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Studies on Kinetics of Nitrogen Uptake in Combination with 2,
4-D in Blue-Green Algae of Rice Fields

By Bhagya Lakshmi Jyothi, K & TRK Reddy

Abstract- Nostoc spongiaeforme collected from rice-fields of Andhra Pradesh, India, were made
unialgal and were used for the present study. The effect of nitrogen sources (NH,CI, KNO;
NaNQ,) alone and in combination with 2,4-D herbicide on growth of the algae and uptake and
kinetics of nitrogen along with 2,4-D were also examined up to 25 days of life cycle with an
interval of 5 days. Uptake of nitrogen alone and in combination with 2,4-D followed Michaelis-
Menton Kinetics in  Nostoc spongiaeforme. At the beginning of the life cycle, Nostoc
spongiaeforme exhibited low Km values which indicated the high uptake of nitrogen. Later,
increasing Km values at every successive period of the growing stages of algae indicate the
reduction in uptake of nitrogen from the medium suggesting that the algal cells might have
absorbed sufficient nitrogen. Nitrogen uptake was high when algal cells were grown in nitrogen
containing medium whereas the uptake was comparatively lower when Nostoc spongiaeforme
was grown in 2,4-D + nitrogen containing medium.
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Studies on Kinetics of Nitrogen Uptake in
Combination with 2, 4-D in Blue-Green
Algae of Rice Fields

Bhagya Lakshmi Jyothi, K “ & TRK Reddy °

Abstract- Nostoc spongiaeforme collected from rice-fields of
Andhra Pradesh, India, were made unialgal and were used for
the present study. The effect of nitrogen sources (NH,CI,
KNO; NaNQO,) alone and in combination with 2,4-D herbicide
on growth of the algae and uptake and kinetics of nitrogen
along with 2,4-D were also examined up to 25 days of life
cycle with an interval of 5 days. Uptake of nitrogen alone and
in combination with 2,4-D followed Michaelis-Menton Kinetics
in Nostoc spongiaeforme. At the beginning of the life cycle,
Nostoc spongiaeforme exhibited low Km values which
indicated the high uptake of nitrogen. Later, increasing Km
values at every successive period of the growing stages of
algae indicate the reduction in uptake of nitrogen from the
medium suggesting that the algal cells might have absorbed
sufficient nitrogen. Nitrogen uptake was high when algal cells
were grown in nitrogen containing medium whereas the
uptake was comparatively lower when Nosfoc spongiaeforme
was grown in 2,4-D + nitrogen containing medium.
Keywords:  Nostoc spongiaeforme; nitrogen nutrients;
2,4-D herbicide, growth and kinetics.

I.  INTRODUCTION

n tropical countries such as India, the blue-green

algae inhabitated mainly in the paddy fields

(Singh,1961;Venkataraman,1972) and play a
considerable leading role in the ecosystem of rice
agriculture (Watanabe and Brotonegoro,1981). The
most important functional characteristics of blue-green
algae growing in the soils of paddy-fields are the
dinitrogen fixation and reclamination of the soil by
enriching with nitrogenous substances and metabolites
to obtain more crop yield and reduce the application of
nitrogenous chemical fertilizers. To obtain a high yield of
grains, farmers employ synthetic chemical fertilizers in
the rice-fields, which enrich the nitrogen content and
phosphate content.  With a view to obtain more crop
yield, the farmers have been following the modern
agricultural practices such as controlling growth of
weeds and pests by employing the pesticides and
herbicides irregularly and indiscriminately. As a result,
pesticides and herbicides not only pile up and cause
environmental hazard in paddy fields but also effect the
non targeted beneficial organisms such as blue-green

Author a:: Department of Biotechnology, Dr. Lankapalli Bullayya College,
Visakhapatnam-530 013, Andhra Pradesh, India.

e-mail: kbljyothi@gmail.com

Author o: Department of Botany, Andhra University, Visakhapatnam,
Andhra Pradesh, India.

algae and fungi inhabitated in the paddy fields. The
coincidence of employing the herbicides to eradicate
weeds in the rice-fields while the farmers are
simultaneously irrigating the fields with eutrophicated
water.

At this juncture the eutrophication promotes the
growth and survival of blue-green algae while the
pesticides and the herbicides normally suppress the
growth of weeds and pests simultaneously affecting the
non-targeted beneficial blue-green algae of rice-fields. In
fact the blue-green algae should not grow in the rice-
fields because of the application of the pesticides and
herbicides, but after their application where the irrigated
eutrophic water used to stagnate, one could observe the
abundance of growth of cyanobacteria which could
have been influenced by the environmental factors such
as nutrients (nitrogen and phosphate) and physical
factors (pH, temperature and light). The intrinsic
information acquire from rice-field farmers necessitated
to pursue the research on nutrients influence on the
herbicidal toxicity in cyanobacteria.

The percentage of nitrogen in cyanobacteria
would be 8-10% of the total dry weight and nitrogen
becomes an important factor in controlling the luxuriant
growth of blue-green algae. The cyanobacterial growth
and uptake of nitrogenous substances in rice-fields
possibly depended on many physical factors (light,
rainfall and temperature) and chemical factors (organic
and inorganic nutrients such as nitrogen, carbon,
phosphate and pH of the sail).

Various species of blue-green algae exhibited
different levels of efficacy in assimilation of high or low
levels of nutrients, which becomes a great advantage in
nutrient poor waters (Sivasubramanian and Rao, 1988).

Normally, cyanobacteria prefers to utilize lower
concentrations of nitrogenous  fertilizers for optimum
growth and nitrogen fixation  (Anand, 1990).

Ammonium-nitrogen often led to poorer growth of blue-
green algae Anabaena doliolum than nitrate supplied at
comparable levels and the concentrations above 0.4 M
were toxic (Singh and Srivastava, 1968). Nitrate nitrogen
was evidenced as the most suitable nitrogen source for
the growth of Nostoc muscorum (Kratz and Myers,
1955), Anabaena doliolum (Srivastava and Singh, 1968).

In  the present investigation  Nostoc
spongiaeforme was selected for studying the kinetics of

© 2017 Global Journals Inc. (US)
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nitrogen and 2, 4-D uptake. The effect of nitrogen and 2,
4-D on the growth has also been investigated.

II.  MATERIALS AND METHODS

a) Blue-green algae, culture medium and growth and
uptake measurement

The filamentous, heterocystous and nitrogen
fixing Nostoc spongiaeforme isolated from local rice-
fields of Andhra Pradesh, India were made unialgal and
grown in Chu No.10 medium as modified by Gerloff et
al.,(1960). The pH was adjusted to 8.5 and stocks and
experimental cultures were maintained in culture
chambers at 28+2°C and illuminated with fluorescent
light emitting 1600 lux and shaken twice a day. Growth
was measured by the estimation of chlorophyll-a and
protein. Based on the results of short-term experiments
(72 hours incubation period), long-term experiments
were conducted to study the effect of various types of
nitrogen sources (NO;,NOZ‘,NH;) alone and in

combination with fixed dose of 2,4-D (600 ug per ml) on
the growth, uptake and their kinetics in Nostoc
spongiaeforme  up to 25 days of life cycle period with
an interval of five days.

The estimation method of nitrate (NO;)
(Brucine sulphanilic method mentioned by Brown et al.,
1974), nitrite(NO,,)  (Sulphanilamide ~ and  N-(1-
naphthyl)- ehtylenediamine - dihydrochloride method,
APHA, 1980) and ammonia (NH;) (Nessler's reagent

method, APHA, 1980) were employed in these
experiments. 2, 4-D was estimated by hydroxylamine
hydrochloride, N, N’-Dicyclohexyl carbodiimide and
ethanolic ferric chloride as mentioned by Grzegzolea
Klazbita(1979). For chlorophyll estimation, 10 ml algal
culture were centrifuged at 5000g for 5 min and O.D.
measured to calculate chlorophyll as per the formulae of
MaclLachlan and Zalik (1963). Proteins were determined
by the method of Lowry et al., (1951).

Different concentrations (0.1, 1.0, 1.5 and 2.0
mg per ml) of nitrogen sources i.e. sodium nitrite
(NaNQ,), potassium nitrate (KNOj;) and ammonium
chloride ( NH,CI) alone and in combination with 2,4-D
(600 ug per ml) were supplied in growth medium.
Control cultures which do not contain nitrogen source
(BM-NO;; BM-NO; +2,4-D) and pH of the growth media
were adjusted to 8.5 with 0.1 N NaOH and 0.1 N HCI,
were sterilized and inoculated with small vegetative
filaments of 2-4 cells (125 x 10* per ml which was
equivalent to 100 mg fresh weight) of Nostoc
spongiaeforme grown in NO, free basal medium. (For
obtaining starved inoculum, the growing cultures were
transferred to the required nutrient deficient media and
were allowed to grow for one week in that medium. The
starvation was observed by the reduction of pigment in
the algal cultures). After every five days of inoculation
of algae, growth was measured in terms of chlorophyll-a

© 2017 Global Journals Inc. (US)

and protein as mentioned earlier. The uptake of
nitrogenous substances was measured as the
difference between nitrogen content before and after
inoculation with algal cells (5 days). The S/V values
indicated the rate of uptake of nitrogen/2,4-D herbicide
per hour by the algae and it was calculated by dividing
the supplemented nitrogen/2,4-D substrate
concentration (S) with uptake of nitrogen or the velocity
of the nitrogen (V). The Km (Michaelis constant) values
of various nitrogen sources were calculated by plotting
the velocity of uptake of nitrogen source (S/V) against
substrate (S) concentration to deduce the Km values
(Plummer,1977).

I11. RESULTS

a) Long-term effects of nitrogen sources alone and in
combination with 2,4-D

The recorded results of short-term experiments
conducted on the influence of nitrogen nutrients on
growth and kinetics in Nostoc spongiaeforme  were
extremely encouraging  which lead to design the
following long-term experiments to examine the effects
of nitrogen sources i.e. potassium nitrate (KNO,),
sodium nitrite (NaNO,, and ammonium chloride (NH,CI)
in different doses (0.1, 1.0, 1.5 and 2.0 mg per ml) solely
and in combination with a fixed dose of 2, 4-D (600 ug
per ml ) on the growth, uptake and their Kkinetics in
Nostoc spongiaeforme  in which recording of results
was carried out up to 25 days of life duration with a gap
of five days.

Prior to the long term experimental studies on
the effects of nitrogen sources alone and in combination
with 2, 4-D on growth in Nostoc sponglaeforme, the
effect of different concentrations (500, 1000, 1500, 2000
and 2200) of the herbicide i.e. 2, 4-D on the growth of
Nostoc sponglaeforme in terms of chlorophyll-a was
examined (Fig. 1a). In these experiments, starved
inoculums grown in basal medium which do not contain
nitrogen (BM-NO,) was inoculated in basal medium
(BM-NO,;) as control and in basal medium
supplemented with different concentrations of 2, 4-D.
Among the employed doses, the concentration at 500
ug 2, 4-D per ml was proved as growth promoter since it
enhanced the quantity of chlorophyll-a as compared to
control and the growth was gradually inhibited with
increasing concentrations and completely retarded at
2200 ug per ml dose. The data suggested that the alga
Nostoc spongiaeforme was intrinsically tolerant to the
high doses of 2, 4-D when the growth inhibition of algae
was measured in terms of chlorophyll-a, it is evident that
the 2, 4-D retarded the biosynthesis of chlorophyll-a in
this alga.

In long-term experiments, based on the
experience of previous experiments on survival, the sub-
lethal dose 600 ug 2, 4-D per ml was selected to
examine the toxic effects of 2, 4-D alone and in the



presence of three nitrogenous sources on the growth of
Nostoc spongiaeforme besides kinetics and uptake of
nitrogen sources and 2, 4-D. Nitrogen starved
inoculums of Nostoc spongiaeforme was inoculated in
the basal medium which is normally deficient of nitrogen
(BM-NO,) and in the basal medium supplemented with
a fixed dose of 600 ug 2, 4-D per ml (BM-NO,; + 2, 4-D)
as control and nitrogen deficient basal medium
supplemented with nitrogen sources individually and in
presence of 2, 4-D (BM-NQO; + nitrogen sources + 600
ug 2, 4-D per ml). Studies on growth, kinetics of nitrogen
sources alone and in combination with 2, 4-D in Nostoc
spongiaeforme were measured upto 25 days of the life
cycle duration with an interval of 5 days period (Tables 1
and 2). Table 1 illustrates the effect of nitrogen sources
alone on the growth in terms of chlorophyll-a of Nostoc
spongiaeforme. Among the three nitrogen sources,
potassium nitrate (KNO,) cultures showed better growth
than sodium nitrite (NaNO,) and ammonium chloride
(NH,Cl) cultures and control cultures. Normally,
chlorophyll-a content was increased with increasing
concentrations (0.1, 1.0, 1.5 and 2.0 mg per ml) of
potassium nitrate (KNO,) containing cultures. Sodium
nitrite (NaNO,) cultures of Nostoc spongiaeforme also
showed similar type of growth. The chlorophyll-a
quantity was reduced when compared with potassium
nitrate (KNOg) cultures, whereas higher concentrations
(1.5 and 2.0 mg per ml) of ammonium chloride (NH,CI)
showed growth reduction than control cultures (Table 1).
Similarly, Table 2 shows the effects of different doses
(0.1, 1.0 1.5 and 2.0 mg per ml) of potassium nitrate
(KNQy), sodium nitrite (NaNO,) and ammonium chloride
(NH,Cl) on the growth of Nostoc spongiaeforme in
relation to quantities of chlorophyll-a and proteins and
on the lethality of 600 ug 2, 4-D per ml in Nostoc
sponglaeforme. Among the  three  nitrogen-
supplemented cultures, potassium nitrate  (KNO,)
cultures increased the growth in terms of chlorophyll-a
and proteins than the other two nitrogen sources
[sodium nitrite (NaNO,) and ammonium chloride
(NH,CD)]. Potassium nitrate (KNO,) expressed itself as
an efficient protector against the lethality of 2, 4-D on the
growth of Nostoc spongiaeforme as evidenced in the
quantitative enhancement of chlorophyll-a or protein
reflects the reduction of toxicity of 2, 4-D. As shown in
the Table 2, except at 1.5 mg per ml concentration of
sodium nitrite (NaNO,) and ammonium chloride (NH,CI)
concentrations exhibited higher levels of chlorophyll
than the control cultures (BM-NO,; + 600 ug 2, 4-D per
ml) on 5", 10", 15", 20" and 25" days. Likewise, protein
content  of  Nostoc  spongiaeforme cultures
supplemented with nitrogen sources was higher than
control cultures except at 1.0, 0.1 and 1.0 mg per mi
cultures of ammonium chloride (NH,CI) on 5", 15" 20"
day; at 1.5 and 2.0 mg per ml of sodium nitrite (NaNO,)
on 5" and 20" day and at 1.0 mg per ml potassium
nitrate (KNO,) on 20" day respectively. Thus, the

experimental results indicated that the alga Nostoc
spongiaeforme grown in nitrogen supplemented cultures
were deemed to be much more protected against the
toxicity of 2, 4-D than their respective control cultures
(BM-NO; + 2, 4-D) as evidenced by the enhancement
of chlorophyll-a and proteins. Comparatively, 2, 4-D plus
nitrogen supplemented algal cultures showed better
growth than nitrogen sources alone containing cultures.

The uptake of nitrogen sources (V) in Nostoc
sponglaeforme was shown in figs.1 to 15 indicates that
the uptake of ammonium chloride (NH,CI) was higher at
all concentrations during the life cycle intervals (5", 10",
15", 20" and 25" day) than the other two nitrogen
sources. When the cultures of Nostoc spongiaeforme
were supplemented with different concentrations of
nitrogen sources alone (0.1,1.0,1.5 & 2.0) and with a
fixed dose of 2, 4-D (600 ug per ml), the uptake of
nitrogen was progressively decreased in all the
observed intervals. Comparatively uptake of nitrogen by
Nostoc spongiaeforme was higher in nitrogen solely
containing cultures than in nitrogen plus 2,4-D
containing cultures. The S/V values denote the rate of
uptake of nitrogen sources by Nostoc spongiaeforme at
different concentrations solely and in association with
600 ug per ml 2,4-D. The Km values signify the affinity
of the nitrogen substrate (S) and its rate of nitrogen
uptake velocity S/V in nitrogen solely cultures and in
combination with 2,4-D (600 ug per ml) containing
cultures. At the beginning of the life cycle, Nostoc
spongiaeforme exhibited low Km values which indicated
the high uptake of nitrogen. Later, increasing Km values
at every successive period of the growing stages of
algae indicate the reduction in uptake of nitrogen from
the medium suggesting that the algal cells might have
absorbed sufficient nitrogen.

© 2017 Global Journals Inc. (US)
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Table 1: Kinetics and effect of Nitrogen sources alone on the growth of Nostoc spongiaeforme

5" day 10" day 15" day 20™ day 25" day
Concir‘etﬁgg” (M3 | Ghiorophyll-a | Chlorophyll-a | Chiorophyill-a | Chlorophyll-a | Chiorophyil-a
BM- NO, 0.0905 0.0235 0.0035 0.0048 0.0040
BM-NO,+ the following
nitrogen sources

NH,CI

0.1 0.0185 0.1132 0.0112 0.2068 0.0243

1.0 0.0329 0.0847 0.0216 0.0038 0.0421

15 0.0553 0.0010 0.0034 0.0254 0.0356

2.0 0.0208 0.1054 0.0028 0.0153 0.0258
NaNO,

0.1 0.0300 0.0936 0.0016 0.0085 0.0285

1.0 0.0650 0.0872 0.0020 0.0046 0.0264

15 0.0748 0.0128 0.0028 0.0048 0.0238

2.0 0.0862 0.0735 0.0042 0.0092 0.1041
KNO,

0.1 0.0785 0.3068 0.0325 0.0246 0.0398

1.0 0.0852 0.3217 0.0127 0.0165 0.0146

15 0.0898 0.1815 0.0156 0.0258 0.3015

2.0 0.0943 0.4816 0.0242 0.0324 0.1228

NH, CI = Ammonium Chloride;, NaNO, = Sodium nitrite; KNO, = Potassium nitrate;

Table 2: Kinetics and effect of Nitrogen sources and 2, 4-D on the growth of Nostoc spongiaeforme

5M day 10" day 15" day 20" day 25" day
Concen- Protein | Chlor- | Protein Protein | ~hioro- | Protein Chiorophvil- Protein
tration  |Chlorophyll-a| (ug/ | ophyll-a | (ug/ |Chlorophyll-a| (ug/ phyll-a (ug/ am F; y (ug/
(mg/ml) mg/g 100mg 100mg| mg/g |100mg mé /o | 100mg 99 | 100mg
fw) mg/g fw) fw) fw) fw)
BM —
N03 0.0920 72.50 0.0256 | 40.16 0.0042 45.66 0.0055 21.68 0.038
Bm-
Ngs(Jé(Z)(,)S- 0.0105 20.50 0.0158 | 25.83 0.0015 30.50 0.0030 14.18 0.020 20.32
ug/ml)
BM — Nitrogen + 600 ug 2, 4-D per ml + the following nitrogen: 10.15
NH,CI
0.1 0.0198 16.66 0.1282 | 61.66 0.0135 1.66 0.234 71.06 0.0340 100.00
1.0 0.0421 93.33 0.1049 | 74.16 0.0228 425 0.0040 12.5 0.0499 23.33
15 0.0605 73.33 0.0013 | 40.83 0.0049 - 0.0271 26.58 - -
2.0 0.0292 44.16 0.1162 | 88.33 0.0049 0.0178 25.10
NaN02
0.1 0.0358 35.52 0.1025 | 28.33 0.0018 57.50 0.0098 15.83 0.0320 130.83
1.0 0.0985 40.21 0.0924 | 40.83 0.0025 56.66 0.0052 16.68 0.0264 80.00
15 0.1032 40.18 0.0248 | 45.83 0.0032 27.50 0.0056 28.33 0.0246 52.50
2.0 0.1548 4212 0.0875 | 75.00 0.0043 41.50 0.0105 8.33 0.1153 55.00
KNO,
0.1 0.0948 37.50 0.3234 [ 175.00 0.0379 150.00 0.0284 24.18 0.0469 166.66
1.0 0.1129 45.83 0.3970 [ 130.83 0.0435 225.00 0.0191 13.33 0.0161 216.25
15 0.2499 65.00 0.2092 | 146.66 0.0178 123.33 0.0254 15.83 0.3239 166.78
2.0 0.3562 46.66 0.5077 | 168.33 0.0357 298.33 0.0391 21.68 0.1454 250.00

NH, Cl = Ammonium Chloride; NaNO, = Sodium nitrite; KNO, = Potassium nitrate; 2, 4-D = Dichlorophenoxyacetic acid;
mM = Milli Molar; = f.w., = fresh weight
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STUDIES ON KINETICS OF NITROGEN UPTAKE IN COMBINATION WITH 2, 4-D IN BLUE-GREEN ALGAE OF RICE FIELDS
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Figure 1: Growth of Nostoc spongiaeforme in nitrogen depleted basal media supplemented with graded

concentrations of 2, 4-D with normal inoculums by optical density
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Figure 2: The uptake of NH," (mM x 10°°/ hr.) in different concentrations (0.1, 1.0, 1.5, and 2.0 mg per ml) of NH,CL
alone and in association with fixed dose of 2, 4-D (600 ug per ml) containing cultures of Nostoc spongiaeforme on
5M.10", 15", 20" and 25" day
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Figure 3: The uptake of NO, (mM x 10°°/ hr.) in different concentrations (0.1, 1.0, 1.5, and 2.0 mg per ml) of NaNO,
alone and in association with fixed dose of 2, 4-D (600 ug per ml) containing cultures of Nostoc spongiaeforme on
50 10™, 15", 20" and 25" day
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V. DISCUSSION

Farmers have been employing nitrogen
fertilizers and pesticides simultaneously to eradicate the
weeds in the rice-fields and pests on the rice plants with
a view to get more crop vyield 2, 4-
Dichlorophenoxyacetic acid (2, 4-D) is a harmone type
herbicide used for control of many seasonally annual
broad leafed weeds in rice-fields where the
Cyanobacteria have been reported to be distributed and
became resistant to pesticides doses than the doses of
pesticides recommended for pest and weed control in
rice-field. Tiwari and Pandey (1981) reported the
herbicide resistant mutants of Anacystis nidulans in the
form of filaments at 2 mg per ml concentration of 2, 4-D
cultures. Depending upon the nitrogen, phosphorus and
carbon sources, the toxicity of 2, 4-D was modified in
Nostoc calcicola, Synechococcus aeruginosus and
Scenedesmus incrassatulus and the mechanism of
antagonistic action involved in these studies was not
understood by mere laboratory  experiments.
Sivasubramanian and Rao (1988) studied the kinetics of
nitrogen uptake in the presence of metabolic inhibitors
(KCN, PCMB, DCMU) in diatoms and concluded that

uptake of NO; and NH, was evidenced by the active

absorption by utilizing energy produced in
photosynthesis and respiration and partially by a
passive diffusion whereas NO, is taken up only through

photosynthesis mediated active uptake. Similarly, Hii et.
al., (2011) observed the interactive affect of ammonia
and nitrate on the nitrogen uptake by Nannochloropsis
sp. as well as by conducting the short-term experiments
Jyothi and Reddy (2017) studied the nitrogen uptake
and kinetics in blue-green algae Nostoc spongiaeforme.

As evidenced by the above studies, currently it
is of great interest to understand the relationship
between kinetics of wuptake of nutrients by
Cyanobacteria and nutrient levels. The assimilation of
nitrate by blue-green algae involving nitrate uptake and
reduction of intracellular nitrate to ammonium occurred
through a transport system having a high affinity for
nitrate (Flores et al., 1980) and even low concentrations
of nitrate found in their natural aquatic environments
induced the nitrate reductase to function. The inorganic
nitrogenous substances were considered as significant
metabolites for cellular growth and cell constituents.
Magee and Burris (1954) studied the nitrogen
metabolism in diazotrophic cyanobacteria by incubating

with *N,, **NH,,and ®NO;, and concluded that the

amino acid composition of the proteins were the same
irrespective of the nitrogen source and incorporated into
cellular proteins and cell wall material. Probably the
nitrogen substances absorbed by active uptake through
a carrier system as mentioned in Anacystis nidulans by
Flores et al. (1983) and Meeks et al. (1983) and Tischner
and Schmidt (1984) or simple diffusion process into

cytoplasm where they preceded the nitrogen
assimilation pathway, and incorporated into amino
acids, proteins and cell materials and thereby increased
the biomass and protein content of the algae as
reported by Thomas et al. (1977), Wohlhueter et al.
(1973) and Ingraham et al. (1983).

The present experimental studies suggested
that, comparatively growth of Nostoc spongiaeforme
was augmented in nitrogen plus 2, 4-D containing
cultures than nitrogen alone supplemented cultures. It
indicated that these three nitrogen sources significantly
increased the growth of algae by antagonizing the 2, 4-
D lethality and enhanced the biomass which was
evident from the increased levels of chlorophyll-a, and
proteins of Nostoc spongiaeforme (Tables 18&2).
However, among the three nitrogen sources, potassium
nitrate (KNO,) was found to be a better protector against
2, 4-D toxicity than sodium nitrite (NaNO,) and
ammonium chloride (NH,CI) in Nostoc spongiaeforme
cultures as evidenced by augmentation of biomass,
chlorophyll-a and proteins.

V. (CONCLUSION

The present study reveals that the nitrogen
uptake capacity of Nostoc spongiaeforme was
greater in ammonium chloride (NH,Cl) among the
employed nitrogen sources. Nitrogen uptake was very
high in NH,CI supplemented cultures. So that Nostoc
spongiaeforme is well suited as a phycoremediation
organism for NH, removal from waste waters and
effluents.
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Comparative Efficacy of Insecticides and Plant
Extracts for Management of ChiLCV Disease in
Relation to Epidemiology

Maryam Iftikhar *, M. Aslam Khan ° & Sajjad Haider ®

Abstract- Three Chilli varieties/lines including 7-ph, Biaddy and
Tatapuri were sown to check the comparative efficacy of
different insecticides and plant exiracts. Three insecticides
including Imidacloprid, Bifenthrin and acetameprid and three
different plant extracts including onion extract, Garlic extract
and parthenium were evaluated against Chilli leaf curl virus
(ChiLCV) and whitefly. Bifenthrin was very much effective in
reducing whitefly population while Acetameprid was least
effective as compared to control.Garlic extract at 5%
concentration was very much effective in reducing whitefly
population while parthenium extract at 5% concentration was
least effective compared to control. Correlation of environ-
mental factors (maximum and minimum temperature, relative
humidity and rainfall) chiLCV disease incidence % was also
determined. There was a significant correlation of
environmental variables with ChiLCV disease incidence %. The
use of Bifenthrin (10%EC) proves to be significant option in
case of epidemiological occurrence of environmental variables
followed by acetamaprid (20%SL) and imidacloprid (25%WP)
respectively.

Keywords:  chilli leaf curl virus, (chiLCV), correlation,
insecticides, plant extracts and disease incidence.

[.  INTRODUCTION
Chilli pepper (capsicum annum L.) belongs to

solaneaous family and it is grown in Pakistan

ranked at third position after potato and tomato
(Igbal et al., 2012). Chilli has good nutritional value
because it is excellent source of Vitamins A, B, C, E and
P. Fresh green chilli peppers contain more vitamin C
and A than citrus fruits and carrots (Osuna-Garciaet et
al.,1998; Marinet et al.,2004). Sindh is one of the main
chili growing area in Pakistan, and approximately 85% of
chilli pepper area and production is accomplished
especially from lower regions of Sindh province
including Kunri, New Koat, Umerkot, Mirpurkhas, and
some other towns because these are main source of
Chilli.

In Pakistan, chilies are grown on an area of 64.2
thousand hectares with production of 142.6 thousand
tones, with 2.1% change in production (GOP, 2015-
2016).Suzuki and Mori, (2003) observed Chilli (capsicum
annum L.) production is affected by viruses which are
the most important group of pathogens and cause huge
economic losses by reducing its yield. Plant viruChilli
pepper is more susceptible to biotic factors including

Author a o p: Plant pathology. e-mail: mariiftikhar@gmail.com

fungi, bacteria and viruses. Viral infection is the most
important threat to cultivated pepper (Venkataiah et al.,
2003). Ochoa-Alejo and Ramirez-Malagén, (2001)
described that abiotic factors such as temperature,
moisture, light, nutrients, pH and others significantly
diminish the yield and quality of peppers. Weerarathne
and Yap, (2002) reported that low yield of Chilli crop is
mainly occurred due to biotic and abiotic factors are the
main cause of losses in temperate regions of the world
(Hull and Davies, 1992).

Chilies are affected by a number of insect pests
including whitefly, aphids, jassids etc. Whitefly plays
very important role in the transmission of chili leaf curl
virus disease (ChiLCV). The insecticides have been
used for the management of whitefly population.
Environmental factors also play very important role in the
development of ChiLCV disease and whitefly population.
The correct time of application of insecticides can be
very helpful to manage the whitefly population. The main
objective of this study was to find relationship of
different environmental factors with ChiLCV disease
incidence and to find the effect of chemicals on ChiLCV
and whitefly population.

[I.  MATERIALS AND METHODS

a) Collection of Chilli Varieties and Sowing

Germplasm of Chilies was obtained from Ayub
AgricultureResearch Institute, Faisalabad. Experiment
was conducted during 2016, in the experimental area of
Department of Plant Pathology, University ofAgriculture
Faisalabad. The eight varieties/lines viz 9-patayla, Hot
shot, 5-Glory, 7-PH, Biaddy, tatapuri, Maha and Hot
Shot were cultivated. Chilli nursery was sown at 60 cm
row to row and 30 cm plant to plant distance on
ridges.After three rows of test line single line of local
susceptible check variety is grown to serve asspreader.

The experiment was conducted according to
Randomized Complete Block Design, with three
replications.

b) Evaluation of chemicals and plant extracts for the
management of whitefly and ChiLCV disease

Three chemicals including Bifenthrin, Megamos

and Imidacloprid and three plant extracts (Garlic, onion

and parthenium extract) were used as separately. There

were total seven treatment including one as control.
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Each treatment was replicated three times. The
experiment was performed with randomized complete
block design. Spraying was repeated fortnightly. And
plant extracts were applied at 5% concentration. Data
regarding the appearance of disease symptoms,
disease severity and whitefly density were recorded
before and after treatment and subjected to analysis of
variance and individual comparison between treatments
was done by Turkey’s honestly significant difference test
at 5% level of significance.

c) Collection of Environmental data

Environmental data like temperature, humidity
and rainfall was taken from meteorological station of
Department of Crop Physiology, University of Agriculture
Faisalabad. Relationship of epidemiological factors with
percent disease incidence of ChiLCV and whitefly
density through correlation and regression was
determined. Effect of treatments on the yield of ChiLCV
was Determined through ANOVA and LSD test.

[11. RESULTS

a) Response of Chilli varieties/lines to ChiLCV
None of the varieties/lines showed immune to
ChiLCV and Bemisiatabaci. 9-Patyala, Hot Queen show

moderately resistance response and Hot Shot, Maha, 5-
Glory showed moderately susceptible response, 7-PH,
Biaddy were susceptible and tatapuri was highly
susceptible.

b) Effects of treatments on Chilli leaf curl disease
incidence (ChiLCV)

The effect of all the treatments was significant
on ChiLCV disease infection. Mean number of the
infected plants by ChiLCV was significantly higher in
untreated control followed by Acetamaprid and
imidacloprid. The most effective treatment was
bifenthrin.

c) Effect of treatments on whitefly population

Al the treatments reduced the whitefly
population. The whitefly population was high at
untreated control while, it was low where bifenthrin was
applied.

Table 1. Evaluation of chemicals against whitefly population recorded on various Chilli varieties

Chemicals 7-PH Biaddy Tatapuri Mean
Imidacloprid 30.09i 31.02h 32.1g 31.07C
Megamos(Acetamaprid) 33.17f 34.23e 35.4d 34.27B
Bifenthrin 22.83| 23.89k 25.09 23.94D
Control 82.24c 84.88b 87.77a 84.96A
Mean 42.08C 43.51B 45.09A LSD =2.510

Table 2: Evaluation of chemicals against ChiLCV disease incidence recorded on various Chilli varieties

Chemicals 7-PH Biaddy Tatapuri Mean
Imidacloprid 30.09i 31.02h 32.1g 31.07D
Megamos 33.17f 34.23e 35.4d 34.27C
Bifenthrin 22.83 23.89k 25.09] 23.94B
Control 82.24c 84.88b 87.77a 84.96A
Mean 42.08C 43518 45.09A LSD=1.12

Table 3: Evaluation of plant extracts against whitefly population recorded on various Chilli varieties

Plant Extracts 9-Patyla 5-Glory Hot queen Mean
Onion 5.07h 5.43g 5.49 5.3C
Garlic 2.4k 2.7 2.97i 2.69D
Parthenium 7.17f 7.87d 7.7e 7.58B
Control 12.63c 13.72b 14.88a 13.74A
Mean 6.82C 7.43B 7.74A LSD=1.134
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Table 4: Evaluation of plant extracts against ChiLCV recorded on various Chilli varieties

Treatments Varieties

Plant Extracts 9-patyla 5-Glory Hot queen Mean
Onion 36.21h 37.399g 38.53f 37.38C
Garlic 36.61k 33.26 34.3i 33.06D
Parthenium 42.46d 41.49e 42.39d 42.11B
Control 82.87c 85.17b 88.13a 85.39A
Mean 48.29C 49.33B 50.83A 114

d) Correlation of Environmental factors with percent
disease incidence by ChiLCV

All varieties  responded  differently  to
temperature (maximum/minimum), relative humidity and
rainfall.  The relationship of these environmental
parameters with percent disease incidence by ChiLCV
on most varieties was positive except for rainfall and
wind speed it was negative.

V. DISCUSSION

Chilli varieties were affected by the disease and
whitefly in early growth stages. The experiment was
conducted for screening of Chilli germplasm for ChiLCV
infection. None of the cultivar evaluated was found to be
immune or highly resistant to ChiLCV disease.
Evaluation of Chilli (capsicum annum L.) varieties/lines
consisting of eight lines/varietiesagainst Chilli leaf curl
virus. Begomovirus (ChiLCV) under natural field
conditions conducive for development of disease and
whitefly virus vector population. Whitefly population,
ranged between 1.5-8 adults/plant with an average of 4
adults. ChiLCV virus occurred over a wide range of
climatic conditions in summer. None of the lines
appeared to be resistant of any category, 2
lines/varieties were classified as moderately resistance
and 3 as moderately susceptible and two were
susceptible and one was highly susceptible. All varieties
responded differently to temperature (maximum
/minimum),  relative  humidity and rainfall. The
relationship of these environmental parameters with
percent plant infection by ChiLCV on most varieties was
positive. Studied was done on the effect of
epidemiological factors on the incidence of ChiLCV.

V. CONCLUSION

According to observed results we can conclude
that the increasing rate of maximum temperature range
and increasing rate of minimum temperature and
relative humidity range cause increase in disease
incidence, while increase in the rain fall and wind speed
cause decrease in plant infections by decreasing
pathogen population. While, for management of
pathogen vector (Bemisiatabaci) and ChiLCV the
treatments of Bifenthrin was proved to be most effective
followed by, megamos and imidacloprid respectively. It
was also concluded that with the increasing

temperature, relative humidity the disease may cause
economic losses and in these epidemiological
conditions the use of bifenthrin was best option in
Chilies. These chemicals were sprayed thrice with an
interval of 7 days. The results concluded that Bifenthrin
showed effective results in the reduction of ChiLCV
disease incidence while Acetameprid showed less
significant results as compared to control. Bifenthrin was
effective after three sprays of one week interval on all
varieties i.e. 7-PH, biaddy and tatapuri. Similarly,
Bifenthrin was very much effective in reducing whitefly
population while Acetameprid was least significant as
compared to control.

Bifenthrin showed minimum insect population
after three sprays on all varieties i.e. 7-PH, biaddy and
tatapuri. The results concluded that garlic extract at 5%
concentration showed effective results in the reduction
of ChiLCV disease incidence while parthenium extract at
5% concentration showed less significant results as
compared to control. Garlic extract was significant after
three sprays of one week interval on all varieties i.e. 7-
PH, biaddy and tatapuri. Similarly, garlic extract at 5%
concentration was very much significant in reducing
whitefly population while parthenium extract at 5%
concentration was least significant as compared to
control. Garlic showed minimum insect population after
three sprays on all varieties i.e. 7-PH, biaddy and
tatapuri.
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l. [NTRODUCTION

accumulated over the years and transmitted

through generations over time(Martin, 2005). For
some communities the only resource available for health
disorders is the traditional phytotherapy (Forero, 2004).

Ethnobiology has grown increasingly the
scientific knowledge about organisms popularly used as
medicinal; it made the researchers be aware of the
substances that were found in order to produce new
drugs(Posey, 1992). In this regard, lichens have been
extensively studied in temperate countries, in the Euro-
Asiatic axis or on the USA, with particular emphasis on
survey work conducted by Sylvia Sharnoff (Brodo et al.,
2001; Sharnoff, 2015). In Neotropical countries,
however, its study is scarce; there are just a few cases
related to Brazil, used as dyes (Mors, 1966),or for
tingling and sneezing when sniffed (Prance, 1972).1t is
known that Brazilian lichen flora is highly diverse
(Caceres, 2007; Eliasaro and Adler, 2000; Fleig and
Gruninger, 2008; Marcelli, 2003), showing great
pharmacological  potential  (Pereira, 2012), and
ethnolichenological studies may assist in targeting and
selecting species for future pharmacological research.

In Brazilian Northeast, in the west side, opposite
to the Atlantic coast, it can be found the semi-arid
region, that presents an exclusive biome — Caatinga,
where endemic species of several taxa are reported
(Leal et al., 2003), with an endemism level that varies
from 4.3 % (birds) to 57 % (fishes)(Brasil, 2002).

Traditional knowledge refers to the knowledge
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In this context, lichens are also found in this
region, much of them are new report to Brazilian semi-
arid northeast, or Country, and many species are new to
the Science. Studies conducted by Caceres (2007)
refermainly crostose lichens, whereas Buril (2015)
reports 22 new species and one new genus of foliose
lichens, Parmeliaceae family, from semi-arid region of
Pernambuco one of the States that makes part of
Brazilian Northeast.

Even almost unknown the
Brazilian semi-arid, the reported species have
biologically-active  substances in  their chemical
composition, that can be useful in the future in a
sustainable way. By other hand, until this moment no
report was found in traditional use of lichens in this
region.

Among the traditional existent communities in
Brazilian semi-arid, Lodono-Castaneda (2010), selected
Pankararu people for ethnobotanical studies, and
observed that indigenous people use higher plants and
also lichens for medicinal purposes.

This way, in this paper we show the use of
foliose lichen species by indigenous Pankararu people
in the semi-arid of Pernambuco State, Northeast of
Brazil, and the biologically-active compounds found in
these species.

lichen biota of

[I.  MATERIAL AND METHODS

a) Site Description

The indigenous community Pankararu occupies
an area of 8,100 ha with a population about
4,850inhabitants distributed in 13 villages
(Socioambiental, 2009). The territory, inserted onto the
Caatinga ecosystem, was homologated by the Brazil
government, and named as “Pankararu land”. It is
located in the “Sertdo Pernambucano”, between the hills
Serra Grande and Serra da Borborema, near the banks
of Sao Francisco river, in the municipalities of
Petrolandia, Tacaratu and Jatoba and the border of the
states of Alagoas and Bahia — Brazil, whose Geographic
coordinates are 09°07°16°°S and 38°15°25 "WGr
North and 09°11°56°°S and 38°13°52" "WGr South

(Fig. 1).
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According to Koppen's classification, the
climate is BSHs' (semi-arid of low latitudes), with mean
annual temperature of 25°C, and mean annual pluviosity
around 600 mm. The vegetation is dry tropical forest
type, characterized by a predominance of xerophytic
and deciduous species, endowed with a high floristic
and physiognomic variation. Amongst the typical woody
species there are found Ziziphus joazeiro Mart,
(Rhamnaceae), Schinopsis brasiliensis Engler
(Anacardiaceae), Caesalpinia pyramidalis Tul.
(Fabaceae), Bauhinia cheilanta(Bong.) Steud.
(Fabaceae), Maprounea quianensis Aubl.
(Euphorbiaceae) (Aradjo et al., 1995); succulent plants
of Cactaceae and Bromeliaceae families are also typical,
while lianas are scarce (Aradjo and Martins, 1999).

In this study nine villages were considered,
mainly that one known as “Brejo dos Padres”, located in

a valley between the Serra Grande and Serra de
Tacaratu, near to the left margin of Sao Francisco, one
of the main river of Brazilian Northeast.

The villages are inserted in areas with several
stages of ecological succession, where often can be
found fruit trees as “murici” (Byrsonima crassifolia (L.)
H.B.K., Bignoniaceae) and “umbu” (Spondias tuberosa
Arr. Cam., Anacardiaceae), as well as woody and
medicinal species.

Pankararu  people  perform  subsistence
agriculture practices, spanning in some cases informal
marketing of food stuffs in local markets, as “macaxeira”
(Manihotesculenta Crantz.), maize (Zea mays L.), and
bean (Phaseolus vulgaris L.).
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Fig. 1: Localization of Pankararu Land in Pernambuco State, Brazilian Northeast
Map designed by A.K.O. Silva (2014), adapted from FUNAI (National Indian Foundation) and IBGE (Brazilian Institute for Geography

and Statistics) (2001).

b) Data Collection
The ethnobotanical information in the traditional

medicine Pankararu were obtained within 60 days of

© 2017 Global Journals Inc. (US)

field activities through semi-structured surveys, in which
were employed standardized forms and recorded notes
on the therapeutic indications of the local flora. The



survey was targeted to specialists of traditional
medicine, using the "snowball” technique (Albuquerque
et al., 2008).

Among the reports, it was quoted the use of
plants, as well as lichens, and the cited species were
collected to identification. The lichen material was
collected and kept in paper bags until laboratory tests.
Vouchers were deposited in UFP Herbarium of Botany
Department of Universidade Federal de Pernambuco
(Parmelinella salacinifera (Hale) Marcelli & Benattin®
61069, Heterodermia galactophylla (Tuck.) W.L. Culb. n°
75448 and Parmotrema wrightii Ferraro & Elixn°61212).

To develop the field activities in indigenous
PankararuLandit was required the approval of the
Research Ethics Committee — CEP, the National
Committee of Ethics in Research — CONEP, and the
Board of the Genetic Heritage Management - CGEN,
with subsequent approval of FUNAI (National Indian
Foundation) (Proc. n° 1253/08).

c) Identification of lichen species

i. Morphotaxonomic Analysis
To identify the species of lichenized fungi,
anatomical and morphological characters were studied.
Structures as cilia, rizines, maculae, type, size and form
of thallus, cortex and medulla, apothecia, ascospores
and others were analyzed under stereo microscope (10-
50X) and optical microscope (40-1000X).

d) Chemical Analysis

i. Obtainment of extracts from the thallus in natura

A chemical study of the species was
performedto confirm the secondary metabolites.

The phenolic composition was analyzed from
organic extracts obtained from each lichen species.
Samples of lichen thalli (50 mg) were successively
extracted by maceration with diethyl ether (5 mL),
chloroform (5 mL) and acetone (5 mL), with infusion
time of 15 minutes in each solvent and then filtered,
reunited into one single extract for each lichen sample
and stored until evaporation at room temperature (28 =
3°C).

i. Thin layer chromatography (TLC)

For a general characterization of lichen phenols
contained in the species, the organic extracts obtained
from the thallus in natura were subjected to thin layer
chromatography (TLC). The samples were applied on
silica gel chromatoplates Fu, .36 along with the
standards of norstictic acid, salazinic acid, atranorin,
and the ether extract of Heterodermia leucomela,
containing as main compounds atranorin and zeorin.
The samples and standards were previously dissolved
in a concentration of 0.01 mg.uL'and then applied5 uL
of each extract. It allows a more careful and accurate
chromatographic analysis. TLC was developed in a
solvent system A (toluene/dioxane/acetic acid 90:25:4,
v/v/v),according to Culberson (1972), and spots formed

were visualized under UV light and subsequently
revealed by spraying 10% sulphuric acid (H,SO,) over
the plates and subjecting them to heat.

For a more detailed evaluation additional TLC
assays were performed with acetone extracts of the
species using the following solvent systems: toluene:
ethyl acetate: formic acid (139:83:8, v/v/v); toluene: ethyl
acetate: acetic acid (6:4:1, v/v/v), using salazinic and
norstictic acids, as well as atranorin.

In all tests, value of Rf spots were calculated
and compared to the Rf of standard substances.

[11. RESULTS

Although the records of lichen species which
therapeutic value are rare in ethnobotanical studies in
Brazil and non-existent for the Northeast regionso far,
three lichen species were recorded being used by
Pankararu as medicine (Fig. 2):

Parmelinella  salacinifera(Hale) Marcelli & Benatti
(Parmeliaceae)
Heterodermia  galactophylla  (Tuck.) W.L.  Culb.
(Physciaceae)

Parmotrema wrightii L. |. Ferraro & Elix(Parmeliaceae)

These species are commonly called stone
flower (flor-de-pedra in Portuguese) by the community
and are used to treat digestive system problems such
as diarrhoea and vomiting. The mix of three species is
employed in an aqueous extract. They are also used for
the treatment of epilepsy and cultural diseases through
the smoker.

The species are the first report for Pernambuco
state, being H. galactophylla the first report for Brazilian
Northeast.
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Fig. 2: Lichen species used as medicine by Pankararu people: a. Parmelinella salacinifera(Hale) Marcelli & Benatti,
b. Heterodermia galactophylla (Tuck.) W. Culb., c. Parmotrema wrightii L. |. Ferraro & Elix

According to traditional knowledge, the different
types of stone flower have contraindications of use: P.
wrightii does not present any restrictions, while H.
galactophylla is contraindicated for children and
pregnant women, and P. salacinifera also presents
restrictions of its use by pregnant women. The species
are differentiated by the community by the colour and
shape of the thallus. By other side, in the revised papers
no mention about contraindications was found.

Through general TLC assays (Fig. 3) the
presence of atranorin and zeorinin H.galactophylla, of
atranorin and salazinic acid in P. Salacinifera and
atranorin and norstictic acid in  P. Wrightii was detected.
It is quite likely that these substances are related to the
therapeutic potential of these species as well as to their
restrictive nature.
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Fig. 3: Thin Layer Chromatography of 1, 2 — Heterodemia galactophylla extracts; 3 — Parmotrerna wrightii extract; 4, 5
— Parmelinella salacinifera extracts; 6 —Norstictic acid (Rf0.54); 7 —Salazinic acid (Rf0.16); 8 - Atranorin (Rf0.84); 9:
Ether extract of Heterodermia leucomela containing zeorin (Rf0.88)
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V. DISCUSSION

Yawvus (2012) investigating the pharmacopoeias
written by Dioscorides, a physician who acted in the
army of Roman legion in ltaly, France, Greece and
Turkey, had observed that in great part of species used
as medicinal, Parmelia species were used among other
species.

Most of Parmeliaceae, grows on different
substrate as branches, barks, rocks etc. forming a total
or partial rosette (Yavus, 2012), due to its radial growth
form, resembling a flower, probably reason of the name
“stone flower” given by Pankararu people.

Despite of the knowledge of lichen use in
traditional medicine comes from ancient times (Agelet
and Vallés, 2003), the relationship between their use
with vascular plants is unbalanced. Soukand and Kalle
(2013) studying plants used for tea with medicinal
and/or recreational purposes in several places of
Estonia, reported the use of 69 vascular plants and only
one lichen species, Cetraria islandica. From 180
interviewed persons, 22 used this lichen as tea for
medicinal purposes, as cough, cold, bronchitis, lung
diseases, respiratory problems and fever. From these
persons, only one used C. islandica tea for recreational
purpose, and the predominance of its use as medicinal
was justified due to be considered culturally unpleasant.

Singh et al. (2014) studied medicinal plants in
sacred groves of Kumaon region of central Himalaya,
and found 89 species, two of them were the lichens
Everniastrum cirrhatum and Parmotrema  reticulatum
(Parmeliaceae), both used for cold.In the same region,
in Nepal mountains Devokta et al. (2017) documented
the use of lichens in nine different communities. The
authors found ethnic and different value uses for
lichens, since medicinal (most part) to spiritual and
aesthetic. In addition, three species had been
mentioned their use for cooking. Probably due the high
availability of lichens in mountain regions, all kind of
thallus were reported by using (fruticose, foliose and
crustose).

Agelet and Valles (2003) worked in lberian
Peninsula and mention 272 medicinal plants used by
traditional communities, being five of them lichen
species. They refer Alectoria sarmentosa, Cetraria
cucullata, C. islandica, Pseudevernia furfuracea and
Ramalina capitata as antiasthmatic, as well as an
anticatarrhal and hypotensive activity for P. Furfuracea
and hypotensive and antituberculosis action to C.
islandica.

Crawford (2015) summarizes studies made
throughout the world, describing the use of 52 lichen
genera as medicinal. The author consider Usnea the
most common used genus, except in Australia, and so
many others in Europe, USA, Canada, China, etc. For
South America the data are scarce and many of them

few informative. As example in Ecuador there are
reported Usnea spp and Dictyonema huaorani, while in
Argentina four species of Usneaare mentioned; the
same genus is reported as useful in Uruguay, Venezuela
and Chile. Marcelli (personal communication, 2015)
mentions a saxicolous Usnea sp occurrant at Santa
Catarina and Rio Grande do Sul coast (states of
Brazilian South), used by local people for genitourinary
diseases. The lichen thallus is mixed to “chimarrao”
(typical drink of Brazilian South, made from infusion of
‘erva mate” — Camelia sinensis), and the users
recognize the efficiency of the lichen thallus from its
coloring; the more yellow it is, more effective its action.
In Peru one Roccellasp is used by traditional
communities. To Brazil the use of Cladonia miniatais
reported, besides an inaccurate information about
Usneabarbata with a local nomination with a Tupi
Guarani term “membyrakly | ja”, that means “hot
daughter” (Ms Priscela Navarro, personal
communication, 2015), and used for woman fertility.
However, this species is more common in Brazilian
South and neighbours Countries. The information to
occur in Brazil is very much imprecise, due to size of this
Country. In this context, the same author mention
crostose white lichen in Peru used mixed to resins, as
hallucinogen; a mix of five species (Chacobo) for
several problems in Bolivia, and an unidentified species
used for constipation in babies.

The mentioned papers did not mention if any
species are used together, or due to their morphological
similarity can be ethnosynonymous for these
communities. This is the case of our study. Although H.
galactophylla, P. salacinifera and P. Wrighti being
ethnosynonyms for the Pankararu people being
employed for the same purpose, they are differentiated
by the degree of concentration of the therapeutic effect.

Considering the use and contraindications by
popular and/or traditional use of lichens, neither
Séunkand and Kalle (2013), nor Agelet and Valles
(2003), Singh et al. (2014) and Crawford (2015)
mentioned the active principles of the species, as well
as reports of literature about effectiveness or toxicity of
compounds contained in the studied species. By other
hand, Agelet and Valles (2003) reported studies
performed by other colleagues about biological activities
of related species or genus, nevertheless without refer
any lichen compound.

It is known that substances like atranorin,
zeorin, stictic and salazinic acids (Fig. 4) have
antimicrobial and antibacterial activity (Tay et al., 2004;
Yilmaz et al., 2004; Vicente et al., 2006; Marijana et al.,
2010; Molnar and Farkas, 2010). To establish these
relationships, more studies referring to their
pharmacological uses are needed, due to the scarce
information about toxicity at acute and both chronic and
subchronic levels.
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Regarding to toxicity of substances found in
studied species, it is known the low toxicity of atranorin.
Melo et al. (2011) in anti-inflammatory assays with this
substance (100 mg/kg and 200 mg/kg) obtained from
Cladina kalbii a meaningful activity, but no significant
toxicity at acute and subchronic levels was detected, as
well as cytotoxity. These data are coincident to ones
described to Maia et al. (2002), when tested the
antinociceptive action of atranorin and crude extracts
from Cladina dendroides.

Asakawa et al. (2013) describes cytotoxic
activity of a-zeorin, isolated from several liverworts,
against P-388 cells, whose IC50 was 1.1 ug mL". Data
is almost nonexistent for such compounds, and no
information was found about salazinic acid.

By other hand, it is possible to attribute a more
remarkable action, depending on the chemical group
the lichen compound is placed. In this context, Correche
et al. (2002) mention that the depsidones, in general,
exhibit a stronger cytoxity than the depsides, attributing
this bioactivity to the structural characteristics of their
chemical group, where the aldehyde function is always
linked to a C3, with an OH to the adjacent C4. This way,
both salazinic and norstictic acids have these
characteristics, while atranorin, being a depside, exhibit
a lower toxicity. Regarding to zeorin, this compound is a
terpenoid. Harrewijn et al. (2001) mention that several
terpenoids have minimal toxicity to vertebrates, besides
their usefulness in the cosmetics and pharmaceutics,
due to be biologically actives. By other hand, some of
them have evidenced their toxicity, suggesting a more
accurate discussion about toxic effects of this chemical
group, mainly concerning the terpenes obtained from
lichens and lower plants.

V. (CONCLUSIONS

Our results show that Pankararu people use
lichens with active principles for several treatments,
andknow the right dose, side effects and restrictions of
each species.
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= Lichens used have their properties
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This is the first report of use of lichens as medicament in
Brazilian semi-arid.
Active compounds were found in lichens used by
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Abstract- Chilli (C.annum L.) is one of the main solaneaous
crop in Pakistan and treated by many viral diseases. This
experiment was performed to check the effect of
environmental conditions on whitefly population and disease
incidence development as well as correlation and regression
analysis of environmental factors like maximum, minimum
temperature, relative humidity, rainfall and wind speed with
whitefly population on Chilli plants. For the determination of
effect of environmental factors on the incidence of virus and
whitefly Population, five environmental factors were kept in
consideration which were maximum temperature, minimum
temperature, relative humidity, rainfall and wind pace. The data
recorded on disease incidence and whitefly population was
subjected to correlaton and regression analysis for
determining the relationship between environmental variables
and incidence of disease and whitefly population. All
environmental parameters including (maximum temperature,
minimum temperature, and relative humidity) showed
positively significant correlation and wind speed and rainfall
showed negatively significant correlation.

Keywords: chiLCV, regression, correlation, epidemiology,
conducive.

[.  INTRODUCTION
Chilli (Capsicum annum L.) originate from south

and central America and are members of

Solaneaous family. Viral diseases annually
reduce the quality and vyield of all kind of pepper.
Symptoms of virus infection widely vary in expression
and severity including mild mottle, mosaic, vein
banding, ring spots, necrosis, leaf discoloration,
deformation and blistering and severe stunting of the
whole plant. Viruses could not just identified based on
symptoms, because symptoms could vary with respect
to the strain of the virus, the host cultivar, the age of the
host, environmental conditions and co-infection with
other viruses.

Different viruses may cause similar symptoms,
as well as insect damage, particularly by thrips and
mites, may mimic virus symptoms. Chilli leaf curl virus
(ChiLCV), Chilli vein mottle virus (ChiVMV) and
cucumber mosaic virus (CMV) are the main viruses in all
Chilli growing areas of Pakistan and also in some other
parts of the world. ChiLCV is the most important
pathogen related to Chilli crops (Shah et al., 2001).

Author a o p: Plant pathology. e-mail: mariiftikhar@gmail.com

ChiLCV is more susceptible to all Chilli varieties.
Begomoviruses are the main cause of this disease. It is
one of the largest group of Gemini viruses with more
than 50 members described so far by different workers
(Markham et al., 1996). In worldwide review more than
65 viruses have reported to infect different crops.
Viruses are most disturbing agents of chili crop, causing
serious losses in reduction of both fruit quality and
quantity (Green and Kim., 1999). Approximately 40 to 60
% losses in Pakistan and some other parts of world has
been recorded due to ChiLCV because it is major virus
most common in Chilli producing areas and decreasing
yield badly (Shah and Khalid, 1999).

11. HisToriCAL BACKGROUND OF CHILCV
DISEASE

Chilli leaf curl virus for first time was reported by
Verma (1962). The virus has been found to be
transmitted though vector whitefly Bemisia tabaci Gen.
(Moghe, 1977). Later on it was reported by venkatesh et
al., (1998) that Chilli leaf curl complex caused by Chilli
leaf curl geminivirus (ChiLCV) is transmitted by Bemisia
fabaci and also by thrips (S.dorsalis and
polyphagotarsonemus latus). In Pakistan Hussian et al.,
(1992) reported chilli leaf curl complex in 1992. Severe
yield losses in Chilli crop along with other Chilli varieties
has been found. Tomato mosaic virus, Potato virus Y,
Chilli leaf curl virus, Pepper veinal mottle virus, Tomato
yellow leaf curl virus and Tomato spotted wilt virus has
considered as economically most important viral
diseases in Africa and Asia among the economically
important vegetables (Nono-Womdim, 2001).

[, SYMPTOMOLOGY OF CHILCV DISEASE

Chilli pepper (C.annum L.) use as a spice and it
is an important vegetable. For the cultivation of Chillies
in Pakistan Diverse ecological, environmental and soil
conditions are very suitable (Briddon et al., 2003; Shih et
al., 2003). Leaf curling, wrinkling, vein clearing and vein
swelling and yellowing are major symptoms of ChiLCV.
In severely affected plants the size of leaves and
branches reduced resulting in a bushy appearance of
plant. Such plants have very few flowers and very few
fruits  (Peiris, 1953; Joshi and Dubey, 1976).
Begomoviruses are the major cause of Chilli leaf curl
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disease (CLC), which is most important viral disease of
chilies. Typical symptoms of ChiLCV include stunting, a
reduction in leaf size, leaf curling as well as a reduction
in fruit size and number (Hussian, 2009).

IV. INFLUENCE OF ENVIRONMENTAL FACTORS
ON WHITEFLY POPULATION AND DISEASE
[NCIDENCE

An experiment was performed to check the
effect of environmental conditions on whitefly population
and correlation of environmental conditions like
maximum, minimum temperature, relative humidity,
rainfall and wind speed with whitefly population on
tomato plants by (Zeeshan et al, 2015). Maximum
temperature has positive correlation with  whitefly
population. Whitefly population increase with increase in
temperature and decrease with decrease in relative
humidity

V.  MATERIALS AND METHODS

a) Establishment of disease screening nursery against
ChiLCV disease incidence
A disease screening nursery of eight
varieties/Lines i.e.V1 (Maha), V2 (Hot Queen), V3 (7-Ph),
V4 (9-Patayla), V5 (Tatapuri), V6 (Biaddy), V7 (Hot Shot),
V8 (5-Glory) were established against ChiLCV disease.

b) Epidemiological studies of ChiLCV disease

Five varieties viz. 9-patayla, Hot-Shot, Five-
Glory, 7-ph, Tatapuri were used in the experiment. The
experiment was conducted in a randomized complete
block design (RCBD) with three replications. Each
variety was planted in a sub-plot with row length 3m, row
to row spacing 60cm and plant to plant spacing of

30cm. The disease on every variety was assessed by
coefficient of infection according to available disease
rating scale.

c) Collection of environmental and whitefly population
data

The data of different environmental factors
(maximum, minimum temperature, relative humidity and
rainfall) during the growth period of chili crop (April-July)
was obtained from the Department of Crop Physiology,
University of Agriculture Faisalabad. The data regarding
whitefly population was recorded on weekly basis for
each variety. Ten plants from each plot were selected at
random and population of whitefly was recorded from
upper middle and lower leaves/plant and averaged for 5
leaves.

d) Correlation of environmental factors with ChiLCV
incidence

Correlation of ChiLCV incidence with maximum
temperature, minimum temperature, relative humidity,
rainfall and wind speed were determined on weekly
basis at variety level. The variety used for this purpose
were 9-Patyala, Hot Shot, 5-Glory, Maha and Hot
Queen. A significant correlation was observed between
maximum temperature and disease incidence. Similarly,
minimum temperature showed significant correlation
with disease incidence on all the varieties.

Relative humidity had a significant relationship
with disease incidence on all the varieties. Rainfall
showed a significant but negative correlation with
disease incidence as increase in rainfall suppresses the
rate of increase of disease on all varieties while wind
velocity also showed the significant positive correlation
on all varieties used.

Table 1: Correlation of environmental factors with ChiLCV

Varieties | Max Temp | Min Temp RH Rainfall | Wind Speed
0.5419* 0.8960* 0.7092* | -0.3593* -0.6037*
9-Patyala
0.0267 0.0157 0.0146 0.0483 0.0244
0.6528* 0.9044* 0.6258* | -0.3187* -0.3478*
Hot Shot
0.0159 0.0133 0.0183 0.0351 0.0493
5-Glor 0.5169* 0.8935* 0.7576* | -0.3218* -0.5452*
y 0.0239 0.0164 0.0180 0.0354 0.0263
Maha 0.5607* 0.9151* 0.7374* | -0.3434* -0.5313*
0.0247 0.0105 0.0494 0.0155 0.0287
0.5812* 0.9289* 0.7272* | -0.3766* -0.5532*
Hot Queen
0.0264 0.0074 0.0114 0.0146 0.0254
Upper values indicate Pearson’s correlation coefficient while lower values indicate significance at 5% level of
probability.
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e) Correlation of environmental factors with whitefly
population

Correlation of whitefly population with maximum
temperature, minimum temperature, relative humidity,
rainfall and wind speed were also determined on weekly
basis at variety level. Same varieties were used for this
purpose i.e. 9-Patyala, Hot Shot, 5-Glory, Maha and Hot
Queen. A significant correlation was observed between
maximum temperature and whitefly population. Similarly,

minimum temperature showed significant correlation
with whitefly population on all the varieties.

Relative humidity had a significant relationship
with whitefly population on all the varieties. Rainfall
showed a significant but negative correlation with
whitefly population as increase in rainfall suppresses the
rate of increase of disease on all varieties while wind
speed also showed significant but negative correlation
with all varieties used.

Table 2: Correlation of environmental factors with whitefly population

Varieties | Max Temp | Min Temp | RH Rainfall | Wind Speed
9-Patvala 0.6204* 0.9098* 0.6762* | -0.2720* -0.4227*
y 0.0188 0.0118 0.0143 0.0126 0.0437
Hot Shot 0.5988* 0.8809* 0.6850* | -0.1964* -0.3129*
0.0291 0.0204 0.0132 0.0792 0.0456
5-Glor 0.5020* 0.8480* 0.7767* | -0.1083* -0.2783*
y 0.0132 0.0329 0.0296 0.0382 0.0359
Maha 0.4557* 0.8006* 0.7600* | -0.9576* -0.2554*
0.0367 0.0557 0.0579 0.0283 0.0252
Hot Queen 0.4900* 0.8732* 0.7969* | -0.1836* -0.4246*
0.0328 0.0231 0.0577 0.0277 0.0144

Upper values indicate Pearson’s correlation

coefficient while lower values indicate significance at 5%
level of probability

) Correlation of ChiLCV disease incidence with whitefly
population
Correlation of ChiLCV disease incidence with its
vector population was also determined at variety level.
The results indicated that a significant correlation was
observed between disease incidence and whitefly
population on all varieties.

Table 4.6: Correlation of ChiLCV disease incidence with
whitefly population on all chili varieties

. Disease Incidence and
varieties | “\ynitefly Population

0.9152*
9-Patyala 00105
0.9025*
Hot Shot 00138
0.8923*
5-Glory 00168
0.9083*
Maha 0.0122
Hot 0.9741*
Queen 0.0010

Upper values indicate Pearson’s correlation
coefficient while lower values indicate significance at 5%
level of probability.
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g) Relationship between environmental factors with ChiLCV disease incidence

B0-

70

Disease Incidence [%)
8 8 & 5 8

S

B >

T - Hot

9

5 Patyala
- = F 3 Hﬂt
i ' “ Shot
A 5-Glory
f 4 Maha
2 _ Hot

- QllEE'l
Linear(

Patyala
e )

Linear|

o Shot)
4 Linear|
—5-

. Glory)
43 45 47

33 3» 37 3B 4

Maximum Temperature

Figure 1: Effect of Maximum temperature on ChiLCV incidence

S0

80+

70

&0

504

404

Disease Incidence (%)

304

20-

104

& 9-Patyala
M Hot Shot
L 5-Glory
Maha
* Hot Queen
_ ! __Linear|s-
p o Patyala)
o 3 _ Linear{Hot
Shot)
_Linear|(5-

A o Glory)

_ Linear{Mah

i a)
l “ * Linear(Hot

Queean)

12 17 22 27 32

Minimum Tempearature

© 2017 Global Journals Inc

(Us)

Figure 2: Effect of Minimum temperature on ChiLCV incidence




10
* 9-
g - Patyala
Hot
g | * shot
5-Glory
7 - Maha
~ Hot
6 - Queen
| Linear{
L 25 5
E Patyala
£ ¥ e )
; B * Linear|
I - Hot
Shot)
2 A Linear(
‘, ..... 5_
1 - Glory)
ﬂ 1 T L T T T T T ] T
25 27 25 31 33 35 37 35 41 43 45 47
Maximum Temperature (oC)

Figure 3: Effect of Maximum temperature on Whitefly Population

14-

12

10

White fly Population

9_
. Patyala
M Hot Shot
A 5-Glory
Maha
, Hot
Queen
__ Linear(g-
Patyala)
~ Linear(H
ot Shot)
_ Linear(s-
Glory)
Limear(M
aha)
Linear(H
Falwe Dt
Queen)

0 ' '
7 12 17 22

Minimum Temperature (oC)

27 32

Figure 4: Effect of Minimum temperature on Whitefly Population

VI. RESULT AND DisCUSSION

Correlation of weekly maximum and minimum
air temperature, relative humidity, rainfall, wind speed
and aphid population with ChiLCV disease incidence
was determined at variety level. There was significant

correlation between environmental factors, time and
ChiLCV disease on chili varieties. A significant
correlation was found between maximum temperature
and disease incidence on five varieties/lines and non-
significant on the three varieties/lines. Minimum
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temperature had significant correlation with disease
incidence on five varieties while three varieties and non-
significant on the three varieties. There was a significant
correlation of relative humidity with disease incidence on
five varieties/lines while a non-significant correlation on
three varieties. There was a significant correlation of
rainfall  on  four lines/varieties and remaining
lines/varieties showed non-significant correlation. Wind
speed had significant correlation with disease incidence
on five varieties while others showed non-significant
correlation. A significant correlation was found between
maximum temperature and disease incidence on five
varieties and non-significant on three varieties/lines.
Minimum temperature had also significant correlation
with disease incidence. The relative humidity and rainfall
had negative correlation with whitefly population.

The results indicated that there was negative
impact of rainfall on whitefly population more rainfall
resulted in decrease in whitefly population but it had
positive effect on disease intensity. Similarly Singh
(1990) reported that cooler weather with high relative
humidity and rainfall negative impact on whitefly
population and spread. Morales and jones (2004) also
reported that the disease caused by various Gemini
viruses were more intense in wet and humid climatic
conditions than in dry conditions. Khan et al., (1998)
explained the relationship of weekly air temperature,
relative humidity, wind velocity and wind speed to
ChiLCV disease development by linear regression in
eight varieties. Plant infection by ChiLCV increased on
all varieties at maximum and minimum air temperature
of 33-45 celercious and 25-30 degree celicus

respectively.
However negative correlation between the
minimum temperature sunshine hours and pest

abundance and a positive correlation between
maximum temperature and pest abundance of B.tabaci
was found by Men et al., (1997).
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Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.

5.STRUCTURE AND FORMAT OF MANUSCRIPT

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
follows:

Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and
comprise:

(a)Title should be relevant and commensurate with the theme of the paper.

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions.

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus.

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared.

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition;
sources of information must be given and numerical methods must be specified by reference, unless non-standard.

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork.
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to
complete and return a color work agreement form before your paper can be published.

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29.Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
®  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.
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Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

®  Reason of the study - theory, overall issue, purpose

®  Fundamental goal

®  To the point depiction of the research

®  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e  Significant conclusions or questions that track from the research(es)

Approach:
®  Single section, and succinct
®  Asaoutline of job done, it is always written in past tense
® A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
®  (Center on shortening results - bound background information to a verdict or two, if completely necessary
e  What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

e  Explain the value (significance) of the study

®  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.

e Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

e  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e |[f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

®  Describe the method entirely

®  To be succinct, present methods under headings dedicated to specific dealings or groups of measures

¢  Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

e |f well known procedures were used, account the procedure by name, possibly with reference, and that's all.
Approach:

e |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

e  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
®  leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

e  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

e Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

®  You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

e Do not give permission to anyone else to "PROOFREAD" your manuscript.

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)
®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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