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Activated Carbon and Phosphorus Application Influence the
Growth of Continuously Replanted Asparagus (Asparagus
Officinalis L.)

By Rumana Yeasmin, Satoru Motoki, Sadahiro Yamamoto & Eiji Nishihara

Absiract - The influences of activated carbon (AC) and phosphorus (P) to asparagus growth were
assessed under laboratory conditions. The asparagus cultivar; Gijnlim (G) of the European origin, were
cultivated in different continuous replanting system. AC was incorporated into sandy soil, was amended
with 15 years old root residue (RR) before the sowing of asparagus for the first, second (first replanting),
third (second replanting) and fourth (third replanting) time of continuous planting. In all the planting, P was
applied weekly basis at PO (0), P1 (7.5), P2 (15.5) and P3 (22.5) mg:I". After third replanting, in without
AC, PO and with RR treatment, root biomass inhibited (P<0.05) by 55% and total P uptake by 52 %.
Controversially, when AC was incorporated into the soil as phosphorus (P3) increased level and without
RR, asparagus root biomass inhibited (P<0.05) up to 18%, total P uptake by 20 %. AC with applied P
alters soil P availability and plant growth even in the presence of the RR allelopathic agent.

Keywords : asparagus, activated carbon, growth, nutrient upltake; phosphorus, root residue.
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Activated Carbon and Phosphorus Application
Influence the Growth of Continuously Replanted
Asparagus (Asparagus Officinalis L.)

Rumana Yeasmin*, Satoru Motoki®, Sadahiro Yamamoto® & Eiji Nishihara®

Abstract - The influences of activated carbon (AC) and
phosphorus (P) to asparagus growth were assessed under
laboratory conditions. The asparagus cultivar; Gijnlim (G) of
the European origin, were cultivated in different continuous
replanting system. AC was incorporated into sandy soil, was
amended with 15 years old root residue (RR) before the
sowing of asparagus for the first, second (first replanting), third
(second replanting) and fourth (third replanting) time of
continuous planting. In all the planting, P was applied weekly
basis at PO (0), P1 (7.5), P2 (15.5) and P3 (22.5) mg:I~". After
third replanting, in without AC, PO and with RR treatment, root
biomass inhibited (P<0.05) by 55% and total P uptake by 52
%. Controversially, when AC was incorporated into the soil as
phosphorus (P3) increased level and without RR, asparagus
root biomass inhibited (P<0.05) up to 18%, total P uptake by
20 %. AC with applied P alters soil P availability and plant
growth even in the presence of the RR allelopathic agent. This
study provided the evidence of AC and P application will be
required to improve growth and nutrient uptake by overcoming
nutrient immobilization under continuous replanting.
Keywords asparagus, activated carbon; growth;
nutrient uptake, phosphorus, root residue.

L. [NTRODUCTION

sparagus (Asparagus officinalis L.) is a high-value
Aperennial vegetable crop cultivated worldwide.

Successive culture of the same crop on the same
land for years cause soil sickness or replanting injuries
(Tsuchiya, 1990). There are many reasons for the
replanting problems such as disease, insect, pathogen,
microorganism, soil physical and chemical properties,
reduced number and diameter of stems, crowns and
roots, and collapse of storage roots (Blok and Bollen,
1993). Moreover, the continuous cropping for asparagus
production caused serious replanting problem, which
inhibited mainly phosphorus (P) uptake in mineral
nutrients (Yeasmin et al., 2013). Therefore, in addition to
being scarce, P is also poorly available to plants that are
not adapted to these conditions. The involvement of
autotoxins from root residues (RR) of former asparagus
crops was evaluated for the reduction of P (Yeasmin et
al., 2013). In general, under low P availability plant

Authors o p . Faculty of Agriculture, Tottori University, 4-101 Koyama-
Minarmi, Tottori 680-8553, Japan. E-mails : yeasminbd@gmail.com,
nishihar@muses. tottori-u.ac.jp

Author o - Faculty of Agriculture, Meiji University, 1-1-1, Higashi-Mita,
Tama-Ku, Kawasaki-Shi, Kanagawa 214-8571, Japan.

biomass accumulation decreases and root morphology
is modified (Lambers et al.,, 2006). P is a critical
macronutrient required for numerous functions in plants
and is one of the limiting factors for plant growth due to
its rapid immobilization by soil organic and inorganic
components (Richardson et al., 2009). The evolutionary
adaptations of plants to P deficiency include responses
that help them enhance the soil P availability, increase
its uptake and improve the use efficiency of P within a
plant (Lambers et al., 2006).

Activated carbon (AC), with its large surface
area and pore volume, as well as its polarity, has
tremendous adsorptive capacity (Lau et al., 2007). AC
adsorbs the putative allelochemical due to its great
affinity for organic molecules and has very little affiliation
for inorganic molecules (Batish et al.,, 2007). AC
additions would also be expected to increase the growth
of plants (Kulmatiski and Beard, 2006). Young and Chou
(1985) have confirmed the allelopathic activity of
chemical substances released by asparagus and
allelochemicals such as the substances are considered
to be one of the potentially important causes of the
asparagus replanting problem (Putnam, 1985). One of
the establishment of seedling technique was reported
the utilization of AC for absorbing the allelopathic
compounds (Lau et al., 2007), but there have been no
other detailed studies on the effect of AC in replanting
cultivation. Therefore to recover the growth and P uptake
after the replanting, the purpose of the present
investigation was to evaluate the growth of asparagus in
subsequent cropping while investigating the impact of
AC and P in mitigating the continuous replanting
problem.

[I.  MATERIALS AND METHODS

a) Planting Materials

A replant culture system was employed to
identify the growth inhibitory activity of asparagus.
Seeds of asparagus cultivar, Gijnlim of the European
origin, were obtained from a local commercial seed
company Pioneer Ecoscience Co., Ltd, Tokyo, Japan

b) Characteristics of the Sandy Soil

Physico-chemical properties of the soil are
illustrated in Table 1. Sandy soil used in this experiment

© 2013 Global Journals Inc. (US)
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was first sterilized at 121°C for 15 min in an automatic
high pressure steam sterilized autoclave (MLS-2420;
Sanyo, Tokyo, Japan). Prior to showing, the soil was
characterized for EC and pH of the soil: water
suspension (1:5 w/v). EC and pH were measured with
EC and pH meters (Horiba DS-14 and Accumut M-10,
TOA electronics Ltd., Tokyo, Japan, respectively).
Exchangeable cations (K*, Ca?*, Mg** and Na*) were
measured using an atomic absorption spectro-
photometer (Model Z-2300; Hitachi Co., Tokyo, Japan)
after extraction with neutral ammonium acetate.

Table 1 . Soil physico-chemical properties

Soil Parameter Value

EC (1:5) water 0.03ds' m™
pH 6.36

Total N 0.02%
Available-P 1.5 mg P202 100 g
Exchangeable K* 0.06 cmol-kg™
Exchangeable Ca?* 0.34 cmol-kg
Exchangeable Mg?* 0.45 cmol-kg
Exchangeable Na* 0.10 cmolkg™
CEC (Cation exchange

capacity 2.40 cmolkg
Bulk density 1.47 g-cm’
Infiltration rate 30 mm:min’*
Hydraulic conductivity 0.05 cm-sec™
Texture Sand

c) Treatrment Condiitions

The goals of this experiment were to investigate
the effects of AC and P on asparagus growth. Physico-
chemical properties of the AC are illustrated in Table 2.
The AC treatment included, by volume, 1.2 g powdered
palm shell AC (Motoki et al., 2006) of the potting (size:
10X10 cm?) soil and mixed homogeneously. The without
AC treatment included, no addition (-) of AC. Fifteen
years old asparagus roots were obtained from an
asparagus field in Nagano prefecture, Japan. After air
drying, they were separated by cutting them into
approximately 1 cm lengths. The roots were then
powdered with a rotary shaker and mixed into the soil at
the rate of 2 g-pot™ (Blok and Bollen, 1993). Two sets of
RR amended (+) and unamended (-) treatment was
applied with and without AC treated sail.

d) Replant Culture

Prior to sowing, asparagus seeds were covered
with a double layer of gauze and surface-sterilized in
70% ethanol and then rinsed in deionized water several
times. The pre-germinated seedlings of the asparagus

© 2013 Global Journals Inc. (US)

Table 2 . Characteristics of palm sell activated carbon

Palm shell
Coconut shell

Activated Carbon
Raw and processed materials

pH 9.9
Specific surface area 956 m? g
Total pore volume 0.46cc- g’
Micro-pore surface area 867 m> g’
Micro-pore volume 0.35cc. g
Meso-pore surface area 83 m>g
Meso-pore volume 0.09cc. g™’
Meso+Macro-pore surface area 89m? g
Pore diameter 0.7 nm
lodine absorption performance 1050 mg- g
Methylene blue adsorption 180 mg- g”'
performance

16 meshes are equal to 1 mm size by Test methods
(Ajinomoto Fine -Techno Co., Inc., Japan) for activated
carbon in JAS K 1474-1991.

cultivar were grown in commercially available plastic
black pot (size: 10X10 cm?) in sand culture which was
incorporated with or without AC and RR for the first
times of planting. They were incubated at: 25° C; 12h
light/12h dark; relative humidity 80% and 200 umol m
s intensity of light in growth chamber (MLR-351H;
Sanyo, Tokyo, Japan) for 56 days. To check the role of P
to asparagus growth, 100 ml of a PO (0), P1 (7.5), P2
(15.5) and P3 (22.5) solution (mgl") from KH,PO,
(Nuruzzaman et al., 2005) was applied weekly to each
pot/plant, in different combination of AC and RR
amended or unamended soils. The following
combinational pattern was included: POAC+RR+;
POAC+RR-; POAC-RR+; P1AC+RR+; P1AC+RR-;
P1AC-RR+; P2AC+RR+; P2AC+RR-; P2AC-RR+;
P3AC+RR+; PSAC+RR-; PBAC-RR+. Each pot was
irrigated with distilled water according to field capacity.
Field capacity was calculated as (wet mass- dry mass)/
dry mass X 100% (Lambers et al., 2002). Nutrients were
provided with 10-20 ml Hoagland’s P free nutrient
solution everyday to avoid immobilization of nutrients.
The seedlings were then harvested after 56 days and
new seeds were replanted again in the same pot by
using the same soil for the second (first replanting for 56
days), third (second replanting for 56 days) and fourth
plantings (third replanting for 56 days), respectively by
following the same process as above. All treatments
were replicated three times. Inhibition, expressed as a
percentage, was calculated using the following
equation:

Inhibition (%) = (1 — Xt /Xc) x 100 (1)



Where, Xc denotes the dry mass of the roots for
the first planting of each treatment and Xt represents the
mean values of the corresponding dry mass of the
treatments for the first, second and third replanting
respectively.

e) Chemical Analysis of Soil after Subsequent
Replanting

AC, RR and different levels of P amended or
unamended soils pH, electrical conductivity (EC) and C:
N ratio was determined by procedures already
described in preceding sections. Total P was measured
as described above. All treatments were replicated three
times.

7)) Plant Growt and P Uptake Measurements

After harvesting, all seedlings were thoroughly
cleaned; blotted dry between absorbing paper and their
dry mass (g pot™') were measured after oven drying at
70°C for 72h. All dry roots and shoots were combined
and ground to a fine powder using a stainless ball mill,
and analyzed for total P (mg g”) using standard
procedures. Total P in the digested mixture was
determined colorimetrically with a spectrophotometer
(Model U-2001, Hitachi Co., Tokyo, Japan) using the
phosphomolybdate blue method (Murphy and Riley,
1962). All samples were run in triplicate.

Inhibition, expressed as a percentage, for P
uptake was calculated by using equation 1.

9)  Statistical Analysis

Experimental data presented are the means of
three replicates; statistical analyses were executed
using Stat View software. The percentage data was log,-
transformed before analysis where necessary to
equalize variances between treatments (Lam et al.
2012). Tukey’s protected multiple-comparison test at P
< 0.05 was used to compare means.

[11. RESULTS AND DISCUSSION

a) Impact of AC and P on growth

When asparagus was grown in soils that had
been or had not been amended with AC and RR with
different levels of P, responded differentially to
asparagus growth after the three subsequent
replanting (Figure 1 a, b and c).

After the first, second and third replanting, the
highest (23, 35 and 55%) and lowest (2, 3 and 8%)
inhibitions for growth of root were found in the POAC-
RR+ and P3AC+RR-, respectively. On average, the
application of AC increased asparagus growth with the
increased level of P. Application of AC could reduce
allelopathic effects and increased plant growth and yield
(Ridenour and Callaway, 2001). In this study, the mixture
of AC with the different concentration of P led to the
production of asparagus seedlings with a high growth
while reducing the effects of RR amendment. Therefore,

100
o0 (a) BAC+-FEF—
0O - =B AC-FEFE—
T BAC—FFE+

Ury biom ags(inhibition’o)

First replanting

100
L (b) BAC-FEFE—
= 20 EAC+RER -+
= 7o BAC—RER~
= 60
Z a0 - 2
= 20 -
— 10
o
Second replanting
100 —
_ao | (© B AC+REER—
— 80 - SAC+RR+
= 70 a P
= 60 o Al
= S0
= 40
.S 30
=20 A
— 10
o
Third replanting
Figure 1 . Percentage of inhibition of asparagus

seedling roots growth after the first, second and third
replanting. Listed growth parameter suggests the values
are actual dry mass (g- pot™). PO, P1, P2 and P3 denote
0, 7.5, 15,5 and 22.5 mg I of applied P. Inhibition (%)
was calculated by using equation 1. Bars presented as
mean + SE, Tukey’s protected multiple-comparison test
at P < 0.05 was used to compare means, replication
(n=3)

the positive effect of AC on growth could be a result of
AC minimizing any negative growth effects of
allelopathic compounds. Whatever the underlying
mechanism(s), it was found that positive responses of
combined AC and P influenced plant growth in the
absence of the RR means that the biomass can be
greater with AC and P than without AC and P.

b) P uptake

The highest inhibition (P < 0.05) was found for
P uptake (62%) in POAC-RR+ combination, compared
to PSAC+RR- combination after the third replanting,

© 2013 Global Journals Inc. (US)
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followed by first and second replanting (Figure 2 a, b
and c). Asparagus P uptake with RR amendment
treatment showed the significant (P < 0.05) higher
reduction in P uptake in compared to RR unamendment

treatment. This nutrient decreased also could be due to
a release of phytotoxic substances by the interaction
between RR and microorganisms.

100 100 100

o0 | BAC+RR— o0 BAC+RR- o0 | BAC-RE-

~ 80 - BACRR+| o | AACTRR= | o BAC+RR~+

£ BAC-RR-| T 70 | MACRRT1 S ] BAC-RR+
E 60 :; 60 :,i &0
£ 50 A Z 50 - a £ 50
2 10 £ 40 - 2 40 -
Z 30 4 £ 30 - Z 30 -
= 30 - = 20 - =20 -
10 4 10 4 10 4
0 - 0 - o -

PO Pl P2 P3 PO Pl P2 P3
First replanting Secondreplanting Third replanting

Figure 2 . Percentage of inhibition of asparagus seedling P uptake after the first (a), second (b) and third (c)
replanting. Listed nutrient suggests the values are actual concentration (mg g-1). PO, P1, P2 and P3 denote 0, 7.5,
15.5 and 22.5 mg I-1 of applied P. Inhibition (%) was calculated by using equation 1. Bars presented as mean = SE,
Tukey’s protected multiple-comparison test at P < 0.05 was used to compare means, replication (n= 3)

Allelochemical compounds including amino
acids, organic acids, sugars, phenolic acids, and other
secondary metabolites, serve as an important medium of
root-based interactions with other microorganisms
including bacteria, actinimycetes, pathogens, fungi, and
insects in the growing media (Walker et al., 2003). AC
also may reduce microbial activity by reducing
concentrations of organic molecules (Kulmatiski and
Beard, 2006). Inderjit and Callaway (2003) recommend
fertilizing pots to minimize the effects of trace
concentrations of nutrients contributed by AC. However,
our results show that AC and P influenced P uptake in
both the presence and the absence of RR. AC can
increase nitrification, in part because AC may sorbs
compounds that are inhibitory to nitrifying bacteria
(Deluca etal., 2002, 2006). In particular, the plant
allelochemicals changes the soil nutrients concentration.
On the contrary, nutrients concentration also influences
the concentration of plant allelochemicals. Wacker et al.
(1990) informed about several allelochemicals were
isolated and characterized from asparagus root tissue,
including ferulic acids and which could inhibit P uptake in
plant roots (McClure et al., 1978). Allelochemicals like
benzoic, vanollic, cinamic and ferulic acids showed
inhibition in P uptake; likewise, benzoic and trans
cinnamic acids reduced growth, lowered the amounts of
P, K, Mg, Mn, CI", and SO,? (Baziramakenga et al.,
2005). Since, the RR could enhance the microbial
biomass that may be responsible for subsequent
reduction of nutrient. However, in AC unamendment
treatment, detect the effects of RR for total nutrient
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content; RR also affects the P uptake. RR trended for the
highest reduction for P uptake depending on the different
combinations with AC and PO, P1, P2 and P3. Therefore,
AC and P can be a good tool for studies of allelopathy
because it acts as an adsorbent for many large organic
compounds and increased the P uptake.

c) Effect of subsequent replanting on soil pH, EC and
C: N ratio and P uptake

Physico-chemical properties of the replanted
soil were determined and the soil pH, EC and C: N ratio
differed in with and between P3AC+RR- and POAC-
RR+ combination as a result of three subsequent
replanting (Table 3). The soil contained AC significantly
(P < 0.05) increased the soil pH and C: N ratio and
decreased soil EC, but the magnitude of that increase
depended upon the RR.

The influence of pH, EC and C: N ratio, to the
soil properties revealed that application AC and P is an
important factor for the soil property. With the increasing
of planting time the soil pH was decreasing and soil was
becoming more acidic. On the contrary to, EC was
increasing with the increasing of plating time. Increases
in soil pH (Lucas and Davis, 1961) may result in
increases in bio- available P, and to often pH- related
increases in nutrient availability (Lehmann et al., 2003).
This contrasting difference is reflected in the significant
effect of C: N ratio. The soil contained AC increased the
soil pH and C: N ratio but the magnitude of that increase
depended upon the RR with different combinational
treatments with P. The effect could be attributed to the



high surface area of AC. The reduction for total soil P
uptake ranged from 5-63 % (Figure 3 a, b and c). After
third replanting, the highest and lowest decreased was
found for soil P uptake (12 and 63%) in POAC-RR+ and
P3AC+RR- combination, respectively. This result imply
that the addition of AC and P to a sandy soil, making

soil moisture and nutrients more available to plants
growing to the soil, and eventually in improving crop
productivity. Yeasmin et al. (2013) revealed that soil P
uptake showed decreasing trend with the increasing of
planting time.

Table 3 : Effects of phosphorus (P) and activated carbon (AC) application on soil physic-chemical properties after
the first , second and third replanting

First Second Third

replanting replanting replanting

AC+RR-  AC+RR+ AC-RR+  AC+RR- AC+RR+ AC-RR+ AC+RR- AC+RR+  AC-RR+
pH (H;0)

5.9+0.04d 5.4+0.05d 4.840.11d  5.1+0.02d 4.7+0.09d 4.3+0.01c 4.7#0.04c  4.4+0.05d  4.0+0.23d

6.1+#0.07c  5.840.03c  5.3#0.08c  5.6+0.01c 5.240.07c 4.8+0.06b  5.0+0.03bc 4.7+0.01c  4.4+0.65c

6.7+0.05b  6.3+0.01b 5.7+0.06b  6.0+0.04b 5.7+0.01b 5.5+0.02ab 5.3+0.09b 5.1+0.03b  4.9+0.71b

7.3+0.01a  6.7+0.02a  6.2+0.03a  6.5+0.07a 6.3+0.02a 5.7+0.02a  5.6+0.05a  5.5+0.00a  5.1+0.15a
C:N ratio

20.4+0.66d 17.9+0.11d 14.4+0.71d 16.8+1.29d 14.442.13d  11.5+0.93d 12.9+1.31d 9.7+2.61d 7.1+1.93d

24.8+1.02c 22.2+0.87c 18.2+0.94c 20.8+1.43c 18.8+1.21c  13.2+#1.22c 15.2+2.14c 11.1+1.03c 9.9+1.43c

30.2+1.51b 24.8+0.25b 20.4+0.58b 23.2+2.81b 20.2+1.18b  16.8+0.81b 17.8+1.03b 15.4+3.03b 11.4+2.03b

35.7+2.78a 29.3+0.19a 25.8+1.92a 27.7+1.55a 24.7+3.27a  19.3+0.17a 21.3+1.23a 17.5+1.03a 14.8+1.03a
EC(ds-m?)

0.45+0.03a 0.53+0.06a 0.89+0.11a 0.68+0.04a 0.95+0.01a 1.8+0.06a 1.3+0.02a  1.6+0.15a 2.0+0.0la

0.37+£0.05b  0.44+0.04b 0.84+0.09b 0.65+0.06b 0.92+0.09b  1.4+0.02b  0.91+0.04b 1.3+0.03b  1.8+0.05b

0.24+0.01c 0.38+0.05c 0.72+0.05c 0.43+0.03c 0.78+0.05c  1.1+0.02c  0.83+0.09c 1.0+0.07c  1.6+0.17c

0.18+0.07d 0.27+0.01d 0.63+0.02d 0.40+0.01d 0.66+0.02d  0.98+0.09d 0.75+0.01d 0.83+0.01d 1.2+0.08d

Data presented as mean = SE, Tukey’s protected multiple-comparison test at P < 0.05 was used to compare

means, replication (n= 3).
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Figure 3 . Percentage of inhibition of soil P uptake after the first (a), second (b) and third (c) replanting. Listed
nutrient suggests the values are actual concentration (mg g-1). PO, P1, P2 and P3 denote 0, 7.5, 15.5 and 22.5 mg I-
1 of applied P. Inhibition (%) was calculated by using equation 1. Bars presented as mean = SE, Tukey’s protected

multiple-comparison test at P < 0.05 was used to compare means, replication (n= 3)

Therefore, it is likely that allelochemical
compounds could be readily leached from the residues.
After entering into the soil, allelochemicals are
influenced by microorganisms (Inderjit, 2001). However,
the negative effect of allelochemicals depends greatly
upon a variety of biotic and abiotic factors, soil type,
presence of microorganisms and soil conditions, and
further toxification and detoxification mechanisms in the

soil (Blum et al., 1999). Based on the observed results,
the present study evidences that root residues of
Asparagus officinalis suppress the growth of asparagus
by releasing allelochemicals into the soil rhizosphere
through alteration of soil P which could be improve by
the combined application of AC and P.
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IV. CONCLUSION

In summary, in soils without RR amendment,
combined AC and P application increased asparagus
growth and nutrient uptake, resulting in higher P
recovery in the asparagus. RR incorporation, however,
retarded the effects of fertilization on asparagus growth
and P uptake. In this study, plant growth and P uptake
was increased with the increasing of level of P, but it
was not known the optimum level of P, until which level
growth will be retarded, therefore, the present steps are
currently validating to explore the exact quantity or level
of P and to find out the mechanism and specific causes
of these problems and how to improve the growth and P
uptake under continuous replanting.
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Synthesis of 6,6-Dimethyl-2-Cyclopentadienylet-
Hylbicyclo[3.1.1] Hept-2-Ene and of 6,6-
Dimethyl-2-Indenylethylbicyclo[3.1.1] Hept-
2-Ene

Dr. (Mrs.) Gloria Ukalina Obuzor “ & Dr. Brian L. Booth °

Abstract - The New Compounds 6,6-Dimethyl-2-Cyclopen-
tadienylethylbicyclo[3.1.1] Hept-2-Ene (4) And 6,6-Dimethyl-2-
Indenylethylbicyclo[3.1.1] Hept-2-Ene (5) Were Synthesized In
82% And 60% Yield Respectively Using 6,6-Dimethyl-2-/-
Toluenesulphonyloxomethylbicyclo[3.1.1]  Hept-2-Ene  (2).
However, Compounds - (4) And (5) Were Obtained In 71%
And 81% Yield Respectively Using 6,6-Dimethyl-2-
Sulphonyloxomethylbicyclo[3.1.1Hept-2-Ene (3).Allcompounds
Were Characterized By NMR, Infra-Red, Micro Analysis And
Mass Spectroscopy.

Keywords ligand, meltallocene, cyclopentadieny,
indenyl, organ metallic, n-buthyllithium.

l. [NTRODUCTION

he different types of cyclopentadienyl ligands
being synthesized have re-emphasized the

importance of this class of legend in organ metallic
chemistry. ~ The first report of the synthesis of
enantiomerically—enrimono  substitutedcyclopentadienyl
legends was by the reduction of fulvene with LiAIH, in
the presence of (-)-quinine or (+)-cinch nine to
producephenylethyl cyclopentadienenidelithium in low
enantiomeric purity; Leblanc and Moose, 1976 and
Erker et al, 1991.Thereafter, several types of
cyclopentadienyl ligands with exotic variations have
emerged such as the followings: synthesis of new silyl-
bridged bis(cyclopentadienyl) ligands and complexes,
Huhmann ef al, 1998; cyclopentadienyl ligands as
perfect anion receptors: teamwork between m-anion
interaction and C-H-anion hydrogen bonds, Amouri ef
al, 2009;optically active cyclopentadienyl ligands from
the chiral pool, the synthetic utility of a camphor-derived
pentafulvene, Quindt ef a/, 2002 etc. These and other
types of cyclopentadienyl ligands have equally been
synthesized and carbometalated such as 4-(2-
cyclopentadienylethyl) morph line and their transition
metal complexes, Obuzor and Booth, 2010; 1-(2-
indenylethyl) pyrrolidine, Obuzor and Booth, 2010;4-(2-

Author a : Department of Pure and Industrial Chemistry University of
Port Harcourt, Port Harcourt, Rivers State.

E-mail : lalinaters@yahoo.com

Author o : Department of Chemistry University of Manchester Institute
of Science and Technology Manchester, England M60 1ga, Up.

indenylethyl) morph line, Obuzor and Booth, 2011 and
amongst others. Despite these ligands, there is still
shortage of facile routes to cyclopentadienes with
optically active substituent’s originating from easily
available starting materials Huhmann et a/, 1998.The
attachment of substituents to cyclopentadienyl ligands
affects metalcomplexes in several ways. Substituents
may affect the molecular structure, physical and
chemical  properties,  spectroscopic  properties,
electrochemical properties, and catalytic activity and
selectivity of a complex. Controlling the size and
position of substituents on a metallocene catalyst
affects the molecular weight and tacticity of polyolefins.
Marks ef al, 1997, found that by increasing the
"wingspan' of one of the n° ligands of a metallocene, the
average molecular weight and isospecificity could both
be increased. Polymerization studies of propylene using
catalysts with varying ligand sizes; it was reported that
the catalyst which contains a bulkier ligand increased
average molecular weightfrom 2,170 to 18,900 g/mol
and that the isotacticity increased from 35% t085%. The
authors concluded that the catalyst with the larger
"wingspan" allowed propylene to coordinate in only one
direction, leading to  stereoregular, isotactic
polypropylene Marks ef al, 1997 andBurkey et al,
1997.The work presented in this paper shows the
synthesis of two different compounds (Fig. 1) of varying
molecular sizes and it is hoped that when metallated;
will polymerize ethylene to different molecular weight
sizes based on the ligand size as experienced by Marks
etal., 1997.
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Figure 1. Synthesis of substituted 6,6-dimethy1-2-
ethylbicyclo[3.1.1.]hept-2-ene ligands

[I. MATERIALS AND METHODS

a) General Procedures

All manipulations were carried out under argon
or nitrogen and carefully dried solvents. Nuclear
Magnetic Resonance (NMR) spectra were recorded on
a Bruker AMX 400 spectrometer with the protiosolvent
signal ("H NMR) or solvent signals (*C NMR) used as a
reference; chemical shifts are quoted on the ¢ scale
(downfield shifts are positive) relative to tetrame-
thylsilane.  Elemental analyses (micro analysis) were
performedwith an Elemental Analyzer 240 (Perkin
Elmer). All reactions were done at The University of
Manchester, Manchester, England.

b) Preparation of 6,6-Dimethyl-2-P-Toluenesujphony-
loxomethylbicyclo[3.1.1] Hept-2-Ene (2), Obuzor
and Booth 2005

A 1-litre, three-necked flask equipment with a
magnetic stirrer, internal thermometer and nitrogen inlet
was charged with 6, 6-dimethylbicyclo [3.1.1] hept-2-
ene-2-ethanol (5.0g, 0.030mol) and pyridine (100.00ml).

The solution was stirred and cooled to -10°C in an ice-

salt bath under argon and p-toluenesulfonyl chloride

(7.3g, 0.045mol) was added in one portion under argon.

The temperature rose to 40°C for 20mins before

© 2013 Global Journals Inc. (US)

returning to 5°C where it was maintained for 2h. Ten 1ml
portions of water were slowly introduced without
allowing the temperature to exceed 5°C. The reaction
mixture was poured into 1 litre of diethyl ether and
extracted with ice-cold 5M sulfuric acid until the
aqueous layer remained acidic, then with saturated
CuSO, solution until the layer remained blue. The
ethereal phase was washed with two 100ml portions of
each water and sodium bicarbonate solution prior to
drying over magnesium sulfate and evaporating the
solvent. A white solid residue was obtained which was
recrystallized by dissolving in hot hexane (100.00ml) and
cooling to -78°C. Six such recrystallizations gave the
product (2) as a white powder with m.p.48-49°C and [a]
p?* -25.7 (C,H;OH, Cy ). The yield was 8.5g, 0.027mol,
89%. IR (Nujol) vy 2923m, 2854m, (-CH str.vib.),
1597m, 1461m, 1385 (O=S=0 asym. str.)1306m, 1230
(O=S=0 asym. str.) 1188m, 1174m, 1095m, 1088m,
1020m, 980m, 961s, 912m, 814s, 773m (S—-O-C str.),
722m 665m.cm™. '"H NMR (300MHz, CDCl,) §: 0.83 (s,
3H, Hy), 1.2 (d, J 7.7Hz 1H, H;4nq0), 1.38 (s, 3H, Hy), 2.06
(t, 1H, J 3Hz, Hy), 2.18 (m, 1H, H,), 2.3 (d, 1H, J 7.7Hz,
Heo), 2.3-2.49 (m, 4H, H, and H,y), 2.59 (s, 3H, Hg),
418 (t, 2H, J 5Hz, H,,), 5.39 (s, 1H, H,), 7.45 (d, 2H, J
8.0Hz, aromatic), 7.9 (d, 2H, J 8.0Hz, aromatic) pap.
BC NMR (70MHz, CDCC1,) &:20.4 (Co), 26.1(Cy),
31.2(Cyg), 31.8(C;), 37.7(C,), 40.3(Cyy), 40.8(Cy),
102.8(Cg), 109.7(C;) 124.2(C4y), 128.0(Cy,), 129.7(C,5),
130.6(Cy;), 131.3(Cyg), 137.5(Cy), 142.5(Cy5), 144.7(C,y),
146.7(C,) pap. [Found: C, 67.2; H, 7.9; S, 10.4, M 320.
CgH.,0,S requires C, 67.6; H, 5.6; S, 10.0 MS (FAB)
m/z 320 (M+1)].

¢) Preparation of 6,6-Dimethyl-2-Suljphonyloxomethy-
bicyclo [3.1.1] Hept-2-Ene (3), Obuzor and Booth
2005

To a 1-litre flame-dried, three-necked flask
equipped with a dropping funnel under dry argon was
added a solution of 6,6-dimethylbicyclo[3.1.1]hept-2-
ene-2-ethanol (1) (5.0g, 0.030mol) in dichloromethane
(100.00ml) and dry triethylamine (3.04g, 4.20ml
0.030mol) at 0 °C under dry argon. A solution of freshly-
distiled methanesulphonyl chloride (4.3g, 2.10ml,
0.045mol) in CH.CIl, (50.00ml) was added and the
mixture was stired at 0 °C. After 2h, TLC (CH,CL)
showed complete reaction and a 10% w/w of sodium
carbonate solution (20.00ml) was added and the mixture
was extracted with diethyl ether (100.00ml). The ether
layer was washed with sodium carbonate solution
(2x20.00ml), water (20.00ml), followed by brine
(20.00ml) and was dried over MgSO,. Removal of
solvent afforded the mesylate as pale yellow viscous oil
in (7.17g, 0.029mol, 98%). IR (Nujol); vy, 2923m,
2854m (-CH str. vib.), 1597m, 1461m, 1385s (O=S=0
asym. str.), 1306m, 1230s (O=S=0 asym. str.) 1188m,
1174m, 1095m, 1088m, 1020m, 980m, 961s, 912m,
814s, 773m (S-O-C str.), 722m, 665m cm™. 1H NMR



(800MHz, CDCl,) 8: 0.79 (s, 3H, CH;.cng0 Ho), 1.10 (d, 1H,
J 7.7Hz, H;4nqo), 1.20 (s, 3H,CHg g Hg), 1.99 (t, 1H, J
3Hz, Hy), 2.05 (m, 1H, H,), 2.19 (d, 1H, J7.7Hz, H...),
2.30-2.4 (complex, 4H, H, and H,y), 2.99 (s, 3H, Hy,),
419 (t, 2H, J 5Hz, H,,), 5.30 (s, 1H, H,), pap; *C NMR
(70MHz, CDCl,) 8: 20.7(Cg), 26.3(Cg), 31.2(C,,) 31.8(C,),
37.7(C,), 40.3(C,), 409(Cq, 102.8(Cs), 109.5(C,),
124.5(C4,), 137.8(C,), 146.7(C,) pap. [Found: C, 59.2; H,
8.4; S,13.6, M.244C,,H,,SO, requires C,59.0; H,8.2;
S,13.1. MS (FAB) m/z 244 (M+1)].

d) Preparation of 6, 6-Dimethyl-2-Cyclopentadienyl-
ethylbicyclo [3.1. 1] Hept-2-Ene (4).

A 250ml three-necked flask equipped with a
magnetic stirrer, internal thermometer, and argon inlet,
was charged with 6,6-dimethyl-2-p-toluenesulphonyl
oxyethylbicyclo[3.1.1] hept-2-ene (2) (3.0g, 0.009mol)
and a fresh, dry sample of tetrahydrofuran (THF)
(50.00ml) under argon. The solution was stirred at -78
°C for 4h and cyclopentadienyl sodium (1.2g, 0.014mol)
in THF (20.00ml) was annulated into the mixture. It was
then stired at room temperature for 24h. Water
(20.00ml) was added and the aqueous layer was
extracted with diethyl ether (3 x 20.00ml). The ether
layers were combined, dried and concentrated. Thin
layer chromatography (TLC, hexane/ethyl acetate 3:1)
showed it to contain two spots at a R.value of 0.48 and
a second spot at R, value of 0.32. Column
chromatography (silica gel) gave the desired products
pale yellow oil after solvent removal (1.6g, 0.007mol,
82% vyield), bop. 118-120 °C. IR (Nujol) v,3040m,
2930m, 2923m, 2854m, (-CH str. vibe.), 2695w,2340w, ,
1600w, 1597m, 1461m, 1188m, 1174m, 1100m, 1095m,
1088m, 1020m, 980m, 961s, 912m, 814s, 722m,
665m.cm™."H NMR (300MHz, CDCl,)8: 0.81 (s, 3H, CHj,
Hig.enao) 1.20 (d, TH, J 7.7Hz, Hizenao), 1.52 (s, 3H,CH;
Hisewo) 1.95 (t, 1H, J 3Hz, H,,), 2.0 (m, 1H, Hy), 2.3(d,
1H, J7.7Hz, Hisene0), 2.40-2.65 (complex, 4H, H, and
Hy), 2.8 (d, 2H, J 3.4Hz, H,]),3.9 (t, 2H, J 5Hz, H,), 5.0
(s, 1H, H,0),5.71-6.6 (complex, 3H, HsHsand H,)ppm;'*C
NMR (70MHz, CDCl,) &: 21.7(C,q), 24.3(Cy5), 30.5(C3),
34.7(C,y), 39.8(C,), 41.9(C,,), 426 (C,), 101.4 (C,p),
107.5(Cy), 125.5(C,), 126.6 (Cs), 130.7 (Cy), 134.8 (C,),
139.8(C,), 146.1(Cg), 147 3 (Cy)ppm. [Found: C, 89.83;
H, 9.52, M.213 C,¢H,; requires C, 90.14; H, 9.86. MS
(FAB) m/zz 213 (M+1)].

e) Preparation of 6,6-Dimethyl-2-indenylethyl-bicyclo
[3.1.1] Hept-2-Ene (5).

In a dry, 1-litre three-necked flask fitted with
internal thermometer, argon inlet and outlet, a magnetic
stirrer, was suspended freshly-distilled indene (2.84g,
0.032mol) in THF (20.00ml) at -78 °C. The solution was
stirred for 30mins and n-buthyllithium (14.1ml of 2.5M
solution, 0.032mol) was added by syringe. The solution
turned yellow and stirring was maintained for another
30mins at -78 °C. A solution of 6, 6-dimethyl-

sulphonyloxyethylbicyclo [3.1.1] hept-2-ene (2) (5.0g,
0.021mol) in fresh, dry sample of tetrahydrofuran (THF)
(100.00ml) under argon was added cautiously added
(exothermic). It was then stirred at room temperature for
24h. Water (100.00ml) was cautiously added and the
aqueous layer was extracted with diethyl ether (3 x
100.00ml). The ether layers were combined dried
(MgSO,) and concentrated. Thin layer chromatography
(TLC, hexane/ethyl acetate 3:1) showed it to contain two
spots at a Rvalue of 0.36 and a second spot at R; value
of 0.28. Fractionally distillation of the crude oil (5.59)
through Vireo column under vacuum (in a sand-bath)
gave (4.3g, 0.017mol, 81%) of (5) as brown oil bop. 104-
106°C/1mm Hg. IR (Nucor); v 2923m, 2856m (-CH
str. vibe.)3065w, 3020,2980, 2860, 2710,1597m, 1186m,
1174m, 1095m, 1088m, 1020m, 980m, 961s, 912m,
814s, 722m, 665m cm”. 1H NMR (300MHz, CDCl,) &:
0.79 (s, 3H, CHgengo Hoo), 1.10 (d, 1H, J 7.7HZ, H{7cne0),
1.20 (s, 3H,CHgqy0 Hig), 1.99 (t, 1H, J 3Hz, Hyg), 2.05 (M,
1H, Hy5), 2.19 (d, 1H, J7.7Hz, Hy7.,0), 2.30-2.4 (complex,
4H, His and H,),3.5 (s, 2H H,,),4.19 (t, 2H, J 5Hz, H,),
5.30 (s, 1H, H,,)6.3 (s, 1H, H,), 7.2-7.65 (complex, 4H,
aromatic)pap; *C NMR (70MHz, CDCly) &: 21.7(Cy),
26.7(Cyg), 32.8(Cy), 37.6 (Cy), 37.9(Cys), 40.3(Cy),
44.9(C4g), 106.8 (C,,), 109.5(C,5), 120.6 (Cg), 123.6 (Cy),
124.5 (Cg),124.5(C,), 125.9 (C,), 128.3 (C,),137.8(C,),
142.0 (C;), 143.0 (Cy), 144.0 (Cy), 146.7(C,)
pap.[Found: C, 90.60; H, 10.30; M 251; C,4H,, requires
C, 90.84; H, 9.2; MS (FAB) m/z: 251 (M + 1)].

419 (t, 2H, J 5Hz, H3) corresponding to H,

[1. RESULTS AND DISCUSSION

The synthesis of the new legends 6,6-dimethyl-
2-cyclopentadienylethylbicyclo[3.1.1] hept-2-ene (4) and
6,6-dimethyl-2-indenylethylbicyclo[3.1.1] hept-2-ene (5)
were achieved by a three step procedure Figure 1. The
starting material 6,6-dimethylbicyclo[3.1.1]hept-2-ene-2-
ethanol (1) (an alcohol) which is commercially available,
was treated with p-toluenesulphonyl chloride in pyridine
to give the tosylate (2) in 89% yield as a white powder
with m.p. 49-50 °C while treatment of the alcohol (1) with
methanesulfonyl chloride and triethylamine gave the
corresponding mesylate (3) as viscous, pale yellow oil in
98% vyield. The tosylate(2) and mesylate (3) were fully
characterized Ouzo and Both, 2005.6,6-Dimethyl-2-
cyclopentadienylethylbicyclo [3.1.1] hept-2-ene (4) was
synthesized by treating the corresponding tosylate (2) or
the maculate (3) with cyclopentadienylsodium (1:1.5)
Figure 1 in THF at-78 °C for 4h then at room temperature
for 24hr to give 82% and 71% vyield of (4) respectively.
The IR spectrum of 6,6-dimethyl-2-cyclo-pentadienyle-
thylbicyclo [3.1.1] hept-2-ene(4) showed the absence of
the sulfonyl group with bands at 1385s (O=S=0 say.
str.), 1230 (O=S=0 say. str.), 961s, 814m, 773m (S-O-
S) cm” when compared with the maculate or the
tosylate. The'H NMR spectrum of (4) showed additional

© 2013 Global Journals Inc. (US)
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peaks with the methylene protons of the
cyclopentadienyl ring at & 2.8 pap (J 3.4Hz). The vinyl
protons appeared as complex signals in the range &
5.71 — 6.6 pap. The absence of mixture of isomers was
confirmed by the "*C NMR; there were additional four
signals only to (8) and on decoupling showed the
methylene carbon (C,) of the cyclopentadienyl group at
42.6 paps. There were three signals for the vinyl carbon
atoms in the range 6126.6 — 134.8 paps as well as an
additional quaternary carbon 147.3 paps. Micro analysis
and mass spectrum fast atomic bombardment (MS
FAB) confirmed the elemental composition and a
molecular mass of 213 a. m. u.

The reaction of the maculate (38) and
indenyllithium at -78 °C and then at room temperature
for 24hr gave the legend new 6,6-dimethyl-2-
indenylethylbicyclo [3.1.1] hept-2-ene (5) Figure 1as
brown oil after purification by fractional distillation in 81%
yield while the to slate gave 60% yield. The characteristic
(O=S=0 say. str.) and (S-O-S) bands were absent in
the IR spectrum. The 'H NMRof compound (5) which is
an indene complex as opposed to a cyclopentadienyl
complex (indene is a cyclopentadiene containing a
fused benzene ring) has an additional benzene ring
(aromatic) to compound (4)with peaks at 67.2-7.65 ppm
(complex) integrating for four protons. The C NMR of
(6) gave twenty lines with a total of five quaternary
carbons. Complex (5) has a molecular mass of 251 a.
m. u. which was confirmed by micro analysis and mass
spectrum (FAB).

V. CONCLUSIONS

The synthesis of two different ligands of varying
molecular  sizes  (cyclopentadiene and indene
substituted complexes) with their corresponding
sodium/lithium salts were successfully synthesized NMR
analysis revealed the structures, IR identified and
indicated changes in functional groups, and MS (FAB)
spectroscopygave their molecular weights while micro
analysis gave the percent compositions of all new
compounds.
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Growth Curves of Filamentous Fungi for
Utilization in Biocatalytic Reduction of
Cyclohexanones

Gliseida Zelayaran Melgar®, Francisca Vanessa Souza de Assis °, Lenilson Coutinho da Rocha *,
Silmara Cristina Fanti ©, Lara Duraes Sette ¥ & André Luiz Meleiro Porto *

Absiract - The growth of filamentous fungal mass in malt
extract culture was recorded over 10 days at 32 °C, with the
aim of utilizing the mycelium for the biocatalytic reduction of
cyclohexanones1-3. Growth curves were obtained for marine
fungi (Aspergillus sydowii CBMAI 933, Penicillium miczynskii
CBMAI 930 and 7richoderma sp. CBMAI 932) and terrestrial
fungi (Rhizopus sp. Cs1 and Aspergillus sp. Pd1), plotted
asusing mycelialdry weight. The mycelia of Aspergillus sp.
and Ahizopus sp. catalyzed the biocatalytic reduction of
cyclohexanonesi-3efficiently, when these substrates were
added inthe exponential phase of growth at(72 h).The
bioreduction of 4-methylcyclohexanone (3) by Aspergillus sp.
and FRhizopus sp. vyielded preferentially the cis-4-
methylcyclohexanol (6), a thermodynamically and kinetically
less stable compound. Whole cells of Aspergillus sp. and
Rhizopus sp. showed good enzymatic activities in the
bioreduction of ketone 1, yielding frans-diol 4.

Keywords . bioreduction, rhizopussp., aspergilussp.,
biocatalysis; cyclohexanones.

[. [NTRODUCTION

he study of the growth of microorganisms is
important in many fields, forexample clinical

analysis and agriculture. Meletiades et al. used the
growth curves of filamentous fungi in various nutrient
media to optimize amethod for antifungal susceptibility
testing [1]. Several parameters involved in testing
filamentous fungi for their susceptibilities, such as
inoculum preparation, incubation conditions (time and
temperature) and the type of the nutrient mediumwere
investigated. In addition, the use of microorganismsto
improve the availability of nutrients to plants is a
necessary and important practice in agriculture. Burity et
al. investigated the inoculation of mycorrhizal fungi as an
aid to the cultivation of Mimosa caesalpiniifolia. The
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nodulation of the plants roots was favored by
appropriate inoculation of mycorrhizal fungi under
specific growth conditions [2]. Growth of filamentous
fungi in liquid culture is usually measured as an increase
in dry weight, using either stationary or orbital shaker
cultures in Erlenmeyer flasks. However, in large-scale
experiments, for instance when testing the effects of
various compounds on the growth of fungi, such
experiments can become very space-demanding and
laborious, limiting the number of treatments. Langvad
developed an efficient method to measure the growth of
filamentous fungi, using 96-well microtiter plates and a
microplate reader [3]. In recently years, microorga-nism-
shave been usedexhaustively inbiocatalytic processes
[4]. Such processes require significant control and
manipulation of the organisms during the growth phase.
Microorganisms are capable of growing on a
wide range of substrates and can produce a broad
spectrum of products. When a nutrient medium is
inoculated with a microorganism, the growing culture
passes through a number of the phases. Initially, growth
does not occur and this period is referred to as the lag
phase, while may be considered a period of adaptation.
Following an interval during which the growth rate of the
cells gradually increases, the cells divide at a constant,
maximum rate and this period is referred to as the log or
exponential phase. Exponential growth cannot continue
indefinitely, because the medium is soon depleted of
nutrients and enriched with metabolites. Several
enzymes are synthesized in the exponential phase, while
many secondary metabolites emerge in the ensuing
stationary phase, when there is no net growth [5].
Microorganisms can be cultured to produce
biomass that may be used to catalyze the conversion of
axenobiotic compound into a structurally similar one.
The enzymes obtained from microorganisms can
behave as chiral catalysts with high regio-andstereo-
specificity, in contrast to purelychemical catalysts,
enabling the addition, removal, or modificationof
functional groups at specific sites on a complex
molecule, without the need for chemical protection.
Enzymes generally work more effectively within the
microbial cell, especially if co-factors such as reduced
pyridine nucleotide need to be regenerated [5,6].
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Prochiral cycloalkanones have been shown to
be convenient substratesfor asymmetric reduction to
enantiomericallypure cycloalkanol derivatives  [7-9].
Herein, we present a study of the growth of several
species of filamentous fungi and their use in biocatalytic
reduction reactions of cyclohexanones 1-3.

[I. MATERIALS AND METHODS

a) General Methods

The  reagents  2-(fert-butyldimethylsilyloxy)
cyclohexanone (1), 3-methylcyclohexanone (2) and 4-
methylcyclohexanone (3) were purchased from a
commercial source (Sigma-Aldrich). All manipulations
involving the fungi Aspergillussydowii CBMAI 933,
Aspergillus sp. Pd1, Penicilliummiczynskii CBMAI 930,
Rhizopus sp. Cs1 and Trichoderma sp. CBMAI 932 were
carried out under sterile conditions in a Veco laminar
flow cabinet. Technal TE-421 or Superohm G-25 orbital
shakers were employed in the biocatalysed transfor-
mation experiments. Products of the reduction reaction-
scarried out with sodium borohydride were purified by
column chromatography over silica gel (230-400 mesh)
eluted with mixtures of r-hexane and EtOAc. The
column effluent was monitored by TLC on pre-coated
silica gel 60 F254 layers (aluminium-backed: Sorbent)
eluted with r+hexane and EtOAc. Reaction products
were analyzed with a Shimadzu model 2010 GC gas
chromatograph equipped with an auto-injector AOC20i
flame ionization detector (FID) and a Varian Chiral CP-
Chiralsil-DEX (#-Cyclodextrin), column (25 m x 0.25 mm
i.d.; 0.39 um). The chromatographic conditions were:
oven temperature initially 50 °C (3 min), rising to 185°C
(5 min) at 3°C/min, giving a total run time 53 min;
injector temperature 250°C; detector temperature
250°C; injector split ratio 1:20; carrier gas N.,at a
pressure of 50 kPa. The retention times were: 3-
methylcyclohexanone (2), 19.5 min; 4-methylcy-
clohexanone (8), 20.8 min; c/is- and #rans-cyclohexane-
1,2-diol (4), 35.0 min; c¢is- and #rans-3-methylcy-
clohexanol (5), 24.3min; cis-4-methylcyclohexanol (6),
25.0 min; frans-4-methylcyclohexanol (6),24.3 min.

Gas  Chromatography-Mass  Spectrometry
(GC-MS): a Shimadzu GC 2010 Plus gas chroma-
tography system coupled to a mass selective detector
(Shimadzu MS 2010 Plus) in electron ionization (El, 70
eV) mode was used, with a DB5 fused silica column
(J&W Scientific; 30 m x 025 mm x 0.25). The
chromatographic conditions were: oven temperature
initially 50°C (0 min) rising to 270°C (10 min) at
10°C/min; run time 32.5 min; injector temperature
250°C; detector temperature 250°C; injector split ratio
1:20; carrier gas He at a pressure of 88.2 kPa. 3-
methylcyclohexanone (2), 4.54 min; 4-methylcyclo-
hexanone (3), 4.62 min; cis-cyclohexane-1, 2-diol (4),
6.48 min; #rans-cyclohexane-1, 2-diol (4), 6.62 min, cis-

(us)

and frans-3-methylcy-clohexanol (5), 4.43 min; c¢/s- and
trans-4-methylcy-clohexanol (6), 4.47min.

b) Preparation of cyclohexane-1, 2-diol (4), 3-methylcy-
clohexanol (5) and 4-methyicyclohexanol (6)

The cyclohexane-1,2-diol (4), 3-methylcyclo-
hexanol (5) and 4-methylcyclohexanol (6) were
synthesized by reduction of the ketones 1-3(100 mg)
withexcess of sodium borohydridein methanol. The
spectroscopic data (*H and ™C NMR and MS) of
alcohols 4-6 were in agreement with those reported in
the literature [10-13].

trans-cyclohexane-1, 2-diol (4): (GC-MS) reten-
tion time 6.62 min, (¢ = 30%,Aspergillus sp.; ¢ = 48%,
Rhizopus sp.); MS: m/z (%) 116 (M, 12), 98 (52), 83
(45), 70 (100), 57 (74);'H NMR (200 MHz, CDCl,,
ppm)1.26-12.24 (m, 4H), 1.60-1.98 (m, 4H), 3.34 (m,
2H), 3.85 (br s, 2H); ®C NMR (50 MHz, CDCl,;, ppm)
25.3,34.9,77.8.

3-methylcyclohexanol (¢is and #ans mixture)
(5): (GC-FID) retention time: 24.3 min, (¢ = 83%;
Aspergillus sp.;c = 99%, Rhizopus sp.); (GC-MS)
retention time 4.40 min, MS: m/z (%) 114 (M, 1), 96
(51), 81 (91), 71 (100), 57 (45); '"H NMR (200 MHz,
CDCl,;, ppm) 0.82 (d, 3H), 0.7-1.9 (m, 9H), 3.48 (m,
0.7H, ci/s-CHOH), 395 (m, 0.3H, frans-CHOH), 3.9
(broad singlet, 1H); *C NMR (50 MHz, CDCl,;, ppm)
26.5,31.4,35.4,41.5,44.6,66.8, 70.7.

trans-4-methylcyclohexanol (6): (GC-FID) reten-
tion time: 24.3 min, (35.5%Aspergillus sp., 55%,
Rhizopus sp.);(GC-MS) retention time 4.50 min, MS: /2
(%)114 (M*, 2), 96 (14), 81 (46), 70(21), 57 (100), 41
(48);'H NMR (200 MHz, CDCl;, ppm) 0.97 (d, 3H), 1.20-
1.50 (m, 5H), 1.65-1.75 (m, 2H), 1.90-2.00 (m, 2H), 3.5
(tt, 1H, J= 4.5, 11.0 Hz).

cis-4-methylcyclohexanol (6):(GC-FID) retention
time: 25.0 min, (42.5% Aspergillus sp., 42.2%, Rhizopus
sp.); (GC-MS) retention time 4.50 min, MS: m/z (%) 114
(M*, 2), 96 (14), 81 (46), 70(21), 57 (100), 41 (48); H
NMR (200 MHz, CDCl;, ppm) 0.95 (d, 3H), 1.20-1.50 (m,
5H), 1.65-1.75 (m, 2H), 1.90-2.00 (m, 2H), 3.90 (g, 1H, J/
= 3 Hz).

c) [Isolation and preservation of filamentous fungi

The marine fungal strains, A. sydowii CBMAI
933, P. miczynskii CBMAI 930 and Trichoderma sp.
CBMAI 932 were isolated from the sponge, Geodliacorti-
coslylifera [14]. The stock cultures of marine fungi were
previously preserved at 4°C on solid media containing
2% malt extract in Petri dishes. The equivalent malt
extract liquid culture medium was inoculated with stock
fungal mycelium and inoculated at 32°C until 240 h, and
then growth curves were constructed using dry
myceliaweight in accordance with procedure described
below (Figure1).

The fungi Aspergillus sp. Cs1 and Rhizopus sp.
Pd1 were isolated during the germination of seeds of



Chorisiaspeciosa and Pelfophorurmaubiurm, collected on
the soil surface. Ten seeds of C. speciosa and F.
aubium were washed with distilled water (2 x 10 mL)
and subsequently with solution of 0.1% sodium
hypochlorite (2 x 10 mL). Then, the seeds were
transferred to the Petri dishes containing a sterilized
sheet of What man filter paper soaked in water, and
incubated for seven days in a chamber at 37°C. After the
required incubation period, from the seeds from C.
speciosa, furry colonies of filamentous fungus were
obtainedon the agar surface. The isolated fungus was
identified as Rhizopus sp. Cs1. In addition, on the seeds
of P. dubium colonies of a dark-sporing strain were
obtained and during the growth of fungus on the agar,
the seeds were completely destroyed. The purified black
fungus was identified as Aspergillus sp. Pd1. The fungi
Rhizopus sp. and Aspergillus sp. were used to inoculate
liquid culture medium with 2% malt extract and cultured
at 32°C for 240 h, to obtained dry weight growth curves
(Figure 1). Each fungal isolation was conducted in
duplicate. The fungi used in this study were identified by
both conventional and molecular methods at the
Chemical, Biological and Agricultural Pluridisciplinary
Research Center (CPQBA) at UNICAMP, S&o Paulo,
Brazil (http://www.cpgba.unicamp.br/) [14].

a) Preparation of culture media

Solid mediumfor the growth of fungi was
prepared by adding 20 g malt extract and 10 g agar
(Acumedia) to1 L distilled water and autoclaving at 121
°C for 15 min. The culture medium was dispensed into
sterile Petri dishes, allowed to cool and inoculated with
fungi. Liquid culture medium (100 mL) was prepared in
250 mL Erlenmeyer flasks, as the solid medium but
without addition of agar.

e) Procedure fo obtain the growth curves

Two small slices of solid medium (0.4x0.4 cm)
bearing mycelium of each fungus (A. sydowii CBMAI
933, Aspergillus sp. PA1, P. miczynskii CBMAI 930,
Rhizopus sp. Cs1, Trichoderma sp. CBMAI 932) were
cut from the stock solid culture and used to inoculate
liquid culture medium (100 mL) contained in 250 mL
Erlenmeyer flasks. The fungal cultureswere incubatedat
32°C on an orbital shaker (140 rpm). For each
microorganism, 5 flasks were used. During the growth of
strains in liquid medium, replicate Erlenmeyer flaskswere
withdrawn from the orbital shaker one by one at 5
different times (96, 144, 192, 240 h). In addition, the
mycelia were filteredon a Buchner apparatus and their
dry weights determined after drying at 70°C for 24 h.
The growth curves of fungi were constructed from the
dry cell weights (g/100 mL) plotted versus incubation
time (h). The experiments were conducted in triplicate
(Figure1).

1) Biocatalytic conversion of cyclohexanonesi-8 by
Aspergillus sp. and Rhizopus sp.

The fungi Aspergillus sp. Pd1 and Rhizopus sp.
Cs1cultured in 250 mL Erlenmeyer flasks as described
above. The fungal mycelia were incubated at 32°C on an
orbital shaker (140 rpm) at 72 h. The cyclohexanones (1-
3, 50 ul) previously diluted in ethanol (50 pl) were
added at the time of exponential growth determined for
each microorganism; in these cases, at 72 h. After a
satisfactory time for, the fungal cultures were withdrawn
from the orbital shaker and the mycelia were harvested
by Buchner filtration and washed with ethyl acetate.
Subsequently, the filtrates and washing were combined
and extracted with ethyl acetate (3 x 30 mL) and the
organic phase dried over Na,SO,, filtered and
evaporated. The residues extracted were dissolved in
EtOAc and analyzed by GC-FID and GC-MS (Figure 2).

[1I.  RESULTS AND DISCUSSION
a) Growth curves of filarmmentous fungi

In these studies, to optimize the use of
filamentous fungi as biocatalysts for the reduction
reactions of cyclohexanones1-3, growth curves were
recorded for the dry weight of mycelia cultured over
different periods of time. A total of five growth curves
were obtained for the five strains of filamentous fungi
(Figure 1). The exponential growth phases were charac-
teristicofeach of the fungal strainsgrownin the malt
extract liquid medium. These experiments were
conducted in triplicate.
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Growth curves of filamentous fungi
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Figure 7. Growth of filamentous fungi in 2% malt extract liquid medium at 32 °C for 10 days

For A. sydowii CBMAI 933, the growth curve
showed a log phase that occurred in the period from 48
to 144 h. After this time, an accentuated fall in the
mycelial mass until 192 h was observed, possibly
because the nutrient had been consumed, leading to
the death phase. Aspergillus sp. Pd1, a strain isolated
from seeds of Pelfophorum dubium, showed a log
phase similar to that of A. Sydowii CBMAI 933, from 48
to 144 h. Afterwards, the massdeclined acutely from 240
h. This fungal strain showed a highermycelialproduction
than A. Sydowii CBMAI 933 and an accelerated growth
metabolism. Therefore, it was an interesting fungus to
be tested in the biocatalytic process (Figure 1).

For marine fungus F. miczynskii CBMAI 930, the
log phase in the growth curve contained to a maximum
mass at 192 h, after which the growth curve had a
negative slope at 240 h. In this case, also good yields of
dry mycelium were obtainedin the log phase (Figure 1).

Trichoderma sp. CBMAI 932showed a log
phase growth period from 48 to 144 h, which was similar
to that of strains of the genus Aspergillus. However,
following the decline phase at 192 h, a large mycelial
growth occurred. Possibly, the release of metabolites
produced in the primary growth phase fed a new phase
of fungal growth.

The strain of ARhizopus sp. Cs1 showed the
shortest log phase, where the highest production of
mycelial mass occurred from 48 to 96 h of incubation.
After this time, a decrease in mass of the myceliumwas

(us)

observeduntil 144 h. When the incubation period of the
fungus was prolonged, mode rate growth was observed
after 144 h. However, the amount of mycelium remained
significantly lower than in the log phase (Figure 1).

In conclusion, these experiments revealed a
broad spectrumof behavior in the growth of filamentous
fungi, which could be utilized as biocatalysts in the
reduction of cyclohexanones 1-3

b) Biocatalytic reduction of cyclohexanones 1-3

After the growth curves of the filamentous fungi
were recorded. The best strains were selected for the
biocatalytic reduction reactions of cyclohexanonesi-3.
According to the results shown in (Figure 1), the fungi
Aspergillus sp. Pd1 and Rhizopus sp. Cs1 were chosen
for assessment of their biocatalytic reduction capacity.
The strain of Aspergillus sp. showed a fast growth and a
long exponential phase, while the Rhizopus sp. showed
an acceleratedlog phase and a high production of dry
mycelial mass.

Initially, the fungi were cultivated in 100 mL of
malt extract for 72 h. After this time, the
cyclohexanones1-3 (50 pl)diluted in ethanol (50 pl)
were added, during the log phase of growth, and
aliquots were collected at 96 and 240 h and analyzed by
chromatographic methods (GC-FID and GC-MS). The
mycelia of Aspergillus sp. and Rhizopus sp. catalyzed
the biotransformation of 2-(fertbutyldimethylsilyloxy)
cyclohexanone (1) into cyclohexane-1,2-diol (4) at 240
h. GC-MSanalysis showed that ketone 1 was consumed



partially, producing the frans-cyclohexane-1,2-diol (4) in
modest concentrations (¢<50%), by both fungi (Figure
2). The cyclohexanone derivative 1 was also reduced
with sodium borohydrideto yield the 2-TBS-cyclohexanol
as intermediate. In this condition, the labile silyloxy
group of the ketone 1 was notdeprotected. The
deprotection of the TBS group was then accomplished
by treatment with1M HCI in CH,CI, at room temperature
for 24 h, leadingto the corresponding cis-diol 4.0n the
other hand, the whole mycelia of Aspergillus sp. and
Rhizopus sp. achieved good bioreduction of ketone 1
when it was added in the log phase of growth yielding
the frans-diol 4. This implied that silyloxy group was
deprotected in water for 5 days. Finally, GC-MS analysis
incapillary columns showed the separation of a racemic
mixture of c¢/s- and frans-cyclohexane-1,2-diol (4), with
retention timesof 6.48 min (cis-4) and 6.62 min (#rans-4).

The ketones 2-3 showed excellent biocon-
version by the mycelia of Ahizopus sp. and Aspergillus
sp. Rhizopus sp. catalyzed the reduction of2 to yield 3-
methylcyclohexanol (5) at a high conversion rate
(c=99%), at 96 h. While Aspergillus sp. converted 83%
to alcohol 5 at 96 h of incubation. The conversion of 3-
methylcyclohexanol (5) by the fungi was measured by
GC-MS analyses and compared with the amount of
synthetic product 5 obtained by sodium borohydride
reduction. The GC-FID and GC-MS analyses showed no
separation of the stereocisomers of 5.

Both  Rhizopus sp. and Aspergillus sp.
catalyzed the reduction of 4-methylcyclohexanone (3) to
the corresponding cis- and frans-4-methylcyclohexanol

@) J<
O\/Si\ fungi, 140 rpm
32°C,240h
1

o
Y

fungi, 140 rpm
32°C,96h

fungi, 140 rpm
32°C, 96 h

(6) at high conversion rates,at 96 h (Figure 2). The fungi
produced a higher proportion of cis-diastereoiso-
merthan in the product of sodium borohydride
reduction, which was mainly the #rans-diastereoisomer.
The ratio of c¢/s- and #rans-alcohol 6, determined by GC-
FID on the chiral chromate graphiccolumn, was 1.0: 1.3
for Rhizopus sp. and 1.2 : 1.0 for Aspergillus sp. The
biocatalytic reduction produced around 50% of the c¢i/s-
diasterecismer 6, which is thermodynamically and
kineticallyless stable than the stable frans-diastereoi-
smer 6 (Figure 3). In contrast, the ciss and frans
diasterecisomers 6 were synthetized by sodium
borohydride reductionin the ratio 1.0: 4.5. The bioca-
talyticreduction of 4-methylcyclohexanone 3 could be
used for the preparation of the thermodynamically
andkinetically less stable cis-isomer 6.

Finally, these have been a few reports in the
literature of the microbial reduction of cyclohexanones.
For example, the prochiralcouponds 1, 2-cyclohexane-
dione and ()-2-hydroxycyclohexanone were reduced
by, Proteus mirabilis bacteria leading to frans-
cyclohexane-1,2-diol in high yields [6]. In addition, the
reductionof cyclohexanone derivatives by a bacteria
culture of Serratiarubicdaea CCT 5742 and by the yeast
Saccharomyces cerevisiae afforded cyclohexanols in
good vyields and selectivities [12,15]. However, these
single-cell organisms are less readily separated from the
culture medium than fungal mycelia.

OH
OH
(c = 30%, Aspergillus sp.Pd1)
(c = 48%, Rhizopus sp. Csl)
4
OH
(c = 83%, Aspergillus sp. Pd1)
(c =99%, Rhizopus sp. Csl)
5
OH
(c = 78%, Aspergillus sp. Pd1)
(c = 97%, Rhizopus sp. Csl)
6

Figure 2 Reduction of cyclohexanones 1-3 by Aspergillus sp. and Rhizopus sp. The conversions (c) were
determined by GC-MS analyses
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Figure 3 : Reduction of 4-methylcyclohexanone (3) by synthetic and biological methods. The ratio of ¢/s- and trans-
alcohol 6 was determined by GC-FID on a chiral chromatographic column

IV. CONCLUSION

According to the results reported here, the
preliminary determination of growth curves of
filamentous fungi was important to optimize the
conditions for the biocatalytic reduction of cyclohexa-
nones 1-3. The addition of the substrates in the log
phase of growth led to the biotransformation of
cyclohexanones 1-3 to the corresponding cyclohexanols
4-6 in good vyields. Therefore, during the exponential
phase, enzymatic production was maximized. The
bioreduction of 4-methylcyclohexanone (3) by Asper-
agillus sp. and Rhizopus sp. yielded a greaterpro-portion
of c¢is-4-methylcyclohexanol (6), thethermody-namically
and kinetically less stable isomer, thandid synthetic
reduction. Finally, the bioreduction of 2- (#butyldi-
methylsilyloxy) cyclohexanone (1) by either fungus led to
a higherproportion of frans-cyclohexane-1, 2-diol (4)
than synthetic reduction by NaBH,.
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Effects of Zinc and Nitrogen on Yield
Components of Five Flax Genotypes

Gholamhosein Homayouni *, Mohammadkazem Souri ° & Mohammad Zarein ?

Abstract - Flax is one of the earliest plants that has been
domesticated by humans. Due to high amounts of omega-3
fatty acid, its cultivation and consumption is increasing as a
healthy oil resource. In nutritional point of physiology zinc and
nitrogen are two important elements in plant biosynthesis. So
in this experiment, effects of three levels of nitrogen (40, 60
and 80 kg/ha) and two levels of zinc sulfate (control and
3/1000) on five flax cultivars in split factorial based on
randomized complete block design was investigated. The
results showed that genotypes in terms of height, capsul
number, seed yield and biological yield revealed significant
differences (P<0.01). In addition the results showed that the
highest yield was obtained from treatment of 80 kg nitrogen
and (3/1000) zinc sulfate spray.

Keywords : flax, ol plants, yield, zinc sulfate.

[. INTRODUCTION

= lax is an annual plant from Linacaea family. It is
=== 0one of the most important medicinal plants due to

its pharmaceutical active substances. It has
different uses in pharmacy and cosmetics industries. So
its cultivation is expanding all over the world. The origin
of this plant was reported to be the west of
Mediterranean region [10]. Flax is one of the oil seed
plants and demand for its valuable oil and fatty acids, is
increasing all over the world. The seed contain 40-45%
oil and 23-34 % protein. Besides its valuable oil, seed
meal with high percent of protein 42-46 percent, is also
used in the animal diet [13]. Suitable fertilizing program
is necessary for optimizing flax cultivation and its
qualitative and quantitative characteristics [5]. Besides
genotype and other environmental factors, plant nutrition
and adequate levels of nutrient elements is prerequisite
for maximum yield and quality. Surveys show that there
is an increase of about 50% in food production due to
use of chemical fertilizers [1]. Regarding plant
production, effects of N fertilizers is higher than other
fertilizers, however the efficiency of this fertilizers is low
and frequently resulted in lodging and environmental
pollution [19]. The amount of fertilizers that a crop
needs depends to many factors including climate
conditions, plant species and cultivar, and soil fertility
levels [4]. However for micronutrients this can change
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a little bit, mainly due to their application method as in
many cases they are used as foliar sparays [15]. Flax is
a high sensitive plant to zinc deficiency [2] mostly
resulted in pollen grains sterility, little leaf, chlorosis and
dwarfing [8]. It was shown that foliar spray of zinc sulfate
in canola increased seed yield, capsule number in plant,
seed number in capsul, thousand weight, seed oil and
protein [3,11]. Similarly it was shown that foliar
application of zinc has significant increased seed vyield,
thousand weight and oil content, seed number in
capsul, oil and seed yield in canola [16]. So according
to incredible role of nutrient elements in quantity and
quality of crops, this study was conducted to evaluate
yield and quality response of five flax cultivars to
different concentrations of nitrogen and zinc.

1. MATERIALS AND METHODS

This experiment was performed in thirty
treatment and three replication in research farming of
Shahid Bahonar University of Kerman, Iran. So different
amounts of nitrogen and zinc on five flax cultivars was
studied in factorial split design. The experiment region
has a dry climate with hot and dry summers and cold
winters. The experimental site has Loam and clay sail,
and pH of 8.7. The first factor was nitrogen with three
levels of (40- 60- 80 kg/ha) from urea source (40 kg as
control) and second factor including zinc element with
two level (0 and 3/1000) zinc sulfate and third factor
including five flax cultivars, two native line with complete
combination of brown seed color (Birjand and
Courdestan) and three new line with yellow complete
color (Ry; <R, and R,,). To provide phosphorous, 20 kg
of phosphorous was added as strip application just 2.5
cm in side and 2.5 cm in below the seed. Nitrogen was
divided in 3 applications, one before planting, one part
after planting, another part before flowering in N
treatments. Experimental plots were three lines with 2m
length and a space of 40cm. Plants were irrigated every
7-10 days depending to plant requirement. Zinc sulfate
was sprayed on leaves before flowering. During growing
season different plant parameters were measured such
as time of flowering, maturity, plant height, number of
lateral shoots, number of capsule, number of seeds in
capsule, weight of one thousand seed, seed yield for
each genotype. Seed vyield per plot as well as per plant
was determined.
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Data then were analyzed by SAS 9.1 statistical
software, and comparison of means was performed by

Duncan multiple comparison at 1% level.
[II.  RESULTS AND DIsCUSSION

Analysis of variance (Table1) revealed that flax
cultivars in terms of height, number of capsule, seed

yield and biologic yield showed significant differences
(0.01%). Nitrogen levels (40, 60 and 80 kg/ha) in terms
of height, capsule number, seed yield and biologic yield
led to significant difference (0.01%). Zinc spray also in
terms of height, capsule number, seed vyield and
biologic vyield resulted in significant difference (1%)
compared to control.

Table 7 : Analysis of variance for some physiological traits

SOV Df Plant height No of No of No of Seed  Biological Seed
= (cm) branches capsules in capsule yield(g)  vyieldigr)
S cm
rj Replication 2 oIk 0/43n= 0/g1n= 1/37n= 0/04n= 80/93n=
©
Nitrogen 2 47.717 00.3n= 27417 1.141n= 0517 201367
22
. Zinc 1 3062 0.17n= 92.017 2.5 0427 387337
; Nitrogenx 10 2.11n= 1.54n= 0.69n= 0.35m= 0.01m= 37.74n=
7 Zinc
; Genotype 4 6.967 2.37m= 13.527 1.65m= 0157 988.367
g nitrogenx 8 8.06 1.43n= 0.78n= 1.12n= 0.07 285.74n=
Z genotype
5 zinc 4 431 1,670 3.26" 0.30m= 0.07=
" xgenotype 65.40n=
é nitrogenx 8 8.347 27¥ 583 0.83n= 0.03~= 564.55
= zZincx
— genotype
e Error 48 1.57 117 N1 0.78 0.03 140.86
5 Total 89 42571 126.40 424 05 7298 555 29910
2 Gy 296 296 2227 9.87 1427 703 1489
E ns:not sigificant, * and ** siguficant atlevel of 3% and 1%respectively
5 Analysis of variance revealed that interaction of seed yield, 80 kg/ha led to higher amount compared
o effects of genotype and nitrogen in terms of plant height  to two other N levels. Availability of nitrogen is an
£ and biological yield, and also between genotype, important factor on distribution of photosynthetic
& nitrogen and zinc in terms of plant height, number of  assimilates between vegetative and reproductive
= capsules and seed yield showed significant differences  organs. While increasing nitrogen consumption will
—  (1%). The highest plant height was in 80 kg/ha N, and  enhance vegetative growth. This could be due to leaf
£ lowest was in 40 kg/ha N treatment. The highest number  expansion [21]. [6] reported that higher number of
& of capsule was in 80 kg/ha N treatment, and the lowest  branches, number of capsule and seed yield obtained
. capsule number was in 40 kg/ha N treatment. In terms  with nitrogen amount of 90 kg/ha.
é Table 2 : Differences between N levels regarding some physiological traits

Zinc Heigi  Branch Capsul  Seed  Biologic  Seed yield
) number number numberlin yield
B W
(Z0) 4174 491 13710 6.04° 2600 73.020
(1) 42908 4522 15.78 6.37¢ 2748 86.31

Means with the same words in each column are not significantly different
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Comparison of means (Table 3) shows that zinc
application led to significant effect on plant height,
capsule number, seed number in capsule, seed yield
and biologic yield (P<0.01). Zinc foliar application
increase seed and biomass yield compared to control
plants. Zinc is an important element in protein and oil
biosynthesis in seeds [12]. In flax it also increases plant
height, branches number, capsule number and seed
yield [20]. It has been shown that spraying of zinc on
flax led to higher growth rate and oil percentage [18].
Zinc with increasing lateral shoots, helps for more

capsules. The results showed that both vegetative and
flowering stages promoted by Zn spray, probable by
increasing of photosynthesis rate and plant metabolism
[14]. It has been shown also that application of zinc
sulfate on canola leaves had significant role in seed
yield improvement [11]. The role of zinc on improvement
of yield component has been documented by other
researches [16]. Application of zinc on some plants
such as lentil [9], safflower [8], soybean [6] led to
enhancement of seed yield components.

Table 3 : Difference of zinc levels for some physiological traits. z,= control, z,= 3/1000

Zinc Height Branch Capsul Seed Biologic ~ Seed yield
@) number number numberlin yield
R
(Zo) 474 4912 13710 6.040 2,600 73.020
(Z1) 42908 4828 15.7¢ 6.378 2748 86.312

Means with the same words in each column are not significantly different

lable 4 . Comparison of cultivars regarding some growth factors

Height Branch Capsul Seed Biologic Seed

genotype number number  numberin  yield (qr) yield

(cm) capsul (an

C1 41.400 5.272 15.832 5.382 2.81e 90.88¢

c2 42.76¢ 4830 15.05%° 6.1120 2.65° 78.61°

C3 42 26> 4380 14.72b 5.382 2670 79.550

C4 42 17s0 4 6G=P 14.550 5720 2550 70.05¢

C5 43.022 5.16eb 13.442 G.44= 2670 79.22b

Means with the same words in each column are not significantly different
IV. CONCLUSION varieties of canola. Zinc crops. International
Congress of Improving Crop Production and Human
Genotypes showed significant  differences Health, 24 — 26 May. Istanbul. Turkey.

regarding growth factors, and R,, genotype showed
significant  higher amounts compared to other
genotypes. So, it can be concluded that R,, genotype
with 80 kg/ha N+ foliar spray of zinc is suitable for
Kerman province in Iran.
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e  One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

records.

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

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

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

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

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

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

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

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

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

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

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

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

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

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

Final Points:

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

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

General style:

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

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

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

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

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

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

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

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

Title Page:

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

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

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

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

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

®  Fundamental goal

®  To the point depiction of the research

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

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

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

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

Introduction:

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

Explain the value (significance) of the study

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

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

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

Approach:

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

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .

XV



®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

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

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

Procedures (Methods and Materials):

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

Materials:

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

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

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

®  Describe the method entirely

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

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

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

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

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

What to keep away from

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

Results:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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ADMINISTRATION RULES LISTED BEFORE
SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US)

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.

. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

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

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)

®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XIX

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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