

Women 18

Partial Very well

7 91
7 91
6 92

implication, education influences thinking and reasoning
of farmers towards adoption of innovation. This is an
indication that respondents need capacity building to
build knowledge and skills to derive more benefits from
mobile phone usage. Also, training will stimulate positive
attitude and behaviour necessary for participation and
investment in mobile phone services initiative in
aquaculture value chain.

Table.5: Correlation analysis between gratification sought and obtained with selected personal
characteristics

Independent Variables Correlation coefficient (r) p-value (r?) Remarks

Age -, 151 sought 133 Negative &weak NS
.0g3obtain 412 Positive &weak NS

Gender -.152s0ught 132 Negative &weak NS
-.059ebtain 562 Negative &weak NS

Marital status -. 218 Sought .029 Negative & positive s*
-.0750ptain .88 Negative & weak NS

Religion -, 417 sought .000 Negative & stable*
-.0230btain 821 Negative & weak NS

Education .239 obtained 017 Positive & strong S*

Significant; *= 0.05 levels; **=0.001 levels

www.ijeab.com
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VI. CONCLUSION AND

RECOMMENDATIONS
Outcome of the study was useful in understanding the
gratifications fish farmers sought and obtained
byacquiring mobile phone and their antecedent behaviour
to mobile services.Respondents are deriving high
gratification from mobile phone to support their
aquaculture enterprise. Education and accomplishment of
family responsibilities are influencing the responsible
usage of mobile phone in fish farming activities. As such,
aquaculture operators the study area are ready to invest
and subscribe to mobile phone services platform that will
deliver useful information. Government and private
services providers are encouraged to consider setting up
mobile phone platform for aquaculture farmers. Also,
investment is highly needed in mobile phone applications
that will help reduce drudgery, support adoption and
market information access.
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Abstract— In order to identify the game species sold on
the central market of Kisangani and to check up
the respectability of the regulation of hunting by
the Congolese population, we collected data from
January to August 2009 and from December 2014 to May
2015. The results indicate that 29,525 game carcasses
marketed, belong to 8 orders, 13 families and at least
27 species. On the central market of Kisangani,
Artiodactyla (40.06%) are the most sold followed by
Primates (37.79%).
The family Bovidae (37.98%) is the most represented
followed by Cercopithecidae (37.61%). Based on
counting carcasses, Cercopithecus
sp (35.35%), followed by Cephalophus

monticola (22.96%) are the most sold. The Low n° 82-002
which regulates hunting is not observed in Kisangani, as
well as the ministerial decree n° 14/003 of
11 February 2014 relating to the conservation of nature.
In fact, the regular hunting period is not observed. In
addition, Loxodonta africana, Manis gigantea, Okapia
johnstoni, and Pan troglodytes which are totally
protected, Cephalophus sylvicultor, Potamochoerus
porcus, and Syncerus caffer nanus which are partially
protected are exploited. Therefore, it is essential
to implement mechanisms for integrated management
of wild fauna which respect the Congolese legislation and
international conventions.

Keywords— bush meat, law, conservation, Kisangani.

I INTRODUCTION
In DRC, hunting is a main activity after agriculture for
the majority of the Congolese population living in rural
areas. Bush meat provides them with animal protein.
In Kisangani, breeding is less practiced and occasionally
it concerns poultry farm and small livestock. Kisangani is

wWwWw.ijaems.com

one of the Congolese towns with higher demographic
pressure on forest resources, with
approximately 1,186,479  inhabitants in 2009 and
1,602,144 inhabitants in 2015 [1]. Urbanization has
increased a strong demand for bush meat
because breeding of small livestock, poultry and fishing
alone cannot cover the needs in of animal protein. Indeed,
hunting for subsistence or for commercial purposes,
constitutes a threat to the whole ecosystem biodiversity of
the Congo Basin forests [2].

Hunting has always provided rural population with bush
meat protein. The low density of the population
ensured the sustainability of hunting, a better protection
and traditional management of natural resources. Today,
this balance is disturbed as the population from the forest
areas is growing as well as the development of the bush
meat markets in DRC. In addition, because the legislation
is not respected and/or unsuitable, the chain of bush meat
is dominated by the informal sector. However, it
participates as other activities to create a great number of
jobs and the circulation of wealth throughout the extent of
the country, from urban centers to the rural areas [3].
Bush meat is not a resource in free access. Each village
controlsa part of the forests intended for hunting,
limits are determined on the basis of the density of the
population [3].

Due to the crisis of governance in DRC as in Kisangani,
the chain of bush meat is facing the management crisis.
This bush meat management crisis is contributing to the
extinction of some species with consequences for a large
number of rural populations to loss their main source of
animal protein and of their means of survival.

Therefore, the main goal of this study consists to identify
animal species sold as game on the central market of
Kisangani, to address the Congolese law 82-002 of 28
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May 1982 which regulates hunting in relation with
sustainable management of bush meat in the region of
Kisangani.
I MATERIAL AND METHODS

The study was carried out on the central market
of Kisangani, the capital city of the province of Tshopo.
Kisangani has six communes which are Kabondo,
Kisangani, Lubunga, Makiso, Mangobo, and Tshopo.
Kisangani totalizes 1,602,144 inhabitants consisting of
riparian, farmers and hunters [1]. The central market is
located in the commune Makiso. Kisangani is crossed by
the Tshopo River and the Congo River which facilitate
the transport of goods, whaleboat, paddle-canoe or
motorized-canoe [4].

The study is supported by data collected from January to
August 2009 [5], from December 2014 to May 2015 [4],
from December 2014 to May 2015 [6]. The data collected
on bush meat in this period were analyzed regarding the
legal tools.

1. RESULTS

Organization of the sector

From the hunters and/or the trappers in villagesto the
consumers in the city, the marketing chain seems to
present very complex way as Babuchet and loveva [7]
have recognized in the south of Cameroon.

Bush meat trade is part of the informal economy which
escapes all control systems in the region of Kisangani.
The official services concerned by the conservation of

nature in their responsibility do not have reliable data.
The owner of bush meat fixes the prices according to his
immediate needs and financial means of the purchasers.
The sector faces higher fiscal pressure (taxes, fees).

The institutional reform to enshrine biodiversity by the
Constitution of 18 February 2006 remains unfinished. In
the practice, sharing benefits among the central
administration, the provinces and the territorial entities is
unclearly defined. Conflicts of competence are observed
throughout different administration levels which do not
foster local development. The confusion of competences
among the services of the National Economy to check the
price and the services of the environment with a
normative mission in the application of the legislation on
the environment and the protection of wildlife.
Concerning the organization of the sector, it should be
noted that in DRC, just as in other African countries of
the Congo River basin, bush meat trade is organized
around a long series of intermediaries and it is very rare
that hunters themselves sell their catches on markets in
the city [8].This complex chain indicates how the
suppliers, the hunters, the sellers of the game interact in
the organization of the hunting [9].

Species collected as bush meat

Proportion of animals sold as game on markets in
Kisangani (data compared with the tables I, 1l and Il of
the Law n° 82-002 of 28 May 1982 on the regulation of
hunting)

B Animal non-protected
species

B Animal partially protected

B Animal totally protected

Fig. 1: proportion of species by animal partially protected, totally or not protected sold to markets of Kisangani

In DRC, the Law n° 82-002 of 28 May 1982 which
regulates hunting distinguishes 3 categories of animals:
the animals that are fully protected, animals partially
protected and non-protected animals. The fig. (1) informs

wWwWw.ijaems.com

that on markets in Kisangani, all 3 categories of animals
are sold: non-protected animal species come in head
(70%) followed animals fully protected (15%) and
animals partially protected (15%).
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Techniques used by hunters and/or trappers in villages

Table.1: The capture techniques used.

Hunting techniques

Part of the sale

Part of the consumation (%)

(%)
Firearm : artisanal caliber 12 & caliber 12 Baikal 58.4 19.9
War weapon :SMG, Mi-Mag & AK 47 14 0
Traps built with creeper, nylon, metal cables and net 40.2 80.1
Total 100 100

Source: [9]

The artisanal caliber 12 and the industrial caliber 12
Baikal are actively used for commercial hunting (58.4%)
than for consumption (19.9%). Traps built with nylon and
metal cables enhance the effectiveness of trapping
because of their resistance than the traditional traps made
with creepers found in forests. Such traps contribute with
40.2% of game for commercial hunting against 80.1% for
household consumption.

Marketing of the bush meat

In DRC, the Law n° 82-002 of 28 May 1982 which
regulates  hunting  recognizes  hunting for  home
consumption  (including animal species partially
protected, and non-protected animal species), and animal
species fully protected [10]. In DRC, totally protected
species are those which are also listed by the International
Convention on the Species of Flora and Fauna threatened
of extinction (CITES) and the ministerial decree n°
056/CAB/MIN/AFF-ECNPF/01/2000 of 28 March 2000
on the regulation of the international trade of endangered
species of flora and fauna threatened of extinction. The
trade of living wild animals protected cannot be done

without the approval of the Central Organ of CITES
Management which delivers on payment of an special
license. Partially protected species and non-protected
species are those officially authorized for local
consumption. The ministerial decree n° 056 has
established the rules, and conditions of hunting, detention,
trading and transporting such species (article 1). In fact, in
DRC, all wild animals qualified as "the non-protected
species” and their by-products for a commercial purpose
might be killed as game only after obtaining an approval
license issued by the Secretary General having hunting
under his responsibility, by payment of a license of
export or import. Article 81 of the Law n° 82-002 of 28
May 1982 stipulates that the import or export
of any protected species or any part non-perishable of one
of these species is legally feasible only if the activity is
covered by a legitimate certificate issued by the
Department with the Hunting under his responsibility.
Similarly CITES determines the import and export of
animals as listed in third annex, to the prior grant and
presentation respectively of a permit to import and export
[10].

Table.2: Estimated number of carcasses of animals found on the markets.

Order Family Genus / Species Protection | Total of %
status carcasses
Cephalophus
monticola (Thumberg, 1789) ANP 6778 22.96
Cephalophus sp (C. H. Smith,
1827) ANP 1840 6.23
. Cephalophus
207\/;%%/6) sylvicultor (Afzelius, 1815) APP 33 0.11
. 0 "
Artiodactyla (13522; lophus dorsalis (Gray, ANP 2526 8.56
0,
(40.06%) Tragelaphus spekei ANP 83 0.28
Syncerus caffer nanus (Sparman,
1779) APP 36 0.12
Suidae Patamochoerus
(1.23%) porcus (Linnaeus, 1758) APP 362 123
Tragulidae Hyemoschus aquaticus (Ogilby,
(0.85%) 1841) ANP 250 0.85

wWwWw.ijaems.com
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Giraffidae Okapia johnstoni (P. L. Sclater,
(0.00%) 1901) ATP ! 0.00
Cercopithecus
ascanius (Audebert, 1799) ANP 506 171
Cercopithecus sp (Linneaus,
ANP 104 .
1758) 0438 35.35
. Papi is (L , 1827 ANP 21
coren [ Z20 SIS LS s
Primates | (37,61%) P 4 ' | ANP 1 0.00
1907)
(37.79%) Cercopithecus mitis (Wolf
1822) ANP 27 0.09
Cercopithecus lhoesti (p. Sclater,
1899) ANP 68 0.23
Hominidae Pan troglodytes (Blumenbach,
(0.18%) 1775) ATP 53 0.18
Cricetidae Cricetomys emini (Wroughton,
ANP 2643 8.95
Rodentia (8.95%) 1910)
(10.77%) Hystricidae Atherurus africanus (Gray,
(1.82%) 1842) ANP 537 1.82
Chiroptera .
Eidolon helvum (Kerr, 1792 ANP 2655 8.99
(8.99%) ' vum ( )
Manis gigantea (Illiger, 1815) ATP 20 0.07
Pholidota Manidae Manis  tetradactyla (Linneaus,
(0.15%) (0.15%) 1766) ANP 6 0.02
Manis sp ANP 18 0.06
Carnivora Viverridae Bdeogale nigripes (Pucheran,
(0.05%0) (0.05%) 1855) ATP 14 0.05
Proboscidea | Elephantidae Loxodonta
(0.01%) (0.01%) africana (Blumenbach, 1797) ANP 2 0.01
Crocodilian | Crocodilidae
| ANP 1 .
(0.00%) (0.00%) Crocodylus sp 0.00
Epomops franqueti (Tomes,
1836) ANP 150 0.51
Hypsignathus
monstruosus H. (Allen, 1861) APP 414 140
Total i 29525 100

Source: [4], [5] and [6]

Key: ATP: Animal totally protected; APP: Animal
partially protected; ANP: Animal non-protected species.
The table 2 shows that 29,525 carcasses of game have
been inventoried on markets in Kisangani. They represent
8 orders, 13 families and at least 27 species.
Acrtiodactyla are the most sold (40.06%), followed
successively by Primates (37.79%), Rodentia (10.77%),
Chiroptera (8.99%), Pholidota (0.15%), Carnivora
(0.05%), Proboscidea (0.01%) and of Crocodilian
(0.00%).

The family Bovidae (37.98%) which occupies the first
place, is respectively followed by the
families Cercopithecidae (37.61%), Cricetidae (8.95%),
Hystricidae (1.82%), Manidae (0.15%), Viverridae (0.05
%), Elephantidae (0.01%) and Crocodilidae (0.00%). The

wWwWw.ijaems.com

genus Cercopithecus (35.35%; 10,438 carcasses) occupies
the head of the ranking followed by Cephalophus
monticola (22.96%: 6,778 carcasses) and Crocodylus (1
carcass).

The table indicates also all the three categories of animal
are hunted as games: Pan troglodytes, Okapia johnstoni,
Loxodonta africana, Cephalophus sylvicultor, Manis
gigantea, M. tetradactyla, Crocodylus sp are totally
protected species; Tragelaphus spekei, Cercopithecus
hamlyni are partially protected, and all the others are the
non-protected species authorized for local consumption.

V. DISCUSSION AND CONCLUSION
Three categories of animals (totally protected species,
partially protected species, and non-protected species) are
hunted as games and sold on markets in Kisangani based
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on legal instruments, both national and international

which regulate the chain of bush meat. Clearly, these

legal instruments are not observed in Kisangani. Fargeot

[11] revealed that the Artiodactyla, and in particular

the duikers suffer from the strongest levy of trade.

Observation from FAO [12] revealed also that today more

sophisticated techniques and non-selective are used by

professional hunters and amplify game destruction.

In DRC, hunting regulation is not respected either by

official authorities and local hunters in villages. The

techniques and procedures prohibited by the Law n° 82

are always used to hunt. In effect, the Law n° 82 in

reference with article 21 prohibits the use of the following
devices for hunting:

1. the automatic weapon firing in bursts, the projectiles
containing explosives, the guns TUE-Fauves and
rifles fixed;

2. the luminous device or equipped with dazzling lights

or any device illuminating;

the collars and the laces and metal threads of netting;

the poisons and other toxic products;

the circular light wrap;

the weapon manufactured illegally;

the weapon and ammunitions of war component or

having dialed the arming regulatory framework of

FARDC, gendarmerie, military or police affairs;

8. the striped weapon with a caliber of less than 6.5 mm
if hunting concerns animals other than birds, rodents,
small monkeys and small carnivores that are not
protected;

9. the smooth weapon of some caliber as it is or the
striped weapon with a caliber of less than 9 mm for
hunting large game.

On the other side, the Law n° 82, in reference with article

23, except by derogation of the hunting department

authority, it is prohibited to import, to hold, to expose for

sale, to transfer or to receive in any title and to transport
or to peddle traps or device prohibited. The ministerial

decree n° 014/CAB/MIN/ENV/2004 of 29 April 2004

concerning measures of execution of the Law n°82 also

prohibits the use of hunting-spears as well as pits.

Indeed, in Kisangani, the exploitation of the game

is not respected in regard to the relevant species

concerned. The first decree of 21 April 1937 during
colonial era on the preservation of wildlife, the regime of
hunting and fishing constitutes the basic of all the texts
elaborated later for the management of forests and the

hunting process [10]. This decree was revised on 15

January 1957, and later amended by the Legislative

decree n° 52-273 of 24 June 1958, the Decree of 27 June

1960, and the Law n° 82. Today, this Law is facing a

growing crisis due to the failure of good policy

coordination of the laws, production and the
implementation measures, of suitable governance based

No g~
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on convergence between the different complementary
sectors involved in the promotion of the right of hunting
in DRC.

The promulgation of the Congolese Forest Code n°
011/2002 on 29 August 2002, the ministerial decree n°
056 of 28 March 2000 on the regulation of the
International Trade of species of Fauna and Flora in
danger of extinction (CITES) of 6 March 2001 laying
down the sampling periods of the parrot-gray in DRC, the
adoption of the ministerial decree
n°014/CAB/MIN/ENV/2004 of 29 April 2004 related to
the application measures of the Law n°82-002 of May 28
1982, all reinforce the new framework of the Congolese
legislation in the field of preservation of the wildlife, and
all have played an important role that led to the adoption
of the decree n°14/003 relating to the conservation of the
nature of 11 February 2014. However, there is not an
approach effective jurisprudence on the part of the
Congolese legislator.

The Law n° 82 is based on the principle of exploitation of
wildlife rather than on its protection. Better to say, it is
subject to an ambiguous interpretation concerning the
local community authority and the parties in the presence.
The consequence is a bad exploitation the fauna resources
which is leading to the loss of the flagship species in
DRC.

Hunting is positioned on the list of informal activities and
in fact, it is beyond doubt out of the control of the official
authorities as on markets in Kisangani all the three
categories of animals are hunt for meat, e.g. the totally
protected species (Okapia johnstoni, Pan
troglodytes, Loxodonta africana, Manis gigantea, etc.),
the partially protected species (Syncerus caffer nanus,
Potamochoerus porcus, etc.), and the non-protected
species. Probably, this list is not exhaustive as usually the
smoked-carcasses represent at least 95% of the stock sold
[4, 5, 6]. All of them have not been identified to the rank
of species to be compared with the list in the three
annexes of the Law n° 82. The Congolese Law n° 82-002
to regulate hunting is not respected regarding the games
listed as "non-protected species” in annex Ill. In reality,
these species are placed under the regime which regulates
the opening period and closing period for hunting.

Fargeot [2] reported that the legislation to be applied and
the attitudes of hunters are generally confused, and the
entire chain of bush meat is completely managed as
informal activity. These attitudes indicate that the hunting
pressure on games is uncontrolled.

To conclude, due to the higher exploitation of bush meat
based on the whole different laws on nature conservation
in DRC, the sustainability of the species is threatened.
Our study recommends quickly to respect the Congolese
legislation and international conventions governing the
conservation of nature and to implement mechanisms for
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integrated management of wildlife, in order to better
durable conservation of biodiversity for present and future
generations.

(1]

(2]

(3]

[4]

(5]

(6]
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(8]

(9]
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Microwave-Assisted Alkali Delignification
Coupled with Non-lonic Surfactant Effect on the
Fermentable Sugar Yield from Agricultural

Residues of Cassava
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Abstract— Cassava stem, leaves and peel are
agricultural residues generated as waste biomass during
the cultivation and processing of cassava. The potential
of these biomasses as feedstock for ethanol production
depends on the effective deconstruction via pretreatment
and saccharification. The effect of alkaline hydrogen
peroxide (AHP) treatment on microwave (MW)-irradiated
or steam-exposed aqueous slurry was compared with
MW-irradiation (300 W) of alkali slurry in delignifying
the biomass and degrading the polysaccharides.
Cellulose was degraded to a higher extent than
hemicellulose in the AHP treatments. The steam-exposed
and AHP pretreated residues on saccharification with
Cellic (Cellulase complex) alone or Cellic along with
Tween 20 resulted in high conversion of carbohydrate to
reducing sugars (RS) in leaves (64-70%) and peel (74-
78%), with slightly lower conversion in stem. MW-
irradiation of alkali slurry (5 min.) followed by Tween 20
supplemented saccharification was a better strategy
degrading cellulose and hemicellulose to very high extent.
Tween 20 supplementation was beneficial in enhancing
the RS release from the biomasses even when Cellic
dosage was halved. Ultrastructural studies indicated the
disappearance of starch granules from stem and peel
samples after MW-irradiation and saccharification, while
fragmented cellulose fibers were visible in leaf samples.
The study showed that MW-assisted alkali pretreatment
followed by saccharification with Cellic in presence of
Tween 20 was very effective in releasing maximum sugars
from these biomasses.

Keywords—Cassava processing residues, Composition,
Microwave-alkali pretreatment, Saccharification, Tween
20, Ultrasructure.

I. INTRODUCTION
Lignocellulosic biomass (LCB) comprising wood,
agricultural residues and dedicated grasses such as
switchgrass, Bermuda grass or Miscanthus sp. is
considered as the most advantageous feedstock for
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biofuel production, owing to the cheap and abundant
availability [1]. Nevertheless, the cost -effective
production is still a major challenge due to the highly
recalcitrant nature, and other technological barriers such
as high enzyme costs, low conversion rate, generation of
saccharification/fermentation inhibitors etc. [2-4]. Lignin
contributes to the high recalcitrance, protecting the
cellulose and hemicellulose from degradation. Besides its
unproductive binding to cellulase making only low
quantity of enzyme for hydrolysis, lignin also creates a
barrier to the free entry of enzymes for high degree of
hydrolysis [3, 5]. Parameters such as cellulose
crystallinity, accessible surface area, degree of cellulose
polymerization and acetylation of hemicellulose etc. have
been reported as major bottlenecks in the successful
enzymatic cleavage of polysaccharides to fermentable
sugars [1]. Pretreatment aims at breaking down the lignin-
hemicellulose matrix and reducing cellulose crystallinity
so that it becomes susceptible to enzymatic hydrolysis [6,
7]. It should result in high yield of fermentable sugars
after saccharification, reduce operating costs and restrict
the formation of fermentation/saccharification inhibitors
[6]. Although several pretreatment techniques have been
developed during the past three decades such as
mechanical, physico-chemical, chemical, biological and
organosolv treatments, most of them require severe
processing conditions, costly chemicals or sophisticated
set up besides low efficiency [4, 6, 7]. Further, the type of
pretreatment varies with biomass depending on its
composition and hence necessitates optimization for each
biomass [8].

Alkaline hydrogen peroxide (AHP) is reported to
delignify  agricultural biomass and increase its
saccharification efficiency and the main effect is
solubilisation and separation of lignin from the
hemicellulose matrix [9].Very high fermentable sugar
yields have been reported from AHP-pretreated wheat
straw, rice hulls and barley straw [10-12]. Alkaline
hydrogen peroxide pretreatment has also been suggested
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as a promising approach for enhancing the
saccharification of rice straw, sugarcane bagasse, corn
stover etc. [13-15]. There has been a recent upsurge in
interest in the use of microwave irradiation as a feasible
option for the pretreatment of biomass and several
reviews have appeared on this topic [16-18]. Microwaves
interact with both polar molecules and ions in LCBs and
produce thermal and non-thermal effects, which help
breakdown the biomass in a shorter time compared to
conventional heating [19, 20]. Microwave (MW)-assisted
alkali pretreatment has been attempted by many
researchers as an effective tool to delignify the biomass
[21, 22]. Hydrogen peroxide has been reported as an
activator of MW irradiation as it degrades easily to water
and oxygen [23].

Cassava (Manihot esculenta Crantz) is a tropical root crop
cultivated in approximately 102 countries of the world for
its starchy tubers capable of providing energy [24].
During the harvesting of the crop for human consumption
or industrial processing of the roots for starch production,
three types of wastes are generated such as peels, leaves
and stems (constituting approximately 44% of the total
plant biomass) [25]. We had earlier reported the relative
content of polysaccharides such as cellulose,
hemicellulose and starch in these biomasses and found
that the peel contained ca. 30% starch, besides 14%
cellulose and 23% hemicellulose, while the stem
contained 15% starch, 23% cellulose and 28%
hemicellulose. Leaves had the least content of starch
(2.4%) besides 17% cellulose and 27% hemicellulose
[25]. As starch contributes substantially towards the
fermentable sugar yield in these residues especially the
peel and stem, they require alternative pretreatment and
saccharification approaches. Steam pretreatment of moist
samples or MW-assisted dilute sulfuric acid pretreatment
were earlier reported from our laboratory as effective
techniques to enhance the fermentable sugar yield from
cassava peel, but not optimal for the other two residues
during saccharification with Accellerase [25]. Subsequent
studies using another cellulolytic complex, Cellic CTec 2
also showed that very high yield of sugars was possible
from peel. Nevertheless, optimum hydrolysis of
polysaccharides could not be achieved for the other two
biomasses [26].

Non-ionic surfactants such as Tween 20 (polyethylene
glycol sorbitan monolaurate) and Tween 80 (polyethylene
glycol sorbitan monooleate) have been reported to
prevent the non-productive binding of lignin to cellulases
[27]. Various effects have been reported for surfactants
including alteration in the structure [28, 29], stabilization
of enzymes thereby preventing their denaturation [29],
positive interaction between substrate and enzymes etc.
[27]. Surfactants with high hydrophilic-lipophilic balance

www.ijeab.com

(HLB) such as Tween 20 (HLB 16.7) have been reported
to be more effective in extracting hydrophobic lignin
degradation products into the soluble phase [30]. Hence,
the aim of the present study was to compare the
fermentable sugar yield from agricultural residues of
cassava in three pretreated systems such as AHP
pretreatment on steam-exposed or MW-irradiated
biomass slurry as well as MW-assisted alkali
pretreatment. The effect of supplementing Tween 20 at
the saccharification stage in steam-exposed AHP and
MW-assisted alkali pretreatments in enhancing the sugar
yield was also studied. The extent of delignification in the
various treatments, compositional changes in cellulose
and hemicellulose and the ultrastructural alterations
brought about in the effective combinations were also
studied.

Il. MATERIALS AND METHODS
2.1 Samples
Stems and leaves were collected from fully mature and
healthy cassava plants (variety: Sree Jaya) grown at the
Institute farm. Leaves along with the stalk were separated
from the stems and allowed to wilt in the shade for 18 h
to facilitate the elimination of cyanoglucosides to the
maximum. Stems were chopped to small pieces (ca. 5.0
cm long) and both wilted leaves and stems were dried in
the sun for 36-48 h. Dry stems and leaves were powdered
in a hammer mill to particle size of ca. 2-3 mm and the
powder was used without further sieving (unscreened) for
the study. Peels (skin + rind) were manually separated
from the roots, chopped into pieces of ca. 2-3 cm length
and dried in the sun for 36-48 h. Dry peels were
powdered in a hammer mill to particles of similar size as
before and stored in airtight bottles until use.
2.2 Enzyme Source
Cellic® CTec 2, an improved cellulase enzyme cocktail
from M/s Novozymes, Bagsvaerd, Denmark, containing
beta-glucosidase as well as xylanase, with reportedly high
tolerance to product inhibition was wused for
saccharification [31]. The optimum temperature and pH
of Cellic were standardized in our laboratory on these
biomasses and were found to be 50 °C and 5.5
respectively [26].
2.3 Pretreatment
2.3.1. Experiment 1: Alkaline hydrogen peroxide (H202)
pretreatment of steam-exposed/MW-irradiated biomass
MW-irradiated slurry
Ten percent (w/v) slurry of the dry biomass powders were
prepared in distilled water and exposed to MW irradiation
at 300 W for 20 min. in a general purpose Microwave
Oven (M/s Samsung, Thailand). The equipment had MW
radiation at power levels ranging from 100 W to 900 W.
The flasks after exposure were treated with 2.5 ml and 5.0
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ml 35% H,0, and pH adjusted to 11.5 with 4M NaOH
and volume raised to 100 ml. The microwave power
regime was chosen based on our earlier studies [25, 26].
The flasks were then incubated either for 4 h at 50 °C or
24 h at room temperature (30£1 °C) in a thermostatic
water bath (M/s Julabo SW22).

Steam-exposed biomass slurry

The powdered samples (10.0 g each of dry powder of
stems, leaves and peels) were moistened with distilled
water to raise their moisture contents (MC) to ca. 40 %
and exposed to steam in a Vegetable Steamer for 30 min.
at 100 °C as per the techniques standardized earlier [25].
The steam treated (ST30) slurry (equivalent to 10% wi/v
original dry biomass) was treated with 2.5 ml 35% H-O,
and the pH was raised to 11.5 using 4M sodium
hydroxide (NaOH) and volume raised to 100 ml (Set 1).
Another set of flasks containing the same quantity of each
biomass along with 5.0 ml H,0, was pH adjusted to 11.5
and volume raised to 100 ml (Set 2). Two flasks from
each set (for each biomass) were incubated for 4 h at 50
°C in a thermostatic water bath while another two sets
were incubated at room temperature for 24 h in the water
bath.

Compositional analysis

The samples after the respective pretreatments were first
squeezed through a muslin cloth and then through
Whatman No. 1 filter paper and the residues were dried in
an Oven at 60 °C for 18 h. The dry weight of the
pretreated residues was assessed and they were further
analysed for the compositional changes such as cellulose,
hemicellulose and lignin as per the methods reported
earlier [25].

Cellulose content was determined in the residue using
acetic-nitric reagent by the method of Updegroff [32].
Hemicellulose content was determined as the difference
of Neutral detergent fibre (NDF) and acid detergent fibre
(ADF). The ADF and NDF were analyzed as described by
Goering and Vansoest [33]. The ash content of the
biomasses was determined by the standard procedure [34]
and the lignin content of pretreated biomass was
calculated as the difference of the sum of cellulose and
ash from the acid detergent fiber [25].

Enzyme saccharification

Based on the compositional analysis, the best
pretreatment with regard to lignin reduction was found to
be steam pretreatment and hence this alone was carried
over to further enzymatic saccharification studies. In the
case of stem and leaf samples, 5.0 ml H,O; for 24 h at RT
group gave the pretreated biomass with low lignin content
and hence these were selected. Nevertheless, for peel
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samples, 2.5 ml H,0; for 24 h at RT group had the lowest
lignin retention and hence this was used.

Steam pretreatment was done as described above and the
slurry from each biomass was adjusted to pH 5.5 and
equilibrated at 50 °C for 10 min. Twenty milligrams of
sodium azide were added to each flask to prevent
microbial contamination during incubation. Cellic
equivalent to 500 mg enzyme protein was added to each
sample and incubated at 50 °C for 120 h (full dose
enzyme set, T1).

In another set of flasks, Cellic was added along with 250
mg Tween 20 (T2) to find out the enhancing effect on
sugar yield due to the prevention of non-productive
binding of lignin to cellulases by the non-ionic surfactant.
In a third set of flasks, half the dose of Cellic (250 mg
enzyme protein) was added along with 250 mg Tween 20
(T3) to find out whether the enzyme dosage could be
reduced in the presence of Tween 20.

All the flasks were incubated for 120 h after which the
reducing sugars released in the supernatant fraction was
assayed by Nelson-Somogyi method [35] and the
composition of the enzyme saccharified residues was
further determined to evaluate the extent of retention of
cellulose, hemicellulose and lignin.

2.3.2. Experiment 2: MW-assisted alkali pretreatment of
biomass and enzymatic saccharification

This experiment was conducted to find out whether alkali
pretreatment alone under MW irradiation was better than
initial exposure of aqueous slurry to MW and further
pretreatment with H.O, and alkali (Experiment 1).
Preliminary trials showed that there was extensive
swelling and volume reduction when alkali slurry was
exposed to MW for 20 min. and as free movement of
water was necessary for effective MW irradiation, the
pretreatment time was reduced to 5 min. at 300 W MW
power. Biomass slurry (10% w/v) in 3% NaOH was
prepared for each sample and the alkaline slurry was
exposed to MW irradiation at 300 W for 5 min.

The slurry was then enzymatically saccharified as
described earlier using full dose of Cellic (T1), full dose
with Tween 20 (T2) or half dose of Cellic with Tween 20
(T3). The composition of the saccharifed residue as well
as the RS content in the supernatant was studied.

2.4 Ultrastructural Studies

The changes in the reorientation/structural alterations of
cellulose, hemicellulose and lignin due to MW-assisted
alkali pretreatment/enzymatic saccharification (adjudged
as the best from the RS values) were studied using
Scanning Electron Microscopy (SEM; HITACHI
Scanning Electron Microscope Model S- 2400). The dry
residues after pretreatment as well as after enzymatic
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saccharification were subjected to SEM. The samples
were applied on the double side carbon pasted on an
aluminium stub. A thin gold-platinum coating (10-15 nm
thick) was applied for 3 min. using E-1010 lon Sputter
Unit under 15 kV and 10 Pa vacuum and discharge
current of 10 mA and the SEM photographs were
visualized at 1500x magnification.

2.5 Statistical Analysis

The various biochemical constituents in the
pretreated/saccharified residue were expressed as
percentage of the original biomass, based on the water
insoluble residue weight obtained from each pretreatment.
Two replicates were kept for each experiment and
duplicate analyses were performed on each replicate. The
data were subjected to Analysis of Variance (ANOVA)
for statistical testing of the mean values and was followed
by least significant difference (LSD) for pair-wise
comparison of mean values by using the statistical
package, SAS 9.3 [36].

I1l. RESULTS AND DISCUSSION
3.1 Alkaline hydrogen peroxide (H202) pretreatment
of steam-exposed/MW-irradiated biomass
3.1.1 Structural polysaccharide changes in the AHP
pretreated agricultural residues from cassava
Compositional alterations in the structural
polysaccharides (cellulose and hemicellulose) consequent

to alkaline hydrogen peroxide (AHP) pretreatment of
microwave (MW)-irradiated and steam-exposed biomass
(stem, leaves and peels of cassava) are given in TABLE
1. AHP pretreatment at higher temperature (50 °C) for 4 h
had a significant effect in lowering the cellulose content
of MWe-irradiated stem and peel at both levels (2.5 and
5.0% v/v) of H20,, while in the case of leaves, significant
effect was noticed only for 5.0 % level. Both room
temperature (RT) exposure for 24 h and high temperature
(HT) exposure for 4 h to AHP (5.0% v/v) were not
significantly different for stem. Steam-exposed samples
when exposed to AHP pretreatment brought about highly
significant cellulose removal from cassava peel compared
to the other two biomasses (TABLE 1) and maximum
reduction was observed for T6 (2.5% AHP for 24 h at
RT). There was no significant change in hemicellulose
content in peel samples subjected to AHP pretreatment
after MW-irradiation of aqueous slurry for 20 min.
Nevertheless, in the case of stem and leaf samples,
significant reduction in hemicellulose was observed for
most MW-irradiation treatments. On the contrary,
hemicellulose content was significantly reduced for peel
samples only when the steam-exposed samples were
subjected to AHP treatment (TABLE 1). In the case of
stem, HT (50 °C) facilitated removal of HC from steam-
exposed AHP pretreated samples.

Table.1: Structural polysaccharide changes in pretreated biomass subjected to AHP treatment™.

H,Os Cellulosfe content (g/100 g.original H(?rr)icellu.lose content (g/lopg
Treatments levels biomass on dry basis) original biomass on dry basis)
(% viv) Stem Leaves Peel Stem Leaves Peel
::;;'ti:é‘r’]‘i')tff“t any 22 88 17.3° 14.172 28.8° 27.6° 23 42
MW-irradiated samples
T1 250 16.90° 16.672 10.82° 27.10% 25.33° 23.30°
T2 18.26° 17.352 12.19% 26.00P 25.63° 22.63?
T3 18.00° 15.73° 11.84° 26.50P 24.33° 23.13?
T4 >0 19.08° 16.712 13.13? 25.30¢ 25.53P 22172
Steam-exposed samples
T5 19.77° 15.35° 10.69° 27.00P 27.40° 19.20°
T6 250 20.91% 16.85? 9.13¢ 28.50? 25.37° 18.50°
T7 22.40? 17.472 10.22° 26.80P 27.20° 19.20°
T8 >00 21.982 16.65? 11.66° 28.10? 26.83? 17.20°

* Treatments T1, T3, T5 and T7 were exposed to AHP for 4 h at 50 °C; T2, T4, T6 and T8 were exposed to AHP for
24 h at room temperature (30£1 °C); ** Ref. [26]; statistical comparison was made within each column and values
with different superscripts are significant at p < 0.05.
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Alkaline peroxide pretreatment is known to decrystallise
cellulose [9]. Banerjee et al. [37] reported that AHP
pretreatment was beneficial in enhancing lignocelluloses
deconstruction at low temperature and atmospheric
pressure and had less environmental effect as well.

3.1.2 Lignin changes

Highest delignification occurred when steam-exposed
stem samples were subjected to AHP treatment using
5.0% v/v H,O, followed by MW-irradiation and AHP
(5.0% viv H;0,) treatment (Fig. 1).Nevertheless, lignin
changes in cassava leaves subjected to various treatments
(T1- T7) were insignificant and significant reduction was
noticed only in T8 (5.0% v/v for 24 h at RT). In the case

25
s 2 a. Stem

2

A

¢
Initial TI T2 T3 T4 T5 T6 T7 T8

biomass)
o

=

Lignin content (/100 g original

n

Treatments

12 4 4

biomass)
IS (o]

of peel, delignification was the highest for steam-exposed
sample subjected to AHP (2.5% v/v H,0; for 24 h at RT),
which was not significantly different from the MW-
irradiated sample (T2). It was found in the present study
that steam-exposed samples subjected to AHP treatment
had better delignification than MW-irradiated samples.
Singh et al. [38] reported that MW-assisted HO;
treatment of rice straw disrupted the ester linkages
between carbohydrates and lignin and helped in efficient
delignification. Prolonged reaction time at 30 °C for 24 h
was beneficial than 50 °C in eliminating lignin from
steam-exposed and AHP pretreated agricultural residues

(Fig. 1).
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Fig.1 (a-c): Lignin changes in MW-irradiated or steam-exposed biomass subjected to AHP treatment; bars with different
alphabets are significant at p <0.05.
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3.1.3 Enzymatic saccharification

Structural polysaccharides in residue  after
saccharification

Based on delignification, the steam-exposed biomasses
subjected to AHP treatment alone were used further for
saccharification. The AHP levels found optimum for
cassava stem and leaves were 5.0% v/v and 2.5% v/v for
cassava peel and the reaction time was 24 h at room
temperature. The effect of Tween 20 supplementation
along with full dose of Cellic CTec 2 (T2) or half dose of
enzyme (T3) was studied to understand whether enzyme
saving was possible in Tween 20 supplemented system.
Significant hydrolysis of cellulose occurred after
enzymatic saccharification in stem and leaves when
Cellic-based system was supplemented with Tween 20.
Nevertheless, when Cellic dosage was reduced to half
(250 mg enzyme protein/10g biomass), there was
significant reduction in cellulose hydrolysis in these two
biomasses (TABLE 2).

However, in the case of peel, neither Tween-20
supplementation nor Cellic dosage reduction had any
significant effect in cellulose hydrolysis and ca. 80-86%
cellulose hydrolysis was observed after 120 h
saccharification in T1-T3. Hemicellulose was hydrolysed
to the extent of 45%, 60% and 63% respectively from
stem, leaves and peel, when saccharified with Cellic (500
mg enzyme protein/10g biomass). There was no
significant variation in hemicellulose hydrolysis in

cassava leaves, when Tween 20 was supplemented or
Cellic dosage was halved, indicating that the effect of
Tween 20 was more on enhancing cellulose hydrolysis.
Tween 20 supplementation was found to negatively
impact hemicellulose hydrolysis in cassava stem and only
25% hydrolysis occurred. In the case of leaves and peel,
significant alterations were not noticed due to Tween
supplementation. Saha and Cotta [10] also reported that
alkaline peroxide pretreated wheat straw could be
converted to fermentable sugars with excellent yield. The
commercial enzyme preparation Cellic® CTec 2 was
reported to contain very high beta-glucosidase activity
(ca. 34,495 £ 2,935 nkat/g) [39]. The hemicellulase co-
activities of cellulase enzyme complex might be
remaining  unaffected even after Tween 20
supplementation. Karagoz et al. [40] studied the
advantage of AHP pretreatment for enhancing bioethanol
production from rapeseed straw and found that 5% (v/v)
H,0, at 50 °C for 1 h was the optimal pretreatment
condition. They found that as high as 94% of cellulose
was digested by enzymes during this pretreatment and
saccharification. One of the greatest advantages of AHP
pretreatment was that the pretreatment and enzymatic
hydrolysis could be performed in the same reactor [41].
They used a lower concentration of H,O, (1.25%) than
the present study and reported that 75% glucose and 71%
xylose were released from AHP pretreated corn stover
after 48 h enzymatic saccharification.

Table.2: Structural polysaccharide changes after saccharification (120 h) of steam-exposed and AHP pretreated biomass
with or without surfactant supplementation™.

Cellulose content Hemicellulose content
Enzyme treatments (9/100g original biomass) (9/100g original biomass)

Stem Leaves Peel Stem Leaves Peel

Cellic alone (T1) 7.90° 5.392 2.042 15.78° 10.92 8.61°
(65.35)** (68.84) (85.60) (45.21) (60.51) (63.21)

. 7.03° 3.40° 2.00° 21.48° 10.002 8.33°
Cellic+ Tween 20 (T2) | 64 17 (80.35) (85.89) (25.42) (63.77) (64.40)
Cellic (half dose) + 9.30° 4.39° 2.83? 23.80° 9.56? 11.402
Tween 20 (T3) (59.21) (74.62) (80.03) (17.36) (65.36) (51.28)

* Statistical comparison was made within each column and values with different superscripts are significant at p < 0.05;
** indicates the percentage decrease from the original value in the respective biomasses.

Residual lignin

Residual lignin  after enzymatic saccharification
(expressed as % of the original biomass) indicated
significant reduction in levels in the three biomasses (Fig.
2). Except in the case of leaves, saccharified with full
dose of Cellic (T4), there were no significant differences
in the lignin content among the various enzyme
treatments with or without Tween supplementation.
Deconstruction of lignocelluloses coupled with the
hydrolysis of cellulose and hemicellulose along with the
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starch present in stem and peel might have resulted in
further release and solubilisation of lignin hydrolytic
products into the supernatant. Gould [9] reported the use
of alkaline H.O, (pH 11.5) in delignification of LCBs and
the same pH was adopted in the present study as well.
Lignin degradation releases soluble phenolics into the
supernatant liquid which are reported to be inhibitory to
cellulases [42, 43]. Surfactants such as Tween and
polyethylene glycol have been reported to reduce the
levels of lignin hydrolytic products and enhance
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saccharification [27, 44]. Previous studies showed that
Tween 20 was highly effective in removing up to 80%
phenolics from the prehydrolysates from lignocellulo-
starch biomasses, by possible complex formation with
them [44].

BTl eT2 uT3
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Lignin content (g/100 g
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Stem Leaves Peel

Fig.2: Lignin changes after saccharification (120 h) of
steam exposed and AHP pretreated biomass with or
without surfactant supplementation; bars with different
alphabets are significant at p<0.05

Reducing sugar content and Overall Conversion
Efficiency (OCE)

The reducing sugar content in the saccharified mash as
given in TABLE 3 indicates that the highest RS release
was obtained for cassava peels, which was evidently due
to its high total carbohydrate content (71.77 % on dry
basis) [25] . Highest RS release was obtained from Tween

20 supplemented system with full dose of Cellic for peel
and stem, although there was no difference between full
and half dose in the case of leaves. The OCE expressed as
percentage conversion of total carbohydrate to RS was
also the highest for cassava peel. A higher conversion of
carbohydrate to RS was observed for leaves compared to
stem and the effect of Tween 20 in enhancing the RS
yield was evident for the three biomasses (TABLE 3).
Divya Nair et al. [45] found that Tween 20
supplementation during saccharifcation of steam or dilute
acid pretreated cassava starch factory residue significantly
enhanced the RS and ethanol yield from it. The beneficial
effect of surfactants such as Tween 20 in preventing the
non-productive binding of lignin onto cellulase by
forming complex with lignin and resulting enhanced
saccharification yield has been reported by several
researchers [30, 45, 46]. Previous studies indicated that
the use of Cellic alone during saccharification of steam-
exposed (30 min.) slurry from cassava stem or peel
released ca. 38 and 73 g¢g/L RS after 120 h
saccharification, while ca. 27 g/L was only released from
the leaves [26]. This showed that AHP treatment of
steam-exposed slurry was superior to simple steam
pretreatment in the case of leaves only. Saha and Cotta
[11] reported that the addition of Tween 20 @ 4.3 g/L in
AHP treated rice hull hydrolysate was not effective in
enhancing the saccharification yield, while Kaar and
Holtzapple [29] reported the additive effect of Tween 20.
The low OCE obtained for leaves and stem indicated the
need to improve the saccharification yield by modifying
the pretreatment strategies. Hence the effect of
microwave-assisted alkali pretreatment followed by
enzymatic saccharification was attempted.

Table.3: Reducing sugar content (g/L) and Overall Conversion Efficiency (%) after saccharification of steam-exposed and
AHP pretreated biomass with or without surfactant supplementation

Reducing sugar content Overall Conversion Efficiency (%)

Enzyme treatments (9/L of saccharified mash)

Stem Leaves Peel Stem Leaves Peel
Cellic alone (T1) 35.31° 31.74° 53.43° 51.43° 64.21° 74.43P
Cellic+ Tween 20 (T2) 37.742 34.96° 56.20? 54.962 70.722 78.292
Cellic (half dose) +

1.56° 4,378 48.99° 45.96° 53¢ .24°¢
Tween 20 (T3) 31.56 34.3 8.99 5.96 69.53 68

* Statistical comparison was made within each column and values with different superscripts are significant at p < 0.05.

3.2. Microwave-assisted alkali pretreatment and
saccharification

3.2.1 Structural carbohydrates and lignin in saccharified
residues

There was significantly higher degradation of

cellulose, hemicellulose and lignin in MW-assisted alkali

www.ijeab.com

pretreated biomass saccharified using Cellic compared to
steam-exposed and AHP preteatment followed by
saccharification (TABLE 1 vs. TABLE 4). The
percentage reduction in cellulose ranged from 90-93%
when Cellic alone was used which increased to 91-95%
when Tween 20 was also supplemented. Nevertheless,
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when Cellic dosage was reduced to half, there was
significantly lower hydrolysis. A similar trend was
observed in the case of hemicellulose also, although the
hydrolysis was less than cellulose. Cellulose and
hemicellulose hydrolysis could be significantly improved
from both stem and leaves when MW-assisted alkali
pretreaed residue was saccharified (TABLE 4). Tween 20
supplementation helped to enhance the breakdown of
both cellulose and hemicellulose. Even when the Cellic
dosage was halved, there was 84-88% hydrolysis of
cellulose and 77-85% hydrolysis of hemicellulose from
the various residues, whereas the extent of hydrolysis
under similar conditions of saccharification in steam-
exposed AHP pretreatment was only 59-80% for cellulose
and 17-65% for hemicellulose (TABLE 4 vs. TABLE 2).
This indicated that MW-assisted alkali pretreatment was
superior to steam-exposure followed by AHP treatment of
the selected biomasses. Singh et al. [47] observed that
alkali concentration, MW-irradiation time and substrate
concentration were important for the optimum
pretreatment efficiency of rice straw and reported the
optimum values as 2.75%, 225 min and 30g/L
respectively. However, much lower irradiation time (5

min.) and higher substrate concentration (100 g/L) was

used in the present study. Zhu et al. [48] also reported
higher fermentable sugar yield from MW (700 W)-
assisted alkali (1% NaOH) pretreatment for 25 min
followed by enzymatic saccharification of wheat straw,
compared to conventional alkali treatment. Nevertheless,
as compared to the reported results for wheat or rice
straw, very high hydrolysis of both cellulose and
hemicellulose was observed in the present study for the
biomasses when 3% alkali slurry was subjected to MW-
irradiation at 300 W for 5 min. Partial hydrolysis of
hemicellulose during pretreatment is reported to result in
high levels of xylooligomers in the pretreated liquor,
which are strongly inhibitory to cellulase [49]. The very
high hydrolysis of cellulose and hemicellulose obtained
indicated that the possibility of such inhibition was
negligible in the treated biomasses. Zhu et al. [50]
obtained 12 times more sugar yield from Miscanthus sp.
subjected to MW (300 W)-assisted alkali (0.2M NaOH)
for approximately 10 min. compared to conventional
alkali or dilute acid pretreatment. Budarin et al. [51]
reported that 180 °C was the crucial turning point in the
MW degradation of cellulose and this temperature is
achieved in MW oven at 300 W and the same was used in
the present study as well.

Table.4: Structural polysaccharide changes after saccharification (120 h) of MW- assisted alkali pretreated biomass with or
without surfactant supplementation*.

Cellulose content Hemicellulose content
Enzyme treatments (9/100g original biomass) (9/100g original biomass)
Stem Leaves Peel Stem Leaves Peel
Cellic alone (T1) 2.372 1.40° 1.022 6.89? 3.922 3.852
(89.61)** (91.91) (92.80) (76.08) (85.80) (83.55)
. 2.052 1.21° 0.642 4.80° 3.672 3.342
+

Cellict Tween 20 (T2) | g7 1) (93.01) (95.48) (83.33) (86.70) (85.73)
Cellic (half dose) + 2.732 2.732 1.692 6.73? 4.08° 3.082
Tween 20 (T3) (88.03) (84.22) (88.07) (76.63) (85.22) (82.99)

* statistical comparison was made within each column and values with different superscripts are significant at p < 0.05;
** indicates the percentage decrease from the original value in the respective biomasses.

Residual lignin in the three biomasses subjected to MW-
assisted alkali pretreatment followed by enzymatic
saccharification (120 h) showed that Tween 20
supplementation facilitated the removal of more lignin
from the biomass possibly through complex formation
with it (Fig. 3). While lignin was removed to a greater
extent from MW-assisted alkali treated and saccharified
cassava leaf and peel samples compared to AHP
treatment (Fig. 2), higher retention was observed in the
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respective stem samples treated with either Cellic alone or
with half dose of Cellic and Tween 20. High removal of
lignin from MW-assisted alkali pretreated biomass has
been reported by several researchers [47, 48, 52]. The
ester linkages between lignin and hemicellulose are
broken down during MW-irradiation which then
facilitates rapid hydrolysis of polysaccharides during
saccharification.
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Fig.3: Lignin changes after saccharification (120 h) of
MW-assisted alkali pretreated biomass with or without
surfactant supplementation; bars with different alphabets
are significant at p<0.05
3.2.2 Reducing sugars and Overall Conversion Efficiency
The saccharified mash from MW-assisted alkali

pretreated biomass had significantly higher RS content

compared to steam-exposed and AHP pretreated biomass
(TABLE 5 and TABLE 3). There was evidently higher
release of RS from Tween 20 supplemented system with
full dose of Cellic (TABLE 5). Accordingly the OCE was
also high for the biomass residues with as high as 82-94%
of the potential carbohydrates getting hydrolyzed after
120 h saccharification. Hu and Wen [22] also reported
90% conversion of carbohydrates to sugars when MW-
assisted alkali (1% NaOH) pretreated switchgrass was
saccharified. Singh et al. [47] observed that MW-assisted
alkali pretreated rice hull had low cellulose crystallinity
which facilitated its effective hydrolysis during the
saccharification step. Lignin hydrolytic products
especially low molecular weight phenols have been
reported to be inhibitory to cellulases [43] and the effect
of Tween 20 in preventing the non-productive binding of
cellulases to lignin has been reported [27, 46]. The very
high OCE obtained in the present study in Tween
supplemented system is evidently due to lignin
channeling effect. Haven and Jorgensen [39] found that as
high as 65% the B-glucosidase activity in Cellic CTec 2
was adsorbed onto lignin from pretreated wheat straw and
such adsorption could be reduced by supplementing the
system with bovine serum albumin or polyethylene

glycol.

Table.5: Reducing sugar content (g/L) and Overall Conversion Efficiency (%) after saccharification of MW-assisted alkali
pretreated biomass with or without surfactant supplementation*.

Reducing sugar content

Overall Conversion Efficiency (%0)

Enzyme treatment (9/L of saccharified mash)

Stem Leaves Peel Stem Leaves Peel
Cellic alone (T1) 54.12° 41.60¢ 56.25° 78.82° 84.16° 78.36°
Cellic+ Tween 20 (T2) 57.79? 46.23? 59.55? 84.172 93.522 82.952
Cellic (half dose) + b b b b b .
Tween 20 (T3) 53.76 44.12 54.97 78.30 89.25 76.57

* Statistical comparison was made within each column and values with different superscripts are significant at p < 0.05

3.3 Ultrastructural studies

The ultrastructural changes brought about in the three
biomass residues due to MW-assisted alkali pretreatment
as well as after enzymatic saccharification were compared
with the native (untreated) biomass using Scanning
electron microscopy. It was found that the native samples
of stem and peel had many starch granules with a
preponderance of them in peel. Fiber particles could also
be seen in the stem samples, which might have got
fragmented during the powdering operation. However,
intact and rigid cellulose fibrous structure was visible in
the cassava leaf (Fig. 4 a, d and g). During MW-assisted
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alkali pretreatment, most of the starch granules
disappeared from the stem and peel samples and in the
case of stem, broken or defibrillated structures could be
seen (Fig. 4 b). The surface morphology of the peel
samples indicated gelatinized starch coating over fibrous
particles due to the preferential hydrolysis of
hemicellulose (Fig. 4 h). Nevertheless, in the case of leaf
samples, lot of fragmented cellulose fibres were seen,
indicating the efficacy of MW-assisted alkali pretreatment
in deconstructing the cellulose. Zhu et al. [50] also
reported large scale separation of fibers due to lignin
removal by the MW-assisted alkali pretreatment. Thin
and striated surface morphology was reported in MW-
assisted alkali pretreated switchgrass [22]. Microwave
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irradiation has been reported to create hot spots within the
lignocelluloses matrix leading to an explosive effect on
the recalcitrant structure, facilitating its faster disruption
than in conventional heating [22].

The saccharified residue from the three biomasses
presented a different surface morphology from the
pretreated residue. In the case of stem, although starch
granules disappeared totally, fragmented cellulose sheaths
were visible indicating that the hydrolysis was incomplete

15KV X1,500 10um

15kV  X1,500

g. Native (untreated) peel
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h. MW-assisted alkali pretreated peel

(Fig. 4 ¢). It was found that ca. 84% of potential
carbohydrates were only hydrolysed from cassava stem
(Table 5). Highly fragmented fiber particles were seen in
leaf samples (Fig. 4 f). Although intact starch granules
were not seen in saccharified residue from peel, coating
of starch over fibrous particles were visible (Fig. 4 i),
which stressed the need to incorporate a starch degrading
enzyme also into the hydrolytic enzyme cocktail for
complete saccharification.

assisted alkali pretreated stem
‘s : . ‘-_ _: ., y -

i. Saccharified residue from MW-

assisted alkali pretreated peel

Fig. 4 (a-i): SEM photographs (x 1500) of native (untreated) vs. MW-assisted alkali pretreated and enzyme saccharified
cassava stem, leaf and peel.
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Pooja and Padmaja [26] reported the presence of alpha-
amylase existing as a co-activity along with cellulase and
B-glucosidase in Cellic CTec 2. However, the levels may
not be sufficient to bring about complete hydrolysis of
starch. Previous studies on the ultrastructure of steam (30
min.) and MW (300 W)- irradiated (20 min.) samples of
stem, leaves and peels showed the highly intact structure
of stem with unbroken sheaths of fiber and starch-coated
surface morphology for leaves and peel [26]. However,
compared to those pretreatments, MW-assisted alkali
pretreatment was found to efficiently deconstruct the
biomasses leading to higher extent of saccharification.

V. CONCLUSION

The efficacy of alkaline hydrogen peroxide treatment of
steam-exposed/MW-irradiated aqueous slurries of cassava
stem, leaves and peel was compared with MW-assisted
alkali  pretreatment in enhancing the biomass
deconstruction and saccharification. While cellulose was
degraded to a higher extent than hemicellulose in the
saccharified residue from AHP pretreatment, both were
effectively hydrolyzed in the MW-irradiated alkali slurry
subjected to saccharification. Tween 20 supplementation
coupled with Cellic enabled higher release of reducing
sugars from the three biomasses, due to higher removal of
lignin  from the MW-irradiated alkali slurry.
Disappearance of starch granules consequent to
saccharification was evident in the ultrastructural pictures
of stem and peel. Very high conversion of potential
carbohydrates to reducing sugars in Tween 20
supplemented system from stem (84%). leaves (93.5%)
and peel (83%) indicated that MW-assisted alkali
pretreatment  could  effectively  deconstruct the
polysaccharides enhancing their hydrolysis and releasing
maximum quantity of fermentable sugars.
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Abstract— To study the effect of different, inter and intra-
row on some new maize hybrids under on yield and its
components. Two field experiments were carried out
during summer seasons of 2014 and 2015. The results
showed that highest ear length, ear diameter, grains
weight/ear, shelling percentage, 100-grain weight and
grain vyield/fed. S.C 2055 hybrid was recorded the
greatest value number of rows/ear. S.C 2066 hybrids
recorded the highest number grains/row, the lowest ear
length, ear diameter, grains weight/ear, shelling
percentage and 100-grain weight. Sown maize plants in
width rows (70 cm) produced the highest number of
ear/plant, number of rows/ear and number grains/row
and ear length, ear diameter, grains weight/ear, shelling
percentage and 100-grain weight. Sown maize plants in
hills 30 cm apart produced the greatest numbers of
ears/plant and thick ears, highest grains weight/ear,
shelling percentage and 100- grain weight. However,
sown maize plants at hill spacing of 25 cm apart
produced tallest ears. It could be concluded that sown
S.C. 3084 hybrid at 60 cm row width and hill spacing of
20 cm apart maximized maize productivity under the
environmental conditions of Dakahlia Governorate,
Egypt.

Keywords— Row spacing, hill spacing maize yield, yield
components.

l. INTRODUCTION
Maize (Zea mays L.) is considered as a one of the most
important strategic cereal food crops in Egypt and the
world. Recently, is mixed with wheat flour for making
bread to reduce the gap between production and
consumption of wheat. There is agonizes from the
shortage of cereal production such maize. To
intensification grain corn production per unit area of
maize in Delta soils in Egypt, it must be resolute the
appropriate maize hybrids at both row and hill spacing to
exploit its productivity. Maize hybrids may be dissimilar
in agronomic characters due to row width, hill spacing
and plant population density that affect production per
unit area. Maize hybrids differed with different row
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spacing, plant population and hill spacing. Maize hybrids
differences on agronomic characters and grain yield. In
this respect, [1, 2] summarized that for obtaining a higher
maize yield and net income, maize hybrids had different
responses to agronomic characters and grain yield. [3, 4]
showed a significant difference between maize hybrids in
plant height, No. of ear/plant, barren %, LAI, No. of
kernels/row, grain weight/ear and grain yield/plant. [5]
initiate that hybrid 30Y87 was early in maturity, produced
more No. of grain row/cob, less No. of grains /row and
less cob length than the hybrid 31R88 similarly 1000-
grain weight, grain yield and straw yield of hybrid 30Y87
was significantly greater than the hybrid 31R88. [6]
noticed that hybrid SiPAA-444 surpassed hybrid Ts-13
for grain yield. [7] found that S.C. 128 produced the
highest value when planting in ridges 80 cm apart 22 cm
between hills and one plant hill. [8] set up that hybrid 90-
22-13 was superior to other varieties investigated. [9,10]
concluded that maize hybrid S.C. 10 with 429 Kg N/ha,
recorded the tallest cob. Also, hybrid S.C. 10 gave the
maximum 1000-kernel weight and grain yield. [11,12]
showed that maize hybrid significantly differed in final
grain yield and some yield components as cob yield and
number of grains/cob. [13] indicated that maize hybrids
DKC6589 and Mobeen had the highest and lowest grain
yield among studies hybrids. Higher grain vyield in
DKC6589 was due to the higher number of grains /ear
and 100-grain weight. [14] found that number of ears per
m2 of SC 320 hybrid was significantly higher than SC
301 hybrid, but number of grains/ear and 1000-grain
weight in SC 320 hybrid was significantly lower than
SC301 hybrid. [15,16] showed that the harvests
performed after physiological maturity decreased the real
grain productivity, especially for the hyper-early hybrids.
Row width plays a great effect on the maize plant
population. In this respect, [17,18] designated that
increasing distance between rows from 60 to 70 and 80
cm lead to a significant increase in growth character,
grain and its components due to better interception and
utilization of solar radiation and the increase in
photosynthetic processes. [2,19] showed that increasing
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ridge spacing significantly recorded No. of days to 50%
tassling and silking, plant and ear heights were in some
direction, planting on the 80 cm ridge was associated with
a significant increase in ear length No. of kernels/row,
1000 kernel weight and grain yield. [2,20] point out that
planting maize in ridges 80 or 90 cm apart produced the
highest values of all studied characters. Planting maize in
ridges 70 cm apart gave the lowest values of these
characters. Recently, [21] reported that maize plants sown
in line having (60 cm) row to row distance had highest
plant, heavier 1000 grains weight and highest grain yield.

Growth and grain yield of maize is more affected by
variations in hill spacing than other members of the grass
family. Hill spacing affected of agronomic, flowering
characteristics, and grain yield. Many investigators
studied the effect of plant density of maize as a spacing
between hills, in this regard, [1,2] described that highest
grain yield and harvest index obtained at 10 plants/m?.
The highest No. of the grain/ear, stem diameter and cob
length were recorded at 8 plants/m?, while the highest
values of plant height were recorded at 12 plants/m?.
[22,23] establish that grain yield increased in the narrow
rows due to limited intra-row plant competition for light,
nutrients and water. Population above the optimum has
resulted in lodging that has caused a reduction in maize
production. [1,7] showed that increase in intra-row
spacing from 20 to 25cm significantly increased No. of
row /cob, cob diameter, 100-grain weight and grain yield.
[9] reported that highest grain yields for some hybrid was
obtained at plant denser of 8 plants /m? reached their
maximum grain yield and increased density in the grain
yield and its components. Therefore, the best option to
achieve the highest grain yield. [24] showed that the 70 x
30 and 60 x 40 cm spacing gave higher values of the
morphological parameters than 80 x 20 cm. With regard
to yield, 80 x 20 cm gave the highest average cob weight
and 1000-grain weight. With respect to the interaction
between maize hybrids and row width will present in this
respect, [21] described that Hybrid-3025 sown in ridges
having a 60 cm row to distance produce more grain yield
as compared to Azam variety. Concerning the interaction
among maize hybrids and hill spacing, in this respect,
[25,26] concluded that maize hybrids react differently to
various plant population densities. The interaction
between the spaces between the hills and maize hybrids
was significant for ear length and grain yield. Regarding
to the interaction between row width and hill spacing, in
this respect, [27] decided that this interaction had a
significant for number of ear/plant, grain yield/plant and
per faddan. They added that planting maize on 80 cm
rows of plant densities of 25-30 thousand plants/fed (17-
20 cm between hills) maximized grain yield. Concerning
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to the interaction among maize hybrids, row width and
hill spacing, in this respect, [1,28] described that the
highest grain yield due to increased plant population and
reduced row spacing, depended mainly on different
factors, like the hybrid type in use. Therefore, the present
investigation was objective to study inter- intra-row
spacing and plant population density on the growth, yield
and yield components of some single cross maize hybrids.

. MATERIALS AND METHOD
2.1. Research time and location:
The current investigation was carried out in the extension
field at Mahelt Engaq Village, Sherbin Center, Dakahlia
District during summer growing seasons of 2014 and
2015 to study the effect of inter and intra-row spacing on
plant growth, yield, and yield components of some maize
hybrids. Two separate field trials were conducted during
each year of 2014 and 2015 summer seasons. One trail for
each row spacing (RS), i.e. 60 and 70 cm between ridges.
The experimental design used in each trail was split-plot
design with four replications. The main plots were
assigned for maize hybrids i.e. (SC) 3084, (SC) 3062,
(SC) 2055 and (SC) 2066 and hill spacing were randomly
distributed in the sub-plots i.e. 15, 20, 25 and 30 cm hill
spacing apart. Each plot consisted of five ridges, 4.5 m
long and the ridge width was differed according to the
treatment. The combined analysis was done over the two
row pacing experiments. Eight plant population densities
and its distribution were the combination of four hybrids
and four plant spacing. The outer two ridges (1% and 5%)
were considered as borders. Grain vyield and yield
components were determined from the remaining two
ridges. The previous crop was wheat in both years.
Planting date was done on June 16 in the 2014 season,
and June 6 in the 2015 season. Calcium superphosphate
15.5% P,0s at the rate of 480 kg/ha was applied before
planting. Three grains were hand planted in each hill, then
thinning to one plant per hill was done before the first
irrigation. Hoeing twice was done for controlling weeds
before the first and second irrigations. Nitrogen fertilizer
in the form of urea (46.0 %N) at the rate of 288 kg/ha was
applied in two equal doses before the first and the second
irrigations,  respectively. Recommended agricultural
practice in the region was applied. These distributed of
eight plant population densities was presented in Table 1.
2.2. Studied Characters:
At harvest (after 120 days from planting) random samples
of guarded ten plants were taken at random from each sub
- plot to determine the yield components. Number of
ears/plant was calculated as the mean number of ears of
ten plants. Ear length (cm) was measured as the means of
ten ears length. Ear diameter (cm) was measured by using
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a Vernier Caliper as the means of ten ears randomly.
Number of rows/ear was counted as the average of the
number of rows of ten ears randomly. Number of
grains/row was counted as the means of a number of
grains in each row of ten ears randomly. Ear grains
weight (g) was obtained by averages weight of ten ear
grains in grams. Shelling percentage (%) was determined
by dividing the weight of ten ears shelled grains by their
weight and multiplied by 100. 100-grain weight (g) was
taken from clear grains and determined as the mean
weight of four random samples of 100 grains of each plot
and adjusted to 15.5 % moisture content. Grain yield/ha
was determined by the weight of grains per kilograms
adjusted to 15.5 % moisture content of each plot, then
converted to t/ha.

2.3. Experimental analysis:

All obtained data were statistically analyzed according to
the technique of analysis of variance (ANOVA) for the
split — plot design to each experiment (row spacing), then
combined analysis was done between row spacing trails
as published by [29] by using “MSTAT-C” computer
software package. A Least significant of the difference
(LSD) method was used to test the differences between
treatment means at the 5 % level of probability as
described by [30].

1. RESULTS
3.1. Effect of row width:
Regarding to the effect of row width (60 and 70 cm
between ridges) number of ear/plant, ear length, ear
diameter, number of rows/ear, number of grains/row, ear
grains weight, shelling percentage, 100-grain weight and
grain yield/ha, the results in Tables 2 and 3 clearly
showed a significant difference in both seasons due to
row width. Sown maize plants in width rows (70 cm)
produced the highest number of ear/plant, number of
rows/ear and number grains/row and ear length, ear
diameter, grains weight/ear, shelling percentage and 100-
grain weight. Sown maize plants on narrow row width (60
cm) produced the highest values of grain yield/ha. This
may be due to increases in photosynthesis due to increase
light penetration through maize canopies.
3. 2. Performance of maize hybrids:
A significant difference among four yellow maize hybrids
i.e.SC 3084, SC 3062, SC 2055 and SC 2066 on number
of ear/plant, ear length, ear diameter, number of rows/ear,
number of grains/row, ear grains weight, shelling
percentage, 100-grain weight and grain yield/ha in both
seasons as shown in Tables 2 and 3. The results showed
that highest ear length, ear diameter, grains weight/ear,
shelling percentage, 100-grain weight and grain yield/ha.
S.C 2055 hybrid was recorded the greatest value number
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of rows/ear. However, S.C 2066 hybrids recorded the
highest number grains/row, the lowest ear length, ear
diameter, grains weight/ear, shelling percentage and 100-
grain weight. S.C 3062 hybrid was recorded the lowest
values of grain yield in both seasons. While, S.C 3084
hybrids recorded the lowest number of ear/plant and
number grains/row.

3.3. Effect of hill spacing:

Concerning to the effect of hill spacing (15, 20, 25 and
30cm hill spacing apart) on number of ear/plant, ear
length, ear diameter, number of rows/ear, number of
grains/row, ear grains weight, shelling percentage, 100-
grain weight and grain yield/ha, the results in Tables 3
and 2 clearly indicated that hill spacing significantly
affected these traits in both seasons. Sown maize plants in
hills 30 cm apart produced the greatest numbers of
ears/plant and thick ears, highest grains weight/ear,
shelling percentage and 100- grain weight. However,
sown maize plants at hill spacing of 25 cm apart produced
tallest ears. On the other side, sown maize plants at 15 cm
apart produced the greatest number of rows/ear, the
number grains/row and highest grain yield/ha.

3.4. Interaction effects:

Results in Tables 2 and 3 indicated that there was no
significant interaction between maize hybrids and row
width on number of ear/plant, ear length, ear diameter,
number of rows, number of grain/rows and grain
weight/ear. However, the effective interaction between
maize hybrids and row width on the 100 grain weight and
grain yield/ha significant effected on these traits in both
seasons. The interaction between maize hybrids and row
width on ear diameter the highest weights of 100 grain
weight and grain yield/ha were produced from sown
S.C.3084 at 70 and 60 cm, respectively as shown in Figs.
1 and 2. Results in Tables 2 and 3 indicated that there was
no significant the interaction between maize hybrids and
hill spacing of number of ear/plant, ear length, ear
diameter, number of rows, number of grains/rows and
grain weight/ear. However, the statistical analysis showed
a significant interaction between maize hybrids and hill
spacing on the 100 grain weight and grain yield t/ha. The
results showed that highest interaction of 100 grain
weight from S.C. 3084 at 30cm apart as graphically
shown in Fig. 3. Highest grain yield/ha from sown S.C.
3084 in 20 cm hill spacing as illustrated in Fig. 4. Results
in Tables 2 and 3 indicated that there was insignificant of
the interaction between row width and hill spacing of
number of ear/plant, ear length, ear diameter, number of
rows, number of grains/rows and grain weight/ear. The
results showed that highest interaction between row width
and hill spacing on 100 grain weight was obtained from
sown at 70 cm row width and 30 cm hill spacing as
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shown in Fig. 5. Highest grain yield/ha was produced
from sown at 70 cm row width and 20 cm hill spacing as
illustrated in Fig. 6. Concerning the third interaction
among three studied factors, i.e. maize hybrids, row width
and hill spacing, in significantly affected on all studied
characters in both seasons.

Iv. DISCUSSION

The results revealed a significant difference in both
seasons due to row width. The increases in those yield
components contributed to the higher productivity
presented by narrowing sown maize. Therefore, the larger
availability of solar radiation probably allowed plants to
set more grains per ear and to produce heavier grains.
These results in good accordance with those reported by
[2,17,20,21,27]. The difference among four yellow maize
hybrids i.e. SC 3084, SC 3062, SC 2055 and SC 2066 on
number of ear/plant, ear length, ear diameter, number of
rows/ear, number of grains/row, ear grains weight,
shelling percentage, 100-grain weight and grain yield/ha.
The differences in yield and yield components due maize
hybrids may be due to the genetic factors. These results in
good agreement  with  those reported by
[2,4,11,12,13,14,16,27,]. Hill spacing significantly
affected number of ear/plant, ear length, ear diameter,
number of rows/ear, number of grains/row, ear grains
weight, shelling percentage, 100-grain weight and grain
yield/ha. The increases in grain yield when plants were
sown at lowest hill spacing (15 cm) may be due to
increase in number of rows/ear and number of grains/ear.
These results in good agreement with those reported
[4,26]. This may be due to more approach uniformity by
sown at 15 cm hill spacing. Therefore, the higher yields
obtained with the use of narrow spacing cannot be
attributed to a different pattern of leaf area development
or a larger leaf surface area to intercept solar radiation. A
similar conclusion was reported by those reported by
[1,24]. The effective interaction between maize hybrids
and row width on the 100 grain weight and grain yield/ha
significant effected on these traits in both seasons. There
were varietal differences in response to intra-row spacing.
Grain yield is the product of crop dry matter accumulation
and the proportion of the dry matter allocated to the grain
and harvest index in corn declines when plant density
increases above the critical plant density. Highest grain
yield/ha from sown S.C. 3084 at narrow row width (60
Cm) in 20 cm hill spacing i.e. 59.999 plants/ha reduced
competition between, which will be more approached to
uniformity which helps sun radiation penetration within
plants then increase net photosynthesis, consequently
increase grain yield per unite area.
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V. CONCLUSION
It could be concluded that sown S.C. 3084 hybrid at 60
cm row width and hill spacing of 20 cm apart maximized
maize productivity under the environmental conditions of
Dakahlia Governorate, Egypt.
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Table.1: Different plant population densities due to row width and hill spacing.

Row width Hill spacing Plant populations densities
60 cm 15¢cm 111.999 Plant/ha
60 cm 20cm 84.000 Plant/ha
60 cm 25¢cm 67.200 Plant/ha
60 cm 30cm 59.999 Plant/ha
70 cm 15¢cm 96.000 Plant/ha
70 cm 20cm 72.000 Plant/ha
70 cm 25¢cm 57.600 Plant/ha
70 cm 30cm 48.000 Plant/ha
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Table.2: Number of ear/plant, number of plants at harvest, ear length, ear diameter and number of rows/ear as affected by
maize hybrids, row width and hill spacing as well as their interactions during 2014 and 2015 seasons.

Characters Number of ear/plant EaEcI:e;:)gth Ear (ciCia:T:r;eter Number of rows/ear
Treatments 2014 | 2015 2014 2015 | 2014 | 2015 | 2014 | 2015
A- Row width:
60 cm 2.14 2.14 2489 | 2479 421 4.17 1581 | 1581
70 cm 217 2.25 2507 | 24.89 4.27 4.25 16.20 | 15.87
F. Test NS * * NS NS * * NS
B- Maize Hybrids:
SC 3084 212 2.06 2618 | 26.48 4.50 4.50 1553 | 1556
SC 3062 2.00 2.15 2362 | 22.90 4.30 4.26 1537 | 15.37
SC 2055 2.25 2.56 25.00 | 24.89 4.05 4.04 16.68 | 16.31
SC 2066 2.25 2.00 2503 | 25.09 4.10 4.04 1643 | 16.12
F. Test * * * * * * * *
LSD at5 % 0.22 0.18 0.54 0.36 0.11 0.08 0.57 0.40
C- Hill spacing:
15 cm apart 1.90 2.06 2423 | 24.32 4.22 4.23 16.00 | 16.12
20 cm apart 2.31 2.09 2518 | 24.85 421 4.16 16.03 | 15.81
25 cm apart 221 2.28 2529 | 25.12 4.22 4.19 16.06 | 15.75
30 cm apart 2.18 2.34 2521 | 25.05 4.30 4.26 1593 | 15.68
F. Test * * * * * * NS *
LSD at5 % 0.21 0.19 0.33 0.30 0.06 0.06 - 0.34
D- Interactions F-Test:
AxB NS NS * NS * NS NS NS
AxC NS NS NS NS * NS NS NS
BxC NS NS NS * NS * NS *
AxBxC NS NS NS * NS * NS NS
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Table.3: Number grains/row, grains weight/ear, shelling, 100-grain weight and grain yield/fed as affected by maize hybrids,

row width and hill spacing as well as their interactions during 2014 and 2015 seasons.

Ear length Ear diameter
Characters | Number of ear/plant Number of rows/ear
(Cm) (Cm)

Treatments

2014 2015 2014 2015 2014 2015 2014 2015
A- Row width:
60 cm 50.37 50.12 294.2 288.8 87.98 85.11 40.07 39.76
70 cm 50.62 49.89 295.0 293.4 88.13 87.97 41.42 41.17
F. test NS NS NS NS * * * *
B- Maize Hybrids:
SC 3084 51.31 51.31 322.0 3215 88.73 87.94 45.59 45.62
SC 3062 47.09 47.00 290.1 281.0 87.76 87.65 43.34 42.81
SC 2055 51.71 51.31 284.2 281.8 88.17 83.22 36.40 35.93
SC 2066 51.87 50.40 282.1 280.0 87.55 87.35 37.65 37.50
F. test * * * * * * * *
LSD at5 % 0.76 0.68 7.9 9.1 0.42 0.47 1.32 1.17
C- Hill spacing:
15 cm apart 50.71 50.56 289.8 280.0 87.64 86.01 39.87 38.90
20 cm apart 50.62 49.71 291.2 287.9 88.06 83.83 40.46 40.31
25 cm apart 50.34 49.68 291.2 291.7 88.03 87.88 40.59 40.15
30 cm apart 50.31 50.06 306.2 304.8 88.48 88.43 42.06 42.50
F. Test NS * * * * * * *
LSD at5 % - 0.51 54 6.8 0.39 0.58 1.05 0.95
D- Interactions F-Test:
AxB NS NS * NS NS * * *
BxC * NS NS * NS * * *
BxC NS * NS * NS * * *
AxBxC * NS * NS * NS NS *
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Fig. 2: Grain yield/ha as affected by the interaction between maize hybrids and row width during 2014 and 2015 seasons.
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Abstract— Drought is a wide spread problem seriously
influencing rapeseed (Brassica napus L.) production,
mostly in dryland regions. To investigate the effects of
water deficit on some canola (Brassica napus L.)
genotypes. Four drought treatments i.e. 4800m%nha,
3840md/ha, 2880 m%/ha and 1920 m3/ha on yield and yield
components of six canola genotypes i.e. Serw 4, Serw 10,
Pactol, Line 51. Two field experiments were conducted
during 2014/2015 and 2015/2016seasons. Results
revealed that irrigation using 3840 m®%ha at four times
came in the second rank for all studied parameters It
increased above aforementioned traits using 1920 m3/ha
as two times by 9.4, 26.2, 40.5, 45.6, 46.0,54.4, 20.5, 25.8
and 58.3%, respectively comparing by irrigation using
1920 m®ha in two times as average of both seasons.
Whereas, sown Serw 4 cultivar surpassed Serw 10
cultivar in plant height, No. of branches/plant, No. of
silica/plant, seed weight/plant, seed, oil and protein
yield/ha by 3.0, 21.8, 30, 21.6, 33.9, 26.7 and 37.9%,
respectively as average in both seasons. It could be
recommended that irrigation five times by 4800 m%ha of
Serw 4 cultivar significantly maximized seed, oil protein
yield/ha.

Keywords— Brassica napus L., genotypes, drought

treatments, seed and oil yield.

l. INTRODUCTION
Increasing plant productivity is one of the main targets
of the Ministry of Agriculture in Egypt. This could be
achieved through the suitable agricultural practices, i.e.
using promising cultivars under different irrigation water
regimes. Canola cultivation in Egypt may deliver an
opportunity to overcome the shortage of edible oil
production in Egypt. Drought tolerance consists of
ability of crop for growth and production under water
deficit conditions. A long term drought stress effects on
plant metabolic reactions associates with, plant growth
stage, water storage capacity of the soil and
physiological aspects of plant. Canola is one of the most
important oil crops in the world [1].The agricultural use
of water in the world is more than 85% of total water
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use, moderate to severe intermittent or terminal drought
is a common occurrence, and dry most crops cannot be
grown without supplemental irrigation [2]. Water
deficits in plants may lead to physiological disorders,
such as a reduction in photosynthesis and transpiration
[3]. Under drought stress in plant growth is affected by a
number of morph-physiological disorders that cause
reduction in nutrient uptake and impaired active
transport of photosynthesis [4]. It has been observed that
seed yield can be hampered, even by short period of soil
moisture stress during reproductive stages [5]. Shortage
of good quality water limits the production of
agricultural crops to varying degree throughout the
world, particularly in arid and semi-arid regions [6].The
canola cultivars showed a variable response to drought
stress and variation mainly depended on the cultivar,
growth stage and the plant’s ability to tolerate drought
stress [7]. Research on drought tolerance in rapeseed is
limited and mostly based on a few genotypes [8]. Water
deficit during reproductive growth was more than that
during vegetative growth of canola [9]. Oil yield was
affected by water stress and it was dramatically
decreased. Highest seed yield was obtained from
GKH1103 cultivars under the conditions of full
irrigation. The reproductive growth stage was found to
be more sensitive to spells of drought stress than other
growth stages [10]. The generated information suggested
that managing water supply at reproductive stage to
reduce yield losses in canola under the environments
with low moisture availability [11]. Therefore, the
objectives of this investigation were aimed to explore the
educating growth and productivity of canola by using
different cultivars at various irrigation water regimes
under the reclaimed soils.

. MATERIALS AND METHODS
2.1. Research time and location:
Two field experiments were conducted out at the
experimental Station Farm of EI-Serw Agricultural
Research Station of the Agricultural Research Center,
during the two successive winter seasons of 2014/2015
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and 2015/2016 to study the performance of canola
genotypes to irrigation treatments under newly reclaimed
saline soil conditions. Two experiments were designed
with a strip plot design in a RCBD with four replications.
Each experiment included sixty treatments comprising,
four canola genotypes and four irrigation treatments. The
horizontal-plots were included the following four
irrigation treatments, i.e.1-Irrigation five times (I1)by 400
m? for each (4800m?%ha).2-Irrigation four times (12)by 400
m® for each (3840m?®/ha).3-Irrigation three times (ls)by
400 m3 for each (2880 m?®ha).4-Irrigation two times
(l)by 400 m?® for each (1920 m3/ha).The vertical-plots
were included the four canola genotypes i.e.1-Serw 4:
Egyptian cultivar was produced via anther culture as mid
early flowering.2-Pactol: A mid flowering, French
cultivar introduced to Egypt by Agriculture Research
Center, ARE.3-Serw 10: Local line mid flowering, was
produced by Field Crop Institute, Agriculture Research
Center, ARE.4-Line 51: Local line late flowering, was
produced by Field Crop Institute, Agriculture Research
Center, ARE.A nplastic strip, sheet between horizontal
stripes was made to insulate between the experimental
units. Seeds of the studied cultivars were obtained from
Oil Research Section, Field Crops Research Institute,
Agricultural Research Center, Giza, Egypt. Each
experimental unit included five ridges 60 m apart and 3.5
m long occupying an area of 10.5 m? The soil in the
preceding crop was sunflower in both seasons. The soil of
experimental site was characterized as saline loamy clay
soil, PH was 7.8 and 7.7, E.C. dS/m* was 4.6 and 4.8,
Organic matter was 1.28 and 1.31%, available nitrogen
was 14.9 and 17.8 ppm and available phosphorus was
41.8 and 39.6 ppm, which mechanical and chemical
properties according to [12,13].

2.2. Agricultural practices:

The experimental field was well prepared through two
ploughings, compaction, division and then divided into
the experimental units with dimensions as previously
mentioned. Calcium super phosphate (15.5 % P,0s) was
applied during soil preparation (after ploughing and
before division) at the rate of 476 kg/ha. Potassium
sulfate (48 % K;0) at the rate of 178 kg/ha was applied
during soil preparation. Nitrogen fertilizer in the form of
ammonium nitrate (33.5 % N) was applied at the rate of
108 kg/ha was added in two equal portions before the first
and second irrigation. Seed was sown in hills 15 cm apart
on 20" and 25" of November for both seasons. The
common agricultural practices for growing canola,
according to the recommendations of the Ministry of
Agriculture were followed, except the factors under study.
2.3. Studied Characters:

At harvesting, the middle row was harvested randomly
from each plot to estimate the following characters: 1-
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Number of days to 50% flowering (days):Number of days
from sowing to 50% flowers/plot.2- Plant height (cm): It
measured from the soil surface to the top of the main
stem.3- Number of branches/plant: Its determined from
average of five plants.4- Number of silica/plant; It was
measured by counting the number of silica/plant from
average of five plants.5- Seed weight/plant; It was
estimated by weight seed of five plants.6-Oil Percentage:
Oil content was determined according to[14]. 7-Crude
protein percentage: Total nitrogen was estimated by the
improved Kjeldahl method according to [14], modified by
distilling the ammonia into saturated boric solution and
titration in standard acid. The crude protein percentage
was calculated by multiplying the total nitrogen values in
canola flour by 5.75. 8-Seed yield/ha: It was calculated by
weighting of two ridges and air dried, the seed at 15 %
moisture were weighted and converted to kg/ha. 9- Oil
yield kg/ha: multiplied with seed yield/ha to obtain
protein and oil yields in kg/ha.10-Crude protein yield/ha:
It calculated by multiplying the crude protein percentage
then multiplied with seed yield/ha to obtain protein and
oil yields in kg/ha.

2.4. Experimental analysis:

All obtained data were statistically analyzed according to
the technique of analysis of variance (ANOVA) for the
strip - plot design as published by[15]by using MSTAT
statistical package (MSTAT-C with MGRAPH version
2.10, Crop and Soil Sciences Department, Michigan State
University, USA). Least Significant Difference (LSD)
method was used to test the differences between treatment
means at the 5 % level of probability as described by[16].

1. RESULTS AND DISCUSSION

3.1. Drought treatment effects:

Results accessible in Tables 1 and 2 clearly designated
that irrigation five times by 400 m® for each, i.e. 4800
m3/ha, 960m3ha for each significantly affected No. of
days from sowing to 50% flowering, plant height, No. of
branches/plant, No. of silica/plant, seed weight/plant, oil
and protein percentage, seed, oil protein yield/ha in both
2014/2015 and 2015/2016 seasons. Irrigation using 3840
mq/ha at four times,960 m*/ha for each came in the second
rank for all studied parameters It increased above
aforementioned traits using 1920 m®/ha as two times960
mé/ha by 9.4, 26.2, 40.5, 45.6, 46.0,54.4, 20.5, 25.8 and
58.3%, respectively comparing by irrigation using1920
mé/ha in two times as average of both seasons. The results
showed that increases in seed yield/ha due to irrigation
five times using 4800 m%ha960 m3ha may be due to
increases in yield attributes such as number of branches,
silica and seed/plant as shown in Table (1). Regarding to
increases in both oil and protein yields/ha due to irrigation
five times using 4800 m3/ha,960 mdha, it’s the fact that
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these increases due to increases in seed yield/ha and both
oil and protein percentages as shown in Table (2).Results
revealed that reducing irrigation to two times by 400 m?
for each, i.e. 1920 m®ha recorded the lowest values of
No. of days from sowing to 50% flowering, plant height,
number of branches, silica and seed/plant, oil and protein
percentage, seed, oil protein yield/ha in both 2014/2015
and 2015/2016 seasons. Physiological growth indices
were reduced under drought stress. This condition can be
the most important environmental factor for the increase
of total dry matter of control of irrigation [17]. A long
term drought stress effects on plant metabolic reactions
associates with, plant growth stage, water storage capacity
of the soil and physiological aspects of plant. Canola is
one of the most important oil crops in the world[1].The
agricultural use of water in the world is more than 85% of
total water use, moderate to severe intermittent or
terminal drought is a common occurrence, and dry most
crops cannot be grown without supplemental irrigation
[2].Regularly, water deficit stress has detrimental effects
on many processes in plants, which include reducing
photosynthesis, accumulation of dry matter, stomatal
exchanges, and protein synthesis that affects their growth
stages[18,19].Grain yield showed high sensitivity to water
deficit, proving that irrigation can definitely benefit crop
grain yield [20]. Generally, plants respond to water deficit
stress  through  developmental, biochemical and
physiological changes and the type of the observed
response depends on several factors such as stress
intensity (SI), stress duration and genotype [21]. The
stresses imposed at a later stage of development, reduce
sink size, shorten the duration of seed filling and decrease
the opportunity of crop to recover. Irrigation had more
influence on seeds per pod than other yield components
and water deficit influenced flowering to maturity stages
more than other growth stages [5]. Water stressed
conditions, those of rapeseed cultivars which were able to
maintain their relative water content at high levels had a
higher seed yield. Since water stress during seed
development did effect on the sink size (seeds per plant),
decreased source capacity led to reduction of seed weight
[22].A similar result was reported by[3,4,5,6,23].

3.2. Canola genotypes performance:

Regarding to canola genotypes performance, the results

existing in Tables 1 and 2 clearly showed that studied

canola genotypes significantly differed in No. of days

from sowing to 50% flowering, plant height, number of

branches, silica and seed/plant, oil and protein

percentage, seed, oil protein yield/ha in both 2014/2015

and 2015/2016 seasons. Sown Serw 4 cultivar surpassed

studied canola genotypes in all above aforementioned

traits followed by sown Line 51 and Serw 10 cultivar

came in the last rank in both seasons. The results clearly
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showed that sown Serw 4 cultivar surpassed Serw 10
cultivar in plant height, No. of branches/plant, No. of
silica/plant, seed weight/plant, seed, oil and protein
yield/ha by 3.0, 21.8, 30, 21.6, 33.9, 26.7 and 37.9%,
respectively as average in both seasons. The results
displayed that Serw 4 cultivar recorded highest values in
seed yield/ha may be due to increases in yield attributes
such as number of branches, silica and seed/plant as
shown in Table (1). Whereas, Serw 4 surpassed studied
genotypes in both oil and protein yields/ha due to
increases in seed yield/ha and both oil and protein
percentages as shown in Table (2). Fido cultivar
surpassed Tower in all traits under study which gave
seed yield/fed by 12.05% as an average of both seasons
[24]. Cultivators the L210 selected as the best cultivar
for the normal condition and the L73 is the best cultivars
in stress was started from the stem elongation stage and
stress was started from flowering stage, also, the cultivar
L183 is the best cultivars in stage of stress was started
with pod formation [25]. Karaj3 and Talaye cultivars
showed the highest seed yield in normal and stress
conditions, respectively [26]. The canola cultivars
showed a variable response to drought stress and
variation mainly depended on the cultivar, growth stage
and the plant’s ability to tolerate drought stress [7].
Research on drought tolerance in rapeseed is limited and
mostly based on a few genotypes [8]. The effect of water
deficit during reproductive growth was more than that
during vegetative growth of canola [9].The least
reduction of seed yield in water deficit conditions has
produced in Zarfam cultivar. Also, this cultivar had
lower decreasing of oil yield in stress conditions and it
has the best adaptation in water deficit conditions. These
results may be due to the reduction of photosynthesis
and chlorophyll content [27]. Qil yield was affected by
water stress and it was dramatically decreased. Highest
seed yield was obtained from GKH1103 cultivars under
the conditions of full irrigation. The reproductive growth
stage was found to be more sensitive to spells of drought
stress than other growth stages [10]. The generated
information suggested that managing water supply at
reproductive stage to reduce yield losses in canola under
the environments with low moisture availability [11].
3.3. Interaction between drought treatments and
studied genotype effects:

Concerning to the interaction between drought
treatments and studied canola genotypes, the results
accessible in Tables 1 and 2 clearly indicated that this
interaction insignificantly affected No. of days from
sowing to 50% flowering, plant height, number of
branches, silica and seed/plant, oil and protein
percentage in both 2014/2015 and 2015/2016 seasons.
Results graphically illustrated in Fig 1, 2, 3, 4, 5 and 6
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showed that irrigation five times by 400 m?® for each, i.e.
4800 m%ha of Serw 4 cultivar significantly increased
seed, oil protein vyield/ha in both 2014/2015 and
2015/2016 seasons. However, Serw 10 cultivar when
irrigated with two times by 960 m®/ha for each, i.e. 1920
m’ha recorded the lowest values of above
aforementioned traits in both seasons. Water stress
significantly limits plant growth and crop yield. Hence,
the efficient management of soil moisture and the study
of metabolic changes which occur in response to drought
stress are important for agriculture. Cultivars differed
significantly with respect to seed yield. Zarfam and
Elvice cultivars under stress condition had the lowest
seed vyields. They suggested that, Zarfam and Elvice
cultivars would be important for breeding programs
designed for water-stress environments and in
identifying drought-tolerant lines under arid and semi-
arid conditions [28].The high oil yield and thousand
grain weight were achieved by Okapi cultivar under
control irrigation, highest grain yield and siliqgue number
per plant were obtained by Licord cultivar under control
irrigation and highest grain number per siliqgue was
achieved by Zarfam cultivar under control irrigation and
high drought tolerance index was exhibited by Licord
cultivar [17].Reason of the grain yield reduction in
different cultivars can be due to the level of used stress
and its effect on some yield components such as pod per
plant, seed per pods and the weight of thousand seeds
[27]. The interaction between water deficit stress and
type of cultivars affected yield, grain per pod, pod per
plant and length pod. ‘Hyola 308 and ‘Sarigol” showed
highest and lowest yields under stress conditions [29].

V. CONCLUSION
It could be recommended that irrigation five times by
4800 m%ha,960 m%ha of Serw 4 cultivar significantly
maximized seed, oil and protein yield/ha.
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Table.1: Mean of No. of days to 50% flowering, plant height, No. of branches/plant, No. of silica/plant and seed
weight/plant as affected by irrigation treatments of some canola genotypes during 2014/2015 and 2015/2016 seasons.

N(()). of days.to Plant height (cm) No. of No. of silica/plant Seed weight/plant
Treatmen 50% flowering branches/plant )
ts 2014/2 | 2015/2 | 2014/2 | 2015/2 | 2014/2 | 2015/2 | 2014/2 | 2015/2 | 2014/2 | 2015/2
015 016 015 016 015 016 015 016 015 016
A. Irrigation treatments:
. 3
|1.4/i20m 86.8 93.7 175.2 178.0 11.2 12.5 993.8 1120.2 83.0 92.8
. 3
Iz.B/iiOm 84.1 90.3 163.7 173.1 10.1 11.3 922.2 1050.3 74.0 82.0
I:;fliio 81.6 87.8 151.8 162.5 9.1 10.3 741.2 876.9 55.5 62.3
Lﬁ?hzao 79.8 83.7 138.1 146.8 6.7 7.4 514.3 633.9 45.3 49.6
F_test * * * * * * * * * *
L.SD. 1.5 1.0 1.9 3.0 0.8 15 10.2 9.0 2.3 34
5%
B. Canola genotypes:
Serw 4 84.1 86.2 156.5 166.5 10.8 12.1 958.2 1163.9 775 82.1
Pactol 83.2 89.5 157.1 161.2 9.2 10.0 726.8 800.6 62.4 69.5
Serw 10 79.8 89.5 152.8 160.5 8.8 9.1 716.9 768.3 60.0 65.1
Line 51 85.1 90.3 163.0 172.1 9.4 10.3 869.6 948.5 64.9 70.0
F_test * * * * * * * * * *
L.S.D. 1.9 1.8 1.7 2.9 0.9 1.4 8.1 12.8 1.4 3.0
5%
Interactio
n AXB
F-test N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
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Table.2: Mean of seed yield t/ha, oil and protein percentage and oil and protein yield kg/ha as affected by irrigation
treatments of some canola genotypes during 2014/2015 and 2015/2016 seasons.

. . . o Protein yield
0, 0,
Treatmen Seed yield t/ha Oil% Protein% Oil yield kg/ha kg/ha
ts 2014/2 | 2015/2 | 2014/2 | 2015/2 | 2014/2 | 2015/2 | 2014/2 | 2015/2 | 2014/2 | 2015/2
015 016 015 016 015 016 015 016 015 016
A. Irrigation treatments:
- 3
Il.iﬁ(;Om 2.329 2.551 43.1 435 37.9 37.9 1003.9 | 1110.8 882.7 964.1
- 3
Iz.3;£r3120m 2.062 2.115 425 42.8 37.6 37.6 876.0 905.0 774.9 799.2
13:2880
mé/ha 1.561 1.650 41.6 42.0 335 33.1 649.2 691.9 530.4 550.5
141920
mi/ha 1.082 1.132 39.2 39.6 28.2 28.0 431.3 448.5 306.0 318.0
F_test * * * * * * * * * *
L.S.D.
=0 0.018 0.027 0.7 0.6 0.7 0.7 11.7 15.3 10.6 134
B. Canola genotypes:
Serw 4 2.051 2.248 41.6 41.7 35.0 35.1 709.4 946.5 718.3 814.1
Pactol 1.685 1.854 41.6 41.8 34.2 34.1 700.5 785.7 576.0 655.2
Serw 10 1.381 1.456 42.2 429 335 33.1 582.5 629.7 462.5 488.8
Line 51 1.726 1.892 41.1 41.4 34.3 34.4 612.9 796.8 593.8 673.4
F_test * * * * * * * * * *
L.S.D.
=0 0.017 0.023 0.7 0.6 0.9 0.8 11.2 18.7 10.6 17.2
Interactio
n AXB
F-test * * N.S. N.S. N.S. N.S. * * * *
35 =—t=—Serw 4 ==—Pactol ==t=Serw 10 Line 51
5_—5 3.0
= \ LSD at 5%= 0.019
o
T 25
>
gl
§ 2.0
(V.
o
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I
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11:4800 m3/ha. 12:3840 m3/ha. 13:2880 m3/ha. 14:1920 m3/ha.

Fig..1: Mean of seed yield t/haas affected by irrigation treatments and canola genotypes during 2014/2015 seasons.
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Fig. 2:

Mean of seed yield t/haas affected by irrigation treatments and canola genotypes during 2015/2016 seasons.
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Fig. 3:

Mean of oil yield kg/haas affected by irrigation treatments and canola genotypes during 2014/2015 seasons.
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Fig. 5: Mean of protein yield kg/haas affected by irrigation treatments and canola genotypes during 2014/2015 seasons.
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Micro-propagation of Alstroemeria Hybrida Cuv.
Pluto

Ambreena Din, Muneeb A. Wani, Sajid A. Malik, Shameen Igbal, Imtiyaz T. Nazki

Division of Floriculture and Landscape Architecture, Faculty of Horticulture, Sher-e-Kashmir University of Agricultural
Sciences and Technology of Kashmir, J&K, India.

Abstract— The experiment entitled micropropagation of
Alstroemeria hybrida cv. Pluto was conducted to
standardize protocol for aseptic establishment, callus
induction, proliferation, and rooting from rhizome tips,
rhizome sections, shoot tips, shoot nodal segments and
inflorescence buds. Highest culture asepsis of 79.20 per
cent at 2 weeks of culture and 68.08 per cent at 4 weeks of
culture was recorded in rhizome tips following sterilization
treatment with Carbendazim 200 ppm for 30 minutes +
HgCl; (0.1 %) dip for 10 minutes and final treatment with
ethyl alcohol (70 %) for 1 minute. Rhizome tips and
rhizome section explants survived sterilant treatment better
than other explants. MS-liquid medium supplemented with
BAP + IBA: 1.5 + 0.2 mg I' proved best for culture
establishment (89.42 %) in case of rhizome tips and (56.13
%) in case of rhizome sections. MS-solid medium with plant
growth regulator combinations BAP + IBA: 1.0 + 0.2 mg I
fortified with activated charcoal resulted in an
establishment of (78.25 %) in rhizome tips and (40.24 %) in
case of rhizome sections. Callus induction was highest in
MS-solid medium fortified with BAP + NAA: 0.5 +4.5mg I
|, Rhizome tips cultured on MS-medium BAP + IBA + GA;
+ Activated charcoal: 2.0 + 0.4 + 0.5 + 1000 mg I gave
highest proliferation (88.85 %) along with highest number
of erect shoots (5.75) , number of new rhizome buds ( 3.75),
rhizome fresh weight/shoot complex (6.05), and
multiplication index (2.76). Highest Rooting (54.81 %)
along with lowest days to appearance of root (10.87),
highest number of roots (3.12) and highest root length
(16.42 mm) was recorded in MS-liquid medium fortified
with NAA 1.5 mg I'%.

Abbreviations used— AC; Activated charcoal, BAP; 6-
Benzyl amino purine, BA; 6-Benzyladenine, 2, 4-D; 2,
4dichloro-phenoxyacetic acid,GAs. Gibberelic acid, 1AA;
Indole-3-acetic acid, IBA; Indole-3-butyric acid, MS;
Murashige and Skoog’s (1962) medium, NAA; Naphthalene
acetic acid and um; Micro molar.
Keywords— Tissue culture,
Alstroemeria, growth regulators.

micropropagation,
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l. INTRODUCTION

Alstroemeria also known as Inca lily, lily of Incas or
Peruvian lily, is a rhizomatous monocot belonging to the
family Alstroemeriaceae. Alstroemeria hybrids are very
popular cut flowers occupying position within top ten cut
flowers of the world due to diversity of colours, low energy
requirement and longer vase life. Alstroemeria are also
grown as bedding or potted plants (Bridgen, 1997) and has a
premium potential as a cut flower crop in temperate and sub
temperate areas of the country especially of Himachal
Pradesh, Jammu and Kashmir, Uttar Pradesh, Uttaranchal,
West Bengal and Nillgiri hills of Tamil Nadu. The increase
in production area and the introduction of new hybrids by
breeding have necessitated development of efficient
methods for cloning, since modern Alstroemeria hybrids are
often sterile (triploids) and can only be propagated
vegetatively. Alstroemeria are conventionally propagated
vegetatively by rhizome division but it is inefficient, time
consuming, requires large area for maintaining stock plants
and contributes to the spread of viral diseases. Globally, the
demand for clean healthy plant materials for agriculture,
horticulture, forestry and ornamental industries is in excess
of 16 trillion units per year, which equals US$ 4 trillion. For
ornamentals, it is estimated that the global sale of cut
flowers and pot plants is US$ 90 and 60 billion,
respectively. The production of ornamentals by commercial
micropropagation was in 1986, 130 million plants globally.
Over one billion ornamentals are produced yearly through
micropropagation (Prakash, 2009).

Alstroemeria plants consist of a sympodial fleshy, multi-
stemmed rhizome from which shoots and fibrous roots
arise. Some of the fibrous roots latter become thickened
storage roots as the plants develop. The storage roots are
called ‘Radices Medullosae’. The shoots can be either
reproductive  or  vegetative depending upon the
environmental conditions. Alstroemeria shoots produce a
whorled cymose inflorescence. Each cyme is sympodially
branched with up to five florets that open one after another.
The sexual parts of the flowers are dichogamous. The
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stamens open first and shed pollen before the stigma
becomes receptive. The flowers come in a variety of
colours. Post-harvest life is terminated by petal drop or
yellowing of the leaves or both.

There are several commercial cultivars of Alstroemeria
available. Van Scheepen (1991) gave descriptions of
species and the common ones include A. aurea, A.
brasiliensi, A. caryophyllaea, A. chiliensis, A. ligtu, A.
pelegrina, A. psittacina etc. Among the cultivated
Alstroemeria, Ligtu hybrids (LH) have originated from a
natural crossing between A. ligtu and A. ligtu spp. Simsii
(Robinson, 1963). They are widely used for cut flowers in
Japan. On the other hand A. pelegrina var. rosea (PR) is
dwarf and has large flowers. The interspecific hybrids
between LH and PR have also been produced (Ishikawa et
al., 1997).

Alstroemeria is a relatively recent introduction into the
world’s floriculture scene and has become a major cut
flower. It is also used as a potted flowering plant for the
home decoration and as an herbaceous landscape plant in
the mild climates. Plants have routinely survived in the
Netherlands and in Maryland (Zone-6) in the United States.
Cultivars are patented and growers must sign agreements.
Division is not legal unless authorized.

In India Alstroemeria is a recent introduction. The crop was
introduced in 2001 by Ministry of Agriculture, GOI, under
Food and Agriculture Organization programme at three
Model Floriculture Centers in India-Ooty (Tamil Nadu),
Chial (Himachal Pradesh) and Srinagar (Jammu &
Kashmir). The crop was introduced in SKUAST-Kashmir,
Shalimar in 2005-06 under ICAR sponsored Horticulture
Mini Mission-1. Initial results in the poly house and open
conditions were promising.

Attempts have been made by few workers to multiply
Alstroemeria in vitro through rhizome tips (Hussey et al.,
1979; Gabryszewska and Hempel, 1985; Lin and Monette,
1987; Chiari and Bridgen, 2000) but contamination was the
major bottleneck to start the cultures. Alstroemeria can be
started with apical shoot tips but there is also a strong
dominance effect suppressing the growth of axillary buds
(Bond and Alderson, 1993b).

Several components and combinations of compounds
interfere with the mechanism of apical dominance, thereby
releasing buds from their inhibited state like Tri-
iodobenzoic acid, an anti-auxin (Niedergang and Skoog,
1956; Rubery, 1987) and Thidiazuron (TDZ), having a
cytokinin like mode of action (Mok et al., 1982).

In vitro multiplication of elite plant genotype is the widely
used commercial application of plant biotechnology and
offers immense opportunities to multiply more number of
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disease free planting material in a shortest possible time
(Lin et al., 2000).
Alstroemeria is generally propagated by rhizome division of
the three year old plants. However, multiplication rate is
low. Propagation through seed is not commonly practiced
due to variability in hybrids and long and difficult
germination. Legal planting material imported from foreign
breeder companies is still very costly ranging from Rs. 500-
600/plant. Cultivars introduced in late nineties in India are
currently out of the patent regime. However, planting
material is not easily available due to constraints imposed
on multiplication rate under conventional propagation
methods of rhizome division. This has been the single major
stumbling block that has prevented Alstroemeria from
becoming widely adopted by cut flower growers in Kashmir
and Himachal Pradesh. There is a need to establish in vitro
propagation protocols for the cultivars already available
with research institutes and Government departments. This
shall not only ensure availability of quality planting
material for growers but also open up avenues for cultivar
improvement through in vitro mutagenesis. Keeping in view
the importance of Alstroemeria as a lower energy
requirement cut flower crop for growers in Kashmir the
current study was conducted with the following objectives:
i). Standardization of disinfection protocol for aseptic
establishment.
ii). Identification of suitable explant for establishing in
vitro cultures in Alstroemeria
iii). Standardization of media and growth regulator
regimes for callus induction, callus proliferation
and organogenesis if any.
iv). Development of protocol for multiplication and
rooting of Alstroemeria in vitro.

1. REVIEW AT A GLANCE
Results obtained by different workers on in vitro
propagation of Alstroemeria as well as other related crops
with similar problems have been reviewed under the
following sub-heads.

2.1 Explant

2.2 Surface sterilization of explant

2.3 Establishment and proliferation of cultures
24 Callus induction and regeneration

25 Rooting

2.1 Explant
2.1.1  Rhizome
Rhizomes of pale orange-coloured Alstroemeria cv.
‘Caralis’ were used as the source of explants by Amir et al.
(2012). Pumisutapon et al. (2009) prepared four types of
explants - an intact rhizome with two intact shoots
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(+R+2S), an intact rhizome with two decapitated shoots
(+R-2S), a decapitated rhizome with two intact shoots (-
R+2S), and a decapitated rhizome with two decapitated
shoots (-R-2S), in vitro to study the apical dominance in
Alstroemeria. Yousef et al. (2007) compared the
regeneration ability of plantlets using in vitro and in vivo
grown rhizome buds as explants that were cultured on MS
basal medium with 3 different compositions of growth
regulators (1, 0.2 mg I NAA with 1 mg I BA and 0.2 mg
I1 IAA with 1 mg It BA) and the cultures were incubated in
18 + or -1 degrees C at 16 h photoperiod.

Elliott et al. (1993) established Alstroemeria cv. Parigro
Pink rhizome tip explants. Gabryszewska (1995)
successfully cultured rhizome apical and axillary tips
cultured on Murashige and Skoog medium with BA at 2 mg
I and NAA at 0.5 mg I"*.Hakkaart et al. (1988) used a

212  Leaf

Khaleghi and Azadi (2011) selected vegetative explants
(node, internode, and leaf) and employed embryogenic
calluses for gene transformation in Alstroemeria and studied
the embryogenic callus induction in Alstroemeria cv.
Fuego. Lin et al. (1997), Jang et al. (1999), Lin et al. (2000)
reported that leaves of Alstroemeria can be used as an
explant to enhance the multiplication efficiency. Lin et al.
(1998) induced direct shoot regeneration from leaf explants
of Alstroemeria clone V2406, a selection from a tetraploid
breeding line. Explants contained a leaf blade and a small
portion of stem node, which were cut from erect shoots of
in vitro-multiplicated plantlets. Shoot regeneration capacity
of the excised leaf explants was significantly related to the
position of the explant on the stem. The youngest explant
which was located closest to the shoot apex gave the highest
response.

2.1.3 Inflorescence stem

Different types of explants have been employed to establish
cultures. Ziv et al. (1973) used young actively growing

www.ijeab.com

Fig. 1 and Fig. 2. Rhizome explant of Alstroemeria hybrida Cv. Pluto used in this study.

technique for elimination of Alstroemeria mosaic virus from
infected Alstroemeria cultivars in which meristems were
excised from rhizome tips and placed on a medium
containing indole-3-butyric acid at a cultivar dependent
concentration. Pierik et al. (1988), used terminal and lateral
tips from fleshy rhizomes that were isolated in vitro and
induced to form new rhizomes.

Gabryszewska and Hempel (1985), Han et al. (1994), Chiari
and Bridgen (1996, 2000) cultured rhizome pieces of
Alstroemeria for in vitro plantlet regeneration. Lin and
Monette (1987) regenerated plantlets from rhizome tips
cultured on solid and liquid media based on Murashige and
Skoog salt formulation. The quality of the cultures was
superior when intact rather than longitudinally sliced
rhizome tips were used as explants, and when a temperature
of 8° rather than 22°C was used at the initiation stage.

tissue explants from Alstroemeria inflorescence stem taken
at a distance of 1-2 mm below the apex that proved capable
of regenerating buds and roots from which small plantlets
could be established.

2.1.4  Somatic Embryos

Schaik et al. (1996) studied the plant regeneration ability of
callus obtained from zygotic embryos of diploid
Alstroemeria inodora and a tetraploid cultivar. The best
explants for somatic embryogenesis were immature zygotic
embryos in half-ovules when the endosperm was soft and
white. Hutchinson et al. (1994) obtained callus when
mature zygotic embryos were cultured on MS medium
supplemented with 20 uM kinetin and 10 or 20 uM NAA.
Callus that was transferred to MS medium supplemented
with 20 pM kinetin and 20 pM NAA for long term culture,
maintained a regeneration capacity of 40 per cent over an 8
month period. Gonzalez and Alderson (1992) cultured
excised somatic Alstroemeria cv. Butterfly embryos on
solid MS medium alone, or on MS medium supplemented
with 0.1 mg BA I + 10% (v/v) coconut water or 0.1 mg
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GA; It Cultures were incubated at 25 or 15°C and the
number of embryoids which developed into single shoot
plantlets was generally higher at 15 than 25°C. After 4
weeks of culture, the greatest percentage of cultures with
single shoot plantlets (25%) was obtained from the medium
supplemented with GAsz and cultured at 15°C, but the
greatest percentage of cultures with callus (75%) was
obtained from the same medium at 25°C. Gonzalez and
Alderson (1990) obtained a callus from mature embryos of
cv. Butterfly on MS medium supplemented with either 2 or
4 mg picloram I or 4 mg 2, 4-D I* combined with
benzyladenine (BA) or kinetin (0-4 mg I?). Shoots
regenerated and torpedo-like structures (somatic embryos)
formed when callus was transferred to regeneration media
containing BA plus picloram or 2, 4-D.

2.1.5 Root, stem segments, shoot tips, rhizome buds
Gonzalez and Alderson (1995) attempted Callus induction
in Alstroemeria using explants from roots, stem segments,
shoot tips and rhizome buds of cv. Carmen and mature
embryos of cv. Butterfly which were cultured on MS basal
medium supplemented with various concentrations of 2,4-
D, picloram, NAA, kinetin, BA and GAs. The best results
were obtained with mature embryos and after 18 days in
culture, callus was produced on 40, 34 and 32 per cent of
embryos cultured on MS medium supplemented with 4 mg
2, 4-D 1 1, 2 mg picloram It and 4 mg picloram I,
respectively.

2.1.6  Leaf, stem, rhizome, inflorescence apices
Pedraza-Santos et al. (2006) developed a protocol for the in
vitro regeneration of Alstroemeria cv. ‘Yellow King’, using
several explant sources (leaf, stem apices, rhizomes and
immature inflorescence apices) and various temperature and
light/dark regimes, hormone and salt concentrations and
several hormone concentrations for shoot multiplication and
rooting and found that only the young floral apices
produced adventitious shoots by direct organogenesis. The
highest shoot induction rate (10.4 shoots per explant) was
obtained by incubation in the dark for 15 days at 8 °C
followed by 15 days at 25 °C and a 16-h/8-h light/dark
regime, on a Murashige and Skoog (1962) liquid medium at
50 per cent of the salt concentration, supplemented with 2.5
mg It Kinetin, 1.5 mg It BA and 1.0 mg I NAA, using a
piece of filter paper to support the explant. The highest
shoot multiplication rate (9 shoots per explant) was
obtained on a liquid MS medium at full strength
supplemented only with BA at 1.0 mg 1%,
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2.1.7  Shoots

Fujita et al. (2010) observed high rhizome-formation ability
but frequent contamination with soil microorganisms in
vitro when apical meristem explant taken from underground
shoots of 3-4 cm length that had sprouted from the rhizome.
Apical meristem cut from vegetative shoots of 50-100 cm
length had hardly any rhizome-formation ability, and these
were not suitable as explants for micro propagation.

2.1.8  Leaf, Node and Internode

Seyyedyousefi et al. (2013) used segments of nodes and
internodes of Alstroemeria cv. Fuego as explant that were
cultured in MS basal medium with different concentrations
of BAP (0.0 and 0.5 mg I'*) and NAA (0.0, 1.0 and 2.0 mg I
1 to produce callus.

Khaleghi and Azadi (2008) studied the plant regeneration
ability of callus in the ornamental monocot Alstroemeria cv.
Fuego. High frequency (23%) of compact callus induction
was obtained on a Schenk and Hildebrandt (SH) medium
supplemented with 2 mg I picloram from nodal segments
excised from plants grown in the greenhouse and also
employed embryogenic calluses for gene transformation in
Alstroemeria and studied the embryogenic callus induction
in Alstroemeria cv. Fuego. The vegetative explants (node,
internode, leaf) along with various concentrations of auxins
(picloram, NAA, 1AA, 2, 4-D) either with or without BAP
were taken into experimentation. The nodal explants
provided the highest embryogenic calluses. The internodal
explants resulted in a lower embryogenic callus production
than the nodal ones. The leaf explants did not prove suitable
for callus induction. The highest induction rate of
embryogenic calluses was obtained for %2 MS medium
supplemented with 2 mg It of NAA. As for regeneration,
callus was transferred to regeneration medium
supplemented with 2 mg I'* of BAP (Khaleghi and Azadi,
2011).

Kim et al. (2006) obtained high frequencies of compact
embryogenic callus (CEC) induction (~40%) and friable
embryogenic callus (FEC) induction (~15%) in
Alstroemeria from nodes with axil tissue cultured first on a
Murashige and Skoog (MS) medium supplemented with 10
MM thidiazuron and 0.5 pM indole-3-butyric acid and after
that on a Schenk and Hildebrandt (SH) medium
supplemented with 9.1 uM 2, 4-dichlorophenoxy acetic acid
and 2.2 uM benzylaminopurine (BA). Both types of callus
were maintained on modified MS medium supplemented
with 20.8 pM picloram. Regenerated plants were
established in the greenhouse and flowered normally.
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2.1.9  Other Related Crops

Arimura et al. (2000) took basal portion of ginger as an
explant and cultured on MS medium containing different
concentration of NAA. De Him and De Paez (1998) used
shoot tips of ginger for in vitro multiplication. Sharma and
Singh (1995) advocated that shoot tips of ginger can be
regenerated into plantlets. Devi and Nayar (1993) used
shoot tips as explants excised from one and three months
old suckers. Similarly, Malamug et al. (1991) while
working with ginger cv. Kintoki used 1-2 mm shoot tip
explants.

Hosoki and Sagawa (1997) took the rhizome buds of ginger
and cultured on modified MS medium. Nathan et al. (1993)
used axillary and terminal buds of Heliconia Psittacorum as
a source of explant. Tissue blocks of approximately 1 cm
size containing either the apical bud or axillary buds were
excised from shoots and after surface sterilization further
trimmed to approximately 3 mm size before culturing. In
ginger (Zingiber officinale Rosa.) the newly emerging buds
are the favourite explant for initiating the cultures.
Meristem of size 0.1-0.5 mm were excised from pale yellow
sprouted buds of ginger for establishment of cultures
(Bhagyalakshmi and Singh, 1988). Nel (1985) established
cultures with shoot-tips of ginger. Shetty et al. (1982)
cultured single sprouting buds of Turmeric on modified MS
medium containing sucrose (40 g I'Y) and kinetin (0.2-0.5
mgl?).

2.2 Surface sterilization of explant

Seyyedyousefi et al. (2013) also used fragments of stem
containing node and internode and washed thoroughly
under running tap water for 20 minutes and disinfected with
1.5 per cent NaOCIl aqueous solution for 15 minutes.
Sathyagowri and Seran (2011) also reported reasonable
level of culture asepsis and survival with Carbendazim
(0.3%) + Doxycycline (0.2%) for 10 minutes followed by
70% ethanol for 1 minute in ginger rhizome expants with
buds. Jyothi et al. (2008) reported use of 1.0 per cent
mercuric chloride for 8 minutes in ginger a plant with a
underground rhizome similar in architecture as
Alstroemeria.

Pedersen and Brandt (1992) developed a procedure for the
disinfection of Alstroemeria rhizome tips based on scale
leaves immersed for 1-10 min in 3 per cent Korsolin or 1
per cent NaOCI. Dekker’s et al. (1991) used 1 per cent
potassium hypochlorite for 20 minutes for the disinfection
of axillary buds obtained from rhizomes (Zingiber
officinale, Curcuma amada, C. domestica), aerial stem
nodes (Costus spp.) and bulbils (Alpinia parpurata) arising
from inflorescence.
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Pierik (1987) identified four source of infection during in
vitro propagation of Alstroemeria viz. the plant (internal as
well as external), the nutrient medium (insufficiently
sterilized), the air and the aseptic work. The rhizome tip
explant regenerated profusely but contamination was found
to be a major bottleneck. Since rhizome tips grow below the
surface of soil and it was quite difficult to disinfect and also
reported that prior to sterilization. Alstroemeria rhizomes
are to be washed under tap water to remove soil etc. Later
rhizome segments are to be surface sterilized initially in 70
per cent ethanol for 2-3 seconds followed by 20min dip in
1.5 NaOCI (with few drops of Tween-20) and rinsed thrice
in sterile tap water (Pierik et al., 1988).

Lin and Monette (1987) obtained best results with the
treatment of rhizome tips of Alstroemeria cv. ‘Alsaan’ with
0.6 per cent sodium hypochlorite plus 0.1 per cent Tween-
20 for 20 minutes with continuous stirring followed by
rinsing 3 times in sterile distilled water. Hakkart and
Versluijs  (1985) initially rinsed the rhizomes of
Alstroemeria cv’s ‘Rosario’, *Toledo’ and ‘Jubilee’ with tap
water and later dipped for few seconds in 70 per cent
alcohol. Final sterilization was done in a laminar flow
cabinet with 5 per cent Ca-hypochlorite followed by rinsing
3 times with sterile water.

2.3 Establishment and proliferation of cultures
Pumisutapon et al. (2011) studied apical dominance in
Alstroemeria and used rhizome as the standard explant with
a tip and two vertically growing shoots from which the
larger part had been excised leaving ca. 1 cm stem. The
axillary buds that resumed growth were located at this 1-cm
stem just above the rhizome. They were released by
removal of the rhizome tip and the shoot tips. Replacement
of excised tips by lanolin with indole-3-butyric acid (IBA)
restored apical dominance. The auxin transport inhibitors 2,
3, 5-triiodobenzoic acid (TIBA) and N-1-napthylphthalamic
acid (NPA) reduced apical  dominance. 6-
Benzylaminopurine (BAP) enhanced axillary bud outgrowth
but the highest concentrations (>9 pM) caused fasciation.
Hutchinson et al. (2010) observed the effect of Thidiazuron,
NAA, and BAP on in vitro propagation of Alstroemeria
aurantiaca cv. Rustica from shoot tip explants. Successful
micro-propagation of Alstroemeria in liquid medium using
slow release of medium components was done by Klerk and
Brugge (2010) in which Alstroemeria rhizomes were micro-
propagated on semi-solid medium and in liquid medium. In
liquid medium, growth was much enhanced (ca. 70%).
Fujita et al. (2010) observed high rhizome-formation ability
but frequent contamination with soil microorganisms in
vitro when apical meristems explant taken from
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underground shoots of 3-4 cm length that had sprouted from
the rhizome and also the apical meristem cut from
vegetative shoots of 50-100 cm length had hardly any
rhizome-formation ability, and these were not suitable as
explants for micropropagation. Apical meristems of floral
shoots that sprouted in the field were cultured on MS
medium containing 0.01 mM BAP, 0.001 mM NAA, and
3% sucrose and a large number of rhizome buds were
propagated by subculturing on a medium containing 6%
sucrose, 0.01 mM BAP, and 0.001 mM NAA. Rhizome
buds were subcultured in a culture vessel with %2 N-MS
medium containing 9% sucrose, 0.01 mM BAP, and 0.001
mM NAA.

Pumisutapon et al. (2009) prepared four types of explants-
an intact rhizome with two intact shoots (+R+2S), an intact
rhizome with two decapitated shoots (+R-2S), a decapitated
rhizome with two intact shoots (-R+2S), and a decapitated
rhizome with two decapitated shoots (-R-2S), in vitro to
study the apical dominance in Alstroemeria. Khaleghi et al.
(2008) in his experiment, used lateral and terminal buds of
rhizomes (4-6 mm) that were cultured on solidified MS
medium containing 30 g I agar supplemented with
different concentrations of BAP and NAA after surface
disinfection and sub cultured every three weeks. The
greatest number of shoots was obtained from the medium
supplemented with 1.5 mg BAP It and 0.2 mg NAA [,
Yousef et al. (2007) compared the regeneration ability of
plantlets using in vitro and in vivo grown rhizome buds as
explants. In vitro and in vivo grown rhizome buds were
cultured on MS basal medium with 3 different compositions
of growth regulators (1, 0.2 mg I* NAA with 1 mg It BA
and 0.2 mg I* IAA with 1 mg It BA) and the cultures were
incubated in 18 + or -1 °C at 16 h photoperiod. Four
subcultures of explants were done on the same fresh media
with 3 weeks intervals. Pedraza-Santos et al. (2006)
developed a protocol for the in vitro regeneration of
Alstroemeria cv. ‘Yellow King’, by testing for shoot
induction, using several explant sources (leaf, stem apices,
rhizomes and immature inflorescence apices), temperature
and light/dark regimes, hormone and salt concentrations and
tested several hormone concentrations for shoot
multiplication and rooting and found that only the young
floral apices produced adventitious shoots by direct
organogenesis. The highest shoot induction rate (10.4
shoots per explant) was obtained by incubation in the dark
for 15 days at 8 °C followed by 15 days at 25 °C and a 16-
h/8-h light/dark regime, on a Murashige and Skoog (1962)
liquid medium at 50 per cent of the salt concentration,
supplemented with 2.5 mg I"* Kinetin, 1.5 mg I BA and 1.0
mg It NAA, using a piece of filter paper to support the
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explant. The highest shoot multiplication rate (9 shoots per
explant) was obtained on a liqguid MS medium at full
strength supplemented only with BA at 1.0 mg I,

Chiari and Bridgen (2002) excised stem apical meristems,
rhizome apical meristems and rhizome axillary meristems
from Alstroemeria plants and were grown in vitro on
modified Murashige and Skoog (MS) media containing
different concentrations of Gibberelic acid and 6-
benzylaminopurine  [benzyladenine] (BA). Plantlets
developed from stem apical meristems never regenerated a
rhizome and eventually died but the highest regeneration
rate (74.1%) of plantlets with a rhizome was observed when
rhizome axillary meristems were grown on modified MS
medium containing 8.9 uM of BA. Lin et al. (2000) micro
propagated six tetraploid Alstroemeria clones by rhizome
multiplication, and within a 3-week subculture interval, the
average rhizome multiplication rate for all genotypes was
2.3. Chiari and Bridgen (2000) investigated the growth of in
vitro Alstroemeria hybrids through morphological studies
and produced rhizome halves that regenerates by cutting the
rhizome with a horizontal or vertical longitudinal cut.

Jang et al. (1999) investigated the efficiency of shoot
induction from leaf explants, and the subsequent
development of shoots into complete plants with rhizomes
and developed a good regeneration system applicable for
micro propagation in Alstroemeria culture conditions. The
youngest ex-plant located close to the shoot apex gave rise
to the highest regeneration rate. Lin et al. (1998) induced
direct shoot regeneration from leaf explants of Alstroemeria
clone VV2406, a selection from a tetraploid breeding line.
Explants contained a leaf blade and a small portion of stem
node, which were cut from erect shoots of in vitro
multiplicated plantlets. The youngest explant which was
located closest to the shoot apex gave the highest response.
A gradient response toward the shoot apex was observed in
percentage of shoot regeneration and in the number of
shoots/regenerating explant.

Lin et al. (1997) advocated a two-step protocol for the
induction of shoots from leaf explants of Alstroemeria. Leaf
explants with stem node tissue induced best results when
cultured initially for 10 days on MS medium containing 10
UM Thidiazuron and 0.5 pM indole butyric acid followed
by several subculturing on regeneration medium containing
2.2 UM BAP.

Podwyszynska et al. (1997) developed an effective micro
propagation method for new Polish cultivars of
Alstroemeria cv. Juanita, and in vitro experiments were
conducted to improve the efficiency of multiplication and
rooting stages. Rhizomes were cultured on media
containing 1.5, 3 or 6 mg BAP [benzyladenine] It. The
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greatest number of aerial shoots and shortest roots, but the
poorest rhizome rooting ability, was observed at 6 mg BAP
I

Gabryszewska (1995, 1996) successfully cultured rhizome
apical and axillary tips cultured on Murashige and Skoog
medium with BA at 2 mg I'* and NAA at 0.5 mg I and
observed the presence of BA in the medium markedly
increased the number of upright growing shoots and more
shoots at 25°C than at 17°C. The highest number of lateral
rhizomes was observed on a medium containing 60 or 80 g
sucrose It and BA. Presence of BA in the medium
markedly influenced the formation of upright growing
shoots; the tallest shoots were found in cultures on media
containing 20 or 30 g sucrose I Low and high
concentrations of sucrose inhibited the formation and
elongation of upright growing shoots.

Han et al. (1994) cultured rhizome tips of Alstroemeria
hybrid cultivars ‘Othello’, ‘Lilac Glory’, ‘Cyprus’ and
Yellow prince’ on MS medium supplemented with various
growth regulators and obtained best results for rhizome
multiplication on MS medium containing 1.0-2.0 mg BA +
0.3 mg I IAA or 0.2 mg NAA I Apical rhizomes
produced more branched rhizomes/explant than did lateral
rhizomes. Further continuous lighting at 3000 lux resulted
in greater shoots and rhizomes formation than did 16 hours
lighting or culture in darkness.

Bond and Alderson (1993a) assessed the effects of
mechanical and chemical methods of removing or reducing
apical dominance on the multiplication of Alstroemeria
cultivars Valiant, Parade and Eleanor grown in vitro and
observed significantly enhanced rhizome multiplication on
sub culturing rhizome explants without aerial shoots and
rhizome apices, and rhizome explants divided into single
internodes with or without aerial shoots, but sub culturing
rhizome explants with only the aerial shoot or rhizome
apices removed had no significant effect. Bond and
Alderson (1993b) observed that for good multiplication the
requirements for the culture environment were a
temperature of 15°C, an irradiance of 5 W m2 with a day
length of 8 hours. Elliott et al. (1993) established
Alstroemeria cv. Parigro Pink rhizome tip explants on
modified MS medium with P added as KH,PO, at 0, 0.01,
0.05, 0.25, 1.25 or 2.5 mM and cultures were transferred to
fresh media every 4 weeks. Explants supplied with 1.25 or
2.5 mM P produced significantly more shoots and growing
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points, and greater FW of rhizomes and shoots, than those
provided with lower P concentrations. Shoot tissue P
concentrations > 7 mmol kg FW were required for
maximum in vitro growth of Alstroemeria cv. Parigro Pink.

Pierik et al. (1988) used terminal and lateral tips from
fleshy rhizomes that were isolated in vitro and induced to
form new rhizomes and studied the influence of
temperature, light, rhizome portion, plant growth regulators,
length of multiplication cycle, media and saccharose
concentration on mean number and length of upright
growing shoots as well as on rhizome multiplication rate
(RMR). A temperature of 15 °C was ideal for increasing the
number of elongated growing shoots whereas, 21 °C was
optimal for increasing the length of shoots as well as
significantly increased rhizome multiplication rate.
Saccharose 3-4 per cent, BA @ 3-4 mg I%, and a
multiplication cycle of 3 weeks given 5 times, was most
optimal for rhizome multiplication. Gabryszewska and
Hempel (1985) recommended the use of BA for tissue
multiplication and used MS medium containing NaFeEDTA
40.3 mg I, mesomositol 100 mg I, thiamine 4 mg I* and
different concentrations of plant growth regulators for initial
establishment of cultures of Alstroemeria. Maximum shoot
multiplication was obtained on MS medium supplemented
with BA (8 mg I'%).

Hakkart and Versluijs (1985) established cultures from
meristem tips in Alstroemeria cv. ‘Rosario’ on MS medium
containing 2-ip [isopentenyladenine] 0.01 mg It and NAA 1
mg I in addition to thiamine 0.4 mg I, sucrose 3 % and
Difeo Bacto agar 0.6 per cent. Ziv et al. (1973) established
cultures of Alstroemeria from inflorescence segments
equally on White's medium and Murashige and Skoog’s
medium. A higher ratio of auxin to cytokinin resulted in
root regeneration, while the reverse ratio promoted bud
differentiation. Plantlets were obtained from bud subculture
on a low sucrose medium supplemented with IAA but
without kinetin and also used young actively growing tissue
explants from Alstroemeria inflorescence stem taken at a
distance of 1-2 mm below the apex that proved capable of
regenerating buds and roots from which small plantlets
could be established.

Fig.3. Establishment of rhizome tip and rhizome section
explant of Alstroemeria hybrida Cv. Pluto in liquid media
(Fig. 3a and 3d), solid media (Fig.3b and 3e) and solid with
activated charcoal media (Fig. 3c and 3f)
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Establishment of rhizome tips in Establishment of rhizome sections in
liquid media liquid media
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3a) BAP +IBA: 15+ 0.2mgl* 3d) BAP +IBA: 1.5+0.2mg I
Establishment of rhizome tips on Establishment of rhizome sections on
transparent solid media transparent solid media

3b) BAP + IBA: 1.0 +0.2mg I 3e) BAP + IBA: 1.0 + 0.2 mg I
Establishment of rhizome tips on Establishment of rhizome sections on

activated charcoal media activated charcoal media

r

3¢) BAP + IBA + AC: 1.0 + 0.2 + 1000 mg I 3f) BAP + IBA + AC: 1.0 + 0.2 + 1000 mg I
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Sprouted buds of rhizome tips in Sprouted buds of rhizome sections in
|IQUId media quuid media

R

43) BAP + IBA: 1.5+ 0.2 mg I'1 4d) BAP + IBA: 1.5 + 0.2 mg I
Sprouted buds of rhizome tips in Sprouted buds of rhizome sections in
transparent solid media transparent solid media

4b) BAP + IBA: 1.0 +0.2mg I 4e) BAP +IBA:1.0+0.2mgI*
Sprouted buds of rhizome tips in Sprouted buds of rhizome sections in
activated charcoal media activated charcoal media

4c) BAP + IBA+ AC: 1.0 + 0.2 + 1000 mg I 4f) BAP + IBA + AC: 1.0 + 0.2 + 1000 mg I'*
Fig.4: Sprouted buds of rhizome tip and rhizome section explant of Alstroemeria hybrida Cv. Pluto in liquid media (Fig. 4a and
4d), solid media (Fig.4b and 4e) and solid with activated charcoal media (Fig. 4c and 4f)
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Rhizome tip proliferation on Erect shoots on transparent solid
transparent solid media media

5a) BAP + IBA+ GA3: 1.0+ 0.2+ 0.5mg I? 5d) BAP + IBA + GA3: 1.0 + 0.2 +0.5 mg I
Rhizome tip proliferation in Erect shoots in media with
media with activated charcoal activated charcoal

5b) BAP + IBA + GAz;+ AC: 2.0+ 0.4 5e¢) BAP + IBA + GA; + AC: 2.0+ 04

+ 0.5+ 1000 mg I + 0.5 + 1000 mg I
Rhizome tip proliferation in media Erect shoots in media with activated
with activated charcoal charcoal

5¢) BAP + IBA + GAs;+ AC: 1.0 +0.2 5f) BAP + IBA + GA3;+ AC: 1.0+ 0.2
+ 0.5+ 1000 mg I* + 0.5 + 1000 mg I*

Fig.5: Proliferation and erect shoots of rhizome tip explant of Alstroemeria hybrida Cv. Pluto in MS solid media (Fig. 5a and 5d),
solid with activated charcoal media (Fig.5b, 5¢ and 5e, 5f)
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2.3.1  Other related crops

Archana et al. (2013) developed improved micro
propagation protocol for Zingiber moran and Z. zerumbet,
two wild species of the genus Zingiber and tested the effects
of growth regulators, sugar concentrations, and nutrients on
the rate of shoot initiation and multiplication and observed
an increase in proliferation and multiplication that occurred
in  modified Murashige and Skoog (MS) medium
supplemented with benzyladenine and kinetin and also
observed that about 2 % sucrose and 0.7 % agar to be the
optimum for shoot multiplication and regeneration. Arimura
et al. (2000) obtained adventitious shoots in ginger on MS
medium containing Kinetin 25 uM. Roots were induced on
growth regulator free MS medium. Kim et al. (2000)
induced callus in ginger on N6 medium supplemented with
2 mg I* NAA and further obtained plantlets regeneration
from callus on MS medium supplemented with BA 1.2 mg
It .Sharma and Singh (1997) developed disease free clones
(7.7 shoots/bud) of Zingiber officinale by cutting active
buds on MS medium supplemented with Kinetin 2 mg I
and sucrose 20 g I. Devi and Nayer (1993) obtained
successful establishment and multiplication of shoot tips of
banana on MS medium consisting inositol (5.5 uM),
thiamine HCI (2.97 uM), BA (22 uM), sucrose (12 uM) and
coconut water (15 %). Bhagyalakshmi and Singh (1988)
induced shoots from meristems in ginger when cultured on
MS medium containing sucrose 6%, coconut milk 20%,
ascorbic acid 100ppm, glutamine 400 ppm, activated
charcoal 250 ppm, BA 0.5 ppm, IBA 0.4 ppm and agar
0.8%. Meristems derived shoots exhibited consistent
multiplication on this medium. Further, liquid media was
less effective than solid medium for micro-propagation.
Inden et al. (1988) cultured shoot tips of ginger on MS
basal medium supplemented with 5 mg I* IBA, 0.5 mg I
NAA and obtained 4 shoots of 20 to 30 mm size from an
explant within 6 weeks.

[llahi and Jabeen (1987) induced callus in ginger on %
strength MS media containing different combination of
growth regulators and obtained regeneration on MS medium
containing 2,4-D. Sato et al. (1987) obtained satisfactory in
vitro shoot formation in ginger on Gamborge B5 obtained
on MS medium. Pillai and Kumar (1982) established and
multiplied ginger cultures on Schenk and Hildebrandt
medium and obtained 15 daughter shoots per original shoot
in 3 months. In case of turmeric, Shetty et al. (1982)
cultured buds on MS medium containing sucrose (40 g 1)
and Kinetin (2.5 mg I?%). After 1-2 subculturing callus
produced numerous buds which later on developed into
plantlets. Hosoki and sagawa (1977) successfully cultured
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buds of ginger on MS medium consisting MS major
elements.

24 Callus induction and regeneration
Seyyedyousefi et al. (2013) evaluated the effect of explant
type and plant growth regulators (NAA and BAP) on callus
formation of Alstroemeria cv. Fuego and showed that the
explants source and different concentrations of growth
regulators influenced callus production. Segments of nodes
and internodes were cultured in MS basal medium with
different concentrations of BAP (0.0 and 0.5 mg I) and
NAA (0.0, 1.0 and 2.0 mg I"Y) to produce callus and
observed that node was better explant than internode to
produce callus best at 0.5 mg I* of BAP and 2.0 mg I of
NAA. Amir et al. (2012) evaluated the number of growth
regulators as well as supplements to the MS-basal medium
on the regeneration of Alstroemeria rhizome explants. In an
experiment on vegetative explants (nodes, internodes and
leaves) on Alstroemeria cv. ‘Feugo’, Khaleghi and Azadi
(2011) used various concentrations of auxins (Picloram,
NAA, IAA, 2, 4-D) with or without BAP and reported that
nodal explants provided highest embryogenic calluses.
Khaleghi and Azadi (2008) obtained a high frequency
(23%) of compact callus induction in Alstroemeria cv.
Fuego on a Schenk and Hildebrandt (SH) medium
supplemented with 2 mg I picloram from nodal segments
excised from plants grown in the greenhouse. After three
months of culture, compact embryogenic calluses (CECs)
were transferred to the modified Murashige and Skoog
(MS) medium supplemented with 5 mg I picloram for
further proliferation of CECs. Kim et al. (2005) developed
an efficient system for the regeneration of plants from
protoplasts in Alstroemeria. Friable embryogenic callus
(FEC) proved to be the best source for protoplast isolation
and culture when compared with leaf tissue and compact
embryogenic callus. Micro-calluses were formed after 4
week of culture. Ninety per cent of the micro-calluses
developed into FEC after 12 week of culture on
proliferation medium. FEC cultures produced somatic
embryos on a regeneration medium and half of these
somatic embryos developed shoots(Kim et al., 2005) and
also obtained high frequencies of compact embryogenic
callus (CEC) induction (~40%) and friable embryogenic
callus (FEC) induction (~15%) in Alstroemeria from nodes
with axil tissue cultured first on a Murashige and Skoog
(MS) medium supplemented with 10 uM thidiazuron and
0.5 uM indole-3-butyric acid and after that on a Schenk and
Hildebrandt (SH) medium supplemented with 9.1 uM 2, 4-
dichlorophenoxy acetic acid and 2.2 uM benzylaminopurine
(BA). Both types of callus were maintained on modified
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MS medium supplemented with 20.8 uM picloram (Kim et
al., 2006). and also concluded that the nodal explants can be
successfully used as a source for transformation in
combination with the MS medium containing 1 mg I 2, 4-
D, 0.25 mg It BAP, 3% sucrose (w/v) and 0.75% (w/v)
micro agar for the production of a high level of compact
callus and somatic embryos (Kim et al., 2001)

Akutsu and Sato (2002) developed an efficient procedure
for plant regeneration from calluses of Alstroemeria by
somatic embryogenesis. Suspension cells were maintained
in Murashige and Skoog's (MS) medium supplemented with
1 mg I* picloram and then used for either solid or liquid
culture. Friable embryogenic calluses formed in liquid half-
strength MS medium supplemented with 0.5 mg I
naphthalene acetic acid (NAA) and 0.5 mg I benzyl
adenine (BA). The friable calluses developed pro-embryos
after transfer to solidified half-strength MS medium without
growth regulators and described an efficient procedure for
transformation of calli of the monocotyledonous plant
Alstroemeria by Agrobacterium rhizogenes. Inoculated calli
were plated on medium that contained cefotaxime to
eliminate bacteria. Four weeks later, transformed cells were
selected on medium that contained 20 mg It hygromycin.
Plants derived from transformed calli were produced on
half-strength MS medium supplemented with 0.1 mg I
GA; after about 5 months of culture (Akutsu and Sato,
2004).

Hutchinson et al. (1997) cultured Embryogenic callus
induced from mature zygotic embryos on MS medium
supplemented with 40 uM NAA and 20 uM kinetin, and
used as inoculum for liquid cultures. When transferred to a
semi-solid, half-strength MS medium supplemented with
casein  hydrolysate, cell aggregates  successfully
differentiated into plantlets which later grew to maturity
under greenhouse conditions. Lin et al. (1997) developed a
2-step protocol for the induction of shoots from
Alstroemeria (genotype VV024) leaf explants with stem
node tissue attached were incubated on shoot induction
medium for 10 days, and then transferred to regeneration
medium. Shoots from the area adjacent to the region
between the leaf base and node tissue regenerated within 3
weeks after transfer, without a callus phase. The best
induction was obtained with Murashige and Skoog medium
containing TDZ (10 pM) and IBA (0.5 pM). The
regeneration medium contained 6-benzylaminopurine
[benzyladenine] (2.2 uM) and after several subcultures of
leaf explants with induced shoots, normal plantlets with
rhizomes were formed.

Schaik et al. (1996) studied the plant regeneration ability of
callus obtained from zygotic embryos of diploid
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Alstroemeria inodora and a tetraploid cultivar. The best
explants for somatic embryogenesis were immature zygotic
embryos in half-ovules when the endosperm was soft and
white. Nodular embryogenic callus was induced on callus
induction medium with a success rate of 54%. The best
callus induction period was 10 weeks. Somatic embryos
were formed after transfer of the callus to regeneration
medium. These somatic embryos had the typical features of
zygotic Alstroemeria embryos. Gonzalez and Alderson
(1995) attempted callus induction in Alstroemeria using
explants from roots, stem segments, shoot tips and rhizome
buds of cv. Carmen and mature embryos of cv. Butterfly
which were cultured on MS basal medium supplemented
with various concentrations of 2,4-D, picloram, NAA,
kinetin, BA and GAs. The best results were obtained with
mature embryos and after 18 days in culture, callus was
produced on 40, 34 and 32% of embryos cultured on MS
medium supplemented with 4 mg 2, 4-D I, 2 mg picloram
I and 4 mg picloram I, respectively. Callus fresh weight
increased at a higher rate over the next 45 days in the
medium supplemented with 2 mg picloram/litre than in the
other 2 media.

Hutchinson et al. (1994) obtained callus when mature
zygotic embryos were cultured on MS medium
supplemented with 20 uM kinetin and 10 or 20 uM NAA.
Callus that was transferred to MS medium supplemented
with 20 uM kinetin and 20 uM NAA for long term culture,
maintained a regeneration capacity of 40% over an 8 month
period. Gonzalez and Alderson (1992) cultured excised
somatic Alstroemeria cv. Butterfly embryos on solid MS
medium alone, or on MS medium supplemented with 0.1
mg BA It + 10% (v/v) coconut water or 0.1 mg GA; I,
Cultures were incubated at 25 or 15°C and the number of
embryoids which developed into single shoot plantlets was
generally higher at 15 than 25° C. After 4 weeks of culture,
the greatest percentage of cultures with single shoot
plantlets (25%) was obtained from the medium
supplemented with GA3 and cultured at 15°, but the greatest
percentage of cultures with callus (75%) was obtained from
the same medium at 25°C. Gonzalez and Alderson (1990)
obtained callus from mature embryos of cv. Butterfly on
MS medium supplemented with either 2 or 4 mg picloram I
L or 4 mg 2,4-D I* combined with BA or kinetin (0-4 mg I
1). Shoots regenerated and torpedo-like structures (somatic
embryos) formed when callus was transferred to
regeneration media containing BA plus picloram or 2, 4-D.
Shoots were also produced by somatic embryos upon
transfer to other media.

Fig. 6 and Fig.7 represents the callusing of leaf explant of
Alstroemeria hybrida Cv. Pluto in MS solid media fortified
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with plant growth regulator combination BAP + NAA: 0.5

+45mg I

25 Rooting

Pedraza-Santos et al. (2006) developed a protocol for the in
vitro rooting of shoots on a liquid MS medium, either with
or without plant hormones using several explant sources
(leaf, stem apices, rhizomes and immature inflorescence
apices), temperature and light/dark regimes, hormone and
salt concentrations and several hormone concentrations for
rooting. Chiari and Bridgen (2000) produced plants with the
split technique that rooted and flowered regularly, and were
true-to-type. Kristiansen et al. (1999) observed a synergistic
promoting effect of PPFD (Photosynthetic photon flux
density) and sucrose on root formation. Root formation after
transfer to rooting medium was affected by sucrose and
PPFD during the multiplication phase. PPFD did not
influence root formation after propagation on 7% sucrose,
whereas on 3 or 5% sucrose root formation was gradually
inhibited when PPFD was decreased below 17 pmol m2 s,
The formation of thick roots was promoted by propagation
in light but not influenced by sucrose concentration. Root
formation on rooting medium was reduced by BA and
promoted both by NAA and high levels of sucrose. Thick
roots were only produced in the presence of NAA and not
affected by sucrose treatment.

Podwyszynska et al. (1997) observed that the greatest
number of aerial shoots and shortest roots, but the poorest
rhizome rooting ability, at 6 mg BAP I and used rhizome
cultures of Polish Alstroemeria X hybrida cv. Juanita to
enhance the effectiveness of a micro propagation method
for new cultivars and selections. The effects of cytokinins
(benzyl adenine, kinetin and 2iP), auxins (IAA, IBA and
NAA) and growth retardants (paclobutrazole and
flurprimidol), alone or in combination, were studied in
relation to rhizome branching, aerial shoot production and
rhizome rooting. Application of BA at low concentration
with paclobutrazole (0.1-0.5 mg IY) or flurprimidol (0.01-
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0.1 mg I'Y) in the presence of 1 mg NAA/litre resulted in a
high number of aerial shoots (5-6, but these were shorter)
and higher rooting ability of the rhizomes. Growth
retardants applied with NAA strongly stimulated root
formation but suppressed their elongation (Podwyszynska et
al., 1998).

Pedersen et al. (1996) investigated flower induction by
testing 9 genotypes at four temperature regimes (5, 10, 15
or 20°C for 6 weeks) and three methods of propagation (by
seeds, rhizome division or micro propagation) and for
micro propagated plants, temperature treatments were
carried out during root formation in vitro. Gonzalez and
Alderson (1995) observed no root formation when
experiments were attempted on callus induction in
Alstroemeria using explants from roots, stem segments,
shoot tips and rhizome buds of cv. Carmen and mature
embryos of cv. Butterfly which were cultured on MS basal
medium supplemented with various concentrations of 2,4-
D, picloram, NAA, kinetin, BA and/or GAs. Han et al.
(1994) successfully cultured rhizome tips of the hybrid
cultivars ‘Othello’, ‘Lilac Glory’, ‘Cyprus’ and ‘Yellow
Prince’ on MS medium supplemented with various growth
regulators. The most effective (for percentage rooting,
number of roots and branched rhizomes/explant and root
length) was IBA at 3.0 mg I%.

Hakkart and Versluijs (1988) reported that Alstroemeria cv.
‘Rosario’ rooted when in vitro regenerated shoots were
cultured on MS medium containing IAA (1 mg It or NAA 2
mg I'Y). Out of 32 cultures, 12 rooted cultures were obtained
and observed that root formation was better on filter paper
bridges in a liquid medium than on a solid medium.
Subsequent transfer into soil was more successful with the
plantlets rooted in liquid medium than that with those
rooted on solid medium. Pierik et al. (1988) conducted in
vitro rooting experiments in Alstroemeria cv. Toledo and
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reported that MS medium containing NAA 0.5 ppm in
addition to saccharose 5 per cent was most ideal. Further
rooting was promoted by a day length of 18h in comparison
to 8h and an irradiance of 7 W/m?. Initial dark treatments
had a negative effect and optimal rooting occurred at 21 °C
in comparison to 25°and 27 °C.

Lin and Monette (1987) regenerated plantlets from rhizome
tips cultured on solid and liquid media based on Murashige
and Skoog salt formulation. The quality of the cultures was
superior when intact rather than longitudinally sliced
rhizome tips were used as explants, and when a temperature
of 8° rather than 22°C was used at the initiation stage. More

2.5.1  Other related crops

Archana et al. (2013) developed improved micro
propagation protocol for Zingiber moran and Z. zerumbet,
two wild species of the genus Zingiber and observed that
Naphthalene acetic acid at 0.5mg I produced the best
rooting response for both the species. Regenerated plantlets
were acclimatized successfully and cytogenetic stability
was confirmed by RAPD profiling and ploidy checks. Rout
and Das (1997) obtained rooting in in vitro regenerated
shoots on half strength MS supplemented with IBA or IAA
and 2 per cent sucrose.
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DI 5308

roots were produced on rhizome tips containing a rhizome
apical meristem than on rhizome sections lacking such a
meristem and 90 per cent of the rooted plantlets were
successfully acclimatized and developed into true-to-type
flowering plants. Gabryszewska and Hempel (1985)
recommended the use of BA for tissue multiplication and
NAA (1.0-16.0 mg IY) for rooting. Ziv et al. (1973)
advocated a higher ratio of auxin to cytokinin for in vitro
root regeneration in Alstroemeria.

Rooting of rhizome tip of Alstroemeria hybrida Cv. Pluto in
MS liquid fortified with NAA 1.5 mg I using sterilized
guage as bridge (Fig. 8, 9, 10 and 11)

Babu et al.(1996) developed profuse callus in ginger on
MS medium supplemented with 2,4-D 1mg Ialone or 2,4-
D (0.5 mg IY) + BA (1 mg IY) and found that individual
embryoids developed into plantlets with better rooting when
NAA (1 mg I') was added to culture medium. Huang
(1995) regenerated in vitro plantlets with complete root
system directly from shoot tips (20.2-0.9 mm in length) of
ginger on MS medium containing BA 2.0 mg I and NAA
0.6 mg I'X. Dogra et al. (1994) rooted excised rhizome buds
of elite lines of ginger on MS medium supplemented with
BA 2.5 mg I* and NAA 0.5 mg IX. The maximum number
of roots were formed on MS medium supplemented with
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NAA (1 ppm). Nathan et al. (1993) obtained in vitro rooting
in Heliconia psittacorum on hormone free medium. A high
(92 %) rooting was observed when MS medium was
supplemented with thiamine HCI (0.5 ppm), myoinositol
(100 ppm), sodium hydrogen phosphate (170 ppm), adenine
sulphate (80 ppm), gelrite (2 g I'Y) and sucrose (3 %). Chang
and Criley (1993) could induce roots in in vitro regenerated
shoots of ornamentals pink ginger (Alpinia purpurata)
within 4 weeks on agar solidified on half strength medium
with 2 per cent sucrose.

Malamug et al. (1991) regenerated the shoots from callus in
ginger cv. ‘Kintoki’ and concluded that the multiplication
medium containing NAA (1 mg IY) and BA (5 mg IY) was
optimal to produce satisfactory root system. Bhagyalakshmi
and Singh (1988) found that prolonged culturing on
multiplication medium resulted into root hair formation in
case of ginger. However, unrooted shoots can be induced to
root by sub culturing in the quarter strength MS medium
supplemented with sucrose (3 5), ascorbic acid (100 mg I%),
activated charcoal (100 mg I'Y) and agar 8 per cent. This
medium did not require any growth regulator for root
induction. Successful rooting of in vitro regenerated shoots
of ginger was obtained within 2 months when the shoots
were transferred to basal MS medium supplemented with
BA 1 ppm (Hosoki and Sagawa, 1977). Pillai and kumar
(1982) could induce root hair formation in ginger shoots by
prolonged culturing on establishment/multiplication
medium. However, to induce more root hair development,
daughter plantlets were subcultured on blotting paper
bridges in liquid medium.
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IIl.  CONCLUSION (Fig.12)

i. Rhizome tips taken during the vegetative growth are
suitable explant for starting the culture in
Alstroemeria hybrida Cv. Pluto.

ii. Maximum uncontaminated growing cultures were
obtained with Carbendazim 200 ppm for 30 minutes
followed by mercuric chloride (0.1%) treatment for
10 minutes and final treatment with ethyl alcohol
(70%) dip for 1 minute.

iii. Maximum culture establishment was obtained in
MS- liquid media fortified with plant growth
regulator combination BAP + IBA: 1.5 + 0.2 mg I,

iv.  Proliferation of rhizome tip explants in media
fortified with activated charcoal was significantly
higher as against the other treatments. [BAP + IBA +
GA3 + Activated charcoal: 2.0 + 0.4 + 0.5 + 1000
mg I].

v.  Highest callus induction per cent was obtained with
plant growth regulator combination BAP + NAA:
05+45mgl™

vi. Best rooting was recorded in MS- liquid media
fortified with NAA 1.5 mg I,
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Fig.12: Flow chart representing micro-propagation of Alstroemeria hybrida cv. Pluto
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Abstract— Cashew gum can be obtained from the
exudate released from the stem of the species
"Anacardium occidentale", commonly called cashew tree,
a tree typical of Brazil and subtropical countries. It is a
heteropolysaccharide complex that after hydrolysis
presents a high content of monosaccharides with a varied
composition depending on its origin. Due to its biological
origin, the ability to form gels and the fact that it has
properties similar to synthetic polymers, it is a great
option for the application in several sectors of industry.
In the food industry it can be used as a thickener and a
stabilizer for juices, an emulsifier in salad sauces, a
stabilizer in the emulsions of meats such as sausage, and
in food compositions containing chocolate. In the
manufacture of pharmaceuticals it may be used as an
agent for suspending, emulsifying, disintegrating,
binding, gelling, tabletting drugs with release control and
also as a mucoadhesive agent. In medicine, studies also
indicate a phytotherapeutic potential in the reduction of
blood pressure and even in some types of cancer.
Keywords— Anacardium occidentale, cashew gum, food
industry, phytotherapy, polysaccharide.

. INTRODUCTION OF THE SPECIES
ANACARDIUM OCCIDENTALE

The Anacardium word is a Greek word meaning inverted
heart, in reference to the format of the fruit. Cashew is a
fruit of high nutritional value with high levels of vitamin
C, minerals, Ca, Fe, Zn [1].

The fleshy part, edible in natura, is a pseudofruit, and the
chestnut cashew, consisting of a shell, almond and
pellicule, is the true fruit of the cashew tree. The shell
contains the cashew nut shell liquid (CNSL), a phenolic
compound which can be used as a source of phenols in
the industry of plastic, paints, varnishes, in the
manufacture of auto parts and others. The roasted almond
without the shell can be consumed as food and it is rich in
high quality oils [1].

Anacardium occidentale is the scientific name of the
cashew tree, a tree native to Brazil known to the
indigenous inhabitants of northeastern Brazil in 1500 who
used their fruit, the cashew, as one of the most complete
and important foods. The nuts were toasted over the fire
to remove the CNSL (cashew nut shell liquid) and used as
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food. The cashew pulp was squeezed to release the juice,
which in turn was fermented for the production of wine.
The cashew trees were also used to establish the
boundaries of the territories and to provide shade. The
name of the fruit itself is due to the Indians since it comes
from Tupi, "acaiu”. When fruiting cashew, the tribes that
descended from the interior had to fight the tribes of the
coast in order to own the cashew plantations. These fights
became known as "cashew wars" and are supposed to
explain how the cashew tree (which is not very
demanding in terms of availability of water and soil) has
spread throughout the northeastern interior of dry and arid
lands. The words "acaiu” (nut that is produced) and "yu"
(yellow) probably formed the word “caju” (cashew in
Portuguese) [2,3,4,5].

In the 16th century the cashew trees became very popular
among settlers. The naturalist monk Thevet, on a visit to
Brazil in 1558, was the first to draw a cashew by showing
how Indians harvested fruits and squeezed the pulp into a
pot. Later, in 1576, the book "History of the Province of
Santa Cruz" by Pero de Magalhdes Gandavo was
published, where a scientific description of the
geography, fauna and flora of the Brazilian coast was
written. In this publication Gandavo described the cashew
tree as having the size of an apple tree and pear tree, and
the cashew nut looking like a bean, being as tasty as the
almond [4,6]. The cashew trees were brought in the first
half of the century by the Portuguese to Goa in India,
where they easily adapted to the region and were planted
for the production of wines, cognacs and liqueurs. From
India they were taken to other Asian countries, then to
Mozambique and Angola, and later to Nigeria, Kenya, the
Philippines, and Ceylon so that by the end of the
eighteenth century there were already cashew trees
scattered throughout the Indian Ocean region [2, 3, 5, 7,
8]. Meanwhile, in Brazil, the cashew trees were being
replaced by sugarcane plantations.

At the beginning of the 20th century, India dominated the
trade in cashew nuts [2]. During World War |1 the cashew
agroindustry began in Brazil, due to high external demand
for cashew nut shell liquid (CNSL) used in the
manufacture of high voltage cables. The United States
was the main consumer in the world and the crop was
explored in an extractive way, and chestnuts were used
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exclusively as raw material for the manufacture of CNSL
[9].

In the 1960s, with tax incentives from the Northeast
Development Superintendency (SUDENE), Brazil was
the country with the largest planted area of cashew trees
and an industry for processing the production of nuts,
with emphasis on the state of Ceara [9]. In the 1970s,
SUDENE once again financed the implementation of
large plantations. In the 1980s, Embrapa's National
Center for Tropical Agroindustry was implemented with
the participation of the Agricultural Research Company of
Cearad (EPACE), where large researches were carried out
with several generations of clones of precocious dwarf
cashews of expressive productivity and high genetic
quality, which contributed significantly to the increase in
cashew planted areas and cashew production not only in
Ceara but all over Brazil [10].

Since its production is focused on countries considered as
underdeveloped or developing, cashew is considered a

product of great socio-economic importance worldwide.
According to data from Companhia Nacional de
Abastecimento (CONAB), Brazil produced, in 2015,
about 102,000 tons of cashew nuts, where 12,957 tons
were exported mainly to the Netherlands, Canada and the
United States.

According to data from the Food and Agriculture
Organization of the United Nations (FAO), Brazil was the
eleventh largest producer of cashew nuts in 2013, with a
production of 109,679 tons. Vietnam, Nigeria, India and
Cote d'lvoire were the largest producers with productions
of 1,110,800; 950,000; 753,000 and 450,000 tons. The
following figure shows the evolution of the world
production of cashew nuts between the years 2000 and
2013.

It is possible to note that Nigeria, India and Céte d'Ivoire
increased their production while Brazil has kept its
production stagnated in recent years.

World production of cashew nuts
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Fig. 1: World production of cashew nuts

1. CASHEW GUM
The term "gum" is generally used to characterize high
molecular weight compounds capable of forming gels in
the presence of suitable solvents and forming suspensions
or solutions with high viscosity even at low
concentrations. According to this definition, some
hydrophobic substances such as high molecular weight
hydrocarbons derived from petroleum, many resins and
proteins, some synthetic polymers may also be referred to
as gums. However, it is common to refer to
polysaccharides of vegetable or microbial origin as gums,
and they dissolve integrally or partially in hot or cold
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water producing viscous solutions or suspensions. Thus,
these substances are also called hydrocolloids [11].

When the cashew stem undergoes any sort of
environmental aggression, it releases an exudate, which is
a resin that varies in color from yellow and brown, and
after going through a purification process, it becomes a
gum rich in polysaccharides [1]. The resin is produced in
the epithelial cells located in the outer channels of the
plant. The gum encapsulating cells pass through the cell
wall into the channels, carrying the lysed cell material
therein. When the flowable resin reaches the outer surface
of the plant through a cut, the resin dries by evaporation

[1].
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Table.1: Cashew gum compositions

Cashew gum composition in differents regions (%)

Monosaccharide Brazil Brazil
[15, 16] [17]

Brazil India Venezuela
[14] [18] [19]

galactose 72-73 81.7

69.78 49

46-5 1.9

11.84

0-1 -

0.97

1.29

1.9

2.28

9.5

9.78

5

According to Tiomno (1946) [12]; Mothé & Rao (2000)
[13], cashew gum resembles gum arabic and may be used
in the pharmaceutical industry, in cosmetics, and adhesive
industry. It can also be used in food industry as
emulsifiers or stabilizers since it is not toxic nor presents
odor or taste.

Thus, the gum can add more value to cashew
agrobusiness, minimizing Brazil’s imports of gum arabic
and then exporting to other countries.

1. CASHEW GUM CHARACTERIZATION
According to Botelho (1999) [14], cashew gum is
considered a heteropolysaccharide of molar mass (Mw)
1.5 x 10* and a polydispersity index of approximately
1.49 (values obtained by size-exclusion chromatography).
It is usually composed of galactose, arabinose, glucose,
rhamnose, mannose and glucuronic acid, whose
concentrations vary depending on the source of the gum.
The following table 1 shows the composition of cashew
gum in different countries.

It can be observed that the gum has large quantities of
galactose in relation to other monosaccharides. The gum
from Brazil has larger amounts of galactose and glucose
compared to the gums from other countries. Xylose was
observed in small amounts only in the gums in India,
Venezuela and Brazil, studied by Botelho (1999) [14].
The gum of the cashew tree has connections (I — 3)
which guarantee a lower symmetry of molecule
contributing to improve its solubility. These leads are
interspersed by glycosidic linkages (1 — 6), which
contribute to increase the solubility of the molecule [1].
Anderson & Bell (1975) [18] proposed a possible
structural fragment of the cashew gum, presented in the
figure below, where R is D-mannose, D-xylose, L-
ramanose, L-arabinose and R" is D-glucose or glucuronic
acid.
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Fig.2: (a) Possible structural fragment of the cashew gum
[18]; (B) Exudate of the cashew tree (c) Purified cashew
tree gum [1]

V. CASHEW GUM EXTRACTION AND
PURIFICATION PROCESSES

Costa et al (1996) [20] studied a purifying method
consisting of the steps of grinding, dissolution in water
(4% in water) in an NaOH enviroment, filtration and
precipitation with ethanol. The obtained precipitate is
washed with ethanol and acetone and dried in aqueous
medium, thus obtaining the isolated gum. Isolated gum
suffers a first purification process which aims to remove
the cations present in the gum. This first purification of
the isolated gum consists of the steps of obtaining isolated
gum in the dissolution step being carried out with water
(4% in water) in a NaCl environment. To remove NaCl
precipitate excess, a second purification method is carried
out, which differs from the first only in the dissolution
step, which is performed with 3% in water and NaCl.

Mothe & Freitas (2013) [21] performed the purification of
cashew gum through grinding, solubilization,
centrifugation, precipitation with alcohol and vacuum
drying. The presence of total sugars was analyzed by the
UV-Visible spectrophotometer method. The
characterization on the purified sample of the gum was
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performed by GC-MS, and the following proportion was
found: 56.7% Galactose; Arabinose 10.6%; Glucose
19.7% and 13% Rhamnose. The uronic acid was not
quantified.

In a publication made by Tiomno (1946) apud Mothe et al
(2006) [1], a qualitative analysis of the ashes of the
cashew gum was made, and the presence of potassium,
silicon, magnesium, calcium, aluminum and iron was
found, as well as traces of sodium and manganese. Mothe
et al, 2002 [22] after performing X-ray fluorescence
analysis of cashew gum ashes, found that the calcium
content was lower than 1%, and also found traces of
manganese, potassium and iron.

The rheological behavior of aqueous dispersions of
cashew gum and gum arabic was studied by Mothe &

RAO (1999) [23] and it was concluded that both gums
show a pseudoplastic, non-Newtonian behavior in
concentrations of 4 to 50%. This result confirmed the
study by Zaccaria & RAHMAN (1996) [24] who had
observed the same behavior for the cashew gum.

A comparison of thermal behavior of gum arabic and
cashew gum was performed by Mothe & RAO (2000)
[13]. Thermogravimetric curves (TG) of cashew gum
were performed at different concentrations (w / w) at
temperatures of 0 to 800 ° C in nitrogen atmosphere. Two
stages of decomposition were observed, the main one at
252° C. In this study, it was found that cashew gum and
gum arabic have similar thermal behavior, so in terms of
thermal stability, the gum arabic can be replaced by the
cashew gum in various applications.

V. STUDIES OF CASHEW GUM BLENDS
Table 2: Cashew gum blends with other polymers

Blends of Cashew gum with other polymers

Polymers

Purpose References

Graft copolymerisation of acrylamide onto cashew gum

Silva et al, 2007 [25]

Floating bead as a matrix for larvicide release

Paula et al, 2012 [26]

Nanoparticles for essential oil encapsulation

Oliveira et al, 2014 [27]

Carboxymethylcellulose (CMC)

Formulations as protective coatings on intact and cut red guavas

Forato et al, 2015 [28]

Cassava starch

Influence of cassava starch and carnauba waxe on physical properties

Rodrigues et al, 2014 [29]

Carnauba waxe

of cashew tree gum based films

Synthesis and thermal stability of chitosan/carboxymethyl cashew
gum polyelectrolyte complex

Maciel et al, 2005 [30]

Chitosan/cashew gum nanogels for essential oil encapsulation

Abreu et al, 2012 [31]

Development and characterization of hydrogels of policaju and
chitosan

Soares et al, 2014 [32]

Assess effect on the swelling and BSA release from CHI/CMCG MIC

Magalhdes et al, 2009 [33]

Polysaccharide-based nanoparticles formation by polyeletrolyte
complexation of carboxymethylated cashew gum and chitosan

Silva et al, 2010 [34]

Metallic phthalocyanines
Polyallylamine
hydrochloride

Nanobiomedical devices

Aradjo et al, 2012 [35]

Polyaniline

Multilayer films electrodes for dopamine determination

Barros et al, 2012 [36]

Polyvinyl alcohol (PVA)

Bioactive film for wound dressing aplication

Moreira et al, 2015 [37]

Polyvinyl alcohol (PVA)

Stimuli-responsive and bioactive film

Silva et al, 2016 [38]

Polyvinyl alcohol (PVA)

www.ijeab.com

Film for fungal growth inhibition

Silva et al, 2012 [39]
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An important application of cashew gum is in the
formulation of blends or mixtures. The gum may be
associated with other polymers giving good filmogenic
features which provide new industrial applications for the
same. Table 2 below presents a list of published works
associating cashew gum with other polymers such as
Acrylamide [25], Alginate [26, 27],
Carboxymethylcellulose [28], Cassava starch and
Carnaubawaxe [29], Chitosan [30, 31, 32, 33, 34];
Metallicphthalocyanines, polyallylamine, hydrochloride
[35].

Studies of cashew rubber blends with polyvinyl alcohol
(PVA) have presented several applications in the
formulation of films. Moreira et al (2015) [37] and Silva
et al (2016) [38] produced bioactive films for use in
dressings. Silva et al (2012) [39] studied a bioactive film
inhibitor of fungal growth.

VI. CASHEW GUM APPLICATION
By having a biological origin, the ability to form gels and
because it has properties similar to synthetic polymers,
gums are an excellent choice for the use in several sectors
of industry [40]. Depending on the size and molecular
orientation, particle size, temperature, concentration, ionic
and hydrogen bonds, the functional properties of the
gums are affected.
In the food industry, it is possible to apply the cashew
hum as a thickener and stabilizer for juices, as an
emulsifier in sauces [22] and emulsions of meats such as
sausage [41]. Recently, Mothe & Lannes (2015) [42]
developed chocolate formulations containing cashew gum
in candy bars, studying their thermal, rheological and
sensorial properties.
In the pharmaceutical industry it may be an agent for
suspending,  emulsifying,  disintegrating,  binding,
tabletting drugs with release control and also as a
mucoadhesive and gelling agent.
Mothé & Silva, 2005 [44] studied the use of cashew gum
in the reduction of blood pressure in spontaneously
hypertensive rats. Blood pressure reduction was observed
in up to 20% of the rats that were fed with cashew gum.
There was also a 4% decrease in the ratio of left
ventricular mass and heart mass of the rats treated with
the gum. This indicates that cashew gum may have
contributed as a promoter of cardiac cells, retarding their
hypertrophy.
In the area of neoplasia, the effect of cashew gum was
studied in mice with induced sarcoma 180, where
antitumor activity was observed after the use of the gum,
as well as a significant reduction of tumors [45].
Anti-diarrhea properties of cashew gum in rodents were
also observed by Aratjo (2015) [46].
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Another application of cashew gum was in the flotation of
minerals, where its use was studied as a depressor agent
in the flotation process of the tailings of marble and
granite industries. The benefit of this application is the
fact that cashew gum is of organic origin and therefore it
is non-polluting, unlike the generally used depressants, of
inorganic origin [47].

VII. TECHNOLOGICAL MONITORING OF
CASHEW GUM

In order to get an overview of technological and scientific
development related to application of cashew gum, a
technological prospection was carried out, with a database
of patents and articles.

The prospection of patent applications was carried out in
the period between 1976 and September 2016, a total of
40 years, and the databases of the Institute of Industrial
Property (INPI), United States Patent and Trademark
Office (USPTO) and World Intellectual Organization
(WIPO) were used. The following terms were used as
keywords: Anacardium occidentale and cashew gum. The
following table 3 shows the number of patents found per
database and application.

Table.3: Number of patents found per research base

Reserch source
Application INPI USPTO WIPO
until set 2016 (1976 to set (1978to set | TOTAL
2016) 2016)
Personal hygiene & Cosmetics 2 0 4 6
Flotation of calcareous minerals 1 0 0 1
Hydrogels manufacture 1 0 0 1
Pharmaceuticals 3 0 13 16
Food 5 0 22 27
Plastics industry 1 0 1 2
Production process of cashew gum 2 0 3 5
DNA sequencing 0 3 2 5
Effluent and water treatment 1 0 0 1
TOTAL 16 3 45 64

It is noteworthy that 13 patent applications found in the
INPI database were also found in the WIPO database and
2 patent applications found in the USPTO were also
found in the WIPO database.

The most found patent applications have applications in
the pharmaceutical and food industries, which shows the
importance of the cashew agribusiness in these industry
segments.

Although literature has a large number of cashew gum
applications, only 5 patent applications on this subject
were found in the INPI database, 2 of the production
process or isolation of gum, one on its use as a depressant
in calcareous mineral flotation, another as a flocculant for
water and wastewater treatment and another on the
production of superabsorbent hydrogels.
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For the technological prospection of articles, the Web of
science database was used with the keywords “cashew
gum”. The search period was from 1900 to September
2016, a total of 116 years. 71 records of publications were
found.

Figure 3 below shows the progress per year of
publications found.
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Fig.3: Evolution of publications on cashew tree gum
(using data from the Web of Science)

It is possible to observe a significant increase of
publications on cashew gum in recent years. In 2016, up
to September, 13 publications were found.

The next graph shows the percentage of publications
found, by country.

SPAIN: 4%

PORTUGAL: #%
GHANA,; 4%

INDIA; 5%

Fig.4: Publications on cashew tree gum by country (Own
elaboration from Web of Science data)

It is possible to observe that Brazil is the country that has
published the most about gum cashew, with 77% of
publications found. India, Ghana, Portugal, Spain, Iran
and the United States made publications, but in small
quantities, varying from 3 to 5%.

An analysis of publications was also performed by field
of study, which is presented in figure 5 below.
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Fig.5: Publications on cashew tree gum by field of study

Most publications found, 41%, referred to the chemistry
field in general. The polymer field is second with 25% of
the publications, then the fields of pharmacology /
medicine, with 9% of the publications.

VIII.  CONCLUSION

In cashew agribusiness, there is still interest in the
production of nuts and the pseudo fruit (cashew), besides
of the cashew nut shell liquid (CNSL). The exudate has
been considered as a solid residue, that is, with great
potentiality. The perspective of the production and
availability of cashew gum in Brazil, associated with
recent publications on its properties and performance,
such as lowering blood pressure and antitumor properties
against sarcoma 180, makes this polysaccharide an
excellent choice of raw material to be explored or used by
the pharmaceutical industry and especially by the food
industry, in the development of functional foods.
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Abstract— Generation of Solid wastes in general and
biodegradable waste in particular is increasing at house
hold level over the last two decades. Per capita generation
of the waste has been increasing steadily due to population
growth and changing socio-economic characteristics and
cultural habits and varies from 2509 to 600g. Any material
which can be decomposable by the action of
microorganisms in a short period of time is called
biodegradable Mostly food waste; vegetable peels and fruit
pulp are biodegradable. These materials readily mix with
the soil by the action of bacteria. During decomposition,
these materials release carbon dioxide, methane, ammonia
and hydrogen sulphide into the environment thereby
contributes to air pollution and odour pollution. The gases
that are released during the decay of biodegradable wastes
can be captured for the economic utility and as well as to
save the environment. An attempt is being made in this
technical research paper to demonstrate the possibilities
energy recovery from biodegradable kitchen waste that is
collected from residential societies which can be utilized for
the benefits of the society. Kitchen and food waste collected
from a high end residential community of 300 families in
Mumbai city suburbs is analyzed for the quantification of
bio gas. Bio gas is captured through a fabricated anaerobic
digester. Experimentation and results are discussed. The
results are encouraging.

Keywords— Anaerobic digester, Biodegradable Kitchen
and Food Waste; Bio gas from Food Waste.

l. INTRODUCTION
Biodegradable waste is the waste that can be decomposed
and will be broken down into carbon dioxide, water,
methane or simple organic molecules by the action of
micro-organisms in reasonably less time. These wastes are
generated out of human and industrial economic activity
and the sources could be the residential areas, commercial
areas and industrial areas. Characteristics of these wastes
vary depending upon its source of generation. The
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composition the waste varies from urban to rural and also
from community to community due to their socio-economic
—cultural and living conditions. Normally biodegradable
wastes are food and kitchen waste, manure, agricultural and
forestry waste, paper waste, and textiles. For the disposal
wastes  different disposal methods available and there is a
need to select eco-friendly options to save the environment
and natural resources.

Solid waste generated from the residential communities
and also out of food processing, commercial and
agricultural activity contain significant organic matter
which are of biodegradable nature. The per capita waste
generation rate in India has increased from 0.44 kg/day in
2001 to 0.6 kg/day in 2011. The reasons for the increase in
solid wastes are by changing lifestyles and increased
purchasing power of urban Indians. There are 53 cities
generate 86,000 TPD (31.5 million tons per year) of MSW
at a per capita waste generation rate of 500 grams/day
(Annepu, 2012[1]). Non availability of data and also
inconsistency in available data on solid wastes are the major
hurdle while studying the solid waste management
process among Indian cites. At present more than 32% of
country’s population is living urban areas and wastes
generated in 366 Indian cities contribute 70% of solid waste
from India’s urban population. Estimations made by
different agencies and institutions reported that the total
MSW generated in urban India at 68.8 million tons per year
(TPY) or 188,500 tons per day (TPD). The data collected
indicate a 50% increase in MSW generated within a decade
since 2001. In a “business as usual scenario”, urban India
will generate 160.5 million TPY (440,000 TPD) by 2041, in
the next decade, urban India will generate a total of 920
million tons of municipal solid waste that needs to be
properly managed in order to avoid further deterioration of
public health, air, water and land resources, and the quality
of life in Indian cities[2]. Also from the studies conducted
and also analysis of solid waste samples collected from
different cities across the country in India reveal that
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composition of urban Municipal Solid Waste (MSW) in
India constitute 51% organics, 17.5% recyclables (paper,
plastic, metal, and glass) and 31 % of inert materials. The
moisture content of urban MSW is 47% and the average
calorific wvalue is 7.3 MJkg (1745 Kkcal/kg).

Aim: The aim of the study is to convert biodegradable
kitchen waste in to bio-gas.
e To convert biodegradable kitchen waste into

biogas.
Objectives:
e To produce a renewable bio energy from kitchen
waste.

e To reduce air pollution.

e To find ecofriendly disposal methods

e To generate revenue from the waste that is
generation of wealth from the waste.

e To reduce global warming.

1. REVIEW OF LITERATURE

Biogas refers to a gas made from anaerobic digestion of
kitchen waste. Methane is a clean gas which generates
energy and one of the main constituent of cooking gas.
Abundant kitchen waste (biomass) in terms vegetable
peelings, kitchen waste, food waste are abundantly available
from the each and every house of Indian communities.
These kitchen waste biomass mass can be a source for
Methane production where combination of waste treatment
and energy production would be an advantage. In this
connection many researches carried studies and
investigations for the generation of bio gas the Methane
from biodegradable waste.

Dr. Anand Karve (President Appropriate Rural Technology
of India, pune ARTI[3],[4] developed a compact biogas
system that uses starchy or sugary feedstock material and
the analysis shows that this new system is 800 times more
efficient than conventional biogas plants.

Hilkiah Igoni[5] (2008) studied the Effect of Total Solids
concentration of Municipal Solid Waste on the Biogas
Produced in an Anaerobic Continuous Digester. The total
solids (TS) concentration of the waste influences the pH,
temperature and effectiveness of the microorganisms in the
decomposition  process. They investigated various
concentrations of the TS of MSW in an anaerobic
continuously stirred tank reactor (CSTR) and the
corresponding. Shalini sing, sushil kumar, M.C. Jain,
Dinesh kumar (2000), [6] carried studies on cattle dung
and their residues insemination with kitchen waste and
found that the increased biogas production using microbial
stimulants. Ranjeet Singh, S. K. et.al [7]collected inocula
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from four different sources such as Jajmau tannery waste
treatment plant (ITW), Jajmau municipal waste treatment
(IMW), Unnao distillery (IDW) and batch reactor and
carried studies for the generation of waste. Jong Won
Kang et al (2010) [8]studied the On-site Removal of H2S
from Biogas Produced by Food Waste using an Aerobic
Sludge Bio filter for Steam Reforming Processing. They
show that a bio filter containing immobilized aerobic sludge
was successfully adapted for the removal of H2S and CO2
from the biogas produced using food waste. Abhishek et.al
(2015)[9] carried research on production of bio-gas from
the  food and degradable waste. Leta Deressa etal
(2015)[10] analysed the production of bio gas from fruit
and vegetable waste mixed with cow dung in anaerobic
digester  Sudha.G.et.al, 2012[11] published a paper titled
“Production of biogas from different fruit pulp”. Anaerobic
digestion process was adopted to convert the biodegradable
fruit pulp into biogas. It was observed that the more the
Chemical Oxygen Demand (COD) in fruit pulp, the more is
the biogas. COD value is directly proportional to biogas
production.

. RELEVANCE

Kitchen waste is organic material having the high calorific
value and nutritive value to microbes, that’s why efficiency
of methane production can be increased by several order of
magnitude, using higher efficiency and size of reactor. The
bio gas used can be used for cooking and lighting purposes.
And also on large scale generation the cost of biogas
production is reduced. Also in most of cities and places,
residential communities, hostels of university campuses,
agricultural market yards, fruits and vegetable market
huge amounts of bio degradable wastes are generated and
are being disposed on to the landfill or discarded in open
dumping yards. The traditional methods of bio degradable
wastes results in  public health hazards and diseses like
malaria, cholera, typhoid. Inadequate management of
wastes like uncontrolled dumping bears several adverse
consequences: It not only leads to polluting surface and
groundwater through leachate and further promotes the
breeding of flies , mosquitoes, rats and other disease bearing
vectors. Also, it emits unpleasant odour & methane which is
a major greenhouse gas contributing to global warming.
Hence forth the kitchen waste can be used as a raw material
to produce biogas. The produced biogas can be used as a
cooking gas in the kitchen. This concept is energy from
waste.
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Iv. BENEFITS OF BIO GAS TECHNOLOGY

e  Production of energy.

e Transformation of organic wastes to very high
quality fertilizer.

e Improvement of hygienic conditions through
reduction of pathogens.

e Environmental advantages through protection of
soil, water, air etc.

e Micro-economic benefits by energy and fertilizer
substitutes.

e Macro-economic benefits through decentralizes
energy generation and environmental protection.

V. MATERIALS AND METHODS
The bio degradable waste materials used for the
demonstrative study are vegetable peelings, fruit peelings,
food waste collected from the residential housing societies.
In Siddartha Nagar, Kandivili East at Radha Residence CHS
there are about 300 families with a population of about
more than 1200 people are living. From the house hold
survey and from the society office registers it has been
revealed that on an average 400 kg of exclusive organic
waste is collected from house to house. The kitchen waste
has been used for the demonstration of the experiment.
For the demonstration, the technology used by ARTI —
Appropriate Rural Technology of India, Pune (2003) has
been used. At ARTI developed a compact biogas plant
which uses waste food rather than any cow dung as
feedstock, to supply biogas for cooking. The plant is
sufficiently compact to be used by urban households. The
design and development of this simple in this the bio gas
plan uses waste grain flour, spoilt grain, overripe or
misshapen fruit, nonedible seeds, and fruits.
Yet powerful technology for the people, has won ARTI the
Ashden Award for sustainable Energy 2006 in the Food
Security category. Dr. AnandKarve (ARTI) developed a
compact biogas system that uses starchy or sugary
feedstock and rhizomes, green leaves, kitchen waste,
leftover food, etc. Just 2 kg of such feedstock produces
about 500 g of methane, and the reaction is completed with
24 hours.
For the generation of the bio-gas an anaerobic digester is
fabricated to convert biodegradable kitchen waste (BKW)
into biogas. The digester can be a hard plastic tank or iron
tank. The volume of thetank is designed based on
the quantity of BKW produced per day. Cow dung or
animal dung is added initially to introduce anaerobic
bacteria into the digester. A Non-return valve (NRV) is
fitted to both inlet and outlet pipes of the digester.
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VI. DESCRIPTION OF THE PARTS OF THE
PROCESS

Slurry preparation tank: The kitchen waste is made into
slurry with 45-50% solids. Initially 10% cow dung is
required. At a later stage it can be reduced to 5%. The
process is a batch process. Each batch can be retained for 4
days in the digester.
Digester A digester is a huge vessel where chemical or
biological reactions are carried out. Anaerobic digestion is a
series of processes in which microorganisms break down
biodegradable material in the absence of oxygen. It is used
for industrial or domestic purposes to manage waste and/or
to release energy. The digestion process begins with
bacterial hydrolysis of the input materials to break down
insoluble organic polymers, such as carbohydrates, and
make them available for other bacteria. Acidogenic bacteria
then convert the sugars and amino acids into carbon
dioxide, hydrogen, ammonia, and organic acids. Acetogenic
bacteria then convert these resulting organic acids into
acetic acid, along with additional ammonia, hydrogen, and
carbon dioxide. Finally, methanogens convert these
products to methane and carbon dioxide. The digester is
made up of fiber material like a plastic tank or steel tank.
Valves: A valve is a device that regulates, directs or
controls the flow of a fluid (gases, liquids, fluidized solids,
or slurries) by opening, closing, or partially obstructing
various passageways. In an open valve, fluid flows in a
direction from higher pressure to lower pressure. The ball
screw valve is made by plastic material.
Gas Purifier The gas produced from digester consists of
carbon dioxide, hydrogen sulphide and methane. The
removal of both H2S and CO2 can be done by passing it
through water. This simple process is used to produce a
pure methane gas.
Pressure Gauge Many techniques have been developed for
the measurement of pressure and vacuum. Instruments used
to measure pressure are called pressure gauges or vacuum
gauges. The pressure gauge is a device used to measure the
pressure inside the digester. The pipe lines are made up of
PVC (polyvinyl chloride). It’s used to flow the waste
crushed food into the digester and also to flow the gas from
digester to gas purifier. The anaerobic digester develop in
the pilot study is shown in the line diagram in figure-1
below.
Process flow sheet
1. Slurry preparation tank
2. Anaerobic digester
3. Methane gas collection tank
4. Sludge collection tank.
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Fig.1: Anaerobic Digester Experimentation unit model

VII. EXPERIMENTAL PROCEDURE

The fresh kitchen waste consisting of fruit pulp, vegetable
peeling and food waste is mixed with cow dung and water
to prepare slurry. The ratios are 40% kitchen waste plus
10% cow dung and 50% water. The slurry was pumped into
an anaerobic digester tank. The tank was thermally
insulated and was provided with a low speed agitator that
worked continuously; under mesosphilic conditions
(38°C).This slurry was transferred into the anaerobic
digestion tank and retained nearly for 96 hours. After 96
hours of maturation time due to micro bacterial actions and
anaerobic digestion in the absence of oxygen different gases
such as  Methane, Ammonia, Carbon dioxide and sulphur
dioxide are generated. Methane gas was collected in a
separate gas collection tank. The sludge from the anaerobic
digester is collected in a sludge collection tank, which can
be used as a bio-fertilizer.

VIIl. DESCRIPTION OF METHOD

The biodegradable kitchen waste (BKW) is made into slurry
by adding suitable, quantity of water. The slurry is
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introduced into the anaerobic digester through the inlet pipe.
Nearly 10-kilogramme cow dung slurry is passed into the
digester. The microorganisms decompose BKW into
Carbon dioxide and methane. The methane gas is collected
in a storage tank through the outlet pipe.

BKW + Cow dung + Water
Methane + Carbon dioxide + ammonia

IX. RESULTS AND ANALYSIS

The percentage of methane varies from 65% to 69% and
carbon dioxide varies from 15% to 25%. The remaining %
is ammonia and hydrogen sulphide. The percentage of
methane can be increased by decreasing the carbon dioxide
percentage in the anaerobic digester.
Waste characteristics
Waste is collected from a sample of ten housing units in a
residential community of 300 residential fats. The waste
are collected for a period of seven days and the average
collection per day per house is reported in the table below.
The housing community selected for the study is Radha
Residency, Siddarth Nagar, Borivili (E) situated in Mumbai
western suburbs.

—
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Table.1: Analysis of Bio degradable waste and food waste is collected from Radha Residency Community of 300 Residential

Flats
Per Week wet
waste
No Of. Wet Collection From_the
House no pers_ons |n_ Waste Dry Waste Total Waste from the .Housmg
Housing unit Kg/day /Flat kg/day/flat . Society(300Flats)
Flat Kg/dayFlat Samplg hgusmg in Kg /week
units in
kg/day/flat
1 4 0.8 1 1.8 5.6 168
2 4 1 1.2 2.2 7 210
3 5 15 1.4 2.9 10.5 315
4 4 0.88 1.2 2.08 6.16 184.8
5 5 1.25 14 2.65 8.75 262.5
6 6 1.44 1.47 291 10.08 302.4
7 4 0.92 1.06 1.98 6.44 193.2
8 5 1.2 1.3 25 8.4 252
9 3 0.66 0.735 1.395 4.62 138.6
10 3 0.63 0.84 1.47 441 132.3

From the table of analysis it is seen that on an average about
2 tons of biodegradable waste is collected from the
residential community of 300 flats. Bio degradable kitchen
waste mix is analyzed in the laboratory and the results of
the mix are furnished below.

Table.2: Characteristics of kitchen waste

SI.No Description 0/Kg

1 Total Solids 250

2 Organic Total | 280
Solids

3 aNo3-N <0.11

4 aNHp4-N <0.2

Results and Discussions:

At residential community, Radha Residency co-operative
housing society where in about three hundred families are
staying and generating about two tons of BKW per week
and is disposed on to open land dumping following the
conventional methods of disposal . On pilot study
experimentation it is revealed the BKW can be used in this
project can be used to generate biogas. For demonstration
purposes a fixed drum type model is used in the pilot
study. From the lab scale experiment 75:25 Ratio of food
waste and cow dung will provide more efficient gas. From
this experiment it is recorded that it is able to produce
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around 45 00ml of biogas daily in a 8 liter reactor
(digester).

X. CONCLUSIONS

The gap between demand and supply for energy sources can
be reduced by converting Bio degradable kitchen waste into
a biogas. It is a source of renewable green energy. The
biogas can be used as a cooking gas and also can be used in
turbine to generate electricity. The left over sludge can be
packed and used as a manure and compost for agriculture
forming. There is need, further to investigate the cost
economics and utility returns to establish the plant and
running the unit for 365 day a year at residential community
level.
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Abstract— With the vast honey bee species producing
honey for international export and consumption in
Nigeria, there is need for theoretical translation of quality
assessment and characterization of honey for human
consumption. The physicochemical and mineral contents
of some selected honey in the five South east geopolitical
states of Nigeria was performed for above mentioned
application. The results were evaluated with 3D plot to
identify the statistical significance of the parameters
analyzed. The levels of glucose and fructose were accepted
by codex alimentation standard and rejected samples B, C,
and G. A correlation of similar botanical origin was
demonstrated in sample B, C and G and similarly observed
in their moisture content been > 21%. The pH and
electrical conductivity showed no significant variation.
The codex hydroxyl methyl furfural standard identified
samples B, E and L to be “aged honey” or falsified honey
in circulation. The 3D plot showed the significant
variation of hydroxyl methyl furfural content of samples. A
hypothesis was observed when the samples and previously
analyzed Nigerian samples were compared; metal
concentration levels of Group 1 elements > Group 2 >
Transition metals in Nigerian honey and formed an
identification trend.

Keywords—Honey, bees, honeybees characterization,
consumption.

I.  INTRODUCTION

For centuries, honey has been known for its potent activity
against antibiotic resistant bacteria and as a potential
source of antimicrobial compounds [1, 2]. As previously
reported, the typical constituents of honey by dry matter is
sugar, with small amounts of about 22 additional complex
sugars and other constituents like pigments, acids and
minerals that bring about unique honey types.
Subsequently, honeybees are related to the identity and
quality of their honey, however, there are not many studies
that establish the stability of chemical compounds present
in honey and ensuring that honey consumption are devoid
of toxic compounds for human health [3, 4].

A study conducted on stability of Nigerian honey showed
that if natural harvested honeys are produced hygienically
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and stored, that its stability can be up to 2 years [5], while
the geographical and botanical origin of the flora, type and
activity of the bee can also affect the quality and honey
composition [6]. Nevertheless, the beehive type does not
affect their physicochemical properties [7]. Thus
promoting honey with information on its characterization
[8] has opened avenues for local products (exports) to
meet international standards [9, 10]. Hence, it created the
need for legislation on honey quality given the vast bee
species in existence [11, 12]. Studies on the proximate
analysis and mineral contents of honey for different
countries, have confirmed the presence of trace metals
such as Fe, Al, Mn, Mg, Na, K, Cu and Ca [13, 14, 15].
These exist in some form of natural combination which
can be used as nutritional supplement for humans [16].
Yet, despite the compositional and nutritional value of
honey bees, comparative relationship data between the
nutritional components and biochemical composition of
the vast honey species are limited in Nigeria [17].More
over studies have shown that certain commercial honey
has higher levels of some parameters which suggested
some kind of adulteration [18] or poor hygiene and
handling [19]. Hence, this research work will study
statistical application and theoretical translation on
characterization of selected honey in south-east Nigeria of
some selected honey in the five South east geopolitical
states of Nigeria to establish their quality for human
consumption.

. MATERIALS AND METHOD

Collection of samples

The samples were purchased from 12 pre-named locations
in Abia State, Imo State, Enugu State, Ebonyi State and
Anambra State of Nigeria. They samples collected were
tagged (A, B, C, D, E, F, G, H, |, J, K, L) for easy
identification. The collected samples were placed inside
plastic bottles of 250ml each and tightly sealed and tagged.
Afterwards the sample bottle was labeled with sample
volume, date, location, time of collection and stored at 4
OC prior to analysis. Honey sample was obtained from
National Root Crop and Research Institute Umudike in
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Nigeria (NRCRI) known for honey and bee keeping
production and research..

Physicochemical analysis

The physicochemical characteristics of honey are a routine
laboratory analysis. It provides quantitative results and
allows for approximate estimation of the presence of
honey blend. The study was carefully carried out using
recently reported approach [20]. The moisture content was
determined using a digital refractometer calibrated with
double distilled water. Ash content was measured with
reported AOAC method in previous study [20]. Hanna
Instrument (HI 98127) was used to determine pH of the
prepared solution while Hanna Instrument (HI 98311) was
used for electrical conductivity of the prepared solution.
Milli-Q water was used for preparing honey solution for
Hanna Instruments. For quality assurance, we ran each
experiment 4 times and reported only the average of the
quadruple values.

To determine the Hydroxymethylfurfural (HMF); 59 of
honey was dissolved in 25mL of distilled water. The
absorbance was measured at 284 and 336 nm against a
filtered solution treated with NaHSO3. The HMF value
were then determined using the following the equation
below [10, 12]. Where D = dilution factor and W = sample
weight in grams:

HMF (mg/kg of honey) = (Abszss-Abssss) X 149.7 X 5 X
D/W.

Metal assay

The metal contents were determined using commonly
reported standard AOAC method [6]. This was carried out
by measuring 5ml of 10% HCI solution and added to the
ash and warmed in a water bath to dissolve. 5ml of 10%
Trioxonitrate (v) acid was further added and warming
continued until total dissolution in the water bath. A
stirring rod was used to transfer the solution into a funnel
then to a clean dry 50ml standard volumetric flask. The
“ashed” solution was analyzed for Ca, Mg, Fe, K, Zn, Pb
and Cd by direct aspiration via atomic absorption
spectrophotometer (AAS).

Determination of sugars

1.0g of honey sample was weighed into a graduated 100ml
cylinder. 10ml of distilled water was added to the sample
and stirred with a long glass rod. 13ml 52% perchloric acid
reagent was further added and stirred for 20 minutes. The
content was filtered into 25ml graduated flask and diluted
to full mark with distilled water.10ml of the sample extract
was diluted to 100ml with distilled water, and then 1ml of
the dilute filtrate was transferred into a test tube. Blanks
were also prepared using double distilled water. The
standards of the different sugars (glucose, fructose and
sucrose) were prepared using 1ml of each. 5ml of freshly
prepared anthrone reagent was added rapidly and the tubes
closed to allow for mixing of the contents. They solution
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was then placed in water-bath for 12 minutes and allowed
to cool at room temperature to read the absorbance at
630nm against the blanks [21]. Results were calculated on
the following formulae:

% glucose, fructose or sucrose = (25 X H) / (S X W)
Where H = Absorbance of dilute honey sample

S = Absorbance of dilute standard

W = Weight of sample used

. RESULTS AND DISCUSSION
Physicochemical and sugar analyses
The result for determination of composite sugars (fructose,
glucose and sucrose) is as shown in Table 1. Observation
showed that the monosaccharide’s (glucose and fructose)
and the disaccharide (sucrose) in the all 12 samples make
up 70% composition of each honey sample respectively.
Sample A and E had the highest fructose content, sample
C and E showed the highest glucose value while samples B
C and G gave the highest sucrose content. They result
confirmed good storage conditions for the samples that had
sugar concentrations above 70% except samples B, H, J,
and L. They conditions are often reflected in the stability
of the honey products. Thus, the formation of undesirable
products like 2-acetylfuran, Isomaltol and hydroxy-2-
methyl-5-6-didropiran-4-one that can cause change in
color, odor and taste of honey are prevented. [3].
Observation shows that the concentration of glucose,
fructose and sucrose varies, as well as the ratio between
them. This useful indicator [3] showed the classification of
the honey samples based on geographical origin and
botanical origin as using their ratios. Samples A and E are
of same botanical origin, Samples D, F and H are of same
botanical origin, samples B, C, and G are of similar
geographical origin while samples I, J, K and L are same
geographical origin.
On the other hand, the results indicated that glucose and
fructose are the main composition of the honey samples
and corresponds to Codex Alimentations commission
international standard [22]. The higher levels of sucrose in
samples B, C and G could be an indication of adulteration
or early harvesting as seen in Table 1. Thus these formed a
correlation with the botanical origin based classification of
samples using their ratios. However, in samples A, D, F
and H, the glucose content were below 5 %. This showed
the natural feeding of the honey bees and high quality of
the honey produced from the farms [20]. The results were
further compared with previous published results (sugars
in honey) for honey samples in Nigeria [5, 18, 23, 24]. The
results showed no significant difference from previous
studies.
The codex alimentarius committee on  sugars
recommended moisture content should not exceed 20g
100g-1 [22]. The samples analyzed were all within 16% to
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20.7% except samples B, C and G greater than 21%.
However, research has shown that moisture content in
honey samples lower than 20% elongates the shelf life of
honey [20], while factors of temperature and relative
humidity in the geographical origin affects honey
moisture content. Therefore all samples showed no
significant difference with samples in the south east region
of Nigeria [16, 17] and were within 17% to 21%. While
samples from the North were lower in moisture content
about 15% to 18% when compared to previous results in
Nigeria [4, 6]. There was no significance difference
between the samples in pH and electrical conductivity
while the ash content showed variation

The pH values of the twelve honey samples were
measured and the obtained results confirmed that, all
tested samples were acidic (pH 3.0-4.2) as seen in Table 2
and within the standard limit of Codex Alimentatarius
value of pH 3.40-6.10 [22] except sample D and F.
However they were all close to previously reported values
in Nigeria [5, 6, 16, and 21].

The higher the ash content, the higher the electrical
conductivity. This showed a linear relationship with the
both ash content and electrical conductivity and similarly
had been observed by research [20]. All samples were
below the standard electrical conductivity limit of
0.8mS/cm recommended by codex alimentatarius [22].
The Ash content of 6 samples (B, C, E, G, J & L) were
within the acceptable range (0.6-1.2 ¢/100 g), while
samples (A, D, F, H, I & K) were not accepted by codex
range Codex Alimentations. This disparity could be an
indication of the honey colonies fed with sugar syrup that
had lower ash [20]. The codex HMF standard [22] for
honey is recommended at maximum 40mgkg-1for
processed honey and 80mgkg-1 for declared tropical
origins. Thus all honey samples met the standard but
samples B, E and L were not accepted by codex
alimentations. This identified samples (A, D, F, H) to be
fresh honey samples, samples (C, G, I, J) were not fresh
while sample (B, E and L) were either “aged honey” or
falsified honey. This can be obtained by adding invert
syrup since 5-HMF can be produced to the inversion of
sucrose by heated sugars in the presence of an acid. [3]
Metal Assay

Studies have shown that the mineral content in honey
ranges from 0.04% in light honeys to 0.2% in dark honeys.
In addition, the chemical components reflect the type of
soil from which both the plant and nectar were obtained
[3].From Table 1, the mineral concentration of calcium
was the highest in all the 12 samples followed by
magnesium  with similar concentration levels. The
concentrations of lead and cadmium were all below the
jointly proposed acceptable levels of 25ug kg-1 for Pb?
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and 7ug kg-1 for Cd** by world health organization
(WHO) and the Food and Agricultural organization (FAQ)
[25]. The remaining elements Fe* K* Zn?* were all
below 0.7mg/l. These reflected the botanical origin of the
studied honey samples and formed a correlation that south
east Nigerian honey are similar to Hungarian Linden
honey based on mineral content [26].The samples D, E and
F obtained from Owerri urban in Imo-state were compared
with previous results from Owerri urban [18]. A
correlation was seen with Pb?* been very negligible, Fe?*
in very small concentration, while K*, Mg?* and Ca2* were
of higher concentration levels [18]. Thus our result was in
agreement with the study that reported samples in Owerri
as having the least occurrence of metals. Furthermore,
obtained information (data) in all the honey samples of
Nigeria as analyzed by previous researchers showed the
following hypothesis; the metal concentration levels of
Group 1 elements > Group 2 > Transition metals in
Nigerian honey [6, 16, 17, 18] and may form an
identification. (though we only analyzed K* in group 1)

3D Plot

The results from the 3D plot can be seen below in figl.
The variations of HMF concentration could be observed at
Anambra, Imo and Abia in fig 1A. In Addition, pH,
electrical conductivity, ash content and, moisture content
were uniformly distributed within the 12 sampling points.
The fig 1B depicts the concentrations of heavy metals in
the 12 sampling locations. Magnesium and calcium
concentrations can be clearly identified as having
concentrations greater than 1.0 mg/l but less than 2.50
mg/l each. The concentration of potassium can also be
seen with variations in all the sample locations e.g., it had
the lowest points at Ebonyi state with 0.07 mg/l and 0.06
mg/l and shown as a flat bar respectively.

IV.  CONCLUSION

Samples A and E had the highest fructose content, sample
C and E showed the highest glucose value while samples B
C and G gave the highest sucrose content. The results also
confirmed that the honey samples can be classified based
on geographical origin and botanical origin. All honey
samples were moderately acidic while the moisture content
was highest in B, C and G and L. codex alimentations
identified samples (A, D, F, H) to be fresh honey samples,
samples (C, G, I, J) were not fresh while sample (B, E and
L) were either “aged honey” or falsified honey. The
mineral content of the were within world health
organization (WHO)/(FAO) recommendations. The
following identification trend was observed to exist; the
metal concentration levels of Group 1 elements > Group 2
> Transition metals in Nigerian honey.
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Table.1: Physicochemical parameters of honey from 5 south-eastern states in Nigeria
CODE LOCATION STATE Mokrere pH Elxcerical Ash HMF Frucoew Clucose Sucros
content (%) Condociviky | coment | conreas %) (%) (23)
(eSiew) | (g00g) | (mep'ig)
A NRCRI Aba 195 42 04 0.159 | 123 40.20 3930 420
LUmudike
Atiars Markel; Aba 212 33 1341 0.690 | 970 2130 3300 2080
Okpara Squar=  A&a 221 40 113 0.570 | 420 1535 36.40 1873
Market
D Emekuku Tma 167 33 0206 0.038 | 131 31.60 3800 230
Convent
E Exeliwy ima 203 41 14% 0.776 | 980 40.7 40.70 6.05
Market
F FUTO imo 19.3 30 0406 0333 | 129 31.60 33.97 3.60
G OpbeteMarket Ewvvgn 207 43 1212 0.616 |47.0 20.15 3740 1550
H Oba Market;  Emgu 204 42 091% 0330 | 266 2633 3518 1.50
1 Ohaczam: Ebomi 116 39 0004 0324 | 303 2338 36.20 £%0
J Abakaliki Ebomi  19.% 42 12 0657 | 320 2330 2670 1318
Miaket,
K MavisMall,  Anonde 194 40 L1 0.577 |362 2934 3630 1020
a
L Relief Markel  Ananbr 21.7 39 L2089 0611 | 1210 2670 2675 1230
a
Table.2: Mineral composition of honey samples from 5 south-eastern states in Nigeria
CODE LOCATION STATE Ca™’ Mg Fe' K In” Pb™ cd”
(mg/h) | (mgl) | (mgh) | (mgh) | (mgh) | (med) | (mgh)
A NRCRI Umudike Abia 2.29 1.07 0.06 0.44 0.05 Nil Nil
B Ariara Market; Abia 1.47 1.15 0.07 0.58 0.20 0.01 Nil
C Okpara Square Market | Abia 1.54 1.00 005 |053 0.08 |Nil Nil
D Emekuku Convent Imo 2.17 0.94 0.05 041 0.04 Nil Nil
E EkeUkwu Market Imo 142 0.97 0.03 0.58 0.10 0.02 Nil
F FUTO Imo 2.04 1.05 0.04 0.50 0.07 Nil Nil
G Oghbete Market Enugu 1.35 1.09 0.03 0.65 0.11 0.01 Nil
H Oba Market; Enugu 1.67 1.02 0.04 0.30 0.07 Nil Nil
1 IshieluOhaozara: Ebonyi 1.69 1.03 0.02 0.07 0.13 Nil Nil
J Abakaliki Market; Ebonyi 1.66 1.02 0.06 |006 0.09 |Nil Nil
K Marvis Mall Awka; Anambra 1.58 1.20 0.06 042 0.08 Nil Nil
L Relief Market Anambra 1.30 1.09 0.03 0.63 0.12 0.01 Nil
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Fig.1: (LA): The physicochemical parameters of honey from 12 sample points; 1(B): The heavy metal concentration of the

honey samples
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Abstract— This paper presents aerosol studies carried out
in Gaborone, the capital city of Botswana. The Gaborone
aerosol is varied consisting of elements from Si to Au.
Traffic contribution to the aerosol of Botswana is clearly
visible as illustrated by strong positive bromine and lead
correlation. The use of unleaded petrol could be the cause
of the decrease of ambient lead (Pb) and bromine (Br)
concentrations when the present measurements are
compared to previous measurements. The elements present
in the aerosol of Gaborone range from silicon to lead.
Keywords— Particulate matter, Correlation, Regression,
Ambient.

l. INTRODUCTION

The health effects of urban aerosols and particularly those
derived from vehicles are the focus of attention in many
countries. Particulate matter (PM) with aerodynamic
diameter < 10 um (PMyg), especially the fine particle
fraction of PMio, i.e. PMys (particulate matter with
aerodynamic diameter < 2.5 um) was found to associate
with urban health problems such as increase in daily
mortality (e.g. Dockery and Pope, 1994) and asthma (e.g.
Anderson et al., 1992). This has been reflected in an
increase in the amount of routine monitoring of atmospheric
particles (Clarke et al., 1999).

Continues monitoring of airborne particulates is of great
importance since a data base on concentration and its
fluctuations at different representative sites of a given urban
area is of particular relevance to any future planning
towards the improvement and control of air quality.

In Botswana air pollution surveillance is carried out by the
Department of waste management and pollution control
pursuant to the Atmospheric Pollution (Prevention) Act of
1971 (Air Pollution Control, 1995). Most air pollution
stations throughout the country are designed to measure
sulphur dioxide (SO.) and total suspended particulates.
Thus, only a few aerosol characteristics have been
measured so far. In some parts of Botswana one can notice
the effects on vegetation due to emissions from mineral

www.ijeab.com

smelting industries. This could be a result of inefficient
methods of production although the industries are few
compared to those in industrialised countries.

Similar studies were conducted for about ten years at
University of Botswana, Gaborone, where continuous
monitoring of concentration of aerosols and polluting gases
were carried out by using particle counters and gas
analysers. The investigation from this studies have been
described in several papers such as Jayaratne and
Verma,2001; Verma and Thomas,2007; Verma and
John,2009 and Verma et.al 2010.

This paper presents results of a study of urban aerosol
particle composition the capital city of Botswana
(Gaborone). This involved aerosol sampling with a
dichotomous virtual impactor as well as sampling of black
carbon and sulphur dioxide. The results have been
compared to a previous study carried out in 1997 in the
same city (Selin Lindgren et al., 1998).

1. EXPERIMENTAL

Sampling took place in the capital city of Botswana
(Gaborone (22.71°S, 25.9°E)) with a population of 250 000.
The sampling site lies in a residential area located ~500
meters on the western side from the city centre. The
measurement campaign extended from the 10" to 30" of
August, 1999. The sampling duration was 12 hrs, between
8:00 am and 20:00 pm local time.

Aerosol particles were sampled with a dichotomous virtual
impactor (Anderson model 245) operating at a total flow
rate of 16.7 I/min. In the impactor used in 1999 the cut-
point between coarse and fine particles was 2.5 um and the
upper cut-off for coarse particles was 10 um, while the
lower and upper cut-off for the impactor used in the 1997
measurements were 3.5 um and 18 um respectively. Teflon
membrane  filters, manufactured by  millipore
(SA240PR100), were used. These filters have an aerial
density of 0.9 mg cm, a diameter of 37 mm and a pore size
of 2.0 um. The filter material had been evaluated before
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sampling with regard to its blank values, and was shown to
be very clean.

All impactor samples were analysed by multielement
energy dispersive X-ray fluorescence (EDXRF) technique.
The characteristic radiation from the sample is detected by a
Si (Li) detector (active area 80 mm?, FWHM at 5.9 KeV of
173 eV). The X-ray tube was operated at a voltage of 55 kV
and a current of 25 mA. The live time of each spectrum was
1000 s. For a detailed description of the spectrometer see
papers by e.g. Standzenieks and Selin [1979] and Selin et
al. [1991]. The detection limits for the spectrometer used
are shown in Table 1.

Black carbon (BC) was sampled with a device consisting of
a pump, a flow meter, a brass filter holder and a tube that
ends with a funnel with the wide end facing downwards.
The sampling rate was 16 I/min. The filters used were of
glass fibre material (GF 10) (Schleicher&Schnell, ref.no
370393) in close agreement with the recommended type for
the reflectometer (ESM Environmental Monitoring, 1998).
The areal density of the filter is 6.7mg cm2. The filters were
subsequently analysed with a light reflectance technique.
Sulphur dioxide was sampled with a self-contained high
sensitivity pulsed fluorescence analyser Model 43S from
Thermo Environmental Inc. operating at a flow rate of 0.5
I/min (Thermo Environmental Instruments Inc., 1996). Ten
minutes averages were logged in a logger (Campbell
CR10). The logger also recorded supporting weather
variables like wind speed and direction. Table 2 presents a
summary of the instruments used in this study.

Table.1: Detection limits for quantification of elements in
airborne particles analysed with EDXRF technique from a
measurement using Teflon filters.

Mn 2.5 13

Fe 1.3 0.67
Ni 1.2 0.62
Cu 0.95 0.49
Zn 0.89 0.46
Br 0.62 0.32
Rb 0.54 0.28
Sr 0.63 0.32
Pb 0.92 0.47

Element Detection limit® | Minimum airborne
(ng/cm?) concentration® (ng/m?)

Si 1400 720

S 90 46

Cl 40 21

K 15 1.7

Ca 8.0 41

Ti 5.1 2.6

\% 2.8 14

Cr 2.1 11

www.ijeab.com

aDetection limits are calculated using the three times
square root of background (3o). The time of spectrum
acquisition considered is 1000 s.

®The minimum airborne elemental concentrations are
calculated with respect to the 12 hours sampling time used
in this study.

Table.2: Instruments used to measure atmospheric
variables in the present work.

INSTRUMENT MODEL
Anderson
Model 43S from Thermo
Environmental Inc.
Logger Campbell CR 10
Wind Speed and | Wind monitor-AQ
direction
Black Carbon sampler

Dichotomous Impactor

SO, Analyser

Laboratory modified
with a brass holder

1. RESULTS AND DISCUSSION
3.1. Element concentrations
The levels of measured elemental concentrations in the
urban aerosols of Gaborone are presented in Table 3 for the
fine and coarse particle fractions, respectively. The data
from a previous measurement by Selin Lindgren et. al.
(1998) are presented for comparison.
As can be noted from Table 3 the values from the 1999
measurements are of the same order of magnitude as those
from 1997. The soil derived elements from the Gaborone
1999 measurements are slightly higher that the ones from
Gaborone 1997. This could be explained by the fact that the
measurements in 1999 were taken at 1.5 meters above
ground level while the 1997 measurements were taken on a
rooftop 15 meters above ground level. It may be noted that
the Pb and Br levels for Gaborone 1999 are lower than
Page | 702
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those of 1997. There has been a shift in Botswana since
1997, from using leaded to unleaded gasoline, which can
explain the decrease in the Pb and Br levels. Secondly the
Gaborone 1997 site is closer to the university car parking
lot which can also have an influence on the Pb and Br
levels. The observation of decreasing Pb and Br levels
demonstrates that the increasing use of unleaded petrol
during the last years, is leading, as desired, to diminished
lead ambient concentrations. Note, that the sum of coarse
and fine Pb and Br for Gaborone 1999 is still smaller than
the fine particle fraction alone for Gaborone 1997, and
hence the decreasing concentrations can not be attributable
to the difference in impactor cut-offs.

The concentration of Lead, one of the pollutants present in
the atmosphere, with many related health effects is
investigated. The investigation is to determine the effects of
the implemented restriction on usage of leaded petrol in
Botswana(Botswana Govt. 1 April 2006).The monitoring of

and it was found over a period of two months the
concentration declined in 84 days was seen to be about 24%
(Verma et al 2010)

It is thought that this effect is due to the transition of the
usage of unleaded petrol in Botswana which began from 1
April 2006. We should bear in mind that the lead particle
emitted from the leaded petrol before the transition date
could remain in the atmosphere for several months. The
measurements (Hana et al., 1983) show that 25 % of the
vehicular emission, lead, is in the form of large, coarse
particles which settle on the road-side and the rest are of a
fine size which remain floating for a considerable time due
to their high residence.

It is interesting to note that the concentrations of SO, and
BC in Gaborone 1999 compares to those of cities in
industrialised countries. Cu and Ni concentrations are low
in Gaborone when compared to other places where Cu and
Ni are mined (Chimidza and Moloi, 2000).

lead present in environment of Gaborone was conducted ,

Table.3: Means, medians and Interquartile ranges (IQR) for this study (Gab99) and a previous study carried out in 1997 (Gab97).
Elements in both fine (f) and coarse (c) particles are presented along with BC and SO,. Units are ng m™ for the element
concentrations and g m™ for BC and SO..

Element Gab99 Gab97 Vemadata
(2009)
Mean Median IQR Mean Median IQR
Si(c) 6700 7000 2100 4400 4600 1800
Si(f) 720 630 720 BDL BDL BDL
S(f) 1400 1200 750 1200 1100 340
Cl(c) 200 190 110 110 87 120
CI(f) BDL BDL BDL 100 45 89
K(c) 1100 1100 370 590 560 170
K(f) 310 300 86 650 630 210
Ca(c) 900 940 350 760 780 430
Ca(f) 100 99 50 160 130 110
Ti(c) 280 280 110 190 190 76
Ti(f) 34 32 21 41 39 34
Cr(c) 6.1 4.8 3.0 BDL BDL BDL
Cr(f) 1.2 0.9 1.0 BDL BDL BDL
Mn(c) 52 50 20 53 51 19
Mn(f) 7.8 7.1 3.4 14 13 13
Fe(c) 2600 2600 970 2400 2300 960
Fe(f) 350 320 210 600 460 540
Ni(c) 2.5 2.7 1.0 BDL BDL BDL
Ni(f) 0.7 0.6 0.3 BDL BDL BDL
Cu(c) 6.4 6.5 3.2 10 8.0 6.0
Cu(f) 2.1 1.7 1.4 7.0 6.0 5.0
Zn(c) 14 12 7.0 21 19 13
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Zn(f) 6.2 5.4 4.0 28 22 18
Br(c) 11 11 7.1 15 16 15
Br(f) 55 54 38 120 100 130
Rb(c) 10 11 4.6 12 11 4.0
Rb(f) 14 1.1 0.9 3.0 3.0 4.0
Sr(c) 4.1 4.3 1.8 6.0 6.0 2.0
Sr(f) 0.4 0.3 0.3 2.0 1.0 2.0
Pb(c) 20 20 12 38 39 33
Pb(f) 79 79 64 230 210 250
BC 1.3 1.3 0.3 nm nm nm
SO, 54 55 27 nm nm nm

BDL.: data was below detection limit.

nm: data was not measured.

Gab99:Gaborone 1999 measurements, Gab97: Gaborone 1997 measurements.

For Gab99 fine particles (f), da<2.5 um and coarse particles (c), 2.5 um < d, <10 um
For Gab97 fine particles (f), da<3.5 um and coarse particles (c), 3.5 um < d, <18 um

3.2. Elemental ratios of some fine particle elements

Fig. 1 represents the regression line of fine particle Br against fine particle Pb in Gaborone aerosols. As can be noted there is a
strong correlation (R? =0.99). This could indicate internally mixed Pb and Br originating from the same source (automobile
exhausts). The corresponding slope of the regression line is 0.7 and thus is higher than the ratio of 0.45 obtained in the 1997
measurements (‘Shell South Africa’ personal communication). An explanation could be that the petrol additive used in Gaborone
1999 has a different Br-Pb ratio from the one used in Gaborone 1997.

0.8 Gabh99 Gab97

0 y = 0.74x - 0.01 y = 0.47x + 0.01 .2
7 RZ=0.99 RZ=1.00 =

6+——————

0.5 i

- /H‘
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"‘__
0.3 =

o /
&
0.2 -6 :
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—”’
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0 : : : : : : : : :
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Pb

Fig.1: Regression line of normalised fine particle Br against normalised fine particle Pb for Gaborone 1999 and Gaborone
1997. The plotted values for both Br and Pb are normalised to the maximum value of Pb in both cases. (For Gaborone 1997,
[Br]max=290 ng/md, [Pb]max=600 ng/m? ; For Gaborone 1999, [Br]max=180 ng/m3, [Pb]max=240 ng/mq).
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Fig.2: Regression line of normalised fine particle Mn versus normalised fine particle Cr for Gaborone 1999. The values are
normalised to the maximum value of Mn. ([Mn]max= 17 ng/m?, [Cr]max=3.1 ng/m?3)

Many of the anthropogenic fine particle elements have
positive correlation. As an example Fig. 2 illustrates that the
two elements Mn and Cr could have a common source or
come from the same source region. The two elements Mn
and Cr are very harmful to the environment and they have
been found to be enhanced near an oil refinery (Mikula,
1997). Both are also effluent elements in the manufacture of
stainless steel. Some Cr compounds are known to be
carcinogenic to humans (Edme et al., 1997).

The study conducted at University of Botswana ( Verma
and John 2009) has also investigated elemental analysis of
the elements present in the environment of Gaborone. Their
findings revealed that elements detected in the atmospheric
particles of Gaborone were Al, Si, Fe, K, Ca, Mg, Zn, Na,
Cu, Pb, Ti, Ni, Pt, Au and Cr. The frequently occurring
elements were silicon, aluminium, iron, copper and lead.
The most frequently occurring element was silicon and least
frequently occurring element was platinum. The major
percentage of elements present in the atmosphere of
Gaborone was nickel, copper, lead and gold.

V. CONCLUSION

Comparison of results from Gaborone 1999 and Gaborone
1997 indicates that lead concentrations have significantly
decreased during the last years. This demonstrates that the
increasing use of unleaded petrol during the last years, is
leading, as desired, to diminished Pb ambient
concentrations.

Regression analysis has pointed to a few sources, which
contribute to the Gaborone aerosol. The results indicate
relatively high levels of local air pollution originating from
both the natural and anthropogenic sources. As an example
it can be mentioned that Pb and Br show a very high
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correlation coefficient indicating that they come from the
same source which in this case is traffic.

The Gaborone aerosol consists of a wide range of aerosols
both natural and anthropogenic. It varies from silicon to
lead.

Although Botswana is a developing country some localised
aerosol concentration like SO, and BC compared to those of
industrialised countries.

The results from this study compared with similar studies
done by Verma et. al.(2009) and(2010)., It is desirable that
measurements with longer sampling times be undertaken in
the future in order to further elucidate some of the observed
phenomena. Longer time sampling measurements will give
results with more statistical significance.
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