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Abstract. Using two threshold solid state nuclear detectors, mica and CN-85, the reaction of (14.0 MeV/u) Pb + Pb was
studied. Reaction cross-section was determined experimentally as well as theoretically. Both elastic and inelastic data
were used to calculate the experimental reaction cross-section. Theoretical reaction cross-section for 14.0 MeV/u Pb
+Pb is 3809 ± 428 mb. Reaction cross-sections from elastic data were 3830 ± 500 mb and 3875 ± 500 mb for mica and
CN-85, respectively, While reaction cross-sections calculated from inelastic data for mica and CN-85 were 4081 ± 500
mb and 4092 ± 500 mb, respectively. The partial reaction cross-sections for mica and CN-85 detectors were also
determined. It was observed that partial cross- section of inelastic binary events in mica was higher than that in CN-85,
whereas, cross section of 4 and 5-pronged events in mica were lower than those in CN-85. However, the number of three
pronged events was identical in the two detectors. Using the difference in mass registration threshold of the two
detectors, for fragment masses between 4 amu (registration threshold of CN-85) and 30 u (registration threshold of mica)
were searched, which were registered in CN-85 but not in mica.

Keywords: heavy ion interaction, solid state nuclear track detectors, total and partial reaction cross-sections, theoretical
reaction cross-section, light particle emission.
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Introduction
Understanding the properties of nuclear matter is the most
important challenge in nuclear physics. To achieve this goal,
first the nuclei have to be prepared in extreme conditions of
excitation energy, temperature, pressure, spin and isospin. The
tool used to obtain such extreme conditions is heavy ion in-
duced reaction. Emission of light particles in heavy-ion-in-
duced reactions contains important information about the re-
action mechanism.

Solid state nuclear track detectors (SSNTD) yield useful
results in the study of heavy ion interactions. Due to registra-
tion of all the heavy reaction products, moving in the forward
hemisphere, the use of SSNTDs become unbiased and more
versatile in giving information regarding the heavy ion
interactions. Solid state nuclear track detectors have been
extensively used to investigate the heavy ion (A>4) interac-
tions (Nasir et al., 2009; 2008; Khan et al., 2001; 1998; Brandt,
1980). Each SSNTD has its own mass registration threshold
and registers only that particle whose mass is greater than
this threshold value (Khan et al., 1984). In the present
research work, CN-85 and mica track detectors were used to
study 14.0 MeV/u 208Pb + 208Pb reactions. CN-85 (cellulose
nitrate) with chemical formula C6H8O9N2 is a sensitive plastic

while mica with chemical formula K Al3Si3O10 (OH)2 is a
mineral crystal. Both are etchable solid state nuclear track
detectors.

The data presented in this paper consists of 2-, 3-, 4-, and 5-
pronged events studies with two detectors, mica and CN-85,
having different mass registration thresholds. They registered
the fragment masses greater than their mass registration
thresholds. Using the inelastic binary and multi-pronged
events, the partial and total experimental reaction cross-sec-
tions were determined. The experimental reaction cross-sec-
tion was determined from the elastic binary events and
theoretical reaction cross-section for the reaction was also
calculated. Analysis of the observed partial cross-sections of
various multiplicities and the indirect events have been
reported as the signal for the emission of mass fragments
having masses between 4 amu and 30 amu, registered by
CN-85 (having low registration threshold) and not by mica
(having high registration threshold = 30 u), along with the
heavy fragment masses in the present reaction.

Materials and Methods
A thin layer of Pb was vacuum deposited on each of the three
mica and the two CN-85 detector pieces. These target-detec-
tor assemblies were exposed, to a beam of (14.0 MeV/u) Pb
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ions, having the fluence of ~1.5×106/cm2 at the UNILAC of
GSI, Darmstadt, Germany. After the exposure the target mate-
rial was removed from the detectors with HNO3. Mica detec-
tors were then etched in 48% HF at 23 °C and CN-85 in 10%
NaOH at 60 °C. The etching was made in successive time
steps at the intervals of a few minutes. After 80 minutes of
etching, majority of the latent ‘tracks’ in mica were etched to
their full lengths. In CN-85, however, the etching lasted for
120 minutes.

Events of different multiplicities, direct (D) and indirect (ID),
registered in a detector are given in Table-1.

From the total normal binary events ‘1091’ observed in mica
and ‘251’ observed in CN-85, a set of elastic binary events
was bifurcated using angular and energy correlation for Ruth-
erford elastic scattering (Baluch et al., 1996). The bifurcated
elastic binary events were 973 and 221 in case of mica and CN-
85, respectively. The number of inelastic binary events was
obtained by subtracting the elastic binary events from the
total observed binary events. The number of inelastic binary
and total multi-pronged events is given in Table-2. Also the
number of target nuclei, average fluence, average target thick-
ness and total scanned area is given in Table-3.

Results and Discussion
Reaction cross-section. Reaction cross-section was
determined experimentally as well as theoretically. The
experimental reaction cross-section was determined both
from  elastic and inelastic data.

The values of reaction cross-sections σR
exp (el.) from elastic

data were 3830 ± 500 mb and 3875 ± 500 mb in case of mica and
CN-85, respectively.

The partial reaction cross-sections for mica and CN-85 detec-
tors were also determined. The determined values of partial
and total inelastic reaction cross-sections σR

exp  (inel.) are given
in Table-4. Total experimental reaction cross-section is also
equal to the sum of partial reaction cross-sections.

Table 3. Number of target nuclei (N), average fluence
(Ö), average target thickness (t) and total scanned area
(a) Detector

Detector (N)  (Ö) (t)  (a)
 x1019 x106 (mg/cm2) (cm2)

(cm-2)

Mica    10.9   1.70   1.00 37.68
CN-85      8.3   0.90   1.30 25.12

Table 4. Detector wise partial and total experimental reaction
cross-sections using inelastic events
Detector Reaction cross-section (mb)

(σ2) (σ3) (σ4) (σ5) σR
exp

 (inel.)

Mica 634 ± 50 2594 ± 465 832 ± 200 20 ± 10 4081± 500
CN-85 404 ± 96 2436 ± 427 1158 ± 240 94 ± 35 4092 ± 500

Table 2. Events of various multiplicities (2-pronged inelastic
(IE) events and 3-, 4- and 5-pronged  total events)

Detector      Number of events of different multiplicities
2-pronged 3-pronged 4-pronged   5-pronged

Mica 118 483 155       4
CN-85  30 181 86       7

Table1.  Statistics of direct (D) and indirect (ID) multi-pronged events

Detector      Three pronged      Four pronged       Five pronged
D ID D ID D ID

Mica 320 163 (34%) 74 81 (52%) 1 3 (75%)
CN-85 95 86 (48%) 45 41 (48%) 4 3 (43%)

Theoretical reaction cross-section for 14.0 MeV/u Pb +Pb was
3809 ± 428 mb. The final experimental reaction cross-sections
obtained by taking weighted average of elastic and inelastic
reaction cross-sections, for both mica and CN-85 detectors,
came out to be 3970 ± 500 mb and is graphically represented
by straight line in Fig. 1.

Emission of fragment masses between 4 amu and 30 amu.
The highest partial reaction cross section is for three pronged
events which is almost equal in both the detectors (Table-4).
It is also illustrated in Fig. 2, which shows the partial reactions
cross-sections for different multiplicities in both types of the
detectors.

It can also be seen (Table-4) that the partial cross section of
inelastic binary events in mica is higher than that in CN-85,
whereas cross-sections of 4 and 5-pronged events in mica are
lower than those in CN-85.
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This trend is pronounced in Fig. 3, where the ratio of cross-
sections has been plotted for the ratio of various multiplicities
for both type of the detectors. The cross sections of the multi-
plicity ratio of 2/3 and 4/5 are same, within the experimental
error, in both the detectors. However, the ratio of the cross
section of the ratio of 3/4 in mica is significantly higher than in
case of CN-85.

Since mica is over estimating the two pronged cross-sec-
tions, and since the number of three pronged events is iden-
tical in the two detectors, it can be concluded, therefore, that
in the 2-pronged events there are some events of higher
multiplicities (4-or 5-pronged) in which two or even more
tracks could not be registered in mica and hence could not
be assigned the correct multiplicities. These types of events
were, however, registered in CN-85 with correct multiplici-

Fig. 1. Experimental reaction cross-sections along with their
experimental errors. Theoretical cross-sections is also
shown.

Fig. 3. Ratio of cross-sections with respect to the ratio of
multiplicities for both types of detectors.

Fig. 2. Partial cross-sections of various multiplicities observed
in both types of the detectors.

Fig. 4. Differential cross-sections of indirect to direct events
for each multiplicity shown for both the reaction and
both types of detectors. Error bars are the statistical
errors.

ties (4- and 5- pronged events) due to its lower registration
threshold value. The deficit in the cross-section of 4- and 5-
pronged events in mica indicates that there could be as many
as 25% of the total events which may be accompanied with
the emission fragment masses between 4 and 30 u. This con-
clusion is also supported by Khan et al. (2001) and by the
fact that the ratio of the cross-sections of indirect to that of
the direct events slightly increases with the increasing mul-
tiplicity of events, shown by the straight line in Fig. 4.

Since the higher multiplicity in such a reaction is associated
with the higher energy dissipation (Vater et al., 1986), more
particles with masses between 4 and 30 u were emitted and
hence more indirect events were observed in the case of higher
multiplicities. The argument is further supported by the plot of
differential cross-sections of even direct events to total events
in each multiplicity for both the detectors, shown in Fig. 5.
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It is clearly demonstrated here that with the increasing multi-
plicity, the number of direct events in mica decreases while in
CN-85, it is the reverse. Hence, as the multiplicity increases,
more particles having masses between 4 and 30 u are emitted
which mica denies to register due to its higher registration
threshold. Such particles are, however, readily registered in
CN-85. The emission of such particles affects the kinematics
of such events which cannot, therefore, be analyzed on the
basis of sequential fission process (Vater et al., 1986).

Conclusion
The experimental reaction cross-sections calculated from the
weighted average and derived from elastic and inelastic data
sets agree reasonably well with the one calculated theoreti-
cally. The study of partial cross-sections based on different
multiplicities of the reaction (14.0 MeV/u) Pb + Pb shows that
the three-particle exit channel is significantly dominant as com-
pared to other multiplicities registered in both mica and CN-85
track detectors. Moreover a significant number of light frag-
ments having masses between 4 amu and 30 amu are emitted
along with heavy fragments. An estimated upper limit for such
events is 25%.
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Introduction
The chemistry of peroxo complexes has received consider-
able attention in recent years. Metal peroxides incorporated
with other co-ligands exhibit different reactivities. The metal
peroxo complexes are potential sources of active oxygen
atoms and can be employed as efficient stoichiometric as
well as catalytic reagents for the oxidation of organic and
inorganic substrates. Peroxo complexes containing mono-
dentate and bidentate auxiliary ligands have been found to
be the sources of active oxygen atoms for oxidation reactions
Complexes containing tridentate and quadridentate co-ligands
were inert towards such oxidative processes (Sharma et al.,
2009; Bonchio et al., 2001; Justino et al., 2000; Tarafder and
Khan, 1991a; 1991b; 1987; Tarafder and Islam, 1989; Tarafder,
1987; Tarafder and Ahmed, 1986; Tarafder and Miah, 1986;
Westland and Tarafder, 1982; 1981; Westland et al., 1980;
Mimoun, 1980; Jacobson et al., 1978). The crystal structures
of many of these complexes have also been reported (Ole
et al., 2008; Kondo et al., 2008; Hou et al., 2006; Nica et al.,
2005; Kaizer et al., 2004; Hinnerb et al., 2003; Chishiro et al.,
2003; Deubel et al., 2001; Lewis and Wilson, 2001; Meyer
and Pritzkow, 2000). However, there seems to be no reports
on peroxo complexes containing some multidentate ligands
with OOOO and ONNNO donor sequences.

In the present studies, synthesis of some novel peroxo com-
plexes of Zr(IV), Th(IV) and U(VI) containing a quadridentate,
quadrinegative and a pentadentate, dinegative ligands and
their potential as oxygen transfer reagents have been reported.
An attempt is also made to correlate the effect of the size of
the metal ions on the υ1(O-O) stretching modes from the IR
spectra of the complexes. The structures of the ligands are
shown in Fig. 1 and 2.

Pak. J. Sci. Ind. Res. 2010 53 (2) 63-67

Abstract. Some new peroxo complexes of zirconium, thorium and uranium containing a quadridentate, quadrinegative
organic ligand and a pentadentate dinegative Schiff base ligand have been synthesized and characterized by elemental
analyses, magnetic measurements and various spectral studies. Oxygen transfer reactions of some complexes toward
different substrates have been investigated. The Schiff base, LH2, was derived from the condensation of 2,6-diaminopyridine
with salicylaldehyde. The present ligands undergo deprotonation during complexation coordinating with (OOOO)4- and
–ONNNO– donor sequences, respectively. The complexes have the compositions, [M(O2) (OOOO)]. 2H3O+ [M = Zr(IV)
and Th(IV), OOOO = DCTA], [UO(O2) (OOOO)].2H3O+; [M(O2) (ONNNO)] [M = Zr(IV) and Th(IV), –ONNNO– = L]
and [U(O) (O2) (ONNNO)].H2O. The chelate effect of the quadridentate and pentadentate ligands stabilizes the metal
peroxide moieties precluding oxygen transfers to organic and inorganic substrates. The mode of coordination is also
influenced by the σ-donor electronic nature of the multidentate ligands. The IR spectral data also indicate that the υ1(O-O)
stretching modes decrease with and increase in the atomic number of the metals in a group.

Keywords: peroxo complexes, quadridentate and pentadentate ligands, heavy metal ions
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Fig. 1. LH2: Bis-N,N'-(2-hydroxyphenylmethylene)2,6-
diaminopyridine.
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Fig. 2. 1,2-Diaminocyclohexane NNN' N' tetraacetic acid.
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Materials and Methods
Physical measurements. The infrared spectra of the complexes
were obtained as KBr discs on a Pye Unicam SP3-300 infrared
spectrophotometer in the range 4000-200 cm-1. Electronic
spectra were obtained on a Schimadzu UV-visible spectro-
photometer in nujol mulls spreaded on a filter paper. Carbon,
hydrogen and nitrogen analyses were carried out at the
Instrumentation Centre, Central Drug Research Institute,
Lucknow, India. Metals were determined gravimetrically by
standard procedures. Molar masses were determined by the
Rast method using camphor as medium.

Reagents and chemicals. All chemicals were of reagent
grade and used as supplied by Merck or BDH Ltd. Ethanol
was purified by refluxing with iodine and magnesium
turnings and finally distilling and storing over molecular
sieves.

Preparation of the Schiff base ligand of 2,6-diaminopyridine
with salicylaldehyde, C19H13M3O2H2

 (LH2). 2,6-Diaminopyri-
dine (50 mmol, 5.4 g) was dissolved in boiling ethanol (150 mL)
and filtered to remove the undissolved portion. To the clear,
brown filtrate a solution of salicylaldehyde (100 mmol, 12.2 g)
in ethanol (20 mL) was added and the mixture was kept under
reflux for 8 h when the colour of the solution became orange-
yellowish with a distinct turbidity. The mixture was then left
overnight at room temperature when a brilliant orange-
coloured solid appeared. It was then filtered and washed
thoroughly with cold ethanol and dried in vacuo over fused
CaC12. Yield 7.5 g, and mp. 230 °C (d). Anal. calc., C, 72.38%;
H, 4.13%; and N, 13.3%. Found: C, 72.52%; H, 4.01%; and N,
13.42%. Mass spectra of the Schiff base ligand showed
diagnostic peaks at m/z 43, 69, 81 and 122.

Preparation of complexes. [Zr(O2)(DCTA)]2H3O+ (1).
Zr(NO3)4.6H2O (2 mmol, 0.89 g) dissolved in hot methanol
(40 mL) was added to a solution of the DCTA (2 mmol, 0.73 g)
in the same solvent (200 mL). To this mixture was added 30%
H2O2 (50 mL). The volume of the mixture was reduced to ca.
100 mL when a white product appeared. It was then separated,
washed successively with methanol and ether and finally
dried in vacuo over fused CaC12.Yield, 0.6 g.

[Th(O2)(DCTA)] 2H3O+ (2). Th(NO3)4. 5H2O (2 mmol, 1.14 g)
dissolved in hot methanol (40 mL) was cooled in an ice bath to
which a solution of the DCTA (2 mmol, 0.73 g) in hot methanol
(160 mL) was added followed by the addition of  H2O2 (30%,
30 mL). The mixture was then heated at ~60 °C for 0.5 h, when
a white product appeared. It was then left overnight at room
temperature and the product was separated, washed succes-
sively with methanol and finally dried in vacuo over fused
CaC12 .Yield 0.4 g.

[U(O)(O2)(DCTA)]2H3O+ (3). UO2(NO3)2.6H2O(2 mmol,
1.04 g) dissolved in water (25 mL) was cooled in an ice bath
and the solution of the DCTA (2 mmol, 0.73 g) in hot methanol
(160 mL) was added to it followed by the immediate addition
of 30% H2O2 (30 mL). The mixture was then stirred for 10 min
when a yellow solid product appeared. The mixture was then
kept in refrigerator for a few hours to allow the precipitate to
settle. The product was then separated, washed successively
with water and ether and then stored as above. Yield, 0.85 g.

[Zr(O2)L] (4). Zr(NO3)4.6H2O (1 mmol, 0.45 g) was dissolved
in methanol (30 mL) and a solution of the Schiff base (1 mmol,
0.3 g) in acetone (100 mL) was added to it followed by the
addition of 30% H2O2 (40 mL). The volume of the mixture was
then reduced to ca. 80 mL and kept at room temperature over-
night, when a colourless crystalline product appeared. It was
filtered, washed successively with water and acetone and
finally dried in vacuo over fused CaC12. Yield, 0.61 g.

[Th(O2)L] (5). To a solution of  Th(NO3)4.5H2O (1 mmol, 0.6 g)
in water (20 mL), a solution of the Schiff base (1 mmol, 0.3 g) in
acetone (40 mL) was added followed by quick addition of
30% H2O2 (30 mL) at 0 °C. After a few minutes the brownish
product was separated by filtration, washed with cold acetone
and finally stored in vacuo over fused CaC12. Yield, 0.45 g.

[UO(O2)L]. H2O (6). To a solution of UO2 (NO3)2.6H2O (1 mmol,
0.5 g)  in water (20 mL), a solution of the Schiff base (1 mmol,
0. 3 g) in acetone (40 mL) was added followed by the addition
of 30%  H2O2 (50 mL) at 0 °C. A yellow product was produced
which was separated, washed thoroughly with acetone and
finally with ether and then stored in vacuo over fused CaC12.
Yield, 0.3 g.

Attempted reactions of compounds (1) and (3) with allyl
alcohol, (4) with triphenylphosphine and (5) with triphenyl-
arsine. Refluxing 1 and 3 separately with allyl alcohol in a 1:1
molar ratio in 50 mL THF (tetrahydrofuran) medium for 48 h
at 90 °C failed to produce any reaction. Compounds 1 and 3
were recovered unchanged.

Refluxing 4 or 5 with stoichiometric quantities of triphenyl-
phosphine or triphenylarsine, in 50 mL THF, for 48 h at 90 °C
failed to produce any reaction. Compounds 4 and 5 were
recovered unchanged.

Results and Discussion
The syntheses of the present peroxo complexes are presented
in the following scheme:

Zr (NO3)4. 6H2O + H2O2 + DCTA (protonated) →
[Zr (O2) (DCTA)]. 2H3O+ + 4HNO3 + 4H2O
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Th (NO3)4. 5H2O + DCTA (protonated) →
[Th (O2) (DCTA)]. 2H3O+ + 4HNO3 + 3H2O

UO2 (NO3)2. 6H2O + H2O2 + DCTA (protonated) →
[U(O)(O2)(DCTA)]. 2H3O+ + 2HNO3 + 5H2O

Zr (NO3)4. 6H2O + H2O2 + LH2 →
[Zr (O2) L] + 4HNO3 + 6H2O

Th (NO3)4. 5H2O + H2O2 + LH2 →
[Th (O2) L] + 4HNO3 + 5H2O

UO2 (NO3)2. 6H2O + H2O2 + LH2 →
[U (O) (O2) L] + 2HNO3 + 7H2O

The analytical data of the complexes are presented in Table 1.
The molar conductance measurements could not be made
because the complexes were insoluble in almost all common
organic solvents. The analytical and spectral data (Table 2)
are consistent with six-fold coordination of Zr(IV) and Th(VI)
in 1 and 2, respectively, seven-fold coordination of U(VI),
Zr(IV) and Th(IV) in complexes 3, 4 and 5, respectively, and
eight-fold coordination of U(VI) in 6.

Infrared spectral studies. The important IR spectral bands of
the complexes are presented in Table 2. The ligand 1,2-diamino-

cyclohexane NNN©N© tetraacetic acid (the DCTA) is poten-
tially quadridentate, quadrinegative coordinating via four
carboxylato anions (OOOO-) generated during complexation.
The υ(OH) band observed of the Hy DCTA at 3557 cm-1

disappeared in the complexes indicating deprotonation at the
-OH group thus providing carboxylate binding in 1, 2 and 3.
This is further evident from the appearance of strong υ(C=O)
(1635 - 1650 cm-1) and υ(C-O) (1380 -1390 cm-1) modes in the
spectra of these complexes. Besides, the far-IR spectra of the
complexes display bands (Tarafder, 1987; Tarafder and Khan,
1987; Westland and Tarafder, 1982; 1981) at 320-375 cm-1

assignable to υ(M-O©) modes. Complexes 4 - 6 show charac-
teristic strong υ(C=N) modes at 1540-1560 cm-1, suggesting
that the ring and imino nitrogen of the Schiff base had been
coordinated to the metals (Mimoun et al., 1982). This is also
apparent from the υ(M-N) modes at ~300 cm-1 in the far-IR
spectra of these complexes (Tarafder and Khan, 1991a; 1991b).
The complexes 3 and 6 showed very strong diagnostic υ(U=O)
bands (Tarafder and Islam, 1989; Tarafder et al., 1989; Westland
and Tarafder,1981) at ~900 cm-1. The metal peroxo moiety

Table 2. Characteristic infrared spectral bands of the complexes (band maxima in cm-1)

Compd. υ(C-O) υ (C=O) υ (C=N) υ1(O-O) υ3(MO2) υ2(MO2) υ(U=O) υ(M-O') υ(M-N)

1. 925 m 540 m 500 m
2. 1390 vs 1650 s 890 m 540 w 500 m 295 m
3. 1380 m 1635 s 840 vs 600 m 500 w 900 vs 295 w
4. 1560 vs 890 vs 618 vs 550 vs 375 vs 300 w
5. 1560 vs 830 m 620 m 540 w 320 w 295 s
6. 1540 s 810 m 600 m 520 w 910 vs 350 vs 295 w
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Table 1. Analytical data and some physical properties of the Hy DCTA and LH2 peroxo complexes

Compounda, b Molecular mass; Melting point Found (calculated), x
found (calculated) (°C) C H N Metal

1. [Zr(O2)(DCTA)].2H3O+ 490.20 >160 33.09 4.31 5.39 17.82
   (C14H24O12N2Zr) (503.22) (33.38) (4.77) (5.56) (18.13)
2. [Th(O2)(DCTA)].2H3O+ 632.50 110-115(d) 26.18 3.27 4.18 35.75
   (C14H24O12N2Th) (644.03) (26.09) (3.73) (4.35) (36.03)
3. [U(O)(O2)(DCTA)].2H3O+ 660.40 150-160(d) 25.45 3.29 4.20 35.50
   (C14H24O13N2U) (666.03) (25.22) (3.60) (4.20) (35.74)
4. [Zr(O2)L] 430.30 80 51.85 2.82 9.51 20.59
   (C19H13O4N3Zr) (438.22) (52.03) (2.97) (9.58) (20.82)
5. [Th(O2)L] 570.30 >280 39.10 2.28 7.10 39.72
   (C19H13O4N3Th) (579.03) (39.38) (2.25) (7.25) (40.07)
6. [UO(O2)L].H2O 608.04 240-250(d) 36.62 2.51 6.82 38.20
   (C19H15O6N3U) (619.03) (36.83) (2.42) (6.78) (38.45)
a = DCTA = deprotonated 1,2-diaminocyclohexane NNN'N'-tetraacetic acid, (C14H18O8N2)4-; b = L = deprotonated Schiff base, (C19H13O2N3)2

_
;

d = decomposition.
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(local C2v symmetry) gives three infrared and Raman-active
vibrational modes viz, (i) O-O stretching (υ1), (ii) the symmet-
ric M-O stretching (υ2) and (iii) the asymmetric M-O stretch-
ing (υ3). The characteristic υ1(O-O) stretching bands of com-
pounds 1-6 appeared at 810-925 cm-1 (Table 2). The υ1 modes
are shifted to lower wave numbers upon passing from
zirconium compounds 1 and 4 (925 and 890 cm-1) to the cor-
responding thorium analogues, 2 and 5 (890 and 830 cm-1),
indicating that for the M(O2) grouping, the υ1(O-O) stretching
band decreases with an increase in the atomic number of the
metals in a group. The present complexes exhibit υ2 and υ3

modes at 500-550 cm-1 and 540-620 cm-1, respectively. It is
important, however, that the υ1 modes of the present zirco-
nium, thorium and uranium complexes appear at lower
frequencies than the peroxo complexes of these metals
containing mono-, bi- and tridentate ancillary ligands
(Tarafder and Islam, 1989; Westland and Tarafder, 1981;). This
is presumably due to the greater charge neutralization of the
metal centres by the quadridentate, quadrinegative and
pentadendate dinegative s-donor ligands causing a weaker
coulombic interaction in the Mn+- O2

- moieties (n = 4 or 6). The
protonic nature of the complexes 1-3 is evident from the
positive response of these complexes to litmus solution.
These complexes showed conductivity values of the order
~10-4 ohm/cm in their saturated aqueous solutions. The
alkalimetric titration to determine the number of acidic pro-
tons outside the coordination sphere could not be carried
out, because the complexes were very poorly soluble in water.
Bands at ~3400 cm-1 in 1, 2 and 3 arise from hydronium ions
outside the coordination sphere.

Magnetic measurements and electronic spectra. Magnetic
measurements were carried out in Nujol mulls spreaded on a
filter paper and all the complexes were found to be diamag-
netic in nature. The electronic spectra revealed that the
complexes showed various bands in the range 245 - 385 nm,
presumably arising from metal to ligand charge transfers.

Reactivity. The present peroxo complexes were found to be
inert towards olefins and other substrates. Complexes 1 and 3
failed to oxidize allyl alcohol even when refluxing was conti-
nued at ~ 90 °C for 48 h. Complexes 4 and 5 also did not react
with triphenylphosphine or triphenylarsine. These negative
results outline the greater stability of the metal peroxo moiety
in the presence of the quadridentate, quadrinegative and the
pentadentate, dinegative chelating ligands which hinder
oxygen transfers. A similar behaviour was observed for
various peroxo complexes containing multidentate ligands
(Tarafder and Khan, 1991a; 1991b; Tarafder and Islam, 1989;
Tarafder, 1987). According to Mimoun et al. (1982) and
Mimoun (1980), although the insertion of substrates into the

metal peroxo triangle forming a metallocycle is an agreed
process, the presence of multidentate ligands stabilize the
triangle to such an extent that nucleophiles (Ph3P or Ph3As)
apparently fail to open up the triangle, thus precluding
oxygen transfers.
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Introduction
Different types of pozzolanic material are widely used for
cement replacement in high strength Portland cement mortars
and concrete for improving mechanical properties and dur-
ability and bringing environmental and economic benefits.
The reasons for partially replacing cement in mortar and
concrete with pozzolanic materials are diverse, which include
strength enhancement and improvement in durability
(Coleman and Page, 1997; Wild et al., 1996; Caldarone et al.,
1994). There are also clear environmental advantages in
reducing the quantity of cement used in construction
materials. Indeed, cement production is highly energy
intensive process involving significant environmental
damage with respect to CO2 production and raw material
acquisition (Schindler, 2004).

Various studies have investigated ways to enhance the
reactivity of the pozzolanic material. The principal aim of
these attempts was to enhance the reactivity of the pozzolan,
so as to improve the mechanical and durability properties of
the final product. Prolonged grinding curing at elevated
temperatures, alkali-activation and chemical activation are
some of the methods that have been used to achieve this
target (Xie and Xi, 2001; Shi and Day, 2000; 1995; 1993;
Palomo et al., 1999; Bouzoubaa et al., 1997). The efficiency,
however of some of these methods is debatable being too
energy demanding, while others fail simple cost-benefit
analysis. For example Helmuth (1994) suggested the grinding
of Portland cement to very high specific area for use with
slag to overcome the problem of low early strength. Schroder
(1968) showed that with slag contents up to about 50-60%,
the early strength is mainly determined by the fineness of

the clinker fraction and then by that of the slag fraction.
With cements of higher slag content, the fineness of slag
was found to be of major importance at all ages. Wainwright
and Tolloczko (1986), using temperature matched curing,
indicated that concretes containing 50 and 70% slag replace-
ment were far more sensitive to increases in temperature,
with respect to their strength development, than equivalent
Portland cement concretes. Further, Brooks and Al-Kaisi
(1990) were able to use the adiabatic temperature rise of mass
concrete to estimate the strength of OPC and OPC/slag
concretes. They observed that 28-day strength of OPC/slag
clearly exceeded those of OPC concrete only. This difference
in behaviour has been attributed to the reduction of the
overall quantity of C3S in blended cement, which results in
some C3S hydrates being replaced by slower forming slag
hydrates.

The objective of the present work is to evaluate the bagasse
ash as supplementary cementitious material and its activation
by thermal method to enhance the reactivity of bagasse ash
and to improve the mechanical properties and durability of
the final mortar.

Materials and Methods
Chemical composition of high strength Portland cement and
bagasse ash used are given in Table 1 and physical parame-
ters of bagasse ash, in Table 2. High strength Portland cement
was ground to a fineness of 310 m2/kg. The sand used in the
mortar had a specific gravity of 2.5 and a fineness modulus of
2.65. Bagasse ash was obtained from the Premier Sugar Mill
Mardan (PSM), Khazana Sugar Mill Peshawar (KSM) and
Frontier Sugar Mill (FSM), Thaktbhai, Mardan. The samples
were collected randomly from the heaps present in the yard of
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Abstract. The pozzolonic reactivity of bagasse ash was enhanced using thermal activation technique by curing mortar
specimens containing bagasse ash, at 20, 40 and 60 °C and the samples were tested for compressive strength at the age of
3, 7 and 28 days. Results indicated that bagasse ash is very sensitive to temperature rise and thus the application of
thermal activation is very useful when early age strength development is desired. Bagasse replacement by 30% at 40 °C
and 60 °C increased the mortar strength at 7 days by 10 and 18% more than the control, respectively.
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the sugar mills and carried to the laboratory in polyethylene
bags. Bagasse ash was black in color due to the high amount
of carbon content. The mill fired bagasse ash was further
burnt under controlled temperature at 90 °C for one hour,
which brought down the carbon content up to 4.5 %.

Determination of setting time. Setting time of the mortars
was determined in accordance with British Standard EN196-3
(2005a) using the Vicat apparatus.

Determination of compressive strength. Compressive
strength of all the mortars was tested according to British
Standard EN196-1 (2005b). Cement-sand-water mass ratio was
1-3-0.5. The mixtures were tested for compressive strength at
3, 7, and 28 days. Three cubes were tested for each data point
and the average were reported with standard deviation less
than 8%. The samples were remolded, 24 h after casting, and
then cured in a controlled environment at 98% relative
humidity at the temperature of 20, 40 and 60 °C until tested.

Results and Discussion
Setting time. Table 3 presents the result of the setting time.
It is evident that the effect of increasing bagasse ash re-
placement level was to delay the initial setting time of mortar
probably resulting from the dilution effect and the latent
properties (Eren, 2002). The effect of 30% ash replacement
resulted in retardation in the initial and final setting time

by about 1 h and 1.5 h, respectively. However, increasing
bagasse ash content from 30% to 50% did not produce any
significant difference in the setting time.

Compressive strength with activated ash. Compressive
strength development for the cement mortars containing
different percentages of bagasse ash, cured at different
temperatures is shown in Fig. 1-3. A general feature observed
in all the samples is that the initial strength increased with an
increase in temperature, but this tendency is reversed with
aging. This behaviour is similar to that observed by several
other investigators (Eren, 2002). It suggests that curing at
higher temperature results in non-uniform distribution of the
hydration products within the microstructure, while at low
temperature, hydration products have sufficient time to
diffuse and precipitate relatively more uniformly throughout
the cement matrix. The results of increasing curing tempera-
ture from 20 °C to 40 °C can be compared with those of Barnet
et al. (2006), who studied in UK that mortars containing 35%
slag replacement, gained 115% of strength after 3 days.
However, mortars with 30% bagasse ash content achieved
90% of strength gain after the same period. This result
indicated that bagasse ash was less sensitive to elevated
temperatures than slag. This could be explained by their
different activation energies. Fig. 2 and 3 show that at
28 days the reduction in strength, as a result of increasing

Table 1. Chemical composition of cement and bagasse ash

Material SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O SO3

Cement 21.55 5.69 3.39 64.25 0.85 0.33 0.59 2.47

Bagasse 87.40 3.60 4.90 2.56 0.69 0.15 0.47 0.11
ash

Table 2. Physical parameters of bagasse ash

Moisture Ash LOI Calorific value Fineness passing
(%) (%) (%) (kcal/kg) 50 μm sieve

2.93 86.69 8.45 50 50

Table 3. Setting time of the mortars containing bagasse ash

Bagasse ash Initial setting time Final setting time
(wt%) (min) (min)

0 145 188
30 210 279
50 221 290
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Fig. 1. Effect of curing temperature on the mortar strength
without bagasse ash.
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temperature in the mortars incorporating 30 and 50% of ash,
was more pronounced than the corresponding mortars cured
at 20 °C. The difference in strength development between the
mortars was clearly apparent as shown in the figures. Cement
mortars cured at 40 and 60 °C started to show a reduction in
strength development after about one week compared with
mortar cured at 20 °C. However, in bagasse ash cement mortars
with 30 and 50% replacement level, strength development
started to slow down after about 2 and 3 weeks, respectively.
This suggests that increase in ash replacement will delay the
reduction of strength development. Some authors referred
to this phenomenon as the cross-over effect. Eren (2002)
reported similar finding using fly ash to combat the loss of
strength that would have resulted from the use of cement
concrete without any replacement. The gain in strength
development at early age increased with the increase in ash
content and the loss of strength decreased also with the
increase in ash content at later age. This shows the beneficial
effect of incorporating bagasse ash in concrete when apply-
ing thermal activation. Thus, ash cement is more sensitive to
changes in temperature than high strength Portland concrete.
These findings are in agreement with the results observed by
Wainwright and Tolloczko (1986). The strength of mortar
containing 30% ash cured at 40 °C reached that of the mortar
cured at 60 °C after 3 days of curing and exceeded it after
28 days. With 50% replacement level, the mortar cured at
40 °C achieved the strength of 60 °C cured mortar after 7 days
and exceeded it after 28 days. The effect of curing at 40 °C and
60 °C was to increase the early age strength of bagasse ash
mortar (both for 30% and 50% replacement) over that of the
ash mortar, cured at 20 °C. This initial gain in strength for ash
mortar, as a result of temperature, slows down after about
10 days but picks up again for the mortar, cured at 40 °C,
reaching that of the counterpart cured at 20 °C. This suggests
that 40 °C is the optimum temperature for strength develop-
ment in both 30 and 50% ash cement mortars. In the same
way, Escalante-Garcia and Sharp (2001) found the optimum
temperature, in slag-cement paste with 60% of slag, to be
around 30 °C. The highest strength value was reported for
the mortar containing 30% bagasse ash cured at 40 °C,
indicating that this replacement level is the most favourable
for this blended cement.

Conclusion
Thermal treatment of bagasse ash is a very good activation
technique to increase the strength development of mortar.
The gain in strength at 7 days for mortar with 30% bagasse
ash replacement cured at 40 °C and 60 °C was 10 and 18%
higher than those for the control, respectively. The test
results demonstrate that the application of thermal activation
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Fig. 2. Effect of curing temperature on the ash mortar
strength containing 30% bagasse ash.
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Fig. 3. Effect of curing temperature on the ash mortar
strength containing 50% bagasse ash.
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is very useful when early age strength development is
desired. Increasing curing temperature for ash cement mortar
increases the strength at early age and reduces it at later age.
The curing temperature of 40 °C seems to be optimum for
strength development of the ash cement.
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Introduction
Dioclea reflexa Hook. f. belongs to the family, Fabaceae. It is
a hairy woody climbing shrub. It is widely spread in tropical
and subtropical areas and is often considered a food crop.
The seeds are arranged in pods, which are very hard and
brownish in colour. D. reflexa, the marble vine, is highly
regarded in some parts of Africa. The spherical seeds are used
in games; root decoctions used to alleviate coronary pain;
seed and root extracts are said to have insecticidal properties
(Allen and Allen, 1981). The seeds are used to kill head lice by
milling the cotyledons and mixing it with hair cream while the
roasted cotyledons, are used for curing piles (Gill, 1992). The
anti-microbial activity and phytochemical analysis of crude
ethanolic leaf extract of D. reflexa has been reported. The leaf
extract was reported to show broad spectrum antibacterial
activity against Staphylococcus aureus, Proteus mirabilis,
Klebsiella pneumoniae, Salmonella typhi, Streptococcus
pneumoniae, Escherichia coli, Candida albicans, Aspergillus
flavus and Fusarium solani (Ogundare and Olorunfemi, 2007).
The phytochemical analysis of the leaf extract showed the
presence of alkaloids, tannins, phenols and glycosides
(Ogundare and Olorunfemi, 2007).

In Nigeria, the seeds of Mucuna puriens, another species, are
used in popular medicine for prevention against the effects of
snake (Echis carinatus, Naja naja) bite (Guerranti et al., 1999).
Proteins inducing an immune response against the venom of
Echis carinatus have been isolated from the cold water
extract of the seeds of Mucuna pruriens (Guerranti et al.,
2002). The present study was carried out to investigate the
physicochemical properties and fatty acid compositions of
the seed oil of D. reflexa Hook f.

Materials and Methods
Plant material. Dioclea reflexa Hook. f. (Fabaceae) seeds
were obtained from Iropora Ekiti in Ekiti State, Nigeria. They
were authenticated by Mr. F. O. Omotayo of the Herbarium
Section, Department of Botany, University of Ado-Ekiti, Ado-
Ekiti, Ekiti State, Nigeria. The brown hard shells of the seeds
were broken to remove the cotyledons.

Extraction. The cotyledons were further broken into small
pieces to enhance quick extraction. The coarse powder of the
seeds of D. reflexa was extracted with n-hexane for 72 h at
room temperature. Extraction was further repeated with
n-hexane. The combined extract was concentrated in vacuo
at 40 °C to obtain the seed oil which was analyzed for iodine
value, saponification value, acid value, ester value and iodine
number by the methods described by British Pharmacopoeia
(1988).

Acid value determination. The oil (10 g) was weighed in
250 mL conical flask. A mixture of 25 mL of 95% alcohol, 25 mL
of ether and 1 mL of phenolphthalein solution was added to
the conical flask containing the oil. The oil was allowed to
dissolve in the solvent mixture and titrated against 0.1 M
aqueous potassium hydroxide. It was shaken constantly
until blue colour was observed. The process was repeated
twice in exactly the same manner.

Acid value = (a × 5.61)/W

where:

W = mass (g) of oil weighed
a = volume of 0.1 M KOH required

Saponification value. The oil (2 g) was weighed in 250 mL
quick fit flask. 25 mL of 1 M alcoholic potassium hydroxide
was added using burette. A reflux condenser was attached to
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Abstract. Physicochemical analysis of the oil of Dioclea reflexa Hook f. seeds revealed the acid value, saponification
value, iodine value, ester value and iodine number of the seeds to be 8.69 mg KOH/g, 251 mg KOH/g, 72.8 mg I/g, 242 and
27.9, respectively. The fatty acid composition determined by gas chromatography (GC) showed individual unsaturated
fatty acid to be oleic acid (18:1), 0.8%, while the saturated fatty acids were palmitic acid (16:0), 10.2% and stearic acid
(18:0), 21.9%. The infrared spectroscopy (IR) of the oil was also undertaken. The high saponification and iodine values
of D. reflexa oil suggest its possible utilization in alkyd resin, shoe polish, liquid soap and shampoo production.
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the quick fit flask and the mixture was refluxed for one hour
on a water bath, while swirling the contents frequently. The
water bath was removed under the flask and 5 mL of phenol-
phthalein solution was poured down the condenser. The flask
was allowed to cool for 5 min under the tap water and the
content was titrated with 0.5 M HCl. A blank determination
was carried out with the same quantities of reagents without
the oil under the same experimental conditions. The proce-
dure was repeated in the same manner.

Saponification value = (b-a) 28.05/W

where:

W = mass (g) of oil weighed
a = volume of 0.5 M HCl required
b = volume of 0.5 M HCl required for blank

Iodine value. The oil (0.25 g) was weighed and dissolved in a
conical flask containing 15 mL of tetrachloromethane. 25 mL
of Wij’s solution was added to the mixture. Wij’s solution was
prepared by dissolving 1.9 g of iodine monochloride in a litre
brown bottle containing one litre of a mixture of 70 mL acetic
acid and 30 mL carbon tetrachloride. The flask containing the
oil and the Wij’s solution was closed and swirled to mix the
content. The solution was allowed to stand in the dark at
about 20 °C for one hour. 20 mL of 10% aqueous potassium
iodide solution and 150 mL water were added. The solution
was titrated with 0.5 M sodium thiosulphate solution; small
amount of starch was added as indicator. A blank determina-
tion was carried out, with the same quantities of reagents
under the same conditions. The procedure was repeated in
exactly the same manner.

Iodine value = 1.269(V2-V1)/W

where:
W = mass (g) of oil weighed
V1 = volume of sodium thiosulphate solution required
V2 = volume of sodium thiosulphate solution required
for blank

Ester value. Ester value was determined by subtracting acid
value (AV) from saponification value (SV).

Ester value = (SV) – (AV)

Iodine ratio. The iodine ratio was determined by the ratio of
the ester value (EV) to the acid value (AV).

Iodine ratio = (EV)/(AV)

Methylation of the oil for GC analysis. The oil (0.5 g) was
weighed and added to 3 mL of diethylether. The oil was
allowed to dissolve by shaking the mixture thoroughly. 0.2 mL
of sodium methoxide was added to the mixture and the

solution was centrifuged to precipitate the solid, which was
then filtered and the filtrate was kept for GC analysis (Ceirwyn,
1995).

Gas chromatography of D. reflexa seed oil. The fatty acid
composition of the methyl ester of D. reflexa oil was deter-
mined by Al Cambridge GC 94 at Centre Science Laboratory,
Obafemi Awolowo University, Ile-Ife, Nigeria. The column
length was 105 m, internal diameter was 0.53 mm and the film
was 3 μm thick operating conditions of the gas chromato-
graph comprises of oven temperature programme which was
started at 150 °C, held for 6 min and then raised at 10 °C/min to
the final temperature of 250 °C. The injector temperature was
150 °C and detector FID at 300 °C. The carrier gas was helium
with a flow rate of 8 mL/min with an injected volume of 1 μm.

Infrared spectroscopy analysis. The IR spectroscopy of
D. reflexa seed oil was done using nujol mull. About 3 mg of
the oil was triturated with nujol mull to give a creamy paste
which was put between two sodium chloride plates for the
determination (Bungard, 1983).

Results and Discussion
Table 1 presents the physicochemical properties of the seed
oil of D. reflexa. The iodine value of D. reflexa oil (72.8 mg
iodine/g) places it in the non-drying oil group as drying oils
have an iodine value above 100 (Duel, 1951). The iodine value
compares favourably with that of Calophylum inophylum
seed oil, 67.2-70.1 mg I/g (Olaofe et al., 2006), Bombcapsis
glabra seed oil, 71.0 mg I/g (Olaofe et al., 2006) and Khaya
seed oil, 68.0 mg I/g (Okiemen, 2002).
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Table 1. Physicochemical properties of Dioclea reflexa
seed oil

Parameter Value

Acid value (mg KOH/g) 8.69
Saponification value (mg KOH/g) 251
Iodine value (mg iodine/g) 72.8
Ester value 242
Iodine ratio 27.9

The acid value of D. reflexa seed oil (8.69 mg KOH/g) is greater
than that of the seed oil of Parkia biglobossa, 2.5, and that of
Jatropha curcas, 3.5 (Akintayo, 2004). This suggests that the
oil of D. reflexa would require refining to make it edible, in
view of the fact that acid values of edible oils should not
exceed 4.00 mg KOH/g (Akintayo, 1997).

Extraction of Dioclea reflexa Seed Oil



moderate to weak absorption bands in the region 1640-
1680 cm-1 (Silverstein et al., 1979). This band was observed in
the oil sample spectrum at approximately 1649 cm-1. The oil
sample shows a scissoring band of the bending vibration of
methylene group at approximately 1459 cm-1. The band at
approximately 1388 cm-1 in the spectrum could be assigned
to symmetrical bending vibration of methyl groups. Bands
occur at approximately 1280 cm-1, 1197 cm-1 and 1072 cm-1.
Some of these bands could be assigned to the stretching
vibrations of the C-O group in esters (Silverstein et al., 1979).
The absorption at approximately 727 cm-1 results from the  over-
lapping of the methylene rocking vibration and the out of
plane bending vibration of cis-disubstituted olefin.
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The infrared spectroscopy spectrum of the seed oil of
D. reflexa is presented in Fig. 1. There is a broad band
between 3050-3500 cm-1 which is associated with the
overtones of the glyceride ester carbonyl absorption. The
band at approximately 2924 cm-1 is indicative of symmetric
stretching from the ubiquitous methylene group (Akintayo,
et al., 2002). The triglyceride carbonyl stretching vibration
is observed in the spectrum at approximately 1727cm-1. C=C
stretching mode of unconjugated olefins usually show

Fig. 1. Spectrum of infrared spectroscopy of Dioclea
reflexa oil.
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Introduction
Free radicals are highly reactive chemical substances such as
peroxide, hydroxyl radical, singlet oxygen etc. that travel
around in the body and cause damage to the body cells (Alia
et al., 2003). Antioxidants are powerful free radical scaven-
gers in the body. Antioxidants are believed to play a very
important role in the body defence system against reactive
oxygen species (ROS), which are the harmful by-products
generated during normal cell aerobic respiration (Gutteridge
and Halliwell, 2000). Antioxidant nutrients (found in foods)
soak up all the excess energy that these free radicals have,
turning them into harmless particles or waste products that
can be removed (Oboh, 2005). Increasing intake of dietary
antioxidants may help to maintain an adequate antioxidant
status, therefore, the normal physiological function of a
living system (Kaur and Kapoor, 2001; Record et al., 2001).
Regular consumption of fruits and vegetables has always
been associated with health benefits. Fruits and vegetables
contain a wide variety of biologically active, non-nutritive
phytochemicals which impart health benefits beyond basic
nutrition (Gupta and Prakash, 2009; Oomah and Mazza, 2000).
Researchers have estimated that every serving increase in fruit
and vegetable consumption  reduces the risk of cancer by 15%,
cardiovascular disease by 30% and mortality by any cause by
20% (Gupta and Prakash, 2009). This is often attributed to
different antioxidant components in fruits and vegetables

such as ascorbic acid, vitamin E, carotenoids, lycopenes,
polyphenols and other phytochemicals (Prior and Cao, 2000).
Vegetables play significant role in human nutrition, specially
as a source of vitamins (A, B, C, E), minerals and dietary
fibre (Aletor and Adeogun, 1995).

Leafy vegetables are important items of diet in many Nige-
rian  homes (Mepba et al., 2007). They are valuable sources
of nutrients specially in rural areas where they contribute
substantially to protein, mineral, vitamins, fiber and other
nutrients which are usually in short supply in daily diets
(Mosha and Gaga, 1999). They also add flavour, variety,
taste, colour and aesthetic appeal to what would otherwise
be a monotonous diet (Mepba et al., 2007). Vegetables are
in abundance shortly after the rainy season but become
scarce during the dry season during which cultivated types
are used. Some eventually find their way to urban markets
(Mepba  et al., 2007). In Nigeria, during the season of abun-
dance of vegetables, the market women do not always sell
all their vegetables on the day of harvest; it has to be pre-
served for 24 h or more in order for them to break even
financially. The modern preservation method of refrigera-
tion and controlled/modified atmosphere are not available
to these market women in Nigeria, so they have to design
their own methods of preserving their produce. Much work
has been done on the phytochemical content of  vegetables
but there is paucity of information on the effect of storage
on the phytochemical content of vegetables. The aim of
this study is, therefore, to determine the effect of market

Abstract. The effect of market storage methods in Nigeria on the antioxidant properties of Telfairia occidentalis was
assessed over a period of 96 hours with respect to the vitamin C, total phenol and phytate contents, as typified by their
reducing power and free scavenging ability. T. occidentalis had a phytate content of 28.83 mg/100 g and there was no
significant (P>0.05) difference in the phytate content in the first 24 h of storage but significantly (P>0.05) reduced at
the end of the storage period of 96 h (26.74 mg/100 g) with 7.24% loss. Vitamin C content reduced significantly
(P>0.05) as the storage period increased with a very high percentage loss (81.58%) at the end of the storage period. The
vegetable had 2.78 mg GAE/100 g total phenol and was slightly reduced but not significant (P>0.05) during the first
24 h of storage. T. occidentalis had scavenging ability > 90%, which significantly (P>0.05) decreased as the storage
period increased (57.47% loss at 100% conc. and 56.28 % loss at 50% conc.).
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vegetable storage method in Nigeria on the antioxidant-
phyto-constituents of Telfairia occidentalis.

Materials and Methods
Freshly harvested Telfairia occidentalis (Ugwu) was obtained
from a farm in Rufus Giwa Polytechnic, Owo. The vegetable
was subjected to market condition and stored using market
storage method. They were displayed inside a plastic basin; at
6 pm, they were sprinkled with water, placed inside polypro-
pylene bag and left outside at room temperature of 27±1  °C.
This process was carried out for 96 h; sampling and antioxi-
dant determination were carried out after 24 h and 96 h of
storage.

Sample preparation. The edible portion of the vegetable
(50 g) was separated, washed, drained completely, chopped,
sundried and analyzed for phytate, ascorbic acid, total phenols,
and antioxidant activities. The extracts were prepared in
duplicate and all analysis was carried out in triplicate.

Sample analysis. The method of Maga (1982) was used
for phytate determination. To the sample (2.0 g), 100 mL of 2%
concentrated hydrochloric acid was added. The sample was
soaked for 3 h, and then filtered through Whatman # 43 filter
paper. 50 mL of the filtrate was placed in 250 mL beaker and
107 mL of distilled water was added to give proper
aci-dity. 10 mL of 0.3% ammonium thiocyanate solution was
added as an indicator and the solution was titrated with
standard iron (III) chloride solution which contained 0.00195 g
iron/mL. The equivalence point was slightly brownish-
yellow which persisted for 5 min. Phytate content was expressed
as the percentage (%) phytate in the sample. Vitamin C content
was determined by AOAC (1990) method. 5 g of the sample
was extracted with 100 mL H2O and 25 mL of 20% glacial
acetic acid was added to 10 mL of the sample extract and
titrated against standardized 2,6 dichloroindophenol (0.05 g /
100 mL) solution. Total phenol was determined by mixing
0.2 mL phenolic extract (0.2 g of T. occidentalis extracted with
20 mL 70% acetone) with 0.8 mL Folin-Ciocalteau reagent and
2 mL of 7.5% sodium carbonate. The mixture was diluted to
7 mL with distilled water and the absorbance was measured
after 2 h at 765 nm; the result was calculated as gallic acid
equivalent. (Iqbal et al., 2005). The reducing property was
determined by assessing the ability of the sample extract to
reduce FeCl3 solution as described by Pulido et al. (2000).
Briefly, appropriate dilutions (0-1.0 mL) were mixed with 2.5
mL of 200 mm sodium phosphate buffer  (pH 6.6) and 2.5 mL
of 1% potassium ferricyanide. The mixtures were incubated at
50 ºC for 20 min. Thereafter, 2.5 mL of 10% trichloroacetic
acid was added and subsequently centrifuged at 650 rpm for
10 min. Then 5 mL of the resulting supernatant was mixed with

equal volume of water and 1 mL of 0.1% ferric chloride. The
absorbance was taken at 700 nm against a reagent blank.
Increased absorbance of the reaction mixture indicated increased
reducing power. Free radical scavenging activity using 1,
1-diphenyl-2-picryl hydrazyl (DPPH) as described by Singh et
al. (2002) Different concentrations of the methanolic extract
were taken  in different test tubes and the volume was made to
1 mL with methanol. 4 mL of 0.1 mM methanolic solution of
DPPH was added. The tubes were shaken vigorously and
allowed to stand for 20 min at room temperature. A control was
prepared as above without the sample and methanol was
used for base line correction. Changes in absorbance of samples
were measured at 517 nm. Free radical scavenging activity was
expressed as percentage inhibition and was calculated using
the following formula:

Free radical scavenging activity (%) = (control OD – sample
OD) / control OD × 100

Statistical analysis. The results were statistically verified
on the basis of analysis of variance, using SAS (2002).
Mean separation was carried out where there was signi-
ficant differences using Duncan multiple range test proce-
dure as described in the SAS soft ware. Significance was
accepted at P>0.05.

Results and Discussion
Consumers usually purchase a fresh produce driven by their
visual appearance, while other components of quality such as
texture and aroma make the consumers to re-purchase the same
produce the next time (Kader, 2001). Inadequate storage con-
ditions may negatively affect the produce quality. A produce
badly stored may have a good visual appearance but altered
taste or aroma. The optimal temperature and relative humi-
dity during storage may help to reduce the degenerative pro-
cesses that occur in vegetables during the postharvest stages
(Kader, 2001). This work was carried out to estimate the anti-
oxidant properties of the vegetable, Telfairia occidentalis kept
for 96 h under market storage conditions.

Phytate has been shown to have anticancer and antioxidant
activity. It forms an iron chelate that suppresses lipid peroxi-
dation by blocking iron-driven hydroxyl radical generation
(Oboh, 2006). Phytate content of the vegetable is presented
in Table 1; it shows that T. occidentalis had a phytate content
of 28.83 mg/100 g. This value was lower when compared to
the values reported for the same vegetable T. occidentalis as
48.8 mg/100 g for leaves harvested 12 weeks after planting
and 84.4 mg/100 g for leaves harvested 50 weeks after plant-
ing (Akwaowo et al., 2000). This variation may be due to the
environmental factors. Phytate content is also low as com-
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pared to other vegetables (Udosen and Ukpanah,  1993). There
was no significant (P>0.05) difference in the phytate content
of the vegetable in the first 24 h of storage but content signifi-
cantly (P>0.05) reduced at the end of the storage period of 96
h (26.74 mg/100 g) with 7.24% loss. This reduction of phytate
in storage is in agreement with the findings of Hernandez-
UnZon and Ortega-Delgado (1989) of a decrease of 4% in
phytic acid of stored common bean seeds (Phaseolus vulgaris
L) under hermetic conditions. The reduction in phytate could
be attributed to the action of phytase which hydrolytically
cleaves and frees the bound phosphorus from the phytic acid
molecule, liberating calcium and magnesium cations at the
same time.

Vitamin C is required for the prevention of scurvy and main-
tenance of healthy skin, gums and blood vessels and acting as
an antioxidant, it reduces the risk of arteriosclerosis, cardio-
vascular diseases and some forms of cancer (Lee and Kader,
2000). Vitamin C content of stored T. occidentalis as shown
in Table 1 (58.1 mg/100 g), was considerably higher than the
values reported for some commonly consumed sundried tropi-
cal green leafy vegetables in Nigeria (Oboh and Akindahunsi,
2004), but low in comparison to the value of 101.36 mg/100 g
of Trigonella foenum graecum (Gupta and Prakash, 2009).
Vitamin C content of the vegetable was significantly (P>0.05)
reduced as the storage period increased with a percentage loss
of 81.58% at the end of the storage period. The decrease in
Vitamin C content during storage agrees with the observation
of Nwufo (1994) of decrease in chlorophyll and ascorbic acid
contents of leafy vegetables during storage. The loss in ascor-
bic acid has also been reported in the study of four different
vegetables, with okra having the least and spinach the highest
loss during storage (Giannakourou and Taoukis, 2003). Tulio
et al. (2002), analyzing the effects of storage temperature on
the postharvest quality of jute leaves reported that the
ascorbic acid content declined at all storage temperatures with
the increase of storage period. Oladele and Aborisade (2009)
also reported decrease in vitamin C content of Indian spinach
(Basella rubra L) during storage. However, it has been noted

that when reporting vitamin C levels, many workers did not
take into consideration dehydroascorbic acid (DHA). In many
horticultural crops, DHA represents less than 10% of total
vitamin C but DHA tends to increase during storage (Wills et
al., 1984). Vitamin C is the most sensitive to destruction when
the commodity is subjected to adverse handling and storage
conditions. Losses are enhanced by extended storage, higher
temperature, low relative humidity, physical damage and chill-
ing injury (Lee and Kader ,2000). The loss in vitamin C may
be the result of the activity of the enzyme ascorbate oxidase,
proposed to be the major enzyme responsible for enzymatic
degradation of ascorbic acid.
The antioxidant activity of phenolic compounds is mainly due
to redox properties, which allow them to act as reducing agents,
hydrogen donors, singlet oxygen quenchers, heavy metal
chelators and hydroxyl radical quenchers (Kaur and Kapoor
2002). Value of total phenolics (Table 1), in the vegetable
(2.78 mg GAE/100 g) agrees with the value reported for the
same vegetable but lower to the value reported for Amaranthus
cruentus and Ocimum gratissimum (Oboh and Akindahunsi,
2004). There was slight reduction in the total phenol content
of the vegetable but not statistically significant (P>0.05) in
the first 24 h of storage; however, it reduced significantly
(P>0.05) at the end of the storage period of 96 h with 25.17%
loss. Ose et al. (1997) also reported that the total phenol
contents of water convolvulus, Calendula arvensis, leaves
decreased during storage at low temperature; this may be
attributed to the fact that phenols are susceptible to oxidation
by the enzyme phenolase which converts them to quinones.
These compounds are often extremely reactive and therefore
short lived (Kays, 1991).

The antioxidant effect exponentially increases as a function
of the development of the reducing power, indicating that the
antioxidant properties are concomitant with the development
of reducing power (Oyaizu, 1986). Reductones are believed
not only to react directly with peroxides but also prevent per-
oxide formation by reacting with certain precursors (Gupta
and Prakash, 2009). The results revealed (Fig. 1) a significant
(P>0.05) reduction in the reducing power of Telfairia
occidentalis as the storage period increased, with 41.67%
reducation at the end of the storage period of 96 h, agreeing
with the decrease in the total phenol content, which could be
attributed to the decrease in the proton donors necessary to
react with the precursors as a result of the storage.

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical is a stable, free
radical and accepts an electron or hydrogen radical to become
a stable diamagnetic molecule. The methodology involves
reaction of specific compounds or extracts with DPPH in
methanol solution. In the presence of hydrogen donors, DPPH

Table 1. Effect of storage time on the antioxidant phytochemi-
cals of Telfairia occidentalis (Ugwu)

Storage period Vitamin C Total phenol Phytate
(hours) (mg/100 g) (mg GAE/100 g) (mg/100 g)

0 58.1±0.3a 2.78±0.2a 28.83±0.1a

24 32.9±0.1b 2.56±0.2a 28.80±0.1a

96 10.7±0.1c 2.08±0.1b 26.74±0.1b

Loss (%) 81.58 25.17 7.24

Values represent mean of triplicate analysis; values with the same
letter in a column are not significantly different (P> 0. 05).
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Introduction
Textile industry requires large amounts of water and gene-
rates large quantities of wastewater from various steps of
dyeing processes. Textile wastewater is characterized by high
content of dyestuff, salts, high COD deriving from additives,
suspended solid (SS) and fluctuating pH depending on the
process (Balcoiglu and Arslan, 2001; Yeh and Thomas, 1995;
Yeh et al., 1993). Large amounts of dye chemicals in textile
industry effluents create severe water pollution. Dyes impart
persistent colour with organic load to the receiving water
streams leading to disruption of the total ecological balance
impairing the visibility in the recipients. This may significantly
affect photosynthetic activity in aquatic environment due to
reduced light penetration and may also be toxic to aquatic
lives due to metals, chlorides etc., associated with the dyes or
the dyeing process. It is, therefore, important to reduce the
dye concentration in the wastewater before discharging it
into the water bodies. However, it is difficult to remove
dyes from effluents since dyes are stable to light, heat and
oxidizing agents and are non biodegradable (Hai et al., 2003).

Protection of the environment has become a challenge for the
chemical industries worldwide and in particular, the water
pollution caused by synthetic dyes and chemicals. All over
the world, environmental regulations are becoming stricter
and are forcing the shift of technology towards less polluting
or practically non-polluting areas of technological develop-
ment (Destaillats et al., 2000).

Several physicochemical decolourization techniques have
been reported for effluent treatment e.g., adsorption, chemical

transformation, incineration, photocatalysis, ozonation or
membrane separation, however, few, have been accepted by
the textile industries largely due to high cost, low efficiency
and inapplicability of the processes to a wide variety of dyes.

The conventional process used to treat textile wastewater
is chemical precipitation with alum or ferrous sulphate.
Drawbacks of this process are the generation of a large
volume of sludge leading to the contamination with the
chemical substances of the treated wastewater and associated
disposal problems etc. For a more practical application,
different processes were developed to treat textile industry
wastewater. Filtration process, biological process, adsorption
process, electrochemical process (Xiong and Karlson, 2001;
Barlas and Akgun, 2000; Sójka-L et al., 1998; Banat et al.,
1996) and ozone process etc., have been investigated for
many years in numerous research centres due to their high
reactivity but have low selectivity.

In most situations, use of a combination of different methods
of treatment is necessary for removal of all the contaminants
present in the wastewater (Sójka-L et al., 1998). Therefore,
adsorption became one of the most effective methods of
decolourization of textile wastewater (Vendevivere et al.,
1998; Naumczyk et al., 1996; Venceeslau et al., 1994). Activated
carbon is, by and large, the most commonly used adsorbent
although other materials such as activated clay, wood and
different types of cellulose-based materials have also been
recently investigated for chemical adsorption (Los and
Perkowski, 2003; Ciardelli et al., 2001). One important point to
be considered when choosing an adsorbent is the possibility
of easy regeneration, easy availability of material and the
running cost of the treatment.
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Abstract. The ability of different adsorbents/coagulants, such as liquid and solid polymers, ferric chloride, calcium
carbonate and coal ash, was investigated for uptake of (reactive dyes, Red - 120, Yellow - 14 and Blue - 4 from textile dyeing
waste. Coal ash was used for the colour removal from the textile dyeing wastewater of reactive dyes. Different adsorbents
removed the colour from the effluent in different degrees; in some cases the colour was removed 100%. White polymer
was ineffective. Calcium carbonate gave excellent results. Liquid polymers were better effective than the solid ones.
Coal ash yielded good results without any further treatment.
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The dyes used in this work represent the most commonly
used dyes in the textile industry and belong to the reactive
class. The red, blue, green dyes from the group of mono and
dichlorotriazine were used.

Wastewater sample was decolourized when treated with
ferrous chloride, but the latter imparted its own slight yellow
colour to the decolourized wastewater which is objectionable.
In the second batch, the effluent sample was treated with the
calcium carbonate which also absorbed the dye from the
wastewater. Solid calcium carbonate showed very excellent
results regarding the colour removal but it increased the total
dissolved solids in the treated sample making it turbid. In the
same way 6 different materials were used for the treatment.
White polymer did not show any effect on the colour of the
wastewater. Liquid polymer showed excellent result compar-
able with the ferrous chloride and calcium carbonate. These
polymers are organic based and their long term use in bulk
may create problems; the large quantity of such treated
wastewater on disposal will affect the land quality and
fertility. Finally, coal ash was used for the treatment. Coal ash
also yielded good results. It is a cheaper material  and can be
used several times after its regeneration. There was 10% loss
during its regeneration. Hence the coal ash is recommended
for the treatment of textile dyeing wastewater.

Conclusion
Coal ash used in this study showed promising adsorption
capacities without chemical treatment. The high internal mass
transfer resistance impairs its satisfactory application as
adsorbent due to the continuous removal of reactive dye-
stuffs from the textile dyeing wastewater.

References
Balcioglu, I.A., Arslan, I. 2001. Partial oxidation of reactive

dyestuff and synthetic textile dye bath process by the O3

and O3/H2O2 processes. Water Science and Technology,
43: 221-228.

Banat, I.M., Nigam, P., Singh, D., Marchant, R. 1996. Microbial
decolourization of textile dye-containing effluents-
a review. Bioresource Technology, 58: 217-27.

Barlas, H., Akgun, T. 2000. Colour removal from the textile
wastewaters by adsorption techniques. Fresenius
Environmental Bulletin, 9: 597-602.

Ciardelli, G., Capannelli, G., Bottino, A. 2001. Ozone treatment
of textile wastewaters for reuse. Water Science and
Technology, 44: 61-67.

Destaillats, H., Colussi, A.J., Joseph, J.M., Hoffmann, M.R.
2000. Synergistic effects on sonolysis combined with
ozonolysis for the oxidation of ozobenzene and methyl

83Adsorbents Study for Textile Effluents

0
200

400
600

800
1000

1 2 3 4 5 6

Fig. 4. Colour removal by known and unknown samples (%).

W
av

el
en

gt
h 

(°
A

)

No. of samples

Fig. 5. Colour removal (%) by samples.

absorbance

0
0.02

0.04
0.06

0.08
0.1

0.12
0.14

1 2 3 4 5 6
0

20

40

60

80

100

A
bs

or
ba

nc
e 

(n
m

)

;

C
ol

ou
r r

em
ov

al
 (%

)

No. of samples

colour removal percentage

bonds between the dye molecules by treatment; in the case
where dye is not completely removed from wastewater by
treatment, excess amount of dye is removed by absorbing the
treatment material. The results of treated wastewater samples
with different materials are presented in Fig. 2. The residual
colour concentration with variation in pH is given in Fig. 3.
Absorbance and colour concentration of known colour
standards are given in Fig. 1. Known and unknown samples
with wavelength are given in Fig. 4. Fig. 5 shows the absor-
bance and percentage of colour removal.

0

5

10

0 1 2 3 4 5 6 7 8

Fig. 3. Residual colour with variations in pH.

R
es

id
ua

l c
ol

ou
r 

(%
)

pH variationresidual colour;

pH



orange. Journal of  Physical Chemistry A, 104: 8930-
8935.

Hai, F.I., Fukushi, K., Yamamoto, K. 2003. Treatment of textile
wastewater: Membrane bioreactor with special dye-
degrading microorganism. In: Proceedings of the Asian
Water Quality, 2Q3F16, Bangkok, Thailand.

Kang, S.F., Liao, C.H., Po, S.T. 2000. Decolourization of textile
wastewater by photo-fenton oxidation technology.
Chemosphere, 41: 1287-1294.

Los, L., Perkowski, J. 2003. Decolourization of real textile
wastewater with advanced oxidation processes. Fibers
and Textile in Eastern Europe, 11: 81-85.

Naumczyk, L., Szpyrkowicz, L., Zilio-Grandi, F. 1996. Electro-
chemical treatment of textile wastewater. Water Science
and Technology, 34: 17-24.

Shimoda, S., Prengle, W.H., Symons, Jr. M., Symons, J.M. 1997.
H2O2/Vis UV photo-oxidation process for treatment of
waterborne hazardous substances-Reaction mechanism,
rate model and data for tubular flow and flow stirred tank
reactors. Water Management, 17: 507-515.

Sójka-L, J., Koprowski, T., Machnowski, W., Knudsen, H.H.

1998. Membrance filtration of textile dyehouse waste-
water for technological water reuse. Desalination, 119:
1-9.

Venceslau, P.C., Tom, S., Simon, J.J. 1994. Characterization
of textile wastewater. Environmental Technology, 15:
917-929.

Vendevivere, P.C., Bianchi, R., Verstraete, W.A. 1998. Treat-
ment and reuse of wastewater from the textile-wet-
processing industry. Journal of Chemical Technology,
72: 289-302.

Xiong, Y., Karlson, H.T. 2001. Approach to a two-step process
of dye wastewater containing Acid Red B. Journal of
Environmental Science and Health Part A, 38: 321-331.

Yeh, R.Y., Thomas, A., 1995. Colour difference measurement
and colour removal from dye wastewaters using different
adsorbents. Journal of Chemical Technology and Bio-
technology, 63: 55-59.

Yeh Ruth, Y.L., Liu, R., Chiu, H.M., Hung, Y.T. 1993. Compara-
tive study of adsorption capacity of various adsorbents
for treating dye wastewaters. International Journal of
Environmental Science and Technology, 44: 259-284.

84 Muhammad Tahir Butt et al.



Studies on Antifungal Activity and Elemental Composition
of the Medicinal Plant Trianthema pentendra Linn.

Abdul Jabbar Pirzada*, Wazir Shaikh and Syed Abdul Ghaffar
Institute of Plant Sciences, University of Sindh, Jamshoro, Pakistan

(received October 7, 2009; revised February 13, 2010; accepted February 20, 2010)

Introduction
Plants are the best source of active secondary metabolites
which are beneficial to mankind. Many plant origin drugs
have been reported with biological properties like analgesic,
anti-inflammatory, antioxidant, hypoglycemic and antifungal
agents (Sindhu, 2009). Skin diseases, diarrhoea, diabetes,
malaria, respiratory infection, fungal and bacterial infections
are the common health problems in developing countries and
numerous medicinal plants are used traditionally which are
remedial against these diseases (Pinn, 2000).

Trianthema pentendra Linn., commonly know as waho, is a
traditional medicinal plant which is utilized in many parts of
Pakistan for the treatment of various fungal skin diseases like
tinea capitis, tinea pedis, tinea manuum and tinea corporis
etc. The root of plant is irritant and cathartic. Leaves of the
plant are used as astringent and abortifacient and as remedy
in abdominal diseases and bladder pain, for snake bite etc.
(Baquar, 1989; Shahani and Memon, 1988; Kirtikar and Basu,
1935).

Elements play essential role in the maintenance of the skin
health. Aluminum acetate solution, copper sulphate and zinc
lotions are used as skin disinfectant, cleansing agents,
antiseptic and soothing and cooling agents. Calcium,
magnesium and manganese are used in the formation of the
collagen and connective tissue. Phosphorus and sulphur
are used for the treatment of scabies and leprosy. (Sahito
et al., 2003; Soderberge and Halimans, 1982; Underwood,
1981). Skin diseases are usually caused by fungi and are
one of the main problems of Sindh province. The present

paper describes the antifungal potential of different solvent
extracts of T. pentendra and is also its elemental study.

Materials and Methods
Plant material. The leaves and shoots of T. pentendra were
collected from different areas of Kohistan regions, District
Dadu and reference sample was identified by referring to Flora
of Pakistan (Nasir and Ali, 1990). The collected plant materials
were washed with distilled water and placed in shade at
room temperature for two weeks. One kg of dried plant mate-
rial was dipped in five litre ethanol in a bottle for 20 days for
cold percolation. The extract was filtered and concentrated
under reduced pressure below 40 °C using rotary evaporator.
The residue was completely dried and from it five different
extracts viz., ethanol, ethylacetate, chloroform, methanol and
aqueous extracts were prepared using separating funnel. The
extracts were left at room temperature, so that the solvents
were completely evaporated and organic compounds remained
in dry form. The extracts so obtained were mixed with the
sterilize water (1 g, 5 ml) and each extract sample was applied
for antifungal activity.

Collection of dermatophytes. The dermatophytic fungi
namely: Aspergillus niger, Aspergillus flavus, Paecilomyces
varioti, Microsporum gypseum, Trichophyton rubrum were
scraped from the skin of different body parts at out patient
departments of Liaquat University Hospital, Jamshoro and
Hyderabad.

Treatment of different solvent extracts. The human skin
pathogens were treated with different extracts and results
were taken after 72 h at 30 °C. The percentage of mycelial
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Abstract. Antifungal activity of crude solvent and aqueous extracts of the medicinal plant, Trianthema pentendra Linn.,
against the dermatophytic fungi, Aspergillus niger, Aspergillus flavus, Paecilomyces varioti, Microsporum gypseum
and Trichophyton rubrum revealed that ethanol and aqueous extracts were the most effective antifungal agents as
compared to methanol, chloroform and ethyl acetate extracts. Some basic elements, Al, Ca, Cu, Fe, Mg, Mn, P, S and
Zn were also determined in the medicinal plant, T. pentendra, using atomic absorption spectrophotometry and U.V
spectrophotometry. T. pentendra contained considerable amount of elements which have therapeutic effects in skin
diseases.
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inhibition was calculated as follows (Ali Shtayeh and Abu
Ghdeib, 1999, Usmanghani and  Shameel, 1986).

Mycelial inhibition (%) = [(dc-d1)/dc] × 100

where:

dc = colony diameter in control
d1 = colony diameter in treatment

Methodology for element determination. A suitable dissolu-
tion method for biological sample to yield homogenous
solution is the crucial first step in elemental determination
with atomic absorption spectrophotometric and UV tech-
niques. The decomposition of organic matter must be com-
pleted to avoid interference by organic residue. Samples
were digested with nitric acid: hydrogen peroxide (30%),
for determination of mineral elements. Appropriate working
standard solution of aluminum (Al), calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus
(P), sulphur (S) and zinc (Zn) were prepared from stock
standard solution (1000 ppm), in 2 N nitric acid. Calibration
curves were drawn for each element using atomic absorption
spectrophotometer (Hitachi, model 180-50) and UV-spectro-
photometer. The calibration curves obtained for concentra-
tion vs., absorbance data were statistically analyzed using
fitting of straight line by least square method. A blank reading
was also taken and necessary correction was made during the
calculation of percentage concentration of various elements.
The efficiency of extraction method was checked by standard
addition method. The sample was spiked with known stan-
dards and digested with nitric acid and hydrogen peroxide
mixture. The matrix of the standard and the sample solution
was the same. The percentage recovery test for different

elements by the digestion method adopted was 98.5-99% in
range.

Results and Discussion
All the crude extracts had significant antifungal activities
against most of the fungi, but the activity of inhibition varied
for the fungi with respect to the type of plant extract (Table 1).

Ethanol extract. The highest inhibition was observed against
T. rubrum, A. niger and A. flavus being 100%, 95% and 95.2%,
respectively, while moderate inhibition activity against
P. varioti (72.73%) and minimum inhibition activity against
M. gypseum (56.67%) was recorded.

Ethyl acetate extract. The highest inhibition was observed
against P. varioti and M. gypseum, 54.55% and 50%, respec-
tively while moderate inhibition of A. niger (45%) and
minimum inhibition of A. flavus and T. rubrum (42.86% and
40%, respectively) was recorded.

Chloroform extract. The highest inhibition was observed
against P. varioti 72.73% while moderate inhibition against
A. niger, T. rubrum and A. flavus being 62.5%, 60% and
57.15%, respectively, and minimum inhibition activity against
M. gypseum (50%) was noticed.

Methanol extract. The highest inhibition was observed
against P. varioti 63.64%, while moderate inhibition against
T. rubrum, M. gypseum and A. niger (60%, 50% and 50%,
respectively) and minimum inhibition against A. flavus
(42.86%) was determined.

Aqueous extract. The inhibition observed against T. rubrum
and A. niger was 92% and 87.5%, respectively, while
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Table 1. Antifungal activity of solvent extracts of T. pentendra Linn.

      Colony diameter (mm)*
Aspergillus niger Aspergillus flavus Paecilomyces varioti Microsporum gypseum Trichophyton rubrum

Control 40 35 55 30 25

Ethanol extract 02 05 15 13 00
Inhibition (%) 95 85.72 72.73 56.67 100

Methanol extract 20 20 20 15 10
Inhibition (%) 50 42.86 63.64 50 60

Chloroform extract 15 16 15 15 10
Inhibition (%) 62.5 57.15 72.73 50 60

Ethyl acetate extract 22 20 25 15 15
Inhibition (%) 45 42.86 54.55 50 40

Aqueous extract 05 14 15 15 02
Inhibition (%) 87.50 60 72.73 50 92

* = colony diameter readings taken at 30 °C after 72 h.



moderate inhibition activity against P. varioti and A. flavus
(72.73% and 60%, respectively) and minimum inhibition
against M. gypseum (50%) was measured.

Elements. Considerable amounts of various elements were
found in the medicinal plant T. pentendra such as aluminum,
calcium, copper, iron, magnesium, manganese, phosphorus,
sulphur and zinc (Table 2). These elements are biologically
very important in the treatment of different skin diseases.

these elements play essential role in the treatment of skin
diseases (Saily et al., 1994; Janjua, 1990).
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In the study, it was observed that all the crude extracts
showed significant antifungal activity against most of the
fungi, but ethanol and aqueous extract had comparatively
maximum inhibition activity being 50% and 100%, respect-
ively. In comparison, methanol, ethyl acetate and chloroform
extracts had inhibition activity in the range of 42-72% against
test dermatophytes. Although many scientists  (Pirzada et al.,
2007; Bajwa et al., 2006; Anjum and Khan, 2003; Natarjan
et al., 2003; Ficker et al., 2003; Adedotum and Okoli, 2002;
Thebo and Abro, 2000; Sakharkar and Patil, 1999; Skaikh
et al., 1990; Usmanghani and Shameel, 1986), had screened
the antifungal activity of medicinal plants against dermato-
phytes, but in this study, first attempt was made to investi-
gate the antifungal activity of medicinal plant T. pentendra
against dermatophytic fungi viz., Aspergillus flavus, A. niger,
M. gypseum, P. varioti, T. rubrum which cause different skin
diseases like tinea capitis, tinea pedis, tinea manuum and tinea
corporis.

Furthermore, some basic elements viz., aluminum, calcium,
copper, iron, magnesium, manganese, phosphorous, sulphar
and zinc were found in variable range in the medicinal plant
T. pentendra. But the concentration levels of the elements
sulphur and zinc were found to be sufficient in the range of
(213.66-233.85) and (53.64-66.91) mg/kg, respectively. All

Table 2. Quantity of different elements in T. pentendra Linn.
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Calcium 6491.09-7603.85
Copper 12.18-12.89
Iron 156.31-174.43
Magnesium 5722.16-6015.41
Manganese 67.70-81.00
Phosphorous 87.94-104.96
Sulphur 213.66-233.85
Zinc 53.64-66.91
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Introduction

The need for large quantities of live feed organisms in aqua-
culture and the increasing need for valorizing organic wastes,
such as animal manure and agro-industrial residue, have been
the major initiatives for research on the culture of live feed
organisms (DePauw et al., 1980). Chicken manure is a waste
produced in poultry farms in large quantities and is cheap.
According to Banerjee et al. (1979) it is a complete fertilizer
with both organic and inorganic fertilizer characteristics. Ray
and David (1969) opined that chicken manure-fertilized
medium produced a large population of  cladocerans quicker
than cattle manure and the plankton biomass increased with
the increase of its dosage. The bacteria (gram positive and
gram negative) and protozoans (Paramaecium sp.) produced
in the fertilized medium form the suitable feed for mass
production of this species. Different culture techniques
are being developed to increase yield of cladocerans by
employing different waste organic products as feed sources
(Tay et al., 1991; Punia, 1988; Shim, 1988). Although Artemia
nauplii (Versichele et al., 1986) and rotifers (Pourrito, 1986)
are common live feed organisms which are mass cultured for
hatchery use, there is growing interest for the  production of
Cladocera (Adeyemo et al., 1994). But availability of live feed
is still a bottle neck in commercial seed production (Rao and
Tripathi, 1993). A variety of artificial pelletized feed are
available to rear the voracious larval stages of cultivable
species which are not preferred as compared to live feed
(Sumitra, 1987).

As the cladocerans are considered to be suitable live feed
for fish larvae,  they were mass cultured successfully by many

investigators using different cheap organic waste products,
(Golder et al., 2007; Shrivastava et al., 2006; Sivakumar, 2005;
Suresh Kumar, 2000). Due to the smaller size and locomotive
behaviour, C. cornuta has become the most preferable species
of the fish larvae (Suresh Kumar, 2000).

The aim of this paper is to demonstrate the feasibility of main-
taining culture for mass production of Ceriodaphnia solely
on chicken manure and to provide practical guidelines to run
such cultures.

Materials and Methods
Chicken manure was collected from a local broiler chicken
shop and was dried for 2 days to remove the moisture and
then in plastic jars for further use. Chicken manure was
micronized by grinding and the required quantity was
dissolved in distilled water to get suspension of 400, 700 and
1000 ppm and was used to fertilize culture medium. Chicken
manure suspension of 700 ppm concentration supported higher
density of C. cornuta than other concentrations during pre-
liminary trials carried out in 1 L beaker and was used to fertil-
ize the medium for mass culture in 50 L tanks. Zooplankton
sample was collected from Chetpet Freshwater Pond, Chennai
India and was brought to the laboratory with the least distur-
bance. The adult C. cornuta were separated using binocular
dissection microscope based on the key characters outlined
by Suresh Kumar and Sivakumar (2004).

The experimental aquarium tanks of 50 L capacity were filled
with 40 L of filtered water and were fertilized with chicken
manure at the rate of 700 ppm. The tanks were arranged in
triplicate and after 4 days, C. cornuta were inoculated in each
experimental tank at the rate of 50 Ind./L (individual per litre)
containing both adults and neonates. The culture experiment
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Abstract. For finding a cheap and suitable feed for culture of Ceriodaphnia cornuta studies were carried out for 21
days using chicken manure as fertilizer whereupon C. cornuta population ranged between 50 ± 2 and 10,232 ± 202
Ind./L. (individuals/L). The culture peaked on the 17th day producing the maximum density of 10,232 ± 202 Ind./L.
Thus chicken manure can be used as a fertilizer for mass culture of cladocerans, specially C. cornuta.
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was conducted for 21 days. Water change was carried out
after every 3 day interval by removing 50% of the water. Food
was administered as a function of population density every
3rd day using the formula of DePauw et al. (1981):

Y= [(log 10N/10) - 0.2] × V × d.

where:

Y = quantity of chicken manure
N = population density (Ind. /L)
V = volume of culture (L)
d = number of days for which the food is to be given

The culture water used in all experiments was tap water, pre-
viously aerated for 24 h to dechlorinate the water (Ivleva,
1973). To avoid anaerobic conditions in the medium, the
sediment (unconsumed food, faeces and pseudofaeces) was
siphoned from the bottom three times a week. Excessive foul-
ing was also removed from the walls of the tanks. Population
density was estimated by counting samples, taken at random
with 1 L beaker, after mixing the culture volume. Subsamples
of 100 mL and then 10 mL were drawn from these samples.
Samples were immobilized using alcohol and counting was
carried out using Sedgwick Rafter cell under a binocular
dissection microscope. Results were expressed as number of
individuals per litre (Ind./L).

Results and Discussion
In the current study, the highest population of C. cornuta was
observed in the tanks fertilized with 700 ppm concentration
of chicken manure which suggested that 700 ppm might be
the optimum level. Nutrients beyond the optimum level re-
duced population and this may be due to the rapid degrada-
tion of high nutrient content in the medium, resulting in
increased ammonia and growth of pathogenic microbes
(Adeyemo et al., 1994). Tucker et al. (1979) and  Doyle and
Boyd (1984) reported that water quality deteriorated in the
systems receiving high organic input or commercial feed. Simi-
larly, concentration of nutrients below the optimum level also
resulted in reduced population of C. cornuta which may be
due to insufficient microbial and protozoan populations.
Reduced population in low concentration may also be due to
the  lack of sufficient organic compounds that are required for
the growth and survival of the live feed organisms.

During the culture period, the C. cornuta population ranged
between 50 ± 2 and 10, 232 ± 202 Ind./L. The culture peaked
on the 17th day producing a maximum density of 10, 232 ±
202 Ind./L (Fig.1). Compared to the previous reports, higher
population of C. cornuta was recorded in the present study at
700 ppm. Suresh Kumar (2000) and Sivakumar (2005)

reported 5817 Ind./L and 6247 Ind./L in chicken manure and
mixed algae mixture, respectively. Using a mixture of organic
manure (cattle manure, poultry droppings and mustard oil
cake), Shrivastava et al. (2006) cultured C. cornuta at a maxi-
mum density of 1930 Ind./L. Ray and David (1969) opined
that chicken manure-fertilized medium produced a large popu-
lation of cladocerans quicker than cattle manure; the plankton
biomass increased with the increase of dosage. An absolute
prerequisite to maintain cultures is to renew part of the cul-
ture water at regular intervals, to ensure a permanent good
water quality. Our experiments prove that chicken manure is
a suitable feed for Ceriodaphnia. It has many advantages in
comparison to other live feeds (e.g., microalgae): it is avail-
able in large quantities, it can be purchased easily at low price;
it can be used directly after drying, it can be stored for longer
periods, it is easy to dose and it has none of the problems
involved in maintenance of algal stocks and cultures
(Sivakumar, 2005). It has been reported that a wide range of
live and inert feeds can be successfully used in culturing live
feed organisms (Sorgeloos and Persoone, 1975). A cheap feed,
available worldwide, will be more helpful and will reduce the
cost of expenditure on live feed culture, thereby reducing the
cost of seed production in hatcheries. Ceriodaphnia can be
grown to a high density on chicken manure. However, a nec-
essary prerequisite is the exact dosing. The quantity of feed
used in our experiment was based on the estimation of popu-
lation density (DePauw et al., 1981).

Overfeeding causes high mortality due to unfavorable condi-
tions for culture. Frequent addition of small quantities appears
to be the best regime. The maximum interval between the two
consecutive feedings should not exceed 2-3 days. The more
frequent the administration of appropriate small doses, the
lower the risk of overfeeding (DePauw et al., 1981). This prac-
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Fig. 1. Population density of C. cornuta (Ind./L) on
different days during the culture (mean ± SE).
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tice also decreases the amount of culture medium which must
be renewed at regular intervals. Under constant culture con-
ditions, a feeding programme can be worked out as a function
of the expected population development. By enriching the
medium with chicken manure the culture revives in a few days
(Muthupriya and Altaff, 2009). Thus the present study reveals
that dehydrated chicken manure-fertilized medium at 700 ppm
appears to be a suitable medium for successful culture of C.
cornuta to high density.
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Introduction
Wheat (Triticum aestivum) is an important rabi (winter) crop
of Pakistan and is the most extensively cultivated crop in
both the irrigated and the rainfed areas of the country. In
Pakistan, during the year 2006-07, wheat was grown on an
area of 8.58 million hectares with a total production of
23.30 million tones and average yield of 2716 kg/ha (GOP,
2008). To maintain the yield on a sustainable basis, proper
amount of nutrients have to be added to each crop. Continu-
ous cropping and contrasting edaphic requirement of crops
have shown evidence of soil nutrient depletion and imba-
lances, low nutrient use efficiency, decline in organic matter
and stagnant yield (Gupta et al., 2003). To get optimum yield,
a balance dose of macronutrients as well as micronutrients
are required. The soils of Pakistan, across much of the 22 m/ha
cultivated area, have been formed from calcareous alluvium
and loess, and are low in most of the essential plant nutrients.
Loss of organic matter, whether by erosion or high tempera-
ture, in agro ecosystem adds to impoverishment of soil
resources of several nutrient elements (Hadda and Arora,
2006).

Deficiency of various micronutrients is related to soil type,
crop and to various cultivars. Introduction of new high
yielding hybrids or cultivars, demanding a higher level of
soil fertility, has further accentuated the incidence of micro-
nutrient deficiencies.

The widespread deficiencies of Fe and Zn on the world scale
are estimated to be 30-50% of the cultivated area (Cakmak,
2002). Soil and plant analyses show that >50% of the culti-
vated soils of the country are unable to provide sufficient Zn
and B to meet the need of many crops (Khattak, 1995). The
information obtained from 329 soil samples collected from
various depths during the period of seven months revealed
widespread deficiency of Zn and B followed by Fe (Zia et al.,
2004). The widespread Zn and B deficiencies and micronutri-
ent disorders have been reported for different field crops in
all the four provinces of the country. More than 60% of soil
in Punjab, 21% in NWFP, 6-94% in Sindh and 90% in
Baluchistan, are reported to be Zn deficient; Fe and B defi-
ciency has been reported by Aziz et al. (2004) in citrus,
deciduous fruits, groundnut and many other crops, who also
found that make-up dose of nutrients improved the crop
quality and increased resistance in plants against biotic and
abiotic stresses. Chaudhry et al. (2001) reported that 5 kg/ha
Zn appeared to be the optimum dose for wheat crop. Rashid
(2006) reported that wheat responded to B. Pervaiz et al.
(2003) found that straw grain ratio (SGR) decreased with the
subsequent increase in Zn application. The present study
was, therefore, under taken to identify the wheat response to
micronutrients and their economic contribution towards
wheat production.

Materials and Methods
Ten experiments were conducted in fields of two districts, viz.
Mandi Bahauddin and Gujrat, in the Punjab province of
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Abstract. Wheat response to the application of Zn, Fe and B in rice-wheat cropping pattern at ten locations in the fields
in the Punjab, Pakistan was studied. The highest mean wheat grain yield (4707 kg/ha) was recorded with application of
Zn:B @ 5:1 kg/ha, followed by 4678 kg/ha with Zn:Fe @ 5:10 kg/ha. The three micronutrients increased the grain yield from
1.8 to 11.8% over control, highest being recorded with the application of Zn:B @ 5:1 kg/ha. Combined application of all
the three micronutrients reduced the grain yield by 1% compared to the highest yield attained by the combine application
of Zn and B. However, the application of Zn @ 5 kg/ha proved to be the most economical micronutrient application with
VCR of 4.80. None of the three nutrients increased the wheat grain yield in Gujrat, whereas Zn significantly increased the
grain yield over control in Mandi Bahauddin. Straw to grain ratio of wheat was significantly decreased by the application
of micronutrients over control mainly due to increase in grain weight.
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Pakistan under irrigated condition for three years during
2004-5 to 2006-07. The samples were collected from experi-
mental sites at the depth of 0-15 and 15-30 cm before sowing
the wheat crop. Soil samples were analyzed for texture, ECe,
pH, soil organic matter, extractable phosphorus (P) and
potash (K) by the methods described by Ryan et al. (2001)
and Page et al. (1982). The micronutrients (Zn and Fe) were
analysed using atomic absorption spectrophotometer
(Ryan et al., 2001) while boron (B) was analyzed by 0.05 M
HCl extraction method (Rashid et al., 1994) using spectro-
photometer.

A basal dose of NPK @ 80:114:120 kg/ha were applied to all
plots in the form of urea, triple supper phosphate (TSP) and
sulphate of potash (SOP), respectively. Full amount of PK and
half of N were applied at sowing while remaining half amount
of N was applied at the first irrigation. All the micronutrients
Zn:Fe:B @ 5:10:1 kg/ha were applied at the sowing alone and
in different combinations as zinc sulphate (ZnSO4.7H2O), Iron
sulphate (FeSO4.7H2O) and boric acid (HBO3), respectively.
Three wheat varieties viz., Inqulab-91, AS 2000 and NIAB
were grown in randomized complete block design (RCBD).
Net plot size was 252.9 m2 for all the treatments. The agrono-
mic efficiency for micronutrients (Zn, Fe and B) was computed
according to Craswell (1987), as follows:

Agronomic efficiency (AE) = grain yield (fertilized plot) - grain
yield (control plot)/micronutrient fertilizer rate.

Yield and fertilizer rates were in kg/ha.

The economic analysis of crop response to micronutrients
was calculated through gross profit and value cost ratio (VCR)
as described by Ahmed and Rashid (2003). The price of wheat
grain was Rs. 23.75/kg and that of the fertilizers, Zn, Fe and B,
was Rs. 340, 249 and 910/kg, respectively. The statistical
analysis of the data was carried out by applying Analysis of
Variance technique (Steel and Torrie, 1980) using MSTAT
package.

Results and Discussion
Original soil characteristics. The physicochemical proper-
ties of soil of the fields, prior to sowing of crop, are described
in Table 1. Mean soil pH value was 7.42 in the range of 6.7-7.7
with the variation of 0.27. The electrical conductivity (EC)
was 0.28 in the range of 0.1-0.4 dS/m with the variation of
0.23 at all the experimental sites in the category of normal
soils i.e. free from salinity and sodicity. The organic matter in
all the experimental sites ranged from 0.40-0.80% with the
average values of 0.60%, whereas bicarbonate extractable
soil phosphorus ranged from 3-6 mg/kg with the mean
value of 4.37 mg/kg indicating that soil organic matter and

bicarbonate extractable phosphorus were low. Boron in the
soil ranged from 0.10-0.86 mg/kg with the mean value of
0.31 mg/kg and Zn ranged from 0.54-2.69 with the average
value of 1.58 mg/kg. It indicates that the soils are low to
medium range making B and Zn fertilization probable.
Similarly, iron ranged from 0.96-2.67 mg/kg with the mean
value of 1.97 mg/kg indicating low range of Fe.

Table 1. Physicochemical properties of experimental sites

Soil properties Units Mean Range Standard
deviation

pH - 7.42 6.7-7.7 0.27
EC dS/m 0.28 0.1-0.40 0.23
Organic matter % 0.60 0.40-0.80 0.12
Available phosphorous (P) mg/kg 4.37 3.0-6.0 0.71
Available potassium (K) mg/kg 116 110-130 12.16
Zinc (Zn) mg/kg 1.58 0.54-2.69 1.53
Iron (Fe) mg/kg 1.97 0.96-2.67 1.43
Boron (B) mg/kg 0.31 0.10-0.86 0.73
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Wheat response to micronutrients. Wheat responded sig-
nificantly (P<0.05) to individual micronutrient application
across all the experimental sites. The pooled data revealed
that increase in grain yield with the application of individual
nutrient compared to control was 1.78% for B, 4.35% for Fe
and 8.12% for Zn (Table 2). This increase in wheat grain yield
with application of micronutrients was due to the improve-
ment in grain weight. It is evident from Table 5 that straw to
grain ratio decreased with the application of micronutrients
as compared to control. The data also indicated that wheat
was consistently responsive to Zn followed by Fe and B
application. The combined application of three micronutrients
reduced the grain yield by 1% compared to the highest yield
of 4707 kg/ha attained  with combined application of Zn
(5 kg/ha) and B (1 kg/ha). It might be due to the antagonistic
effect of Zn and Fe or of Fe with P (Imtiaz et al., 2003; Alam
and Shereen, 2002). It is a well established fact that different
nutrients may interact with each other by affecting the
availability of each other from soil and their status in the
plants through the process of growth and absorption. Inter-
action of nutrients in crop plants occurs when the supply of
one nutrient affects the absorption and utilization of the
other nutrient (Fageria et al., 1997). This type of interaction is
most common when one nutrient is in excess concentration
in the growth medium. Similarly, Imtiaz et al. (2003) found
that as the Zn concentration in the substrate increased, the
concentration of Fe in the plants decreased. In another study,
Alam and Shereen (2002) indicated that chlorophyll content
generally increased at low level of Zn and P, while at higher
Zn and P level, it decreased as compared to the control.

Micronutrient Fertilization in Wheat



Varietal response to micronutrients. The response of three
wheat genotypes viz. Inqlab-91, AS-2000, NIAB to micronu-
trients (B, Fe and Zn) fertilization were studied through ten
field experiments located in two irrigated districts viz. Mandi
Bahauddin and Gujrat (Table 3). These wheat varieties
responded significantly to micronutrients when applied
singly as well as in various combinations. Data also indicated
that yield potential of NIAB variety was greater than the other
two varieties. Yield variations in various varieties with the
application of micronutrients might be due to the difference
in their yield potential (Kausar and Hamid, 1998) or micronu-
trient accumulative behaviour. Application of Zn alone to all
the three varieties produced higher yield as compared to the
yield obtained by the application of Fe and B alone. It
revealed that application of Zn alone produced about 3 and
6% more yield compared to the yield obtained with the appli-
cation of Fe and B alone, respectively. It also indicated that all
the wheat varieties were more responsive to Zn followed by
Fe and B. The integrated use of these micronutrients revealed
that combined application of Zn and B gave the highest yield
compared to all other combinations. Combined application of
all the three nutrients impaired the yield by about 1.5% in all

the varieties compared to the highest yield obtained by Zn
and B. The results are in line with those of Chaudhary et al.
(2007) who reported that response of Inqlab 91 to Fe and B
was higher than Chakwal 97, and in case of Zn, Chakwal 97
performed better than Inqlab 91 by increasing the wheat grain
yield under water stressed condition. Graham et al. (1987)
reported that Zn reduced the toxic effects of excessive B in
crop plants.

Site specific response to micronutrients. The results of ten
experiments, conducted on wheat in irrigated area of two
districts viz. Mandi Bahauddin and Gujrat during 2004-05 to
2006-07, revealed a site specific response to B, Fe and Zn,
when applied either singly or in combination (Table 4). The
wheat grain yield of control in Gujrat district was about 7%
higher than the control yield in Mandi Bahauddin. It might
be due to the variation in original soil status of nutrients
(Table 1). Individual application of all the three micronutrients
did not significantly increase the wheat grain yield compared
to control yield in Gujrat district; whereas, response to all the
micronutrients applied individually was statistically signifi-
cant in Mandi Bahauddin. It means that Mandi Bahauddin
area is more responsive to micronutrients than Gujrat district.

Table 2. Impact of micronutrients on wheat yield and economic performance

            Nutrients (kg/ha) Yield Increase Net return VCR GNR
Zn Fe B (kg/ha) in yield (%) (Rs.)

0 0 0 4211d - - - -
0 0 1 4286cd 1.78 879 1.97 75
0 10 0 4394bc 4.35 1856 1.75 18.3
5 0 0 4553ab 8.12 6423 4.79 68.4
0 10 1 4663a 10.73 7343 3.16 41.10
5 0 1 4707a 11.78 9178 4.53 82.70
5 10 0 4678a 11.09 6901 2.65 31.13
5 10 1 4636a 10.09 5004 1.98 26.56

VCR = value: cost ratio; GNR = grain: nutrient ratio; means followed by different letters are significantly different at 5% level of probability.

Table 3. Response of wheat varieties to micronutrients and economic performance

Nutrients (kg/ha) Inqlab 91 AS 2000 Niab
Zn Fe B Yield Net VCR GNR Yield Net VCR GNR Yield Net VCR GNR

(kg/ha) return (kg/ha) return (kg/ha) return

0 0 0 4139c - - - 2967c - - - 5385c - - -
0 0 1 4213c 0 0.05 74 3022bc 404 1.44 55 5481bc 1378 2.52 96
0 10 0 4320bc 99 1.04 18.1 3096abc 574 1.23 12.9 5624abc 3186 2.28 23.9
5 0 0 4472ab 4499 3.65 66.60 3215abc 4190 3.47 49.6 5830ab 8869 6.23 89.0
0 10 1 4584ab 5467 2.61 40.45 3299ab 4499 2.32 30.18 5964a 10359 4.05 52.64
5 0 1 4627a 7278 3.80 81.33 3316a 5667 3.19 58.16 6038a 12907 5.96 108.83
5 10 0 4598ab 5001 2.19 30.6 3296a 3624 1.87 21.93 5998a 10369 3.48 40.87
5 10 1 4557ab 3128 1.61 26.13 3266ab 2001 1.40 18.69 5943ab 8163 2.62 35.06

VCR = value: cost ratio; GNR = grain: nutrient ratio; means followed by different letters are significantly different at 5% level of probability.
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The highest increase of 10% in grain yield of wheat over
control was observed with the application of Zn alone
followed by 4% with Fe alone in both the districts.

The capacity of soil to supply plant-available nutrients can
vary greatly among fields and seasons leading to insufficient
plant use across large areas (Dobermann et al., 2004;
Dobermann and White, 1999). Combined application of Zn
and B gave the highest yield in both the districts. Combined
application of the entire three micronutrients decreased
wheat grain yield by 1.5% compared to the highest yield in
both the districts. It might be due to antagonistic effect of Fe
with Zn or Zn with P (Imtiaz et al., 2003; Alam and Shereen,
2002). High level of several minerals (Ca, P, N, Mn, Cu and Zn)
in soil contributes to Fe chlorosis presumably because they
are involved in interaction with Fe nutrition, although Fe
deficiency per se may inhibit absorption of some other
elements (Madero et al., 1993).

Agronomic performance of micronutrients for wheat. The
agronomic efficiency of micronutrients varied considerably
when applied singly or in combination (Table 2). The overall
data revealed that agronomic efficiency of B (75) was at the
highest followed by Zn (68.4) when applied singly. It might be
due to low requirement of wheat for B as compared to that for
Zn and Fe. The GNR increased with the combined application
of Zn and B by about 10% and 21% compared to individual
application of B and Zn, respectively. It may be explained by
the fact that application of higher rate of Zn viz. 5 kg/ha
reduced GNR compared to low dose of B (1 kg/ha). The GNR
was reduced by the combined application of three micronu-
trients. While comparing different varieties, B efficiency was
higher in NIAB followed by Inqlab 91 and AS 2000. The site
specific agronomic performance was almost the same in both
the districts.

Economic importance of micronutrients for wheat. The net
return is the value of increased yield as a result of applied

fertilizer after providing the cost of fertilizer whereas the value
cost ratio (VCR) is the rate of return from the money spent on
fertilizer. The value 2 of VCR means a 100% return from the
money spent on fertilizer. Variable tested with VCR value
below 2 is not recommended for farmers because in this case
net profit decreases (Ahmed and Rashid, 2003). The net
return and VCR values were affected by micronutrients
when applied singly as well as in combination (Table 2). The
pooled data revealed that among the individual application
of micronutrients, Zn application gave the highest net return
of Rs. 2841 with the VCR value of 4.79. The application of Fe
and B may not be recommended to farmers as the VCR by Fe
and B application was lower than 2. The integrated use of
micronutrients revealed that application of any two micronu-
trients gave the net return ranging from Rs. 3045 to Rs. 4058
with VCR value above 2. Combined application of three
micronutrients may reduce the net profit which may be due
to the reduction of efficiency of micronutrients. In case of
various genotypes, application of each nutrient performed
better whether applied singly or in combination as the VCR in
most of the treatments was above 2 (Table 3). Based on site
specific response to micronutrients, application of Zn and B
is recommended in Gujrat district; whereas application of Zn
is recommended in Mandi Bahauddin district.

Straw to grain ratio. Straw to grain ratio (SGR) of wheat crop
was significantly decreased by the application of micronu-
trients (Table 5 and 6). The maximum decrease in SGR was
observed in the treatment where only Zn was applied that was
about 24% lower than the control. There was a decrease in
SGR in all the varieties with the application of individual
micronutrient as compared to combined application of these
micronutrients. Application of Fe alone impaired the SGR of
Inqlab 91 and NIAB to about 30% and 27% followed by 24%
and 19% with Zn application, respectively, whereas, the trend
was reciprocal in AS-2000 variety, in which Zn performed
better to increase the grain yield. The combined application of

Table 4. Districtwise wheat response to micronutrients and economics

Nutrients (kg/ha)         Gujrat Mandi Bahauddin
Zn Fe B Yield (kg/ha) Net return VCR GNR Yield (kg/ha) Net return VCR GNR

0 0 0 4342c - - - 4071e - - -
0 0 1 4419c 927 2.02 77 4144cd 832 1.92 73
0 10 0 4531bc 1999 1.80 18.9 4248bcd 1714 1.69 17.2
5 0 0 4695abc 6684 4.93 70.6 4402abcd 6161 4.62 66.2
0 10 1 4808ab 7676 3.26 42.36 4509abc 7011 3.07 39.82
5 0 1 4853a 9534 4.66 85.17 4552a 8822 4.39 80.16
5 10 0 4824ab 7258 2.73 32.13 4523abc 6545 2.56 30.13
5 10 1 4780ab 5313 2.04 27.38 4483abc 4695 1.92 25.75

VCR = value: cost ratio; GNR = grain: nutrient ratio; means followed by different letters are significantly different at 5% level of probability.
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all the three nutrients did not significantly increase the grain
weight of Inqlab 91 and NIAB compared to the yield obtained
by the application of other micronutrients. The higher
response of AS 2000 to Zn might be due to micronutrient
accumulative behaviour of this cultivar. Pervaiz et al. (2003)
found that SGR decreased with the increase in Zn application.
Non-significant effect of integrated application of micronu-
trients over control might be due to antagonistic effect that
reduced the grain weight of wheat. Imtiaz et al. (2003) reported
that Zn application has adverse effect on Fe concentration
and Fe uptake by plants. They also reported that Zn has also
antagonistic effect on the uptake of Mn and Cu in plants.

Conclusion
This study showed that differences in grain yield between
individual micronutrient application and control was signi-
ficantly higher with Zn followed by Fe and B. Application
of Zn alone to the three varieties produced higher yield
compared to the yields obtained by Fe and B. None of the
three micronutrients augmented the wheat grain yield in
Gujrat district whereas Zn performed significantly better in
Mandi Bahauddin District. Agronomic efficiency of B was
the highest followed by Zn and Fe when applied singly. The
economic performance revealed that Zn gave the highest net

return (Rs. 2841) with the VCR value of 4.79. The application
of Fe and B may not be recommended to the farmers as the
VCR is < 2. SGR of wheat decreased by the application of
micronutrients, mainly due to the increase in grain weight.
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Introduction
Pakistan, with a population of 160.9 million by mid-2008 is the
sixth most populous country in the world. The country’s popu-
lation is estimated to double by the year 2045 if population
growth continues at 1.8% per annum (Economic Survey of
Pakistan, 2008). Wheat is the most widely grown crop in the
world. In Pakistan, wheat is a staple crop and is cultivated on
some 8.459 million hectares giving production of 22.5 million
tons during 2006-2007. It shares 13.7% of the value of
Pakistan agricultural produce and 3.0% to GDP (Economic
Survey of Pakistan, 2008).

Wheat crop suffers from a number of biotic and abiotic
stresses from sowing to harvesting, including heat, drought,
diseases and insect damage. One of the most recent and
important pests of small grains is the Russian wheat aphid
(RWA) Diuraphis noxia (Mordvilko). It spends its entire life
cycle on the grains and grasses and is a serious pest of
wheat. Russian wheat aphid prefers to live in leaf whorls and
emerging tightly rolled leaves feeding on them. Infestation
on leaves, stems, awns and heads result in necrosis and
blackening of these plant parts, affecting grain yield. Aphid
attack results in curling of leaves, delayed head emergence
causing improper maturity of grains. Therefore, the early
detection of pest infestation is important for its timely and
proper control. Each 1% infestation level results in 0.5% yield

loss at harvest (Karren and Reeve, 1989). Aphid attack starts
from emergence and continues upto maturity (Shea et al.,
2000; Karren and Reeve, 1989).

The aphid incidence level differs in different cultivars of
wheat (Wratten and Redhead, 1976). Advanced lines of wheat
differ significantly with respect to population of aphids and
grain yield. The aphid population attains peak level in mid
March (Chen et al., 1994; Aheer et al., 1993). Aphid popula-
tion varies on test cultivars of wheat during February-April
2001 and peak level of aphids was noted during the third week
of March (Parvez and Ali, 1999). Aheer et al. (2006) reported
mean densities of wheat aphids to be 2.29, 2.07, 2.41, 2.23 and
2.22/tiller on wheat cultivars, Inqlab-91, Pasban-90, Pak-81,
Uqab-2000 and Iqbal-2000, respectively, and found that
infestation of aphids mainly concentrated on leaves, on
heads (spikes) and stem of wheat plant. The present studies
were aimed at determining the effect of aphid populations on
different wheat cultivars under field  conditions.

Materials and Methods
The field experiment, to evaluate the response of different
wheat cultivars to Russian wheat aphid (RWA), was conduc-
ted at Regional Agricultural Research Institute, Bahawalpur,
Pakistan. Bahawalpur is located at an altitude of 112 meters,
latitude 29° 23' 60 N and longitude of 71° 40' 60 E. Eight wheat
cultivars, including two checks (Inqlab-91, Punjab-96, V-2047,
V-2236, V-2239, V-2251, V-2707 and V-7222), were sown in two
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Abstract. Eight wheat cultivars were sown at the Regional Agricultural Research Institute, Bahawalpur, Pakistan, to
evaluate their response to Russian wheat aphid (RWA) Diuraphis noxia (Mordvilko). Significant variability was observed
among cultivars with respect to aphid infestation and yield losses. Cultivar V-2707 was the least infested with the aphid
(6.3 aphids/tiller) giving maximum grain yield (4638 kg/ha), with cultivar V-2047 the second best with 6.43 aphids/ tiller
infestation and grain yield of 4206 kg/ha. Commercial cultivars (Inqlab-91 and Punjab-96) were heavily infested with 14.4
and 12.6 aphids/tiller, respectively, and yielded 2245 and 2490 kg/ha harvest, respectively. Aphid population increased
upto the fourth week of March and then declined. Aphid infestation resulted in 3.96 to 7.36% yield loss. The cultivar
V-2707 was later released for general cultivation, under the name of Punjab-1.
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sets (sprayed and unsprayed). In the sprayed set, Furathiocarb
was sprayed at 625 ml/ha during February (1st and 3rd weeks)
and March (1st and 3rd weeks) in order to control aphid popu-
lation. The experiment was laid out in a randomized complete
block design with three replications of each set. Plot size was
5 m × 1.2 m in both  the sets. N and P2O5 fertilizers were applied
at the rate of 160 and 110 kg/ha, respectively. The experiment
was sown on November 30, 2001. Four irrigations were
applied to the crop at crown root, tillering, milky and grain
filling stages. Weeds were controlled chemically with
Bromoxynil. Aphid infestation was recorded at weekly
intervals from the first week of February to the 3rd week of
April, 2000. Fifteen tillers were selected randomly from each
plot. Each tiller was clipped with a pair of scissors, brought to
the laboratory and the aphids were separated from the stem
and spikes with the help of a camel hairbrush, placed on a
white paper and counted. At maturity, the yield data were
recorded and percent loss was determined by using the
following formula:

            Yield in sprayed set-Yield in unsprayed set
Yield loss (%) =   × 100

            Yield in unsprayed set

The yield and aphid data were subjected to analysis of vari-
ance by using computer package MSTATC and means were
compared by calculating LSD (Steel and Torrie, 1980).

Results and Discussion
Aphid infestation. The highest aphid population was found
on Inqlab-91 (14.4 aphids/tiller) followed by Punjab-96
(12.6 aphids/ tiller). The lowest mean aphid population
(6.3 aphids/ tiller) was found on cultivar V-2707 (Table 1).
Cultivars differed significantly with respect to aphid popula-
tion (P<0.01). Aphids were first observed at the beginning of
February (Aheer et al., 2006; Shea et al., 2000). The maximum
infestation (8.92 to 18.36 aphids/ tiller) was recorded during
the month of March (Table 2). Minimum infestation (3.20 to
10.24 aphids/tiller) was observed during April. Aphid infesta-
tion gradually increased up to the 4th week of March and then
decreased down to the 3rd week of April. The population peak
from middle to the 4th week of March is consistent with the
reported observations (Aheer et al., 2006; Ahmad and Nasir,
2001; Rios and Conde, 1986). Decline in aphid population
during April may be attributed to high minimum (21.5 °C) and
maximum (37.2 °C) temperatures (Table 2). According to Aheer
et al. (2007) and Kieckhefer and Elliotte (1989), the gross and
net reproductive rates of both morphs were greater at low
temperature regimes and decreased with an increase in the
temperature. Thus aphid population decreased when
maximum and minimum temperatures were 28.3-30.6 °C and

9.57-10.0 °C, respectively. Present results are in line with these
findings.

Aphids were found on each tiller, head, leaf and stem. During
the present study, aphid infestation was observed to result in
the rolling of the flag leaf and trapping of the emerging heads
and awns. This phenomenon may have caused reduction in
pollination resulting in improper maturity and low grain
yield in the tested cultivars (Aheer et al., 2006; Shea et al.,
2000; Parvez and Ali, 1999).

Grain yield. The data of grain yield subjected to analysis of
variance revealed significant differences between sprayed
and unsprayed sets (P<0.01). Significant differences were also
observed among cultivars with respect to grain yield (P<0.01).
Cultivar V-2707 produced the highest yield (4638 kg/ha)
followed by V-2047 (4206 kg/ha). Cultivar V-2707 had the
lowest aphid population among all other cultivars. The
cultivar with the lowest yield was Inqlab-91 (2245 kg/ha).
Perusal of the data (Table 3) reveals that genotypes having
maximum attack of aphids had the lowest yield and vice versa,
suggesting direct relationship between mean aphid popula-
tion and reduction in yield. The average loss in grain yield
due to a single aphid/ tiller was 0.51% to 0.66%. Kieckhefer
and Kantack (1980) reported substantial yield losses as the

Table 2. Maximum and minimum temperature recorded at
Bahawalpur, during the year 2000
Months                 Temperature (°C)

Maximum Minimum

January 20.1 6.5
February 21.1 6.7
March 27.4 11.1
April 37.2 21.5
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Table 1. Average Russian wheat aphid populations on dif-
ferent wheat cultivars during various months during the year
2000

Varieties Russian wheat aphid population per tiller
February March April Average

V-2047 6.23 8.92 4.14 6.43
V-2236 7.58 9.58 6.54 7.90
V-2239 6.02 12.75 4.12 7.63
V-2251 5.44 10.74 3.65 6.61
V-2707 4.98 10.72 3.20 6.30
V-7222 5.94 11.29 4.07 7.10
Inqlab-91 14.76 18.20 10.24 14.4
Punjab-96 12.89 18.38 6.53 12.6
      Average 7.98 12.57 5.31



direct effect of aphid feeding (Blackman and Eastop, 1984).
The present results also get support from the findings of
Kuroli and Nemeth (1987) who found 50 and 70% loss in grain
weight in winter and spring wheat, respectively. Kieckhefer
and Gellner (1992) also reported 35-40% losses at 15 aphids/
plant (2.3-2.7% per aphid). Aheer et al. (1993) observed that
7.2 aphids/tiller caused a 16.4 % loss in grain yield (2.3% per
aphid). Kortyukovski (1984) reported 30-80% losses with
100-200 aphids/stem (0.3-0.4% aphid). Aphid infestation at
the level of 1% causes 0.50% yield loss at harvest (Karren,
1989).

Conclusion
The wheat genotype V-2707 was found to be the least
infested with RWA, producing the highest grain yield
(4638 kg/ha) with 6.30 aphids/tiller. The wheat variety
Inqlab-91 with 14.4 aphids/tiller had the highest infestation
with a yield of 2245 kg/ha. The aphid infestation gradually
increased upto the 4th week of March and then decreased
upto the 3rd week of April and was affected by an increase in
maximum and minimum temperatures. Genotypes responded
differently to aphid infestation. There was a loss in grain yield
in various genotypes ranging from 3.96 to 7.36% with increa-
sing infestation of aphid. The genotype V-2707 was later on
released for general cultivation based on its better perfor-
mance in the name of Punjnad-I. It is concluded that aphid
infestation causes significant loss to grain yield in wheat.
The check varieties had higher infestation rate and greater
loss in grain yield as compared with the new strains. The loss
in grain yield, specially in the checks, demands plant protec-
tion measures but wheat being a staple food, the use of
insecticides on wheat is not advisable. Therefore, the studies
on RWA occurrence in the area and identification of resistant
cultivars should be encouraged. Area sown to wheat cultivars
with low levels of resistance should be decreased.
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Berberis vulgaris L., belonging to family Berberidaceae, is a
shrub commonly growing in the southern Europe, northwest
Africa and western Asia. It bears great medicinal importance.
It was formerly used as a source of yellow dye and contains
an antibacterial compound berberine (Kong et al., 2004).
Berberine can be used as staining agent when dissolved in
lactic acid (Lux et al., 2005).

Staining anatomical sections of plant tissues provides an
adequate method for rapid and inexpensive microscopic
observation of their internal structure. For section staining
both natural and synthetic dyes are used (Drury and
Wallington, 1976). The commonly used natural dye is
haematoxylin, obtained from wood of Mexican tree,
Haematoxylon campechianum (Baker and Silverton, 1985).
Although synthetic dyes are very effective but their
utilization is limited due to their harmful effects on human
and animals. Some synthetic dyes have been in disuse due to
their recognized adverse effects (Bhuyan and Saikia, 2004).
Owing to the global demand for the use of environmental
friendly and biodegradable materials, the use of natural dyes
has once again gained interest (Garg et al., 1991). The aim of
the present investigation was to explore the effectiveness
of yellow dye extracted from the wood of B. vulgaris L. for
staining stem tissues of angiospermic plants.

Air dried wood of B. vulgaris L. was extracted with petroleum
ether and after evaporating the petroleum ether, solutions
were made using crystals in water and ethanol and used for
staining. Free hand stem sections of Pennesetum typhoides
(Burm.f.) Stapf. and C.E.Habb. syn: P. glaucum (L) R.Br. and
Chenopodium murale, were prepared in ethanol, water, acetic
acid and formalin, and stained with Berberis wood extracts

(water and ethanol) (Ruzin, 1999). Then they were observed
under light microscope (Olympus BX51) and the intensity of
staining was determined (Lux et al., 2005).

The solutions of dye made in water and ethanol were found
to stain the lignified tissues of both P. typhoides and C. murale
stem cross sections (Table 1 and 2). However, ethanolic
extract was more effective than aqueous extract. The colour
of the dye extracted with water was light yellow while that
extracted with ethanol was dark yellow. The ethanolic extract
of dye imparted dark yellow colour to vascular tissues of the
stem cross sections. The dye extract 10% (w/v) in ethanol was
found to be more effective in staining vascular bundles of
monocotyledonous as well as dicotyledonous stem cross
sections; however, the staining effects were more pronounced
on the latter. The results further revealed that the dye extract
in ethanol could be used successfully to stain lignified plant
tissue. Similar results were obtained by Avwioro et al. (2005)
for dye extracted from wood of Pterocarpus osun and
Faizanullah (2004) for dye extracted from leaves of Henna
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Abstract. Yellow dye was chemically extracted from wood of Berberis vulgaris L. using water and ethanol and its
effectiveness as staining agent for angiosperm stem tissues was studied. The dye stained the lignified tissues of both
monocotyledonous as well as dicotyledonous stem cross sections. However, the dye extracted in ethanol (10% w/v) was
found more effective to stain the lignified tissues of plants.
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*Author for correspondence; E-mail: asgharibano@yahoo.com

Short Communication

Table 1. Staining effect of Berberis vulgaris L. wood dye on
stem tissues of Pennesetum typhoides

Berberis wood extract Tissue stained Intensity of staining

I. In ethanol

    1% Vascular +
    5% Vascular + +
    10 Vascular + + + +

II. In water

    1% Vascular Traces
    5% Vascular Traces
    10 Vascular Traces
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(Lawsonia alba Lam.) which can be used as an effective
histological stain even in absence of mordants. The search
for suitable mordants would further improve the feasibility
of the extracted dye in ethanol for usage in plant micro
techniques. The basic stains generally stain the nucleus while
cytoplasm is stained by acidic stains (Baker and Silverton,
1985). In view of this, it can be expected that the dye extracted
from wood of Berberis is acidic in nature. More experiments
are needed to identify the exact nature of the yellow dye
extracted in ethanol from Berberis wood by utilizing advanced
chromatographic techniques as majority of the natural dyes
contain several impurities and other dye fractions (Banerjee
and Mukherjee, 1981), the identification of active ingredients
of dye will open a new avenue of research in the field of dyeing.
Although the dye extracted in ethanol was not tested against
microorganisms, it could be tested as histological stain for
bacteria and fungi. Moreover, search for different solvents for
dye extraction and their implication as staining agents is also
needed. Lux et al. (2005) reported that solving berberine in
lactic acid was highly effective in staining the root tissues in
plants.
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Abstract.  Mixed Ni-Zn ferrites (x = 0.66, 0.77, 0.88, 0.99) were prepared by double sintering ceramic method
using locally available low cost Fe2O3 with 0.5% (by wt) of Si additive. The chemical phase analysis, carried out
by X-ray powder diffraction method, confirms the major phase of Ni-Zn ferrite. Study of the effect of composi-
tion on structural properties of ferrite system revealed a decreasing trend of lattice parameters with increasing Ni
content. X-ray density and mass density increase with increasing Ni content, which in turn decreases the poros-
ity due to successive presence of Si in Fe2O3. This decrease in porosity along with chemical homogeneities,
distribution of phases and grain formation were also observed in scanning electron micrographs.

Keywords:  Ni-Zn ferrites; Si additive; iron oxide; ceramics

Introduction
Ferrites, being ceramic materials formed by sintering, have
mechanical properties similar to those of pottery. In parti-
cular the properties depend on the sintered density. It was
reported by Costa et al. (2003) and Snelling (1988), that
during sintering, oxides react to form crystallites or grains
which, nucleating at discrete centres, grow outwards until the
boundaries meet those of neighbouring crystallites. During this
process, the density rises; if this process were to yield perfect
crystals meeting at perfect boundaries, the density would rise
to the theoretical maximum, i.e., the X-ray density.

In practice, imperfections occur and the sintered mass has
microscopic voids, both within the grains and at the grain
boundaries. The resulting density is referred to as the sintered
density. In normal production, the sintered density for Ni-Zn
ferrite, suggested by Snelling (1988), is 4600 kg/m3 (pressed),
and porosity is 13.5%. It is a well-known fact that the proper-
ties of ferrite materials are strongly influenced by the materi-
als composition and microstructure. But according to He
et al. (2003), Da silva and Mohallem (2001), Heck (1974)
and Von Aulock (1965), properties can also be changed by
the sintering conditions employed and the impurity levels
present in or added to these materials. The density and
porosity can be improved further by using different techniques,
like special sintering conditions and selecting suitable com-
position with addition of small amount (a few mols %) of
metal oxide to ferrites. Researchers like, He et al. (2008),
Goldman (1990), Heck (1974) and Von Aulock (1965), indi-
cated that optimum properties of Ni-Zn ferrites were obtained

when sintered at 1200-1250 °C. The sintering temperature
1200- 1250 °C proved to be the most appropriate condition to
obtain Ni-Zn ferrites and gave satisfactory values of density
and other parameters comparable with the theoretical values
reported for ferromagnetic Ni-Zn ferrites. In addition to this,
He et al. (2008), Wu et al. (2006; 2004) and Goldman (1990),
investigated the effect of Si, which improved the properties
of ferrite products.

The present work was aimed at sintering Ni-Zn ferrite using
low cost iron oxide, having 0.5 wt % of Si additive, and study-
ing its effect on improvement of the properties of ferrite
samples and overcoming the cost of finally achieved ferrite
products. The presence of Si improves density, but the amount
must be low enough to prevent growth of large grains, which
is confirmed through scanning electron micrographs.

Materials and Methods
Ferrite samples with compositions NixZn1-xFe2O4, (x = 0.66,
0.77, 0.88 and 0.99) were prepared in polycrystalline form
through high temperature solid-state reaction method. The
compositions, NixZn1-xFe2O4, were prepared from powder mix-
ture of NiO, ZnO, of purity better than 99% along with lo-
cally available low cost Fe2O3 with 0.5 wt% of Si as an addi-
tive. The powder mixture were pressed into pellets of 16 mm
diameter under a uni-axial pressure of 2.5 tons. Initially the
samples were sintered in a muffle furnace at 1000 °C for pro-
longed period and finally heated for 6 h at 1200 °C for mak-
ing a homogenous product. The samples were quenched in air
and X-ray diffraction (XRD) patterns were taken by Rigaku
XRD D/MAXIIA diffractometer using CuKá radiations with
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tent, x, from 0.66 to 0.99. It can be observed that the value of
X-ray density is increasing because the lattice constant is de-
creasing with the increase of Ni content. Hence the ratio ds/
dx decreases which leads to the decrease in porosity. The other
reason is that porosity depends on different factors, like sin-
tering temperature, quality of the oxide used and somehow on
melting points of the oxide used. Sintering at higher tempera-
ture  generally brings about reduced porosity and an improve-
ment in the homogeneity.

Hu et al. (2005), suggest that at a higher sintering tempera-
ture, the number of pores is reduced, as a result of which
individual grains come closer to each other and the effective
area of grain to grain content increases. This, in turn results
in greater densification or less porosity, as Ni content, x, was
increased having melting point of NiO (1955 °C) less than
ZnO (1975 °C) used. The XRD data were supported by
observations from scanning electron micrographs. The
microstructure analysis of these samples was carried out
using the high resolution scanning electron microscope
operated at 25 kV in the secondary electron image mode. It
is useful to study the microstructure and to identify the phases
formed during sintering. It is also useful to interpret the
amount of porosity and find out the size of grains and their
positions in the crystal. The morphology of grain structure
of Nix Zn1-xFe2O4, as seen from the scanning electron micros-
copy in Fig.3, shows maximum of cellular type particles with
major phase of NiZn ferrite and minor phase of Zn2SiO4 (zinc
silicate) due to its less energy of formation (Gibb’s energy)
as mentioned by Smithells (1967). It also shows an average
grain size of 3-7 μm. It is to be noted that small grains due to
Si are preferred in ferrites as it shows better microstructure
and chemical homogeneity. It is also interpreted from the
micrograph of this series of Ni-ZnFe2O4 (Fig. 3), that sec-
ond phase (zinc silicate) dominates more for x = 0.88 and x
= 0.99, which is also clear through XRD patterns.

Conclusion
The aim of the present study was to produce homogenous
ferrite having small average grain size. Use of low cost Fe2O3

with 0.5 wt% Si as an additive in the system was considered
in order to improve the properties of the samples and control
the process economics. The presence of Si was found to sup-
press the ceramic grain growth, which further confirms that
the formation of major phase of Ni-Zn ferrite structure with
lattice content decreases linearly to the nickel content, x, due
to the difference in ionic radius. There is increasing trend of
dx and ds with the increase in Ni concentration, x, but poro-
sity decreases with increase in Ni concentration, x.

Scanning microscopy was used to observe the distribution of
phases, chemical homogeneities and porosity along with grains
formation. It was observed that all the samples of ferrite were
sound, homogeneous and free from any sort of macro poros-
ity and in agreement with XRD results.
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Abstract. A concise overview of fundamental Σ hypernuclei physics and the mechanisms of hypernucleus for-
mation and interactions are presented. Σ−Λ interaction and strong force-mediated hyperon-nucleon interaction
are introduced to give an epigrammatic background and current perspective of the subject. A model phenomeno-
logical elementary Sigma-Nucleus (Σ-N) potential has been constructed and reported here as an instance of ΣΝ
interaction. The potential incorporates both spin and isospin dependence and may be useful in calculating Hamil-
tonians, cross sections and decay widths in Σ hypernuclear reactions.
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Introduction
A hypernucleus is an unstable nucleus formed in situ with a
constituent hyperon, a baryon comprising at least one strange
quark, such as a Λ, Σ or Ξ hyperon, in a nucleus, such as
Helium. Since the discovery of the first hypernucleus event in
1952 at Warsaw University with the detection of a Λ-hyperon
by Danysz and Pniewski, (1953a;1953b; Danysz et al., 1963a;
1963b; Mladjenovic, 1992), the area of hypernuclear physics
has seen a steady growth (Fig. 1). A number of further findings
were made in the following years, recording more instances of
hypernuclear detection, which are summarized in a detailed
survey (Danysz, 1956). Nishijima  (1954) predicted the Σ and
Ξ particles for the first time and not only gave valuable insight
into these hyperons but defined strangeness as an  empirical
quantum number connected to hypercharge. On the basis of
this he did a complete classification of strange particles. This
became one of the inspiring milestones for Schwinger (1956)
to formulate his dynamic theory of κ mesons, as cited in his
paper on this topic.

Since the Danysz and Pniewski (1953a;1953b) discovery,
hypernuclei have been abundantly produced and studied at
various physics laboratories in the world, most notably at the
CERN in 1960’s and 1970’s epoch, Brookhaven (BNL) AGS
during 1970’s to 1990’s, KEK, 1980’s to 1990’s, and at the
BNL, KEK and US Jefferson labs (JLab) in the contemporary
years, using both kaon and pion beams.

In addition to the terrestrial efforts at various laboratories,
physicists turned to astronomy in order to see the presence of
hyperons and strange baryonic matter in celestial bodies. It

Fig. 1. The first observation of a hypernucleus. A cos-
mic ray coming in from the top right collides with
a nucleus in the emulsion to create the star of
tracks. One of the fragments from the collision
disintegrates lower down the image to produce
three new tracks. The faintest of these, traveling
towards the lower left, is probably due to a pion.
The total energy released in the disintegration is
consistent with the decay of a lambda particle in
the original nuclear fragment. (Courtesy and
Copyrights CERN Courier, CERN, Geneva).
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has been suggested that a prospective site suitable for finding
large amounts of strange matter is in the interior of neutron
stars, where not only the stellar radii and masses, but even
their thermal and structural evolution, are influenced by the
presence of contained strange matter, such as strange quarks,
hyperons, or kaon-condensates (Glendenning, 1997; Prakash
et al., 1997). It is believed that neutron star cores bearing
strange quarks or kaon-condensates have substantially lower
stellar radii and higher masses as compared to those without
strange matter. It has also been reported in studies elsewhere
(Pons et al., 1999; Prakash et al., 1994; Lattimer et al., 1991)
that strange matter affects the long-term thermal evolution of
neutron stars and causes production of metastable neutron
stars, a factor which has been suggested to affect the proba-
bility of the formation of low-mass black holes. Currently,
investigations are underway to search for these effects with
the help of a number of experiments and observations. These
efforts include multi-wavelength photon observations of
neutron stars in various experiments like ROSAT, HST, AXAF,
and XMM. In addition, laboratory studies on phase-shift
analyses of nucleon-hyperon, nucleon-meson and hyperon-
hyperon interactions (both for many-body calculations of dense
matter and for studies of superfluidity and superconductivity)
are being explored.

In recent times, physicists have begun looking for a num-
ber of interesting phenomena and effects, such as different
mechanisms in hypernuclei production, existence of bound
states, and the appearance of narrow widths in the
hypernuclear spectra. It has been proposed that  an impor-
tant effect in strange physics, strangeness enhancement,
may be a signature of the creation of quark-gluon plasma
in nucleus-nucleus collisions at high energies (Sibirtsev et
al., 1999; Sibirtsev and Cassing, 1998). One of the current
aims of research pursuit in the area of hypernuclei is the
search for inter-hyperonic conversion, for which a prime
candidate is the Σ−Λ conversion. This report is based on
an extensive theoretical, computational and experimental
study carried out in the search of Σ−Λ conversion (Bukhari,
2006).

ΛΛΛΛΛ and ΣΣΣΣΣ Hypernuclei.The lambda hyperon (Λ) is the lightest
of the hyperons, with a mass of 1115.64 MeV/c2 and exists in
the form of a charge singlet with a spin half, strangeness -1
and isospin zero. Its important parameters and quantum num-
bers are enumerated in Table 1. Because of its low mass, it is
stable as far as the strong interaction is concerned and thus
can form a stable hypernuclear system. It has a lifetime of
about 2.6 x 10-10 s and can decay in a nucleus via either of
two decay modes - mesonic or  non-mesonic. The mesonic
decay mode involves a Λ decay by meson (a pion) and a
nucleon duo, whereas the non-mesonic decay involves a
decay via a pair of nucleons (proton/neutron). A free Λ
decays via the mesonic mode. On the other hand, if the Λ is
embedded within a nucleus and the momentum of the decay
proton is lower than the Fermi momentum, Pauli blocking
inhibits this decay mode. In such cases, a non-mesonic decay
predominates, mediated via the weak interaction, causing
Λ decay by emission of  nucleons.

The non-mesonic decay modes are less studied, but are interes-
ting, as we can use them to obtain a knowledge of strangeness-
changing, four-fermion baryon-baryon weak interac-tions. In
these decays, another important applicable factor is an empiri-
cal rule, called the “ΔI=1/2 Rule” (Hungerford and Furic, 1999;
Gibson and Hungerford, 1995), whereby the weak decays of
hyperons predominantly occur with a change in isospin by
one-half. Thus, the hyperon’s interaction with nucleons is
greatly dependent on spin as well as isospin. Spin-dependence
of ΛN interaction in p shells have been established quite well,
based on a ΛN potential model and analysis of hypernuclear
data by various sources (Millener et al., 1985).

The sigma (Σ) is the next hyperon after lambda in terms of
mass. Unlike a Λ, a Σ hyperon exists as a charge triplet, i.e. in
the form of three charge eigenstates - positive, negative and
neutral sigma. They have the common quantum numbers of
spin half, isospin unity and strangeness of -1. The mass of each
of these is different and approximately ~ 76-80 MeV higher
than the lambda.

All the three flavours of sigma have their individual decay
modes and interaction channels with the nucleons.

Table 1. Λ and Σ Hyperon characteristics.

Hyperon Mass Charge Spin Isospin Strangeness Mean Life
(structure) (M, MeV) (Q) (J) (T and T3) (S) (τ, s.)

Λ0  (uds) 1115.64 0 ½ 0, 0 -1 2.63 x 10-10

Σ0  (uds) 1192.5 0 ½ 1, 0 -1 7.0 x 10-20

Σ−  (dds) 1197.43 -1 ½ 1, +1 -1 1.5 x 10-10

Σ+  (uus) 1189.37 +1 ½ 1, -1 -1 0.8 x 10-10
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The Σ0 has an extremely short lifetime <τ> ~ 7 x 10-20 s.
(making it the shortest-lived particle in the  triplet). It can also
decay electromagnetically by forming a Λ and emitting a single
gamma photon (~100% B.R.) or a Λ with a  pair (<3% B.R.)
of gamma photons. Though Σ0 and Λ0 share the same quark
constituents, their difference of isospin quantum number
implies a structural difference and relevant symmetries
between the two. An in-depth study of the conversion of
Σ into Λ could help resolve this structure.

The Σ- has the highest mass in the triplet. It has only one
significant decay channel (99.84% B.R.) through which it
decays (weakly) to a neutron and a pion (π-) with a mean life
of ~1.5 x 10-10 s.

In the case of the Σ+, this eigenstate has the lowest mass in
triplet. There are two decay channels available to it, both weak
and mesonic, one with a proton and a neutral pion (51.57%)
and one with a neutron and a positive pion (48.3%), and has a
mean life of 0.8 x 10-10 s.

Interactions of a Σ with a nucleon are known as Σ N interac-
tions. Owing to a stronger spin and isospin dependence, this
interaction is not only richer and more complicated than a ΛN
interaction, it has farther-reaching implications. For instance,
it can play a significant role in the Σ-nucleus dynamics and
production of narrow Σ states.

While residing in a nucleus, a Σ has a number of interaction
channels available, by the virtue of which it can undergo a
strong interaction with any of the nucleons, leading to its con-
version into a lambda (Λ0) and an accompanying particle.
These conversion pathways include five distinct channels,
favoured by conservation laws and kinematics;

1. Σ-p+ → Λ0 n0
2. Σ-p+ → Σ0n0
3. Σ0n0 → Λ0 n0
4. Σ0p+ → Σ+n0
5. Σ+n0 → Σ0p+

In the case of Σ interaction with the nucleus, through the
channel ΣΝ−ΛΝ, a large width is exhibited, recorded on the
order of ~25MeV (Batty et al., 1978). Though some studies
(Bertini et al., 1980) suggested the existence of bound nuclear
states, they were later on  disproved by more accurate mea-
surements. Thus to date, all the searches for narrow or bound
states for this hyperon have been negative, except one case,
the Σ  

4He, which has a reported bound state (Nagae et al., 1998).
The reasons cited for the unavailability of any bound states
in Σ have mainly been due to the shallow Σ-N potential and
the process of Σ−Λ conversion. Thus the conversion is an
important process in hypernuclear physics.

Hypernucleus formation. In studies of hypernuclei, efforts
have mainly been focused on the investigations of
hypernuclei decay modes and hypernuclei spectroscopy. Both
of these rely, in most cases, on one common theme - the
knowledge of hypernuclear formation and decay. Hypernuclei
are unstable, short-lived systems and the hyperons embed-
ded within them, whether bound or quasi-free, have very
short lifetimes and decay in situ within the nucleus. Hence,
the only way to study these interactions is by indirectly mea-
suring their decay products. Both production and decay have
a number of possible mechanisms, ranging from simple
modes to intricate ones.

There are a number of different production mechanisms by
which hypernuclei are produced. These mainly include
strangeness exchange and associated production (photo-
production, electroproduction and double-strangeness-ex-
change) reactions. In order to form hypernuclei, in gen-
eral, charged kaon beams are used to produce a strange
quark inside a nucleus. A beam of incoming particles with
a strange quark in them has to be incident with a momen-
tum in an appropriate range, in order to satisfy the criteria
of ‘momentum matching’ and ‘sticking probability’ (Bandõ
et al., 1990). The sticking probability is related to the
momentum transfer which allows the produced hyperon to
remain in the nucleus after the interaction (The lower the
momentum of the hyperon, the higher is this probability.)
This momentum optimizes the sticking probabi-lity, and in
general is higher than the Fermi momentum and lower than
the threshold momentum required to disintegrate the nucleus
into its constituent nucleons. This maximizes the probabil-
ity of a projectile’s interaction with the nucleus to form a
hyperon. When an incident projectile with this momentum
interacts with one of the nucleons in the s or p shells, it can
form a hyperon in the shells available to it, undergoing a
strangeness exchange reaction.

A general hypernuclear production reaction is written as:

a + A = AY + b

where a is the incident projectile which interacts with nucleus
A and creates a hypernucleus AY, comprising of a hyperon and a
nucleon system. A by-product meson b is emitted from the pro-
cess as one of output products of reaction. The AY hypernucleus
forms the recoil system left over from the nucleus.

For instance, in the production of a hypernucleus by means of
a stopped-kaon reaction, an incident projectile, such as a kaon,
takes a position into the atom’s Bohr orbitals on its interac-
tion with the atom.  By traversing and cascading down through
these orbitals, when its radius becomes small, and it is in the
proximity of the nucleus, it interacts with the nucleons and
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forms a hyperon, within the nucleus. It is in sharp contrast to
the production of hyperons in Quasi-Free (QF) form where
they are produced in a scattering state with high values of
momenta (enabling them to escape capture by a nucleus) and
do not lead to the formation of hypernuclei.

Stopped projectile reactions are often employed for hyper-
nucleus production. These offer benefits as efficient produc-
tion of hyperons, complete absorption of incident projectiles
at the nuclear surface, large formation probability of
hypernuclei and the population of non-substitutional states
(such as the ground and low-lying states). These can also lead
to the formation of “Stretched States”, which are stretched-
spin states with large momentum transfer values. An example
is the production of Λ hypernuclei in the 4He(k-

stopped, π
0)X

reaction, where non-substitutional stretched-spin states are
excited preferentially by substantial transfer of momenta.

Contemporary hypernuclear production is facilitated by a
number of mechanisms. These include processes as in-flight
reactions and stopped incident particle reactions, which can
lead to either recoilless production or recoil production of
hypernuclei. In all these, recoilless production using the
in-flight reaction (K-,π+) is a special case of in-flight reactions
and is important and relevant in this context.

In a kaon-induced strangeness exchange reaction, the strange
quark in the kaon substitutes for an up or down quark in the
nucleon and directly converts the nucleon into hyperon − it is
possible to have very little amount of momentum transferred
from the projectile to the nucleus and the collision remains
recoilless. The momentum of the incoming particle (in lab frame)
is borne almost entirely by an out-going projectile (in this case,
a pion), which is emitted in the same direction as the kaon (in
lab frame) and this whole process can result in a recoilless in-
flight reaction. The reaction involves no change in quantum
numbers (n, l or m). Owing to the constancy of linear momen-
tum as a result of the involved kinematics, it does not induce
any angular momentum change and the overall state of the
system remains the same. These are thus referred to as “substi-
tutional states”, as the incoming projectile with its specially-
tuned momentum matching causes a preferential excitation of
only the substitutional states, causing ΔL = 0. These kinds of
reactions are exothermic, i.e. they yield a positive Q-value,
liberating the energy from the reaction while producing a
hypernucleus. The 3He(k-, π+)ΣNN reactions are an example of
this case, using a projectile momentum range of 400 to 800
MeV/c and cross section on the order of 103μb/sr.

In most of the other cases, a recoil mechanism takes place in
hypernucleus production, and a substantial amount of momen-
tum is transferred to the hypernuclear system.

This study was based on and discussed reactions of the first
type, i.e. recoilless production of Λ and Σ hypernuclei in
s-shell by means of an in-flight reaction, 3He (κ−, π+)Σ−NN
involving excitation of non-stretched, substitutional states.
A study by Barakat and Hungerford (1992) contributes valu-
able insight into understanding this reaction.

ΣΣΣΣΣ-N interaction and potentials. An essential step in the un-
derstanding of hyperon-nucleon interaction is the understand-
ing of nuclear and nucleon-nucleon potential. This knowledge
is relatively well-understood after decades of theoretical and
experimental investigation. In contrast, the hyperon-nucleon
potential and consequent interaction has yet to achieve the
same footing, as it is difficult to obtain hyperon beams to study
Y-N scattering. Besides, the extremely short hyperon lifetimes
and their inter-conversion processes can also pose problems
in studying these interactions. Nevertheless, this interaction
offers a rich spectrum of knowledge and countless new vistas
to explore.

When it comes to expressing the potential of any spin-vector
particle or system, spin is an important degree of freedom,
not just limited to hypernuclei but in ordinary nuclei as well.
It is a well-established fact that the nuclear potential is spin-
dependent, due to the two-body tensor force which induces a
strong one-body spin-orbit potential experienced by the
nucleus. A similar tensor force must prevail for a hypernucleus,
where spin and orbital angular momentum should couple to a
collective spin-dependent nuclear potential. It has been
reported by Dover et al. (1989) that the coupling strength of
Σ-N spin-orbit interaction is about one-half of its N-N coun-
terpart, whereas the ratios of the strengths of the averaged
NN, Λ-N and Σ-N potentials were proposed to exist in
proportion:

NN / ΣN ~ 3/1,
NN / ΛN ~ 3/2

In the ΛN and ΣN interactions, there are two more degrees of
freedom – strangeness, by the virtue of the strange quark em-
bedded into a hyperon, and isospin, because of the isospin-
coupling and the strong isospin-dominant symmetries involved
with the hyperonic structure. These, as well as the unstable
nature of the hyperons, make it more difficult, and at the same
time interesting, to define quantitatively or illustrate qualita-
tively a hyperon-nucleon interaction.

In particular, spin and isospin play an intertwined role in
the interaction of a hyperon with a nucleon and consequently
on the potential formed by their combination. The strong
spin–isospin dependence in ΣN interaction is evidently
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because of the exchange of both isoscalar (ω, η) and
isovector (π, ρ) mesons, which presents a wide spectrum
of coupling states.

One dimension of this problem is understanding the isospin
structure, as the nuclear potential itself depends significantly
on the isospin. A further dimension enters in this problem from
the fact that the hyperons are distinguishable from nucleons in
terms of their quantum numbers, specifically in terms of the
strangeness. Thus, Pauli blocking does not apply and the
hyperons inhabit their own individual nuclear shells, following
the same shell model scheme as the nucleons.

The ΛN interaction (Dalitz et al., 1972) is relatively well
known as compared to ΣN interaction, as a Λ within a nucleus
forms bound states with the nucleons and enables studies to
probe this potential. However, the ΣN interaction is not un-
derstood very well and requires a lot of experimental data to
quantify its core potential. Hence the ΣN potential is a crucial
piece of information.

ΣΣΣΣΣ-Ν Ν Ν Ν Ν potentials. One existing model which describes a Σ-N
potential is the Nijmegen Model, comprising two variations,
models I and II (Maessen et al., 1989; Nagels et al., 1978). It
proposes an elementary potential for the interaction of a Σ
with a nucleon, in form of a one-boson-exchange (OBE)
model. In quantum hadrodynamics, these models are also
termed as one-pion-exchange (OPE) or one-meson-exchange
(OME) models and are very useful in understanding the inter-
action at the level of exchange particles. The Nijmegen model
is largely based on SU(3)f symmetry and uses the existing
nucleon-nucleon data in order to determine its parameters.
The spin splittings predicted in the model for Λ hypernuclei
were later measured in an experiment at Brookhaven (Dover
et al., 1989). Nevertheless, investigations are still underway
to validate the model’s applicability to the ΣN potential. It
has been suggested (Alberico and Garbarino, 2002) that the
Σ-N interaction exhibits a long range One-Pion-Exchange
(OPE) component, with the central part weaker than the Λ-N
part. Thus, investigations of this interaction within the
framework of One-Boson-Exchange (OBE) models, is a
viable approach.

Harada et al. (Harada and Akishi, 1996; Koike and Harada,
1996; Harada, 1992; Harada et al., 1990), using the Nijmegen
model, proposed an effective Σ-nucleus potential derived from
this model and based on many-body calculations. In a Mean
Field Model (Walecka, 1995; Jaminon and Mahaux, 1989),
they assumed that the hyperon is embedded in a collective
mean field of nucleons where it retains its individual structure
and undergoes interactions with nucleons in the form of
Nijmegen potentials. This model is considered a reasonable

formulation of an effective potential to explain the interaction
of a hyperon in the effective potential created by the surround-
ing nuclear medium. It uses a Lane potential (Lane, 1962)
and incorporates an isospin mixing term τττττN.tΣ Σ Σ Σ Σ  to describe
isospin mixing of Σ and N.

In connection with actual observations of Σ-N potentials, there
have been a few studies which attempted to quantify these
potentials on the basis of experimental data. Some quantita-
tive estimates of the sigma-nucleus potential were established
from the analysis of Σ--atom X-ray data by Batty (1979), who
reported estimates of the sigma-nucleus potential at the
center of the nucleus to be -(25-30) MeV for the real part and
-(10-15MeV) for the imaginary part, with a form proportional
to the nuclear density.

In addition to isospin and spin degrees of freedom, there is
one more important factor in the quest for finding this poten-
tial, i.e., the continuum – which is represented by quasi-free
states which do not have a discrete sets of states and lie in the
continuum. The continuum plays an important role in both
hypernuclear production and the potential. Studies by Tang
et al. (1988) and Chrien et al. (1987) have highlighted the
effects of the continuum in 16O(k-,π+)X, 12C(k-,π+)X and 6Li
(k-,π+) reactions. As the Σ potential is shallower than that of
a Λ, fewer states can be expected in the bound regions of
the spectrum, in turn manifesting a more profound role of the
continuum.

In view of the paucity of available experimental data and
intricacies involved in the understanding of the underlying
processes, the subject of the Σ-N potential remains intriguing
and controversial. However, one thing remains paramount- as
suggested by Bandõ et al. (1990) as well, “The strong isos-
pin-spin dependence of the Σ-N interaction should generally
play an important and characteristic role in the Σ-nucleus
dynamics”. An exhaustive review, which discusses the Σ-
nucleus potential, spin-isopin role and consequent interactions
in A=3,4 systems (Barakat and Hungerford, 1992), presents
various important aspects of this problem in further detail.

Here, to illustrate a general form of a Y-N potential, an
attempt has been made to construct a simple elementary Σ-N
potential which is in its class similar to an optical potential
and incorporates both spin and isospin dependence.

Constructing an elementary Σ Σ Σ Σ Σ-N optical potential. The
interaction of a Σ inside a nucleus can be modeled as an inci-
dent particle interacting with a complex optical potential
formed by the nucleons in a nucleus. If this optical model is
devised on the lines of a Woods-Saxon type potential in the
shell model paradigm (Jensen, 1963; Mayer and Jensen, 1955;
Mayer, 1950; 1949; 1948), one can construct a form:
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(1)

where V(r) is the real part of the potential and W(r) the imagi-
nary part, and VS.O. is the spin-orbit coupling term. The imagi-
nary part here corresponds to absorption, which manifests its
effects in the form of inelastic scattering, as well as in the
form of Σ-N isospin mixing and Σ−Λ conversion channel.
Both of these parts have a scaling behavior in energy, i.e. they
depend on the energies involved.

In an approach similar to one taken by Eder et al. (1977), in
which a potential for the neutron-nucleus interaction was
constructed, one can formulate a Σ-N phenomenological
potential within the framework of the shell model, and
express it as:

              (2)

Here, r is the nucleonic separation, R the nuclear radius, a the
diffusivity, and σ and L the spin and orbital momentum
vectors, whereas W, Ws and ζ are shell parameters calculated
from the energy tables (Perey and Perey, 1974).

The potential is incomplete yet, because of a lack of isospin
dependence. Here, one can incorporate a suitable potential
with embedded isospin dependence, such as the one intro-
duced by Lane (1962) to describe inter-nucleonic potentials.
If the depths of the nucleon potentials are known, this poten-
tial can be determined conveniently and can be used to con-
struct a suitable nuclear potential.

If a Lane term (Harada and Akishi, 1996; Koike and Harada,
1996; Lane, 1962) is assumed in the real part of this potential
and isospin dependence is introduced, we obtain a complete
potential which describes the Σ-N interaction. This kind of
Σ-N potential is also suggested by Harada et al. (1990) in the
Harada model. It has a form:

(3)

Here, C and Σ denote the nuclear core and Σ hyperon, re-
spectively. The first term describes the usual central nuclear
potential and the second term is the 1/A Lane Term, includ-
ing a dot product of the isospin operators for the two enti-
ties. This potential is illustrated in Fig. 2 (Harada and Akishi,
1996; Koike and Harada, 1996), featuring an A=4 ΣNNN
system for the two Σ-N system isospin states, T=1/2 and T=3/
2. Here, Σ hypernucleus potentials for the T=1/2 and T=3/2
states in the four-body ΣNNN system, as calculated by
Harada (1992) and Harada et al. (1990) are shown. In the

T=1/2 state, the real part is attractive and has a small contri-
bution from a repulsive part, but has an imaginary part. This
imaginary part corresponds to absorption and is attributed
to the isospin mixing and Σ−Λ conversion processes. Based
on Harada’s work, it can be surmised that two processes are
going on in the nuclear core nearly simultaneously– first, a
Σ is being absorbed into the nucleon(s), and second, this
absorption goes on inversely proportional to the potential
depth.  On the other hand, in the T=3/2 state, these trends
are unavailable. This seems to agree with the findings
(Albercio and Garbarino, 2002) in some models supported
by experimental data, which have shown the Σ-N effective
potential to be strongly repulsive at short distances.
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Fig. 2. ΣN potentials as calculated by Harada (Image
courtesy of Harada, 1996).

As the Σ is an isospin vector with total isospin of unity, in a
Σ

4He hypernucleus, the sigma-nucleon system has two avail-
able isotopic spin states; the T=1/2 and T=3/2. In contrast, a
Λ with its scalar isospin, can exist in only one isotopic spin
state, T=1/2. For instance, the 4He(k-,π-)ΣNNN reaction popu-
lates both of these states for ΣNNN, while the 4He(k-,π+)ΣNNN
reaction populates only the T=3/2  state (Afnan and Gibson,
1993). The reaction investigated in this study, the 3He
(k-,π+)ΣNN reaction, leads to a total T=1 state for the Σ--2H
system, as deuteron has a (J=1, T=0) state, whereas a Σ- has
the state (J=1/2, T=1).
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The Lane-term-modified potential term for isospin is then sub-
stituted in the potential in equation 2, and a suitable form for
a phenomenological Σ-N potential can be constructed, as given
below in the equation 4. The potential has both spin-depen-
dence and isospin dependence in the form of spin-orbit cou-
pling and isospin coupling, respectively. A Coulomb
interaction between the hyperon and the nucleus has been
included (which was not included in the equation 2). The
Coulomb interaction being a long-range force is difficult to
handle in the short-range potentials, but it has been added for
completeness.

  (4)

Here, the symbols ξ and ζ have been arbitrarily chosen to
represent the energy-dependent shell parameters, which
replace Ws and ζ in the equation (2), and can be determined
from the experimental data. The form of the coulomb poten-
tial is taken as a uniformly charged sphere of a radius Rc which
can be expressed as;

(5)

where, a and b are given by:

and the values for the constant parameters r0 , a0 and Rc can be
chosen from the studies described earlier.

The potential expressed in equation 4 is a complete and
physical expression for a Σ-N potential, incorporating both
the spin and isosopin dependence. It can be used to formu-
late a suitable Hamiltonian or Lagrangian for the ΣN
hypernuclear interactions, and possible solutions could be
determined in the available degrees of freedom.

Conclusion and Discussion
This report presents a general overview of Σ and Λ phys-
ics and presents the development of an elementary ΣN
phenomenological potential as a model. The report pri-
marily deals with the formation, decay and interaction of
a Σ hyperon with a nuclear medium. A detailed report in
this connection has appeared elsewhere (Bukhari, 2006),

including detailed development of the potential, and in
particular, a study of the mechanics of the Σ conversion
into a Λ hyperon. Another useful study, reported in recent
years (Saha et al., 2005) based on some theoretical work
and experimental data collected at the KEK proton syn-
chrotron,  presents an overview of the ΣN potential and
decay widths in a p-shell system.
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