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Abstract.- Azo dyes decolorizing yeast
identified as Candida tropicalis 4S was isolated
from wastewater treatment plant of textile and
dyeing industry, Kot Lakhpat, Pakistan. The
optimum temperature and pH for the growth of
yeast were found to be 30°C and 7, respectively.
C. tropicalis 4S was capable of decolorizing
Synozol Red 6HBN up to 79%, 90% and 93%
after incubation of 7, 14 and 21 days,
respectively. Phyto- and microbial toxicity
studies revealed that dye degraded products did
not show any toxicity. C. tropicalis 4S can be
exploited for bioremediation of wastewater
containing azo dyes.
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Dyes are colored substances that when
applied to fibers give them a permanent color which
is able to resist fading upon exposure to sweat, light,
water and many chemicals, including oxidizing
agents and microbial attack (Rai et al., 2005). It is
estimated that 280,000 tons of textile dyes are
discharged in such industrial effluents every year
worldwide (Jin et al., 2007). With the increasing use
of a wide variety of dyes, pollution by dye
wastewater is becoming increasingly alarming.
Among these azo dyes are important colorants and
are characterized by the presence of one or more azo

*  Correspondence author: rehman_mmg@yahoo.com
0030-9923/2015/0004-1181 $ 8.00/0
Copyright 2015 Zoological Society of Pakistan

groups (-N=N-) and constitute the largest class of
dyes having extensive applications in textiles,
papers, leathers, gasoline, additives, foodstuffs and
cosmetics (Chen et al., 2009).

The release of textile and dye-house effluent
may cause abnormal coloration of the surface water
and this creates the greatest immediate
environmental concern with regard to water quality,
and directly affects the aquatic flora and fauna. It
has been found that purified forms of many azo dyes
are directly mutagenic and carcinogenic (Chen,
2002).

In the last decade, several microorganisms
have been investigated for decolorization of reactive
dyes and its effectiveness depends on the
adaptability and the activity of selected
microorganisms (Aksu et al., 2007; Jadhav et al.,
2007; Dave and Dave, 2009; Aftab et al., 2011;
llyas and Rehman, 2013). Microbiological
decolorization and degradation is an environmental-
friendly and cost competitive alternative to the
chemical decomposition process (Saratale et al.,
2009b, 2010; Aftab et al., 2011).

Very little work has been done to explore the
decolorization ability of yeast, and it has mainly
been studied with regard to biosorption. Some
ascomycetes yeast species, such as Candida
tropicalis, Debaryomyces polymorphus, Candida
zeylanoides (Yang et al., 2003) and lIssatchenkia
occidentalis (Ramalho et al., 2004), have been used
to carry out putative enzymatic biodegradation and
consequent decolorization of different azo dyes.

This study aims to investigate the potential of
C. tropicalis 4S to decolorize an azo textile dye,
Synozol Red 6HBN. The rate dependent
environmental parameters such as temperature, pH
and metal ions were studied. The phyto- and
microbial toxicity of the products formed after
degradation were also studied.

Materials and methods
Isolation and screening of yeast strains
Samples were collected from Kot Lakhpat
industrial areas, Lahore. Isolation was done by
spreading 100 pL. of wastewater sample on yeast
extract peptone-dextrose (YEPD) agar plates. YEPD
plates were prepared by dissolving 2g of peptone,
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2g of dextrose and 1g of yeast extract and 2g of agar
in 100 mL distilled water. In the preliminary study,
Synozol Red 6HBN [Cl Reactive Red 195; MF:
Ca1H19CIN7NasO1Ss  (Fig.1)] was selected for
determining the decolorization ability of the 34
yeast isolates. YEPD broth medium containing 20
pug/mL of dye was used for screening of yeast
incubated at 30°C.
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Fig. 1. Structure of Synozol Red 6HBN
(ClI Reactive Red 195).

Yeast identification

DNA was isolated (Masneuf-pomarede et al.,
2007) and polymerase chain reaction (PCR) was
performed by using two oligonucleotide yeast 18S
rRNA primers, the forward primer
(ITS5; 5-GGAAGTAAAAGTCGTAACAACG-3)
and the reverse primer
(ITS-4; 5-TCCTCCGCTTATTGATATGC-3)
(Larena et al., 1999). The PCR consisted of 35
cycles, each of denaturation at 94°C for 4 min,
annealing at 55°C for 2 min, and elongation at 72°C
for 10 min. PCR reaction mixture contained 3 pL of
PCR buffer, 3 uL of dNTPs, 2.5 pL of each forward
and reverse primer, 0.5 pL of taq polymerase, 2.5
uL of MgCly, 5 pL of nuclease free water and 6 pL
of genomic DNA.

The PCR products was extracted by the
thermo scientific gene JET gel extaction kit method.
The sequencing was carried out by Genetic analysis
system model CEQ-800 (Beckman) Coulter Inc.
Fullerton, CA, USA. Nucleotide sequence
similarities were determined using BLAST (NCBI
database; http://www.ncbi.nlm.nih.gov/BLAST).

Microorganism and maintenance conditions
The yeast culture was maintained on YEPD
agar plates at 4°C. The yeast culture was also

maintained in salt medium containing 10 g/L
glucose, 1 g/L (NH4)2SO4, 0.15¢/L KH2PO4, 0.1g/L
K2HPO4, 0.1g/L MgSQO4-7H-0, 0.0269¢/L FeSO, and
0.086g/L CaCl,. The pH of the medium was
adjusted to 7.0-7.2 and was sterilized at 121°C for
20 min. The 20 pg/mL of Synozol Red 6HBN was
added to the cell culture on 2" day of incubation.
After 7 days of incubation cells were harvested by
centrifugation (6000 g, 10 min), washed twice with
sodium phosphate buffer (50 mM, pH 7.0) and lysed
by sonication for 2-3 times at 4°C for 15 s with a 60
s interval. The lysate was centrifuged at 4000rpm
for 10 min.

For the determination of  optimum
temperature of the yeast YEPD broth medium was
inoculated with fresh yeast culture and kept at 20,
30, 37, 50 and 70°C under shaking conditions. For
determining optimum pH 100 mL YEPD broth
medium with pH 5, 6, 7, 8, and 9 was inoculated
with fresh yeast culture and incubated at 30°C for 24
h. Growth was monitored by taking the optical
density at 600 nm.

Effect of dye on growth

For analyzing the effect of dye on the growth
of yeast isolate YEPD broth medium (100 mL) was
prepared and inoculated with yeast culture in 250
mL of Erlenmeyer flask and marked as control.
Another flask containing 100 mL of salt medium
was inoculated with culture and 20 pg/mL of
Synozol Red was also added in it and marked as
treated. The flasks were incubated at 30°C in shaker
(120 rpm) and 3 mL sample was withdrawn after
regular time interval of 4, 8, 12, 16, 20, 24, 28 and
32 h. The absorbance was taken at 600nm.

Enzyme activity assay

Yeast cells were harvested by centrifugation
at 4000 rpm for 10 min and an appropriate amount
of lysis buffer (SDS and mercaptoethanol: 1:1
Check spelling) was added to the cell pellet and then
sonicated at 4°C for 15 s with a 60 s interval 2-3
times and centrifuged at 4000 rpm for 10 min. The
lysate or sonicated suspension was used for
determining and analyzing the activity of crude
enzyme. Azo reductase activity was determined by
initiating the reaction by addition of 200 pl of 100
uM NADH in enzyme reaction mixture comprising
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200 pl of 25uM Synozol Red 6HBN, 600 puL of
crude enzyme and 1 ml of 25mM tris-HCI buffer
with pH 7.4. The reaction was incubated at 30°C for
30 min and relative activity of the enzyme was
measured by taking absorbance at 436 nm using
UV-VIS spectrophotometer (UV-4000, Germany).
One unit of azoreductase can be defined as the
amount of enzyme required to decolorize 1 pmol of
Synozol Red 6HBN per min.

Effects of temperature, pH and metal ions

The activity of azoreductase enzyme was
checked by incubating the enzyme reaction at
temperature (30-90°C) by standard enzyme assay.
The optimum pH of the crude enzyme was
investigated over a pH range of 4.0-9.0. The enzyme
was kept at 30°C for 30 min in various buffers (50
mM) and the residual azoreductase activity was
determined under standard assay conditions. The
buffer systems used comprised of 50 mM sodium
acetate buffer pH (5.0-6.0), 50 mM sodium
phosphate buffer pH (7.0-8.0) and 50 mM Tris-HCI
buffer pH (9.0). For each pH a reaction mixture
without enzyme (control) was prepared under the
same condition and was used to measure the
possible changes in absorbance. The effect of metal
ions (FeCls, CoCly, NaCl, CuSQa, ZnCl,, MgCl, and
MnCl;; 1 mM each separately) on the azoreductase
activity was also investigated.

Decolorization studies

For decolorization study, a loop full culture
of yeast isolate from YEPD plate was used to
inoculate 250-mL Erlenmeyer flask containing 100
mL salt medium under optimal growth conditions
(pH 7.0; 30°C). The flask was kept at 30°C with
shaking (130 rpm) for 2 days. The 48 h grown
culture was incubated with Synozol Red 6HBN (20
pg/mL) for 7, 14 and 21 days under aerobic
condition. The decolorization process was
monitored by taking 5 mL sample at regular
intervals and O.D was measured
spectrophotometrically at 436 nm. Control had no
inoculated yeast culture except dye. Experiment was
run in triplicate. The percentage decolorization was
calculated (Saratale et al., 2009a) as follows:

% decolorization = Initial absorbance — Observed absorbance x 100
Initial absorbance

Microbial and phytotoxicity

Toxicity effects were studied using dye
degraded metabolites of 7 days old filtrate of yeast
isolate. LB plates were inoculated with Bacillus
cereus and Azotobacter and incubated at 37°C for 24
h. The yeast culture supernatant was then poured
into the wells of the plate. The plates were incubated
at 37°C for 24 h. Control contained distilled water in
place of yeast culture supernatant. The effect was
measured in terms of a zone of inhibition (diameter;
cm) after 24 h of incubation at 37°C. To know the
phytotoxic effect of Synozol Red decolorized
products Vigna radiata was used. The pot
containing four seeds of V. radiata was watered by
10 mL of yeast decolorized water per day after
centrifugation at 4000 rpm for 10 min. Control pot
was watered with distilled water at the same time.
Growth was monitored after 7 days of incubation
under 1:1 light and dark period (llyas and Rehman,
2013).

Results and discussion

Growth characteristics of C. tropicalis

The nucleotide sequences coding for the 18S
rRNA gene (GenBank database under accession
number JNO09853) after BLAST query revealed
that this gene is 100% homologous to Candida
tropicalis.

The isolate showed maximum growth in
YEPD medium (Control). Yeast isolate also showed
good growth in dye containing salt medium but it
was less as compared to control (data not shown).
The optimum temperature and pH of the yeast was
found to be 30°C and 7, respectively.

Effects of temperature, pH and metal ions on

enzyme activity

It was determined that C. tropicalis 4S
showed maximum azo reductase activity at 30°C
(108%) and pH 7 (Fig. 2A). The decline at higher
temperatures can be attributed to the loss of cell
viability or the denaturation of azo reductase
enzyme (Chang et al., 2001a; Saratale et al., 2009c).

The effects of pH (Fig. 2B) may be correlated
to the transport of dye molecules across the cell
membrane, which is considered as the rate limiting
step for the decolorization (Chang et al., 2001b).

The enzyme activity increased 37% in the
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presence of K" (Fig. 2C). The presence of heavy
metal ions in the industrial effluents is a major
obstacle which could potentially affect the activity
of the reductase enzymes.

120

100 -

80 -

60 -

40 -

20 |

0l . _ . .
30 5 7 90

Temperature (°C)

6 7 8 9

B pH

C  ZnCI2 NaCl MgCI2MnCI2 KCI

Relative azoreductase activity (%o)

— —
[ += (= (=3} = [
= = = = =

Relative azoreductase activity (%o)

=

— — — —
[T T T = T = o S 1 B =)
= = c o o o 9o o

Relative Azo reductase activity (%o)

=

C Metal salt

Fig. 2. Effect of (A) temperature (A), pH
(B) and metal ions (C) on the enzymatic activity
of azo reductase.

Dye removal

The color removal was 79% after 7 days,
90% after 14 days and 93% after 21 days. Some
studies also show that yeast species act as a
promising dye adsorbent and are able to uptake
higher dye concentration (S afar’i’kova’ et al.,
2005), while Galactomyces geotrichum MTCC can
decolorize triphenylmethane, azo and reactive high
exhaust textile dyes (Jadhav et al., 2008a). Another
detailed study was conducted on the decolorization
of Navy Blue HER by using Trichosporon beigelii
NCIM-3326, with the enzymatic mechanism and
toxicity of the degradation products also reported
(Saratale et al., 2009a).

In general, during azo dye degradation initial
reductive cleavage of the azo bonds takes place,
with the help of azoreductase enzymes which results
into the production of colorless solutions containing
potentially hazardous-aromatic amines (Van der Zee
and Villaverde, 2005) which are further degraded
aerobically or anaerobically (Joshi et al., 2008).

Microbial and phytotoxicity

Microbial toxicity and phytotoxicity results
revealed no germination inhibition of plant by
Synozol Red 6HBN metabolites. The growth of V.
radiata was as good as its growth was observed in
distilled water. This indicates that the yeast
decolorized/degraded dye supernatant was safe for
irrigation.

In the present study C. tropicalis 4S exhibited
maximum ability to decolorize Synozol Red 6HBN
upto 93%. It was observed that biodegradation
efficiency is strongly affected by pH, temperature
and type of metal ions used. Thermal stability of azo
reductase was found to be 30°C at pH 7.
Biodegraded products of Synozol Red 6HBN by C.
tropicalis 4S have shown that these metabolites are
safe and non-toxic for microbial flora and
agricultural crops; thus this treated wastewater can
be at-least used for irrigation purposes. Therefore
the nature of the metabolites and their
biodegradability require further investigation for
complete mineralization of these compounds by the
yeast strain.
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Abstract.-The objective of the present
study was to investigate the association of some
heavy metals with rheumatoid arthritis. The
results indicated that concentration of Cu was
significantly lower in the serum of RA +ve
patients compared to RA -ve individuals. Non-
significant relationship was observed between
concentration of Zn, Co, Pb, and Ni with RA
+ve patients. Similarly the concentration of
these metals had no significant relationship with
sex or age of RA +ve patients.

Keywords: Rheumatoid arthritis, heavy metals.

Rheumatoid  arthritis (RA) is an
inflammatory disorder which affects many tissues
and organs but mainly the synovial joints. Although
there are many factors implicated in RA but human
leukocyte antigen (HLA) gene like direct repeat 4
(DR4) drugs, chemicals, bacteria, some viruses like
hepatitis C virus, Epstein Bar virus and metals have
been considered as the causative agents (Lawrence
et al., 1998). Several researchers have also
mentioned heavy metals as one of the contributing
factors of RA (Naveh et al., 1997; Hannson et al.,
1978; Ala et al., 2005; Yazar et al., 2005). Chronic
exposure to heavy metals, especially lead (Pb),
mercury (Hg) and cadmium (Cd) affects the
immune system. Heavy metals also reduce the
number of existing B and T cells (Lehmann et al.,
2011). Resultantly, the immune system attacks on
its self molecules, which can lead to RA and other
joint diseases (Lehmann et al., 2011). Scudder et al.
(1978) reported significantly higher levels of Cu in
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RA patients compared to healthy objects. Level of
copper in RA patients was found to be correlated
with the age i.e., decrease with increasing age
(Farid et al., 2005). However, RA patients were
found to be deficient in Zn level (Naveh et al., 1997,
Ala et al., 2009). Alegre et al. (1984) observed
though normal concentration of Zn in RA patients.
In the present study we evaluated the contribution of
some heavy metals (i.e., Cu, Zn, Pb, Co and Ni) in
causing RA.

Materials and methods

Blood samples of patients, suspected of RA,
were collected from different diagnostic laboratories
in Sargodha. Age and gender of the patients was
also noted. About 5 ml blood was taken from each
patient with the help of sterile disposable syringe,
centrifuged at 3,000 rpm for 2 min for serum
extraction. The serum was further processed through
wet acid digestion and analyzed by atomic
absorption spectrophotometry (AAS).

Two sample t-test was used to compare the
heavy metal concentration of RA+ve and control
groups, RA+ve males and females and two age
groups i.e., below 35 years and above 35 years.
Minitab (Version 15) was consulted for calculating
means, standard errors and t-test. The difference
was considered significant if P value was less than
0.05.

Results and discussion

Level of Cu in RA+ve patients was
significantly lower than control group (df =37; t=
2.09; P = 0.04), however, there was no difference in
the levels of Zn, Pb, Co and Ni between RA+ve and
control groups (df =37; t= 1.24; P = 0.22 for Zn, df
=55; t= 0.18; P = 0.85 for Pb, df =59; t= 0.49; P =
0.62 for Co and df =57; t= 1.82; P=0.07 for Ni,
respectively). Figure 1A depicts the comparison of
heavy metals between RA+ve and control groups.
RA+ve males and females did not differ in heavy
metal’s concentrations (Table 1). The RA+tve
females had higher concentration of Cu, Pb, Co and
Ni as compared to RA+ve males, while Zn
concentration were higher in RA+ve males than
females (Table 1). Non-significant differences were
also recorded when we compared the heavy metals
concentrations of two age groups (Fig.1B).
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Results obtained from our study showed that
Cu concentration was significantly lower in RA+ve
patients than RA-ve individuals. These findings are
comparable to Olak et al. (2001) and Afridi et al.
(2012) but do not match the findings of Colak et al.
(2001) who observed a high concentration of Cu in
RA+ve patients. Strecker et al. (2013) recorded
lower concentration of Cu in patients erythrocytes
and in serum. However, we did not find any
difference in heavy metal concentration of RA+ve
patients of different age groups. Farid et al. (2005)
reported that RA+ve females had elevated level of
Cu in comparison to RA+ve males while during
present study a non-significant difference was
observed in the two sexes.
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Fig. 1. The mean (xSE) concentrations
(ng/L) of heavy metals among RA+ve and
control groups (A) and two age groups of
RA+ve individuals (B).

In the present study, the results showed non-
significant correlation of Zn with RA+ve and
control, RA+ve male and female and with any age
group. The findings were in accordance with the
findings of Tapeiro and Tew (2003) who also did
not found any correlation between Zn concentration
and RA. However, the findings are contrary to those
of Afridi et al. (2012), Farid et al. (2005) and Olak
et al. (2001) they reported deficiency of Zn in RA
patients. Farid et al. (2005) observed high levels of
Zn in RA+ve females than RA+ve males while our
findings did not find any difference.

Table I.- The mean (+SE) concentrations (ug/L) of
heavy metals among RA*'¢ males and females.
Metal RA*ve RA*ve df t- P-
Males Females value value
Cu 3.66+0.30 4.60+0.41 18 -0.78 044
Zn 19.10£1.26  17.39+1.52 23  0.97 0.34
Pb 240.5+11.5 250.6+14.2 23 0.55 0.58
Co 71.99+4.98  80.08+9.71 12  0.78 0.45
Ni 277.8+24.6  330.5+36.2 19 1.20 0.24

In the present study the Pb concentration does
not vary significantly in the serum of RA+ve
patients when compared with RA-ve individuals.
Hannson et al. (1978) also observed that Pb
concentration of RA+ve patients was not different
form normal. However, Afridi et al. (2012)
observed high concentration of Pb in the hair
samples of RA+ve patients. The Pb concentration in
RA+ve males and female was not found
significantly different in our study. Similarly no
significant relation of Pb concentrations was found
with age of RA patient during present studies.

The concentration of Co and Ni observed in
our study was not significantly different between
RA+ve and RA-ve individuals. It was also not
varying in the two sexes in RA patients and no
significant relation was found in two age groups of
below 35 years and 35 years and above.

The variations in result of present study with
already reported result may be due to variation in
genetic race, climatic changes and any other
environmental factor.

Conclusion

It is concluded from the study that a
significant correlation does exist between low
concentration of Cu and RA+ve patients. On the
other hand non-significant association between RA
and concentration of Zinc, lead, cobalt and nickel
was found. Moreover there is no significant
correlation between sex and age groups of RA
patients with concentration of all the studied heavy
metals.
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Abstract.- The present study investigates
the hair chemical traits of some wild animal
species. American  black bear  (Ursus
americanus), blue nile monkey (Cercopithecus
mitis), barbary sheep (Ammotracus lervia),
bactrian camel (Camelus bactrianus) and llama
(Lama glama) were studied at Giza Zoo, Giza,
Egypt. Fat, ash, nitrogen and total protein
content as well as the concentration of some
minerals (calcium, magnesium, potassium,
sodium, phosphorus and copper) were
determined on hair. Results showed that the
American black bear reported the highest values
among all species for fat, ash, nitrogen and total
protein, while the other species could be
arranged as follows: blue nile monkey, llama,
bactrian camel and barbary sheep, respectively.
From our findings, it was found that the darkest
hair showed the higher concentration of
minerals than lighter colored hair. Thus, it can
be concluded hair coloration is highly correlated
to chemical traits and mineral concentration in
hair of different wild animal species.
chemical

Keywords:  Hair, composition,

minerals, wild animals.

Hoair is a complex tissue consisting of
several components, and its chemical composition
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varies based on water content (Robbins, 2012). The
main hair component is the protein, which is 65-
95% of total weight, mainly as keratin and keratin-
associated proteins as well as condensed polymer of
amino acids. Other constituents are water, lipid,
pigment and inorganic minerals as trace elements
(Chojnaka et al., 2006).

Hair may be described as crystalline, cross-
linked and orientated polymorphic protein structure.
Most of the extractable keratinous protein is
contained within cortical cells, but significant and
important tractions are present within cuticle
(Powell and Rogers, 1986; Dawber, 1996). Recently

published papers, on the detail of Kkeratin
production, reported differences between
individuals, having an important forensic

significance (Sen, 2010).

The main hair proteins are three structurally
related Kkeratins, the low sulphur, high sulphur and
high tyrosine and glycine Kkeratins, where the
sulphur content derived from amino acids (Dawber,
1996; Dunnett and Lees, 2003). There are five
primary sources of elements to growing hair which
include matrix cells, the connective tissue papilla,
eccrine secretions, apocrine secretions, and the
epidermis. The elements obtained through ingestion
or environmental exposure are applied to hair
through endogenous deposition from the connective
tissue papilla and matrix cells. Eccrine sweat
exogenously deposits salts high in sodium and
potassium on the hair. Other trace elements
deposited through sweat include nitrogen, calcium,
phosphorus, magnesium, copper, manganese and
iron (Ambrose, 1993; Larsen, 1997; Yousafzai et
al., 2013).

Therefore, the main objective of this study
was to investigate the differentiation between some
wild animal species depending on their biological
differences among the chemical and mineral
composition of hairs to acquire valuable information
for the experts in field.

Materials and methods

Samples of hair were obtained from five
animal species from Giza Zoo, Giza, Egypt; a
carnivore, American black bear (Ursus americanus),
a primate, blue nile monkey (Cercopithecus mitis),
and three artiodactyls, barbary sheep (Ammotracus
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lervia), bactrian camel (Camelus bactrianus) and
llama (Lama glama) from four animal per species
(two males and two females, respectively).

Hair samples collected from animals’ back
were analyzed in triplicate for ash (967.05), total
protein and nitrogen (Kjeldahl N x 6.25, 990.03),
ether extract (945.16) contents according to AOAC
(2006). The ash was wet with sulfuric and
perchloric acids and diluted with distilled water.
Hair samples from the selected species were
subjected to acid digestion according to the method
proposed by Mahaffy et al. (1981), Digests were
filtered (Whatman No. 1) and diluted to 25 ml
deionized water (Julshman, 1983). The resultant
solutions were analyzed by flame atomic absorption
spectrophotometer (Agilent 6890 Series GC). All
results were expressed on dry matter basis.

The results were expressed as mean =
standard error of the means (SEM). Data were
statistically analyzed by a one-way ANOVA using
the GLM procedure of IBM SPSS Statistics
software (version 21.0). Significance implies
P<0.05 (Steel and Torrie, 1993).

Results

Table 1 shows chemical analysis of hair of
different species, which revealed that American
black bear has the greatest values for fat, ash,
nitrogen and total protein among all wild species,
followed by blue nile monkey, llama, bactrian camel
and barbary sheep. In the present study, the data for
mineral concentration of hairs showed that
American black bear had the highest level for Ca,
Mg, K, Na, P and Cu followed by llama, blue nile
monkey, bactrian camel and barbary sheep (P <
0.001; Table I).

Discussion

Difficulties with a proper interpretation of
results of hair analysis were mainly due to the
absence of well-defined reference concentration
ranges; thus, problems associated with
differentiating between endogenous and exogenous
deposition and inconsistency of hair concentration
anomalies  with  nutritional  status occurred
(Rodushkin and Axelssom, 2000). The difficulties in
establishing reference ranges were also due to the
natural variance in hair composition as a possible

consequence of age, sex, diet, hair color, ethnical
and geographic origin (Miiekeley et al., 1998;
Sharma et al., 2004).

Unlike most tissues, hair is formed in
relatively short period of time, after which it is
expelled from the body's continuing metabolic
process. The concentration of most trace elements
are high in hair when compared with other body
tissues or fluids. The trace elements in fact
accumulated during growth are sealed into the hair
(Katz and Katz, 1992).

Most attention on mineral incorporation into
hair focused on the uptake within the hair follicle
during hair synthesis. During the processes of
mitosis, differentiation, maturation and melanin
synthesis, macro- and microelements enter the
newly formed hair cells. As the hair shaft is
keratinized, a cement-like protein fills all
intercellular spaces and binds the cortical cells of
the hair shaft together; moreover, the hair is rich in
sulfur containing amino acids that presumably
provide ligands for stable hair mineral bonds
(Combs, 1987).

Our results showed that the American black
bear had the fat, highest concentration of ash,
nitrogen, total protein and minerals. The dark hair
showed higher concentration of minerals than the
light colored hair. This finding is in agreement with
the previous results reported by O’Mary et al.
(1970) who compared hair from Holstein and
Herford cows and found that Holstein black hair
contained more Na, P, Mg, Ca and K than Herford
red hair. Furthermore, these result also agreed with
those of Hall et al. (1971) who observed that ash
content of white hair was lower than pigmented hair
and that also some minerals appear to influence the
color. Meanwhile, Feughelman (2002) and
Szpoganicz et al. (2002) stated that minerals, such
as Cu, have an high affinity for melanins which are
granules of pigment providing the natural colouring
material in keratin fibers, and this may explain the
mineral concentration in the studied species in
relation to the hair color level. So, the increased
protein content (consequently keratin) could be
responsible for increasing the melanin content in
hair, and thus the binding sites of minerals into hair
(Dunnett and Lees, 2003). In conclusion, from our
findings it can be concluded the hair coloration is
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Table I.- Crude fat, ash, nitrogen, total protein contents (%) and concentration of minerals (ppm) in the hairs of studied
species.
ltems tﬁmerica\n Blue nile Barbary Llama Bactrian SEM P_value
ack bear monkey sheep camel

Crude fat, % 2.008 1.80¢ 1.60f 1.75¢ 1.69¢ 0.001 0.020
Ash, % 2.382 1.89¢ 1.40f 1.65¢ 1.59¢ 0.002 <0.001
Nitrogen, % 15.002 14.00°¢ 11.00f 13.03¢ 12.23¢ 0.051 <0.001
Total protein, % 93.742 87.80°¢ 73.76f 81.244 78.12¢ 0.022 <0.001
Calcium, ppm 130.00? 98.00¢ 65.00° 111.66¢ 80.33¢ 0.401 <0.001
Magnesium, ppm 99.002 54.66¢ 21.00f 70.66°¢ 40.33¢ 0.452 <0.001
Potassium, ppm 118.00@ 91.00¢ 62.00° 99.00°¢ 80.33¢ 0.512 <0.001
Sodium, ppm 145.002 71.00¢ 45.66° 114.66°¢ 68.30° 0.531 0.002
Phosphorus, ppm 161.00@ 100.33¢ 71.33f 130.66°¢ 80.66° 0.493 <0.001
Copper, ppm 61.002 20.66¢ 10.33f 48.66 © 15.66° 0.394 <0.001

Means within the same raw within each group carrying different superscripts are significantly different (P < 0.05); SEM, standard

error of the means.

highly correlated to the chemical composition and
mineral levels of hairs in different wild animal
species.
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Abstract- In  understanding  the
transmission dynamics in area-specific malaria
epidemiological studies, the determination of
Plasmodium sporozoite infection rate in the
field caught Anopheles mosquitoes remains an
integral component. In present study the
Plasmodium  falciparum (P. falciparum)
sporozoite infection rate of female Anopheles
stephensi  (An. stephensi) mosquitoes caught
from Districts Kasur and Shiekupura, Province
Punjab was detected. A nested polymerase
chain reaction (nested PCR) was used to
amplify 205 bp DNA of a small subunit
ribosomal RNA (ssu rRNA) gene specific to P.
falciparum from field caught An. stephensi. The
P. falciparum sporozoite infection rate was
higher, i.e. 10% in An. stephensi from District
Shiekhupura followed by 6% sporozoite
infection rate in mosquitoes collected from
District Kasur. These results may contribute to
plan and assess malaria control strategies in
Punjab, Pakistan.

Key Words: Anopheles stephensi, Plasmodium
falciparum, nested PCR, sporozoite infection
rate

Malaria is one of those ancient parasitic
diseases which persisted through the centuries, quite
ineffective of the developments made by mankind in
the field of health care. The third world countries
like Pakistan are still affected by this disease quite
regularly in spite of all the malaria control strategies
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made by government and health care organizations
(Dash et al., 2007). Female mosquitoes of more than
30 Anopheles species act as vector for malaria
worldwide (WHO, 2012; Sinka et al., 2012). About
23 Anopheles species have been reported in
Pakistan. Of which two species, i.e., Anopheles
culicifacies and An. stephensi acts as primary and
secondary malaria vectors in the country,
respectively (Rowland et al., 1997; Illahi and
Suleman, 2013; Mahmood et al., 1984; Jahan and
Hussain, 2011).

The emergence of vector borne diseases and
the evolution of parasite density can be assessed by
understanding the vector parasite relationship (Inci
et al., 2012). One of the integral components in the
transmission dynamics of malarial epidemiological
studies is detection of Plasmodium sporozoites in
the field caught Anopheles mosquitoes (Mahapatra
et al.,, 2006; Tangin et al., 2008). The vectorial
capacity of a mosquito depends upon susceptibility
to Plasmodium sporogony, its anthropophagic
behavior and enough longevity to become infective
to human beings (Dash et al., 2007). The efficacy of
the malaria control program also depends upon the
epidemiological studies of malaria prevalence by
detecting Plasmodium in mosquitoes (Tangin et al.,
2008; Bass et al., 2008; Hasan et al., 2009, Li et al.,
2001).

In present study the P. falciparum infection
rate of the field caught An. stephensi from two
Districts of Punjab, Pakistan was determined. This
was done by amplification of P. falciparum ssrRNA
gene through nested PCR.

Materials and methods

The Kasur and Shiekhupura districts of
Province, Punjab, Pakistan were selected for
mosquito collection. These areas were selected on
the basis of malaria endemicity and having suitable
climatic conditions for mosquito breeding.

After approved consent of the villagers from
these Districts, mosquitoes resting on different
surfaces from animal sheds were collected by using
mouth aspirators (WHO, 1975). Female An.
stephensi were identified upto species level
according to key provided by (Amerasinghe et al.,
2002).

After species identification, the head and
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thorax of 100 field caught blood fed females of An.
stephensi were separated and placed in 1.5 ml tubes
at -20°C till DNA extraction.

The DNA was extracted with slight
modifications as described by Collins et al. (1987).

The genus Plasmodium was confirmed by
PCR using primers
rPLU5 (CCTGTTGTTGCCAAACTTC) and
rPLUG (TTAAAATTGTTGCAGTTAAAACG)
(Snounou et al., 1993) with minor modifications.
Briefly, 25 puL of reaction mixture containing 2.5 pL
of extracted DNA, 12.5 pL of PCR master mix (2x)
(Fermentas, Germany), 1 pL of forward (10 pmoles/
pL) and reverse (10 pmoles/ pl) primers each
(Oligos, GeneLink, USA), and 8 uL of DEPC water
was subjected to thermocycler (ThermoElectron,
Finland) under following conditions; initial
denaturation at 94°C for 4 min followed by 35
cycles, each of 94°C for 30 seconds, annealing at
55°C for 1 min and extension at 72°C for 1 min.
The reaction was ended with final extension made
at 72°C for 10 min followed by holding at -20°C till
further processing and electrophoresis on 0.8%
agarose yielding 1.1 kb product against the standard
ladder of 100bp (Fermentas, Germany). Artificially
infected mosquitoes served as positive control,
whereas, normal saline was used as negative
control.

Sporozoites of P. falciparum was confirmed
using amplified PCR product and nested PCR was
done using primers
rFALL
(TTAAACTGGTTTGGGAAAACCAAATATATT)
and
rFAL2
(ACACAATGAACTCAATCATGACTACCCGTC
) described by (Snounou et al., 1993) with minor
modifications. Briefly, 25 pL of reaction mixture
containing 1 uL of extracted DNA, 12.5 pL of PCR
Master Mix (Fermentas, Germany), 1 uL of forward
(10 pmoles/ pL) and reverse (10 pmoles/pL)
primers each (Oligos, GeneLink, USA), and 9.5 uL
of DEPC water was subjected to thermocycler
(ThermoElectron,  Finland) under  following
conditions; initial denaturation at 94°C for 4 min
followed by 35 cycles of each of 94°C for 30
seconds, annealing at 57°C for 1 min and extension
at 72°C for 1 min. The reaction was ended with final

extension made at 72°C for 10 min followed by
holding at -20°C till further processing and
electrophoresis on 1.8% agarose yielding 205 bp
product against the standard ladder of 50bp
(Fermentas, Germany). Artificially infected
mosquitoes served as positive control, whereas,
normal saline was used as negative control.

Results and discussion

Figure 1 shows amplified DNA band of 205
bp length for P. falciparum ssrRNA gene. A total of
8% P. falciparum sporozoite infection rate was
observed in these mosquitoes. The P. falciparum
sporozoite infection rate was higher, (10%) in An.
stephensi from District Shiekhupura followed by 6%
sporozoite infection rate in mosquitoes collected
from District Kasur.

5 bp

Fig. 1. Amplification of P. falciparum
from head and thoraces of An. stephensi from
both districts. A, positive control; B, ladder; C-
D, DNA bands of mosquitoes of District Kasur;
F-H, DNA bands of mosquitoes of District
Shiekhupura.

The main prerequisite for malaria vector
control is vector surveillance. Therefore knowledge
about vector biology and geographical distribution
plays key role in modulating successful vector
control strategies (Tangin et al., 2008). Salivary
gland dissection and its microscopic examination is
impractical, time consuming and  cannot
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differentiate P. falciparum from other species of the
genus Plasmodium (Bass et al., 2008; Hasan et al.,
2009).

In Pakistan An. culicifacies is known as
primary malaria vector while An. stephensi is known
as a secondary malaria vector (Ali et al., 2007
Husain and Talibi, 1956; Mahmood et al., 1984;
Reisen and Boreham, 1982). Over the last 3 decades
a major shift in the malaria vector species
composition has been observed the relative increase
in the abundance of An. stephensi to An.
culicifacies, which was highly prevalent in the
1980’s (Reisen et al., 1982, Klinkenberg et al.,
2004). Secondly some investigation also reported
the peak transmission of falciparum malaria in the
month of October when An. culicifacies was
completely disappeared while An. stephensi was still
prevailing (Rowland et al., 2002). Similar changes
in the relative abundance of these two malaria
vectors were also observed in different studies (Ali
et al., 2013; llahi and Suleman, 2013, Herrel et al.,
2004). The low density of An. culicifacies and high
density of An. stephensi is the plausible explanation
that An. stephensi may impart important role in the
transmission of falciparum malaria in these areas.
Therefore the present study was planned to estimate
the P. falciparum sporozoite infection rate of An.
stephensi from Districts Kasur and Shiekhupura.

The results of the present study clearly show
that detection of P. falciparum from An. stephensi
confirming its capacity as a potent malaria vector in
Punjab, Pakistan. In accordance with these results
several studies had also shown high significance of
use of PCR for detection of sporozoite infection rate
of Anopheles mosquitoes (Kumari et al., 2009;
Mahapatra et al., 2006). Although this procedure
would be more expensive, but is more sensitive and
specific in detecting parasites in field-caught
mosquitoes and evaluating the effectiveness of
control measures (Li et al., 2001; Wilson et al.,
1998).
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Abstract.- Bovine Leukemia Virus
(BLV) was detected in blood sera and leukocyte
samples of 5 of 50 (10%) dams and 5 of 11
(45.4%) calves of Enzootic Bovine Leucosis
(EBL) suspected herd by ELISA. All of the
samples were also tested by nested-PCR for
detection of proviral BLV DNA in which 5 of
50 (10%) dams and 3 of 11 (27.2%) calves were
positive for BLV specific 341 bp product. This
is the first report of (EBL) in calves in Turkey.

Key words: Bovine leukemia virus, calves,
cattle, ELISA and nested-PCR.

Bovine Leukaemia Virus (BLV)
(Retroviridae: Orthoretrovirinae: Deltaretro virus)
the causative agent of Enzootic Bovine Leucosis
(EBL) is responsible for neoplastic disease and
persistent lymphocytosis of cattle (Willems and
Kettmann, 2002). The main source of BLV is B
lymphocyte (Panei et al., 2013). Embryos, semen
and uterine fluids are the source of BLV provirus.
Some farm practices such as tattooing, dehorning,
rectal palpation, injections blood collection and
iatrogenic transmission (Willems and Kettmann,
2002), tabanids and other large biting fly vectors are
also the routes of BLV transmission (Oshima et al.,
1981).

Clinically, diagnosis of EBL is difficult. The
methods based on viral envelope protein gp51 such
as agar gel immunodiffusion (AGID) and enzyme
linked immunosorbent assay (ELISA) are
commonly performed in laboratory diagnosis of
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BLV. EBL infection confirmation with PCR is
checked in cattle with doubtful serological results
(Beier et al., 1998).

EBL infection has been reported in different
countries (Mahmood et al., 2012; Mohammadabadi
et al., 2011). It has been reported in Turkey for the
first time in 1966, though the first entry of disease is
unknown. Up to this time, EBL was detected in
cows by ELISA and PCR (Burgu et al., 2005; Bulut
et al., 2009).

Aim of the this study was detect BLV in
dams and their calves in EBL suspected herd. This
is the first report of BLV in calves in Turkey.

Materials and methods

In this study, a dairy herd of private farm in
Samsun, northern Turkey were investigated for
EBL. This herd exhibited EBL like symptoms such
as lymphadenopathy, descreased milk yield, loss of
appettite and weight. Blood serum and leukocyte
samples of 50 dams and 11 calves (4 of 1-6 months
old and 7 were 0-30 days old) were collected. and
stored at - 20°C untill analysis.

All the serum samples were tested for the
detection of antibodies against BLV using
commercial ELISA kit (Institut Pourquer, Fransa)
according to the manufacturer’s instructions.

All of the dams and calves were investigated
by n-PCR. For this, proviral DNA was extracted
directly from leukocyte fractions of all samples
using the viral DNA extraction kit (QiaAmp,
Qiagen, Germany) and then used for detection of
BVL proviral DNA using n-PCR developed by
Belak and Ballagi-Pordany (1993). Primers are
detailed in Table I. n-PCR were performed under
the following steps: For the first PCR, 5 cycles each
of 94°C for 45 s and 60°C for 60 s and 72°C for 90
s, 1 cycle 72°C for 7min. For the second (nested)
PCR, 5 cycles each of 42°C for 45 s, 60°C for 1 min
and 72" C for 90 s and 30 cycles each of 94°C for 45
s, 55°C for 1 min and 72°C for 90 s and final
extension at 72°C for 7 min. Second-round PCR
products were analysed on agarose gel (1.5%)
electrophoresis at 80 V for 30 min.

Results and discussion
Antibodies against BLV were detected in 10
of 61 (16.3%) serum samples; 5 of 50 (10%) dams
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Table I.- The primers used to n-PCR for detection of proviral BLV DNA.

Genomic region Sequence Nucleotid position
OBLV1 (5’-CTT-TGT-GTG-CCA-AGT-CTC-CCA-GAT-ACA-3’) 5029
OBLV6 (5’-CCA-ACA-TAT-AGC-ACA-GTC-TGG-GAA-GGC-3’) 5442
OBLV3 (5’-CTG-TAA-ATG-GCT-ATC-CTA-AGA-TCT-ACT-GGC-3%) 5065
OBLV5 (5-GAC-AGA-GGG-AAC-CCA-GTC-ACT-GTT-CAA-CTG-3’) 5376

and 5 of 11 (45.4%) calves were seropositive.
Leucocyte samples of 61 animals were investigated
for proviral BLV DNA using n-PCR; 8 of 61
(13.1%) leukocytes samples, 5 of 50 (10%) dams
and 3 of 11 (27.2%) calves were found positive for
proviral BLV DNA showing specific product of 341
bp. All of the seropositive dams and three of five
seropositive calves were found proviral BLV DNA
positive.

BLV presence in cattles were detected by
PCR in various countries of the world
(Mohammadabadi et al., 2011; Belak and Ballagi-
Pordany, 1993; Panei et al., 2013). Mekata et al.,
2014 was indicated approximately 15% of newborn
calves born to infected dams are infected with BLV
by the perinatal infection route. In addition, more
than 40% of newborn calves born from cattle with
high viral loads are infected with BLV after birth.
Bulut et al. (2009), were detected 24.6% BLV
proviral DNA rates by n-PCR in cattle. But no study
is present about BLV nucleic acid in calves in
Turkey. In this study, five cows (10%), three calves
(27.2%) (one calf was 1-6 months old and 2 calves
were 0-30 days old of them) were detected positive
for BLV nucleic acid by n-PCR. EBL is a notifiable
disease in Turkey, so all of the seropositive dams
and 3 of BLV proviral DNA positive calves were
culled out according to eradication rules.

BLV seroprevalences were found 0.5%-
34.4% in private farms enterprises in different
region in Turkey (Burgu et al., 2005; Bulut et al.,
2009). In this study, 5 of 50 dams (10%) and 5 of 11
calves (45.4%) (two of four calves were 1-6 months
old and three of seven calves were 0-30 days old)
were found seropositive by ELISA against BLV.

In a study conducted by Ferrer and Piper
(1981), all of calves which were colostrum fed until
3-6 months old, and most of the calves fed with
colostrum for 7-9 months old have been found

seropositive. Based on these data, the maternal
immunity is effective until 3-6 months old in calves.
In our study, all of the calves have been fed first
(colostral period) by their mothers” milk in the
enterprises. The seropositive dams’ calves (2 calves
were 1-6 months old and 3 calves were 0-30 days
old) were found seropositive by ELISA. If the
investigation is performed only used by ELISA test,
these positivities are considered as maternal
immunty. However, in this study all of the
seropositive calves were investigated by n-PCR.
Seropositive three of five calves were detected n-
PCR positive. So, detection of BLV nucleic asid in
three calves were interpreted as these calves were
infected with BLV.

All of the new borns should be tested by PCR
in seropositive herds. Thus, the decision of infected
calves or maternal immunity may be more accurate.
The early detection of BLV can be performed
confidentally in this way and virus positive calves
can be removed from the herd earlier by n-PCR
assay. This is one of the important strategies for
EBL eradication. We recommend that all the calves
should be investigated by PCR in BLV positive
herds for further studies.
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Abstract.- Aseel is the very famous
indigenous chicken breed of Pakistan which is
facing the reproductive issues. In the modern
poultry industry, molting is economically used
for the improvement of reproductive
performance. So the current experiment was
designed to investigate the effect of molting on
semen quality of indigenous aseel chicken.
Roosters (n=16) were divided into two groups,
molted (n=8) vs non molted (control) (n=8)
group. Molting was performed through the
method of feed restrictions. After the molting
phase semen was analyzed for five weeks. The
semen quality was significantly improved in
terms of volume, concentration, motility, live
sperms and reduced morphological defects by
the molting. It was concluded that molting
could be used for improvement of semen
quality of indigenous aseel chicken to cover the
reproductive problems.

Key words: Indigenous chicken, aseel, molting,
semen quality

Aseel is the very famous indigenous chicken
breed of Pakistan which is mostly reared in rural
areas or as a game bird for fighting purposes. The
aseel breed is known for its stamina, pugnacity,
majestic gait, and dogged fighting properties. The
aseel is favored in rural areas because of their
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adaptability to harsh environment and immunity to
the diseases (Jatoi et al., 2014). The meat and eggs
of aseel are supposed to have medicinal as well as
aphrodisiac properties as they contain higher
amount of protein, iron and amino acids (arginine,
lysine, threonine and valine) as compared to the
exotic birds (Mohan et al., 2008).

However, aseel breed is facing the problems
of poor growth rate, late maturity, less persistency
and number of egg production, broodiness and low
fertility and hatchability rates (Amjad et al., 2012).
The low fertility may be due to the poor semen
quality and there is no baseline data available about
semen quality of Aseel.

Molting is the natural physiological
phenomenon of anorexia, broodiness, reproductive
quiescence, shedding and replacement of feathers in
female birds. Molting causes rejuvenation of
reproductive  organ  which increases their
reproductive potential. Molting is usually connected
with hens, but it may also result in improvement in
the semen quality of roosters. The reproductive
capacity of chicken males starts to decline after 50
weeks of age so molting could be used to regain
their reproductive capacity. There is no report
available about the effect of molting on semen
quality of indigenous aseel chicken. The current
study was conducted to investigate the effects of
molting on semen quality of indigenous aseel
chicken.

Materials and methods

Aseel roosters (n=16) having 3.5-4 kg body
weight and 1-1.5 years of age were selected on the
basis of initial semen quality and caged individually.
Males were divided into two groups equally, molted
(n=8) vs non molted (control) (n=8). Molting was
performed through the method of feed withdrawal
by providing the 50 grams of maize feed daily. The
24 h water availability was guaranteed by the
automatic watering system. No artificial light was
provided. The duration of molting phase was 5
weeks. After the rest of 2 weeks semen analysis was
performed. At the same time, non molted group
was feed with 100 g of standard breeder diet once
daily. The lightening schedule was 16h light and 8h
darkness. The availability of water was 24 h.

Semen collection was performed once in a
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week by the method of abdominal massage (Riaz et
al., 2004) for five weeks. During the whole
research, same time, same person and same place
were used for semen collection to avoid the stress
on males. Ejaculates containing any contamination
of urine, feaces or blood were rejected. The
following variables of each ejaculate were measured
collected from individual male. Volume of ejaculate
was measured by using insulin syringe. The motility
was estimated by placing a drop of semen and
normal saline, on clean and pre-warmed slide
(37°C). The cover slip was applied and motility was
checked under 100x of light microscope. At least
three fields were observed before final decision. The
concentration of each ejaculate was measured by
Hemocytometer technique using the dilution rate of
1:500 (Riaz et al., 2006). The eosin nigrosin
staining technique was used to estimate live
spermatozoa by following the standard protocol.

Data were presented as Mean + S.E.M and
analyzed using unpaired student t-test for semen
parameters of molted and non-molted roasters. A P-
value of <0.05 was considered as significant. All
data were analyzed using statistical software SAS
(version 9.2).

Results and discussion

The data were analyzed and presented in
Table I. The volume (0.15 vs 0.32 ml), motility
(60.7 wvs 70.5%), concentration (1.53 vs 3.22
x10%ml) and live sperms (64.2 vs 72%) were
significantly (p<0.05) lower in non-molted males as
compared to molted males, respectively. The
morphological defects (8.2 vs 6.8%) were
significantly lower (p<0.05) in molted males as
compared to non molted males.

Table I.- Effect of molting on semen quality of
indigenous aseel chicken.
Non molted Molted
Volume (ml) 0.15+0.42 0.32+0.7°
Concentration (x10°) 1.53+0.22 3.2241.2°
Motility (%) 60.78+2.22 70.5+2.5°
Livability (%) 64.26+2.5° 72.02+2.3°
Morphological defects (%) 8.22+0.62 6.88+0.5°

The process of molting is characterized by
complex physiological events, which affect
endocrine and reproductive system. One of the most
significant post-molt profit is the rejuvenation of the
reproductive system of birds which result in
enhanced reproductive performance (Khan, 2011).
Molting is an economical process in layers but in
male birds molting is not commonly practiced. The
results of current experiment show that the semen
quality in terms of volume, concentration, motility,
live sperms and morphological defects was
improved (p<0.05) by the molting. In this
experiment molting was used first time for the
improvement of aseel semen quality so no data
available for comparison. Similar results were
documented by (Khan et al., 2012) where in broiler
breeder, molting enhances the semen quality and
fertility.

On the basis of findings of the current
research, it was concluded that molting could be
used for improvement of semen quality of
indigenous aseel chicken.
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Abstract.- In this study, five different
localities viz., Dergai, Warsak, Dera Ismail
Division, Agriculture Research Institute Tarnab
and Peshawar University of Khyber-Pakhtun-
Khwa province, were surveyed for plant
parasitic nematodes. Sixteen species of plant
parasitic nematodes out of which 11 are being
reported for the first time in this region, and 4
previously reported in Pakistan. The highest
numbers of nematode species were found in
Dera Ismail Khan, followed by Dergai, Warsak
and Agriculture Research Rnstitute Tarnab.

Keywords: Parasitic nematodes.

Plant nematodes are tiny worms usually
from 0.25 mm to 3 mm long in size with tapering
ends. They are usually found in the soil around the
roots of fresh-water plants (Zuckerman and Richard,
1981; Bird and Bird, 1991). Some species are found
within the tissues of host plants and lead to great
economic loss (Siddigi, 1962; Timm and Ameen,
1960). Among plant parasitic nematodes, root-knot
nematodes are the most destructive ones (Piedral et
al., 2006). They attack more than 2000 species of
plants including almost all cultivated plants
(Troccoli et al., 2008). The plant parasitic
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nematodes also act as vectors for soil born viruses
(Ahmad and Zainul-Abedin, 1975).

Majority of the known endo- and ecto-
parasitic nematodes of plants belong to order
Tylenchida. Some species of nematodes belong to
order Rhabditida, which inhabit soil and decaying
organic matter (Ahmad and Zainul-Abedin, 1975).
Many species of nematodes, belonging to order
Dorylaimida are also frequently found in the soil
around the roots of plants (Pokharel and Larsen,
2008). Most of the injury that nematodes cause to
plants is related in some way to the feeding process
(Pokharel and Larsen, 2008; Ahmed et al., 1973).

Here the main objective of this study was to
explore the occurrence of plant parasitic nematode
in various areas of Khyber-Pakhtun-Khwa (KPK),
Pakistan.

Materials and methods

In order to study plant parasitic and soil
inhabiting nematodes of fresh-water, soil samples
from the field of tomato, maize, okra and banana
plants and root samples of the said plants were
collected from Dergai, Warsak, Dera Ismail
Division (D.l.Khan), Agriculture Research Institute,
(A.R.1.) Tarnab and Peshawar University of KPK
province.

About 400 g of soil from each sample was
placed in a large basin and covered with water. Soil
was allowed to soak, lumps were broken down with
fingers and stones were removed. The muddy
mixture was stirrered and poured through sieve into
another enamel basin. After cleaning, about 350 g
of soil sample was put in a funnel. The bottom
opening of the funnel was closed with plastic and
rubber band. Water was then put in the soil sample.
After 48 h, it was examined. Nematodes present in
the soil could not retain themselves in the mud and
were gathered in water in the lower part of the
funnel. The same procedure was adopted for all the
other soil samples and a large number of nematodes
were collected. Nematodes were preserved in 70%
alcohol plus 5% glycerine. Temporary slides were
prepared for identification of the nematodes (Tarjan
et al., 1977; Ingham and Merrifield, 1996; Mekete
et al, 2012; http://bpp.oregonstate.edu/files/
bpp/webfm/pdf/bot499/2-NEMATODE%20
MORPHOLOGY%20, 2013).
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Comparative account of nematodes previously reported in Pakistan and that of our findings in different areas of

Family / specimen

Reported previously in
Pakistan

Our findings (in KPK regions)

Orde

Orde

r Tylenchida

Family Tylenchidae
Family Belonolaimidae
Family Pratylenchidae

Family Hoplolaimidae

Family Heteroderoloidae

Family Aphelenchidae

Family Tylenchorhynchidae

r Dorylaimida

Ditylenchus angustus
Histotylenchus siddiqi
Pratylencus pratensis or
Pratylenchus irregularis
Haplolaimus seinhorstei
Helicotylenchus dihystera

Acontylus vipriensis
Meloidogyne incognita or
Meloidogyne javanica
Aphelenchus avnea or
Aphelenchus Agricola
Seineura fuchs
Cephalobus persegnis
Eucephalobus steiner
Tylenchorhynchus
annulatus or
Tylenchorhynchus martini

Dorylaimus dujardin
Lebronema thorne
Trichodorus
Pakistanensis
Xiphinema indium

Sindh region

Not reported in Pakistan
Sindh region, Peshawar
(KPK)

Sindh region

Sindh region and Tarnab
(KPK)

Not reported in Pakistan
Sindh region

Punjab regions

Not reported in Pakistan
Punjab

Sindh region

Sindh region, Tarnab (KPK)

Punjab

Not reported in Pakistan
Punjab, Abbottabad and
Haripur (KPK)

Punjab

Dergai and D.I. Khan
Dergai and D.I. Khan
Dergai, Warsak and D.I. Khan

Warsak

Warsak and D.I. Khan (Only
females)

Dergai and D.I. Khan

Dergai Warsak and D.I. Khan

Dergai and D.I. Khan

Dergai and D.I. Khan

Dergai

Dergai and D.I. Khan

Dergai, Warsak and D.I. Khan

A.R.l. Tarnab
A.R.l. Tarnab
Warsak, Tarnab

Dergai

Results

Fifteen genera and 16 different species were
identified from soil gathered around the roots of
host plants. Twelve species belonged to the order
Tylenchida, whereas four belonged to order
Dorylaimida. Out of 16 identified species, 11
species are reported first times in the KPK province
(Table 1), while four are reported first time in
Pakistan (Table I). All the species of nematodes
were parasitic except Cephalobus persegnis.

Data analysis revealed occurrence of 15
nematodes species in the soil of D.I.K. (Ditylenchus
angustus, Tylenchorhynchus annulatus, T. martini,
Histotylenchus siddiqi, Pratylencus pratensis, P.
irregularis, Helicotylenchus dihystera, Acontylus
meagre, Meloidogyne incognita, M. javanica,
Aphelenchus avnea, A. agricola, Seineura fuchas,
Eucephalobus  steiner, Dorylaimus dujardin),
followed by 12 species in Dergai (Tylenchus
angustus, Tylenchorhynchus martini, Histotylenchus

siddiqi, Pratylenchus irrigularis, Acontylus meager,
Meloidogyne incognita, M. javanica, Aphelenchus
agricola, Seinura fuchas, Cephalobus persegnis,
Eucephalobus steiner, Xiphinema indium), five
species in Warsak (Tylenchorhynchus martini,
Pratylenchus irrigularis, Haplolaimus sienhorsti,
Tylenchus dihystera, Trichodorus sp.) and 3 species
in A.R.l. Tarnab (Haplolaimus seinhorstei,
Trichodorus pakistanensis, Lebronema thorne). No
nematode was found in Peshawar University.

Discussion

Plant parasitic nematodes feed on living plant
tissues, using needle like oral stylet (Thiery et al.,
1999; Anwar and Chaudhry, 1973). These parasitic
nematodes inject enzymes into the host cell before
feeding to partially digest the cell contents before
being sucked into the gut (Thiery et al., 1999;
Smiley et al., 2008).

We found the following nematodes in the soil



SHORT COMMUNICATIONS 1203

around or within the roots of maize, tomato, banana
and okra crops of KPK province. Maize:
Ditylenchus angustus, Tylenchorhynchus annulatus,
Pratylencus pratensis, Lebronema  thorne,
Trichodorus pakistanensis, Haplolaimus
seinhorstei, Helicotylenchus dihystera, Meloidogyne
incognita, M. javanica, Aphelenchus avnea,
Cephalobus persegnis, Eucephalobus steiner,
Dorylaimus dujardin. Tomato: Histotylenchus
siddigi,  Acontylus  vipriensis,  Meloidogyne
incognita, M. javanica, Seineura fuchs, Cephalobus
persegnis, Eucephalobus steiner, Lebronema
thorne. Banana: Dorylaimus dujardin, Ditylenchus
angustus, Meloidogyne incognita. Okra:
Histotylenchus siddigi, Xiphinema indium.
Acontylus vipriensis was previously reported
in the soil and roots of Eucalyptus and Acacia
species in Australia (Bird and Bird, 1991; Pokharel
and Larsen, 2008). We found Acontylus vipriensis
within the roots of tomato from Dergai and D.l.
Khan regions. Seineura fuchas are predatory in
nature (Thiery et al., 1999; Endo, 1979). During
our study, we found the Seineura nematodes in the
soil around the roots of tomato plants from Dergai
and D.l. Khan regions. Lebronema thorne are
associated with Eucalyptus seedlings (Pokharel et
al., 2009; Magbool, 1992). These nematodes were
found around the roots of maize and tomato plants
in Warsak of KPK. Ditylenchus angustus has been
reported from Bangladesh in rice and potato (Timm
and Ameen, 1960; Ahmad and Zainul Abedin,
1975) and in sugarcane crop from Sindh region of
Pakistan (Ahmad and Zainul Abedin, 1975; Khan et
al., 1973). During the survey, Ditylenchus angustus
was found in the root soil of maize and banana
plants from Dergai and D.l.Khan regions.
Haplolaimus seinhorstei species is previously
reported from Sindh region of Pakistan in sugarcane
(Williamson, 1999; Souza and Baldwin, 1998), and
from Bangladesh in tobacco and maize (Ahmad and
Zainul Abedin, 1975; Khan et al, 1973).
Aphelenchus avnea was previously reported from
India and Punjab province of Pakistan within the
roots of sugarcane and pea plants (Timm and
Ameen, 1960; Magbool, 1992). Cephalobus
persegnis species was previously found as free
living in the soil around the roots of bean plants in
southern region of Punjab, Pakistan (Magbool,

1992; Akhtar, 1962). Eucephalobus steiner species
was found in the soil around the roots of maize and
tomato from Dergai and D.l.Khan regions.
Dorylaimus steiner has formerly been reported as
free-living nematodes around the roots of egg-plants
(Ahmed et al., 1973) or gram plants (Anwar and
Chaudhry, 1973) in the southern region of Punjab,
Pakistan, however in the current study it was found
in the soil around the roots of maize crop and
banana plants from D.l.Khan region.

Species of Xiphinema have been reported
from different regions, viz., Xiphinema americanum
in U.S.A. (Siddigi, 1962), Xiphinema indium in
sindh (Ahmed et al., 1973) Punjab (Akhter, 1962)
and Xiphinema pratense also in Punjab (Akhter,
1962; Khan and Anwar, 1973). But current study
identified Xiphinema indium within the roots of okra
plants from Dergai region of KPK.

Conclusion

Fresh-water plant parasitic nematodes do
exist in various regions of KPK province of Pakistan
but can be controlled through regular alternation of
crops, use of biological predators or use of sun-
heating in summer after ploughing.
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