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Effect of Urea Treatment and Concentrate
Proportions on Dry Matter Degradation of
Different Roughages in the Rumen of
Jersey Cows

Tesfayohannes S. T.% Nsahlai |. V.° & Bengaly K °

Abstract - A study was conducted to determine the interaction
of roughage quality and urea-ammonization on the luminal
degradation properties of low quality roughage diets. Four
rumen fistulae Jersey cows were fed on a basal diet of either
urea-treated or untreated Eragrostis uvula hay. These basal
diets were supplemented with concentrate composed of
maize meal (78%) and cotton seed cake (22%). The
concentrates contributed 0, 25, 50 and 75% of the total ration
and hay the rest. The experiment consisted of 6 periods. Each
period lasted 19 days, comprising 12 days of adaptation to the
experimental diet followed by 6 days degradability
measurements and 1-day collection of rumen fluid. During
each period the 4 cows were randomly allocated to 4 of the 8
dietary treatments, ensuring that each diet was fed to 3
animals during the entire experimental period.

The pH of the rumen fluid ranged between 6.5 and
6.8 for all diets. Rumen ammonia (NH;) concentration was
higher (P<0.002 when the basal diet consisted of urea-
treated hay. Increasing the concentrate proportion in the diet
had the desired effect of increasing rumen NH; concentration
without severely affecting the pH. Urea-ammonization
increased (P<0.0001) the slowly degradable fraction (B),
potential degradability (PD), effective degradability (ED) of dry
matter (DM), decreased (P>0.05) lag time (LT) but had no
effect on the rate of degradation (c) of DM. Maximum and
minimum degradability values of the B-fraction, PD and ED of
DM were obtained at the 25 and 75% concentrate levels,
respectively for both urea-treated and untreated diets. Within
urea-ammonization, roughage type increased (P<0.007) the
B-fraction, PD and ED of DM. Ryegrass degraded almost three
to four times faster than urea-treated oat or untreated wheat
straw. Urea-ammonization was less effective in increasing DM
degradation rate of ryegrass compared to wheat straw.
Results show that low quality roughages such as wheat straw
benefited relatively the most from urea-ammonization.
Keywords . urea-ammonization, rurmen ammaonia, rumen
PH, dry matter, fiber, roughage, degradability.

Authors a o : Discipline of Animal and Poulfry Science, School of
Agriculture  and  Agribusiness,  University —of  KwaZulu-Natal,
Pietermaritzburg 3209, South Africa.

Author p : Université de Ségou, Centre d’Expertise et de Recherche
Appliquée pour le Développement, Angouleme Avenue 2000, Ségou,
Mali, West Africa. E-mail : konis6é@gmail.com

L. [NTRODUCTION

ther the last two or three decades there has

been a lot of research conducted to determine

the benefit of using low quality roughages in
livestock feeding in the tropics, particularly during the
dry season when green pasture resources area not
available. These roughages contain 70-80% cell wall
(CW) components, which represent potential energy for
ruminant animals. Availability of this energy to the animal
is generally limited by the low voluntary intake, the
chemical association with lignin and CW carbohydrates,
and physical limitation of the CW components to
microbial fermentation. Despite the limiting features
roughages have enormous potential and can be used
as sole feed, if their feeding value is improved.

Considerable efforts  have been made
worldwide to find ways of modifying roughages to
improve degradability and upgrade their nutritive value
to feed ruminants. Some of the methods for improving
the availability of energy in roughages for ruminants
involve treatment with ammonia (Sandston and Cox
worth, 1984), Noah (Dixon and Parra, 1984; Escobar ef
al, 1984) and urea (Had jipanayiotou, 1982a; Colette
and Kissinger, 1984; Dias-Ad-Silva and Sandston,
1986). Urea is one of the major chemical agents used
to improve the nutritive value of cereal straws and other
fibrous by-products (Ray ef a/, 1989; Got ef a/, 1991;
Tune et al, 1991; Ghana ef a/, 1993). Treatment with
urea can break the ester bonds between lignin,
hemicelluloses and cellulose, and physically cause
structural fiber to swell. It has been suggested (Mason
et al, 1988, Many chi ef al, 1992) that urea-
ammonization affects CW composition and improves
extent of rumen degradability.

Eragrostis uvula is a popular hay grass,
produced in vast quantities in Natal, with a mean crude
protein (CP) content of less than 6 g kg™ (Galloway,
1980), which does not meet the minimum dietary CP
concentration required for milk producing dairy cows
(Flacon sky et al, 1993). A large proportion of the
potential hay crop is lost each year because difficulties
are experienced with harvesting the hay at the correct

© 2013 Global Journals Inc. (US)

Global ]()urna| of Science Frontier Research (D) Volume XIII Issue VIII Version I H Year 2013



Global Journal of Science Frontier Research (D) Volume XIII Issue VIII Version I H Year

time. As a result a large proportion of the £. uvula hay
produced is of little feed value. If urea has the same
effect on £ uwla hay as on cereal straws then urea-
ammonization of such low quality hay could increase its
potential as a ruminant feedstuff. Concentrate
supplementation for such low quality roughages also
increase the rumen fermentation due to the supply of
readily fermentable energy. However, it has been
reported that high concentrate levels in the diet may
reduce rumen fermentation and rumination time
(Korsakov and Ryle, 1990). As a consequence, saliva
production is low. It is not known; therefore, to what
extent the changes in the rumen environment induced
by feeding urea-treated roughages and concentrate
supplements could affect fiber degradation.

The overall objective of this study was to
determine how dietary manipulation and urea-
ammonization affect degradation properties  of
roughage diets.

[I.  MATERIALS AND METHODS

a) Study Area

The experiment was conducted at the University
of Natal's Ukulinga Research Farm outside
Pietermaritzburg, in the subtropical hinterland of
KwaZulu-Natal Province, South Africa. It lies at 30°24’S,
29°24’E and approximately 700 m above sea level. The
mean annual rainfall in the study site is 735 mm, falling
mostly in summer, between October and April, and the
maximum and minimum mean annual temperatures are
25.7 and 8.9°C, respectively (Camp, 1999). Light to
moderate frost occurs occasionally in winter.

b) Animals

Four adult Jersey cows (average body weight of
4255 + SD 58.4), fitted with permanent rumen canola of
120 mm internal diameter were used in this study. They
were kept in individual feedlot pens under a roofed shed
with floor beddings. Cows were provided with clean
water and a mineral block supplement at all time
throughout the experiment.

c) Diet and Feeding

All rumen fistulae Jersey cows were fed on a
basal diet composed of either urea-treated or untreated
Eragrostis  uvula hay. These basal diets were
supplemented with a concentrate mixture composed of
maize meal (78%) and cottonseed oilcake meal (22%).
The concentrate was formulated to contain 15% crude
protein (CP). Concentrate contributed 0, 25, 50 or 75%
of the total ration and treated or untreated £. uwvula hay
the rest (22%). Thus 8 different dietary treatments were
formed.

a) Experimental Design

The experiment comprised six periods. Each
period lasted 19 days, comprising 12 days of adaptation
to the experimental diet followed by 6-days of

© 2013 Global Journals Inc. (US)

degradability measurements and 1-day of rumen fluid
collection. During each period, the animals were
randomly assigned to 4 of the 8 dietary treatments. It
was however ensured that each diet was fed to 3
animals during the entire experiment (Table 1).

Before the initiation of the experiment, cows
were allowed free access to diets to determine ad
labiurn intake. Cows were then subsequently fed 80% of
the ad labium intake to ensure complete consumption of
feed so as to adhere to the roughage: concentrate ratio.
Diets were fed twice a day, during morning (08:00) and
afternoon (16:00).

e) Preparation of the urea ammoniated hay

Urea solution was prepared in a plastic
container by adding 3 kg urea into 40 liters of water
whilst stirring until all the urea was dissolved. The entire
40-litre solution was then sprayed onto 100 kg of hay
(on a DM basis). Before the solution was made, a total
of 240 bales of £ wwula hay were collected from
Ukulinga Research Farm. One hundred and twenty of
the 240 bales were ammoniated with urea and divided
into 4 layer groups. The bottom layer, comprising 30
bales, was placed on the concrete floor. Using a 15-litre
capacity plastic watering can fitted with a spray nozzle,
the prepared urea solution was distributed evenly over
the top surface of each layer of hay. The same
procedures were applied until the fourth layer. The urea
treated hay was covered with large plastic sheets and
tightly sealed with tape at the four corners and round the
edges with soils to exclude air. Immediately after sealing
tightly, weights were strategically put on the top of the
plastic sheet to hold it down. After 5 weeks, the treated
hay was opened and aerated before feeding to the
experimental animals. This treatment resulted in
moisture content of approximately 35%, as calculated
according to Chemist and Kaolin (1997). Representative
samples of hay were taken for chemical analysis prior to
and after treatment.

1) Preparation of roughages for rumen incubation
study

Samples (2 kg) of 10 different roughages were
chosen for this study. They were collected from different
parts of South Africa. The experimental roughages were
wheat (77itium sativa) straw, barley (Horde vulgar) straw,
coast cross (ky;) (Condon hybrid) hay, veldt hay (natural
grass), oat (Avenal sativa) straw, oat (Avenal sativa) hay,
maize (Leal Mays) Stover, kikuyu (Pennisetum
clandestine) grass, weeping love grass (Eragrostis
uvula) hay and ltalian ryegrass (Folium multiform).

The experimental barley, wheat and oat straws
examined in this study originated from the Western
Cape Province and oat hay from the Free State
Province. The rest of the roughages were collected from
Ukulinga Research Farm. ltalian ryegrass was collected
(cut) fresh and then sun-dried before use. Each sample
was sub-divided into two equal portions. Each portion



was then treated with or without urea. The urea solution
was wholly distributed over 1 kg of roughage. Addition
of the urea solution would increase the moisture content
of the roughages to 35%. Treated roughages were
sealed tightly and stored at room temperature for 5
weeks in plastic bags. Immediately after opining, the
different roughages, including the untreated ones, were
sun-dried, chopped fine by hand and ground through
a2-mm screen in a laboratory mill.

qg) Nylon bag incubation procedure

About 3 g of each ground forage sample was
weighed into labeled nylon bags (ANKOM Co, Fairport,
New York, USA; internal dimensions: 5 cm x 9 cm; pore
size 50 um). The bags were tied to a stainless steel disc
with 10 evenly spaced small holes drilled through the
periphery of the disc serving as anchor points. The bags
were incubated (in duplicate per time interval) in the
rumen for 120, 96, 72, 48, 24, 12, 6 and 3 h sequentially.
The treated samples were incubated in the rumen of
animals fed treated hay, while untreated samples were
incubated in animals given untreated hay. Immediately
after removal from the rumen, the bags, including the
zero hour ones, which had not been incubated but
soaked in warm water for one hour, were washed in 6
cycles (each lasting 4 minutes) in a semi-automatic
washing machine. The washed bags were then dried in
a forced draught oven at 60°C for 48 hours, cooled in a
dedicator and weighed.

h)  Rumen pH and ammonia concentration

After each incubation period, animals were
maintained on the same diets and rumen fluid was
collected from each animal for determination of
ammonia (NH,;) concentration and rumen pH during the
following times after morning feeding: 2, 4, 6, 8, 10, 12
and 24 hours. Immediately after collection, the rumen
fluid was strained through a double layer of cheesecloth.
Rumen pH was measured using a Crimson portable pH
model 507 (Crimson Instruments, SA. 08328 Allele, and
Barcelona, Spain). Samples of about 100 ml were put in
250 ml containers to which 5 drops of concentrated
sulfuric were added and stored in a freezer maintained
at -20°C until they were needed for NH; analysis.

1) Chemical analysis of basal diet and concentrate

Dry matter, organic matter (OM) and ash were
analyzed using the procedures described by the
Association of Official Analytical Chemists (AOAC,
1990). Nitrogen (N) or crude protein (CP) [(6.25*N)]
content in feeds was determined using an automatic
protein determinate (LECO FP2000, LECO, Pretoria,
South Africa). Rumen NHs;-N concentration was
measured using an auto-analyzer with no sample
preparation. Neutral detergent fiber and acid detergent
fiber (ADF) contents in feeds were analyzed according
to Van Sorest et a/ (1991) and hemicelluloses were
estimated as the difference between NDF and ADF.

J)  Calculations and statistical analysis

The degradation of DM was estimated by fitting
the non-linear model proposed by McDonald (1981) and
modified by Hanoi (1988) to the degradation data of
each component: variables were determined using the
secant method (SAS, 1987).

P=A+B[l-exp°" 7] (1)

Where P is the disappearance of DM or fibre
fraction at time T, A = the water soluble fraction
(washing losses) and is considered immediately
degradable at time zero, B = the degradable part of the
insoluble fraction, ¢ = rate of disappearance of the
degradable fraction “B”, T = time of exposure and LT =
the lag time. The PD was calculated as (A + B). A
passage rate (k) of 0.03 h™' was assumed in order to
calculate ED of DM (Bonsai ef a/, 1994; Nashua et a/,
1998a):

ED=A+Bxcl/(k +c) )

The model used for statistical analysis of DM
degradation parameters was:

Yikm=H+ A+ P+ U+ C(U)y+ F (U)m+ € (3)

Where

Y = individual observation;

u = overall mean;

A = animal effect;

P = period effect;

U = effect of urea-ammonization;

C (U) = effect of concentrate within urea-ammonization;

F (U) = effect of roughage within urea-ammonization;
and

e = random variation (assumed independent, identica]
and normally distributed).

The model used for the analysis of rumen NH,
and rumen pH was:
Yim= M + Ti+ TAj+ TP+ TCj+ TU i+ TC (U)iim + €ijkim
(4)
Where
Y = individual observation;
u = overall mean;
T = effect of time;
A = animal effect;
P = period effect;
C = effect of concentrate;
U = effect of urea-ammonization;

C(U)= effect of concentrate within urea- ammonization;
and

© 2013 Global Journals Inc. (US)
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e = random variation (assumed independent, identical
and normally distributed).

Time was introduced
repeated measure.

[11.

in the model as a

RESULTS

a) Chemical composition of the feeds

The chemical composition of the urea-treated
and untreated roughages is given in Table 2. Urea-
ammonization resulted in marked increase in N content.
There was a wide variation in the chemical composition
of the treated and untreated roughage samples. Most of
the roughages (Table 2) were characterized as high
fiorous feedstuffs, with a high NDF value but low CP
content. NDF and hemicelluloses contents of most
feeds were decreased while ADF was increased due to
urea-ammonization. Among the untreated roughages,
ryegrass had the highest CP content, followed by coast
cross hay, oat hay, maize Stover and the lowest was
barley straw in descending order. The rest of the
untreated roughages fell in between the two extremes.

b) Ammonia concentration and pH in the rumen

The least square means of the effects of urea-
ammonization of dietary roughages and varying
concentrate proportions on rumen NH; concentration
and pH are given in Table 3. Urea-ammonization
(P<0.07) and concentrate proportions (P<0.007)
increased NH; concentration in the rumens of Jersey
cows but concentrate proportions within urea-
ammonization had no effect (P>0.05). The lowest and
highest rumen NH; concentrations were observed at 2
and 4 hrs, respectively, after feeding for animals fed
urea treated hay, while for those on the untreated hay
the lowest and the highest were recorded at 24 and 4
hrs after morning feeding. The profile of rumen NH;
concentration of the untreated diet was maintained at a
lower level than for urea-treated diet throughout the
period of measurement.

As shown in Table 3, the effect of urea-
ammonization and concentrate proportions on rumen
pH levels was not significant (P>0.05). There was,
however, a tendency for increased (P<0.098) rumen pH
in animals fed urea-treated diets. Concentrate levels
within urea-ammonization had no effect on rumen pH.

¢) Degradation of Dry Matter

i. Effect of roughage type

The effect of roughage type within urea-
ammonization on DM degradability of incubated
roughages (treated and untreated) is given in Table 4.
Within  urea-ammonization, roughage type affected
(P<0.0001) all the degradability parameters of DM.

The slowly degradable fraction of untreated
roughages varied from 442 g kg™ of wheat straw to 650
g kg™ of veldt hay with a mean value of 527 g kg™, while
for urea-treated roughages it varied from 483 g kg™ of
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oat hay to 742 g kg™ of veldt hay with a mean value of
599 g kg™. The rate of degradation of DM of untreated
roughages varied from 0.022 h™ for wheat straw to 0.087
h™' " ryegrass, while for urea-treated roughages it varied
from 0.022 h' for oat straw to 0.082 h'' for ryegrass.
Ryegrass degraded almost three to four times faster
than urea-treated oat straw. The potential degradability
ranged from 625 g kg™ of untreated wheat straw to 950
g kg' of ryegrass, and from 733 g kg™ of treated wheat
straw to 964 g kg’ of treated ryegrass. The effective
degradability was lowest in untreated wheat straw (370
g kg™ and highest in ryegrass (799 g kg”), while in
treated roughages wheat straw had the lowest (434 ¢
kg™ and ryegrass the highest (797 g kg') effective
degradability. For the untreated feeds the lag time
ranged from 0.6 h in £ wwula hay to 3.2 h in veldt hay,
and from 0.3 h in treated oat straw to 3.0 h in treated
veldt hay.

ii. Effect of urea-ammonization

The main effect of urea and concentrate
proportions within urea-ammonization nod degradability
of treated and untreated roughages is given in Table 5.
Urea-ammonization increased (P<0.0007) the B-
fraction, PD and ED, decreased (P>0.05) the lag time
that precedes the onset of degradation of DM but had
no effect on rate of degradation of DM.

ii. Effect of concentrate proportion

Concentrate proportion affected (P<0.05) the
B-fraction, PD, LT and ED but had no effect (P>0.05) on
the rate of degradation of DM. For both urea-treated and
untreated roughages, the B-fraction, the PD and the ED
of DM increased to their maximum at 25% concentrate
levels. Beyond this level, they decreased with increasing
concentrate level, reaching a mini mum at 75%
concentrate level (Table 5). The pattern of decrease of
each of these parameters was gentle for treated but
rapid for untreated ones.

d) Relationshijps Among Variables

i. Correlation of chemical
degradation of roughages

The degradability parameters: ¢, PD and ED

were  highly correlated  (P<0.0007) with the

concentration of CP, ash, ADF and NDF (Table 6). The

degradability of DM as measured by the above

parameters increased with increasing CP and ash

contents but decreased in the direction of increasing
concentration of either NDF or ADF.

constituents — with

IV. DISCUSSION

a) Chemical composition

Urea-treated diets had higher N content than
untreated ones due to urea-ammonization, as was
reported previously (Colette and Kissinger, 1984; Brand
et al, 1991). Urea-ammonization generally caused a
reduction in the NDF and hemicelluloses contents of the



low quality roughages. It was the reverse for the high
quality roughages especially ryegrass and oat hay.
Similar results regarding NDF and hemicelluloses
contents of low quality roughages have been reported
before (Colette and Kissinger, 1984) due to soul
bilization of hemicelluloses (Van Sorest ef al., 1983/84;
Mason et a/, 1988). Urea-ammonization may have
removed some linkages within hemicelluloses and thus
enhanced their solubility in detergent solution.

b) Rumen Environment

Rumen-NH, ammonia concentration steadily
increased with increasing concentrate proportion in the
diet. The highest DM degradation was observed when
the mean value for rumen-NH; was close to 50 mg/l
recommended by Setter and Slyer (1974). Ammonia is
the preferred source of N for a large proportion of rumen
microbes (Bryant and Robinson, 1963). The results of
the present study indicate that the urea-treated hay,
compared to the untreated diets, caused an increase in
the DM degradation of the roughages. This might be
attributed to the fact that urea treatment of basal diets
provided more fermentable energy and N to the rumen
microbes than untreated diets (Van Sorest et al,
1983/84; Got ef al, 1991; Tune ef a/, 1991). Although
the concentrate level had no effect (P>0,05 on the
luminal pH of cows, it tended to be lower in cows
receiving 50 and 75% concentrate than in cows
receiving 25% concentrate. This might have reduced the
extent of DM degradability in the rumen of cows.

c) Effect of roughage type on dry matter degracability

The difference observed between the
degradable parts of the insoluble fraction, the potential
degradability and the effective degradability of DM of
untreated and urea-treated materials might be related to
the quality of the roughages before the treatment.
Roughages such as barley, wheat and oat straw, coast
cross hay, £ ww/a hay and maize Stover, unlike
ryegrass and oat hay, consist of cell walls that have
undergone secondary thickening (Adebowale and
Nakashima, 1992; Jung and Allen, 1995; Wilson and
Martens, 1995) consequently they are very slowly
degraded. This may explain why the washing losses of
ryegrass and oat hay were almost two times higher than
for the rest of the roughages. The high potential
degradability values for ryegrass followed by oat hay
resulted partly from very high washing losses of these
roughages. This could be linked to their low NDF
concentrations since the potential degradability of the
roughages was found to be negatively correlated (r = -
0.797, P<0.0007) to NDF. This observation confirms a
report that DM digestibility was positively correlated to
crude protein content and negatively correlated to crude
fiber, NDF and ADF (Manson, 1982b). This may also
explain why wheat, oat and barley straws had low
effective DM degradability values. The low potential
degradability of wheat, cat and barley straws, veldt,

Kikuyu and £. uwula hays are closely linked to their low
values of washing losses. The high effective
degradability of DM for the ryegrass and oat hay before
urea-ammonization could be linked to their low NDF
concentrations.

Mature plants (straws) like barley, wheat and
oat straw, E£. uwula hay, coasters, hay and maize Stover
are more lignified than the young grasses (ryegrass and
oat hay). The deposition of lignin polymer commences
with the initiation of secondary wall thickening
(Trachoma et a/, 1993). In addition to deposition of
lignin in these plants during secondary wall thickening,
there is apparently an incorporation of some of the
arabinoxylan ferulae esters of the primary wall into
cross-linkages of the xylems to lignin (Imam et a/, 1990)
and p-comedic acid (Lam ef a/, 1992). The phenol
nature of lignin developed during the secondary wall
thickening may act as an enzyme inhibitor and interfere
with the digestion of cell wall components (Van Sorest,
1994). Thus, the high slowly degradable fraction, PD
and ED values of NDF (not reported) observed in this
experiment, in ryegrass and oat hay may be attributed to
the low levels of soluble phenol compounds as
compared to wheat, barley and oat straws. These
compounds are present in most mature grasses (Hartley
et al, 1985) and were reported to be linked to lignin,
consequently limiting the degradability of cell walls
(Thunder, 1985). Non-lignified tissues may also be
poorly degraded due to binding with low molecular
weight phenol compounds (Vadiveloo and Fidel, 1992).

d) Effect of urea-ammonization on the degradability of
ary matter

Significantly higher rumen-NH; concentration
may partly be responsible for a better rumen
environment for roughage degradation in the animals
fed urea-treated diets. The improvements observed in
the degradability parameters of DM following urea
treatment of the roughages could in part be attributed to
the increased availability of carbohydrates in the dietary
fiber fractions for microbes. According to Akin (1989), it
is likely that any change in the degradation of the basal
diet as a result of an increase in microbial activity may
depend on the number of available sites for microbial
attachment.

Treatment with urea increases the B-fraction.
The mathematical procedure used to derive degradation
parameters shows that an estimate of “B” is negatively
correlated with the rate of degradation. Consequently,
an increase in the B-fraction following urea-
ammonization might reduce the possible effect of
treatment on the rate of degradation.

The effect of urea-ammonization might have
been more pronounced on the degradability of low
quality roughages, such as wheat straw, relative to good
quality roughage like ryegrass because urea-
ammonization works best on low quality roughages. It
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has been observed (Got ef a/,, 1991) that the extent of
improvement in  degradability following ammonia
treatment of Golden Promise (a variety of wheat straw
which had a DM degradability of 41.0%  before
treatment and 53.5% after treatment) was about four
times higher than the corresponding value in Doublet (a
variety of wheat straw which had a DM degradability
value of 57% before ammonia treatment and 59% after
treatment), indicating that the effect of ammonization
was more pronounced for materials of lower inherent
degradability. Utah et a/ (1986) reported that the
poorest quality straw benefited the most from urea-
ammonization.

e) Effect of concentrate  proportions
degradation of dry matter

Although the highest rumen-NH; concentration
was recorded in animals fed urea-treated £. uwvula hay
supplemented with 75% concentrate, its failure to
improve the dry matter degradability of the incubated
roughages may relate the fact that higher concentrate
proportions in a diet may lower the cellulolytic activity of
rumen microbes. Gal yean and Goatish (1993)
proposed that the inclusion rates of concentrate in a diet
for dairy and beef cattle should be less than 40 a d 20%
of the total ration, respectively. In the experiment
reported here, however, addition of concentrate up to
25% to urea-treated and untreated hay resulted in
positive associative effects on dry matter degradation.
Similar results were reported in another study (Niangua
et al, 1993) after goats and sheep were offered urea-
treated sorghum stover with less than 25% concentrate
supplementation. Beyond the 25% concentrate level,
there was a negative associative effect on dry matter
degradation. The pattern of negative effect was less
pronounced in the urea-ammoniated diets. This might
be due to the fact that urea is alkaline, which can
neutralize the acidity caused by adding higher amount
of concentrate in the diets of cows. Flacon sky ef a/,
(1993) also reported that dry matter degradability of
ammonia-treated and untreated straw decreased when
dietary straw was replaced by concentrate and that the
extent of depression was higher for the untreated straw.

on the

V. (CONCLUSION

The results of this study have shown that urea-
ammonization increased CP content as well as
decreased NDF and hemicellulose contents of
roughages. Addition of 25% concentrate in either urea-
ammoniated or untreated £. uwula hay diets increased
DM degradation. Increasing concentrate level beyond
25% of the diet was associated with decreased /n Sacco
DM degradation. It was observed that urea-
ammonization tended to reduce the negative effect of
feeding high concentrate compared to untreated diets.
Therefore, this study suggests that there is much to gain
by treating low quality roughages.
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Table 1 : Experimental design of feeding program (regime) in different periods

Period Treated : Concentrate ratio (T : C)** Untreated : Concentrate ratio (UT : C)**
eriods 100:0 75:25 50 : 50 25:75 100:0 75:25 50 : 50 25:75

P, 1xx 4 3 2
P, 1 4 3 2
P, 2 3 1 4
P, 2 1 4 3
Ps 3 2 1 4
P 3 4 1 2

*P, P, Py Pg= Period.
**T . C = Urea-ammoniated hay : Concentrate ratio; UT : C = Untreated : Concentrate ratio.

****%1 — 4 = Animal number.

able 2. Chemical composition (g kg™ DM) of feed ingredients and incubated sample of feeds

ltems Urea DM CP Ash NDF ADF HEM
Feed ingredients
E. curvula hay 1 937 88.3 56.1 754 431 234
E. curvula hay 0 938 64.2 59.2 752 420 332
Maize meal 897 80.4 1.1 85 24 61
Cotton seed cake 895 363.5 56.7 287 234 544
Incubated roughages
Barley straw 1 938 79.4 52.7 739 523 217
E. curvula hay 1 923 101 59.2 772 432 340
Coastcross hay 1 924 153.2 69.8 758 419 339
Kikuyu hay 1 909 117.6 78.9 659 381 279
Maize stover 1 912 124.3 46.9 720 434 287
Oat hay 1 887 177.5 105.4 479 318 162
Oat straw 1 938 80.4 68.5 724 516 208
Ryegrass 1 913 348.6 139.4 495 247 248
Veld hay 1 924 106.0 60.6 721 492 230
Wheat straw 1 932 76.0 48.3 727 518 209
Barley straw 0 930 37.0 54.5 795 541 254
E. curvula hay 0 936 71.2 58.1 765 426 339
Coastcross hay 0 951 118.3 70.2 764 398 369
Kikuyu hay 0 930 75.7 77.2 692 365 327
Maize stover 0 929 85.9 46.3 720 448 272
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Oat hay 0 905 97.0 107.9 487 302 185
Oat straw 0 937 43.4 69.2 769 531 239
Ryegrass 0 924 302.7 136.2 438 233 206
Veld hay 0 945 64.7 79.3 698 454 245

Wheat straw 0 935 45.4 56.9 752 521 230

1, Urea-ammoniated; 0, Untreated; HEM, hemicelluloses (HEM = NDF — ADF).

Table 3 : Least square means of the main effects of urea-ammonization of dietary roughages and variation in dietary
concentrate proportion on the rumen ammonia concentration and rumen pH in Jersey cows

SED P SED P
Urea Concentrate (%)
Parameters value value
0 1 0 25 50 75
NH, mgl"! 49.9 66.9 2.54 0.002 38.2 46.8 715 77.0 3.59 0.000
pH 6.6 6.5 0.03 0.098 6.7 6.6 6.5 6.5 0.05 0.169

0, untreated; 1, urea-ammoniated.

Table 4 : Effect of roughage type within urea - ammonization on dry matter degradability of treated and untreated

roughages incubated in the rumens of cows fed either treated or untreated hay with or without concentrate

Feed type Urea 7 Degradation pargmeters 7
B(gkg ") c (h’) PD (g kg") ED (gkg") | LT (h)
Barley straw 1 603 0.026 812 479 2.2
E. curvula hay 1 728 0.031 853 467 1.9
Kikuyu grass 1 551 0.043 755 517 0.9
Coastcross hay 1 622 0.032 808 498 2.7
Maize stover 1 593 0.032 799 504 1.5
Oat hay 1 483 0.050 912 723 0.6
Oat straw 1 578 0.022 788 439 0.3
Ryegrass 1 572 0.082 964 797 1.8
Veld hay 1 742 0.027 882 476 3.0
Wheat straw 1 517 0.023 733 434 1.6
Barley straw 0 559 0.027 719 423 2.2
E. curvula hay 0 629 0.025 787 442 0.6
Kikuyu grass 0 447 0.032 665 448 3.2
Coastcross hay 0 578 0.029 730 435 1.5
Maize stover 0 485 0.026 711 448 0.7
Oat hay 0 455 0.066 881 731 1.4
Oat straw 0 464 0.029 635 397 2.1
Ryegrass 0 565 0.087 950 799 1.5
Veld hay 0 650 0.026 808 453 3.2
Wheat straw 0 442 0.022 625 370 1.9
SED 46.3 0.011 46.3 26.9 1.2
Effect feed type (urea) 0.0001 0.0001 0.0001 0.0001 0.0001

1, Urea-ammoniated; 0, Untreated; c, rate of degradation of slowly degradable fraction; B, slowly degradable
fraction; h, hour; PD, potential degradability; ED, effective degradability; LT, lag time.
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Table 5 : Effect of urea-ammonization and concentrate proportions on dry matter degradability of treated
and untreated roughages incubated in the rumen of Jersey cows
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Concen Degradation parameters

trate %) | Urea | B (gkg) c (h) PD(gkg") | ED(gkg") | LT(h)

0 1 596 0.036 827 534 1.4

25 1 614 0.040 846 548 1.6

50 1 592 0.038 823 541 2.3

75 1 594 0.033 826 511 1.3

0 0 529 0.039 753 507 2.3

25 0 553 0.039 776 511 1.8

50 0 525 0.036 749 488 1.9

75 0 503 0.034 727 473 1.4

Main effect of Urea

1 599 0.037 831 533 1.6

0 527 0.037 751 495 1.8

SED (conc level) 32.8 0.0075 32.8 19.0 0.81

SED (urea) 16.4 0.0038 16.4 9.5 0.41
Effect of conc (urea) 0.0353 0.2589 0.0353 0.0001 0.0256
Urea 0.0001 0.9706 0.0001 0.0001 0.2804

1, Urea-ammoniated; 0, Untreated; c, rate of degradation of slowly degradable fraction; B, slowly
degradable fraction; h, hour; PD, potential degradability; ED, effective degradability; LT, lag time

Table 6 : Correlation between the chemical composition of roughages and the degradability parameters of

dry matter
Chemical c(h™) PD (g kg™ ED (g kg™
constituents 1 0 1 0 1 0
Crude protein 0.88** 0.83** 0.67** 0.72** 0.81** 0.80**
Ash 0.85** 0.93** 0.75** 0.78** 0.89** 0.91**
NDF -0.86** -0.94** -0.74** -0.80** -0.95** -0.97**
ADF -0.86** -0.84** -0.67** -0.77** -0.88** -0.87**

1, urea treated; 0, untreated; NDF, neutral detergent fiber; ADF, acid detergent fiber; ¢, rate of degradation of
slowly degradable fraction; h, hour; PD, potential degradability; ED, effective degradability.
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Determination of Efficiency of Yield Components
on Qil Yield Per Plant in Safflower Breeding by
Different Statistical Methods

Duran Katar

Abstract - The aim of this study was to determine relationship
oil yield and yield components and to show efficiency of
components on oil yield by using statistical procedures under
rainfed conditions in safflower (Carthamus tinctures L.). Data
of oil yield and yield components over the two years in the
study were evaluated by statistical procedures; correlation and
path analysis, regression analysis (multiple linear regression
and best subsets regression), factor analysis, principal
component analysis and cluster analysis. Results in this study
revealed that hhigh yielding new cultivars are evaluated,
selected by using various yield components such as seed
yield per capitalism, thousand kernel weight, oil content, yield
per plant are getting used more and more for high grain/oil
yield and for resistance to drought conditions.

Keywords : safflower (carthamus tinctures I.), oil content,

seed yield, oil yield per plant.
[. INTRODUCTION

eing an oil seed crop, safflower (Carthamus
3f/hcz‘ures L.) is known as drought tolerant plant

and is grown wide semiarid climates in the world
(Christos and Seoul’s, 2008). Due to deeper roots, this
crop could be tolerant to water stress could join rotation
with other crops and these phenomena make this crop
drought tolerant (Usual et al., 2006). Safflower has been
cultivated in the world for its oil content that is rich in
polyunsaturated fatty acids playing important role to
decrease blood cholesterol level (Bayar and Turgot,
1999). Moreover, this crop has about 75% linoleum acid,
higher than corn, soybean, cottonseed, peanut or olive
oils. This crop is therefore used first of all for edible oil
products such as salad oils and soft margarines. High-
quality oil feature makes safflower an important crop for
vegetable oil (Conge et al., 2007).

The need of new cultivars having higher oil
quality/content of oil leads to the objective of safflower
breeding programs to develop new cultivars having
higher oil quality/content, greater yielding ability and
eventually resistance to drought and diseases
(Volkmann and Raj can, 2009). Grain yield and oil
quality/content are important characters and subject to
many variables affecting plant growth. Increasing
genetic association between agronomic and quality

Author : Eskisehir Osmangazi University, Faculty of Agriculture, Baglar
Campus, Ziraat Street, Eskisehir-Turkey.
E-mail : durankatar6060@gmail.com

characters could improve the efficiency of breeding
programs by determining and effectively using markers
in selection of safflower genotypes (Volkmann and Raj

can, 2009).
Grain yield and naturally oil yield per plant in
saffower are in general under effect of some

components (the number of capitulate per plant, seed
yield per capitalism, 1000 seed yield and seed yield per
plant) that seem to be important elements for breeding
programs (Aslant et al.,, 2008; Bonham et al., 2011).
Usual (2006) stated that under rained conditions some
components (seed yield per plant, oil content and 1000
seed weight) have been evaluated by several
researchers and are considered as important measures
for oil yield per plant. Several researchers evaluated
components affecting oil yield per plant and plant
adaptations for semi arid climatic conditions and
drought stress may cause a reduction in certain
components but particularly in seed yield per plant and
seed oil content (Yilmazlar, 2008, Sade et al., 2012).

In addition, there are various statistical
techniques covering correlation and path analysis,
multiple linear regression, Factor Analysis, Principal
component analysis, Best subsets regression and
cluster analysis to evaluate yield and yield components
for breeding programs (Massmart et al., 1997; Oldsmar,
1999; Slavonic et al., 2004; Skis et al., 2006). Correlation
and path analyses are important procedures to examine
dependent variable, and direct and indirect contribution
of components and both correlation and path analyses
could successfully be used in breeding programs
(Massmart et al., 1997; Oldsmar, 1999; Hilt runner et al.,
2007). Regression analyses, including multiple linear
regression, best subsets regression are efficiently used
in modeling crop yield analyses (Oldsmar, 1999; Skis et
al., 2006). Principal component and factor analyses are
multivariate statistical techniques for analyzing and
making simplification in complex plant data sets
(Slavonic et al., 2004).The characteristic of this statistical
technique is to transform variables correlated in to
simplified variables and to show features of components
(Oldsmar, 1999). Cluster analysis is often used to reveal
characteristics of components and classify components
in to distinct groups and subgroups in the
characteristics of similarity and dissimilarity levels (Otto,
1999; Beltane and Ojai, 2007). This study was carried
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out to help breeders, researching to reveal main
components and their influences on oil yield per plant
and plant productivity. The aim of this study was to
determine relationship oil yield per plant and vyield
components and to show efficiency of components on
oil yield per plant by using statistical procedures under
rained conditions.

[I.  MATERIALS AND METHODS

This study was carried out in research area of
Central Research Institute for Field Crops in Hayman-
Ankara (32° 51 E; 39° 57 N; 860 m above sea
level)/Turkey in 2010 and 2011 years. Soil characteristics
in research area had lime-loamy soil structure, having
7.19 pH, 0.037 % salt, 1.30 % organic matter and 2.48 %
lime. Hayman-Ankara/turkey where the trials were
performed has a typical steppe climate with high
temperature differences between day and night.
Summers are dry and winters are relatively rainy. Total
rainfall in 2010 and 2011 (379,9 mm and 401,5 mm,
respectively) were lower than long-term years rainfall
(402,1 mm). In 2010 period, total rainfall (March-
September) was 176 mm so doing 213.2 mm in 2011
period. Rainfall in tailoring stage (in May), important for
yield, was 22 mm in 2010 and 86 mm in 2011 period.
Besides, mean temperatures in 2010 and 2011 (11.8°C
and 10,5°C, respectively) were lower than long-term-
years temperature (12.0°C).

Dancer (spineless), Remzibey (spiny), Yen ice
and Shiva (spineless) cultivars and TAEK-sulk line
(spiny) were used in trial as plant materials. Yen ice,
Dancer and Remzibey cultivars were developed at
Translational Zone Agricultural Research Institute in
Turkey. Shiva cultivar was obtained from Tajikistan.
TAEK-sulk pure line was developed at The Turkish
Atomic Energy Authority by mutation. Field experiments
in 2010 and 2011 growing seasons were conducted with
four replications as ‘Randomized Complete Block
Design’ in Ankara-Turkey ecological conditions. The
cultivars and pure line (Dancer, Remzibey, Yenice, Shiva
and pure line TAEK-sulk) were randomized into plots.
Seeds were sown with 30 cm row spacing on plots of 6
m? harvest area (1.20 m width x 5 m length) on 25 March
2010 and 28 March 2011. After intra-row spacing was
stabilized at 10 cm by thinning in both first and second
years (Kizil vet ark. 1999). Weed controls were made by
means of manual weeding in rows. A total of 50 kg ha’
'of P,Os and 40 kg ha'of nitrogen were applied with
sowing and 20 kg haof nitrogen was applied as a top
dressing at the beginning of stem elongation. On 10
September and 17 September at full maturity of the
seeds plant harvests were made in 2010 and 2011,
respectively. Thirty plants per plot were selected as
randomly and made by hand. Seeds obtained from
these plants were used for experiments. For all statistical
analyses, SAS and Minitab 15 package programs were
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used. Means of data taken from oil yield per plant and
yield components during crop growing periods of 2010
and 2011 years are given in Table 1.

Data of oil yield per plant and yield components
for the two years in the study were evaluated by
statistical procedures; correlation and path analysis,
regression analysis (multiple linear regression and best
subsets  regression), factor analysis, principal
component analysis and cluster analysis.

I1. RESULT AND DISCUSSION

Minimum, maximum, mean and standard
deviation of all characters in safflower (Carthamus
tinctures L.) cultivars is shown in Table 2.

Correlation and path analyses between oil yield
per plant and vyield components and relationship
between oil yield per plant and yield components are
given Table 3 and Figure 1. Correlations close to 1
denotes that almost positive/similar results are taken
from two variables and value close to -1 show that
results in two characters are so opposite/dissimilar.
Value close to zero also assign that two characters are
so independent from each other (Ozdamar, 1999).

Table 3 and Figure 1 show that significant and
positive relationship between oil yield per plant and
capitalism yield, thousand kernel weight, yield per plant;
significant and negative relationship between oil yield
per plant and hull content. Path analysis is also a useful
analysis to understand formation dependent variable
and the effect of independent variables on dependent
variable (Kang, 1990). In path analysis, direct and
indirect effects of components having significant
correlation in oil yield per plant per plant were
considered (Table 3). Results revealed that capitalism
yield (-0.1186 and 8.0866%) and thousand kernel weight
(-0.2983 and 14.2114%) had negative direct effects,
positive direct effects were taken from hull content
(0.1151 and 8.7204%) and (0.1194 and 6.9851%).
Nevertheless, the highest indirect effects were
determined via capitalism number, capitalism vyield,
thousand kernel weight, yield per plant and hull content
and these can considered as important characters.
Studies emphasized that owing significant and positive
relationship with oil or plant grain yield; capitalism
number, capitalism vyield, thousand kernel weights,
could safely be used breeding programs (Badoglio et
al.,, 2006). Sandal (1988) pointed out that ail yield per
plant under rained climatic conditions was determined
by capitalism number, capitalism yield, thousand kernel
weight.

Multiple linear regression analysis, given in
Table 4, explains the regression coefficients, the
probability of the variables on estimation of oil yield per
plant in safflower (Carthamus tinctures L.).

J-test showed that capitalism yield and seed
yield per plant had significant effect in oil yield per plant.



This formula show 95.8 variation in variables and the
remaining 4.2 % assign residual effects. Yield estimation
Formula is also shown below:

Oil yield per Plant (¥) = - 2.71 - 0.00615 Plant Height +
0.0055 Branch Number - 0.0478 Capitalism Number +
0.068 Capitalism Yield - 0.0183 Thousand Kernel Weight
+ 0.400 Yield per Plant + 0.0309 Hull Content + 0.0598
Oil Content

These results show that capitalism yield and
yield per plant are important variables and should be
used in bread wheat breeding programs. Regression
analysis is the better way to make crop yield/oil yield per
plant prediction (Bonham et al., 2011) and linear
regression model is one of best method to determine
crop vyield/oil yield per plant in safflower (Carthamus
tinctures L.) (Badoglio et al., 2006).

Best subsets regression determines the best-
fitting regression models, constructed with the predictor
characters specified. Best subsets regression is an
important analysis to clarify models achieving targets
with as less predictors as possible. Subset models
could easily guess the regression coefficients and
predict future responses with smaller variance than the
full model using all predictors (Press and Wilson, 1978).
The model with the highest adjusted R, low Mallows’
value and the lowest S value is assumed as the best
model for determination of best characters (Bonham et
al., 2011).

Table 6 shows best subset regression
explaining the best predictor characters. With 99.7
adjusted R? 3.2 Mallows' values variable 5 including
plant height, capitalism yield, thousand kernel weight,
and vyield per plant, hull content and oil content
appeared the best predictors and could be used for in
safflower (Carthamus tinctures L.) breeding programs.
Best subset regression is widely used to determine best
subsets and to describe dependent variables (Press
and Wilson, 1978; Sachem et al., 2007) such as oil yield
per plant.

Principal component analysis is so common
procedure to alter observed and correlated variables to
linearly uncorrelated variables by using orthogonal
transformation. This analysis is a linear transformation,
shifting the data to a new coordinate system that the
greatest variance (called the first principal component),
the second greatest variance on the second coordinate,
then so. (Crosse et al., 1991; Potgieter et al., 2002).

Principal component analysis in Table 7 and
relatively ballot analysis of safflower (Carthamus
tinctures [.) show that decrease in Eigen values is
associated with increase of component numbers and
maximum component number is determined at three
factors.

According to results, variables could be
grouped in three components and these components
account for 93.6% of the total variation of oil yield per
plant of safflower (Carthamus tinctures L.). PC,

correlated with capitalism yield, thousand kernel weight,
and oil content. Besides, PC, correlated with yield per
plant. PC; correlated with plant height. PC1, PC2 and
PC3 account for 53.8%, 80.9 and 93.6% of the variation
in oil yield per plant (Table 7 and Figure 2). So,
capitalism yield, thousand kernel weight, oil content,
yield per plant and plant height showed up to be
important characters for oil yield of safflower (Carthamus
tinctures L.). Studies revealed that correlation between
oil yield per plant and capitalism yield, thousand kernel
weight, oil content, yield per plant and plant height
(Badoglio et al., 2006).

Factor analysis describes variance among
observed, correlated variables for potentially lower
number of unobserved variables. Factor analysis seeks
joint variations related to unobserved latent variables.
The observed variables are modeled as linear
combinations of the potential factors, plus "error" terms
(Harmon, 1976; Joreskog, 1977; Anderson, 1984).
Factor analysis of characters in safflower (Carthamus
tinctures L.) is given in Table 8. Factor analysis revealed
that factor variances in Factor |, Factor Il Factor lll and
Communality were 45.00, 27.30, 12.60 and 84.90%,
respectively. According to results, yield per plant in
Factor |, thousand kernel weight in Factor Il and plant
height in Factor Il seemed important characters on oil
yield per plant. As a result of factor analysis yield per
plant, thousand kernel weight and plant height are
important components in oil yield per plant. Oil yield per
plant is important character and should be taken into
consideration on selection of genotypes in breeding
programs (Knowles, 1982). Besides seed yield and oil
content are both efficient characters for oil yield per
plant (Volkmann and Raj can, 2009). It was stressed
that capitalism vyield, yield per plant, thousand kernel
weight and oil content had significant correlation with oil
yield per plant (Golparvar, 2011, Behnam et al., 2011).

Cluster technique is an agglomerative
hierarchical method that begins with all variables
separate, each forming its own cluster (Milligan, 1980;
Murphy et al., 1986; Martin et al., 1995). In this study
cluster analysis and den do gram are given in Table 9
and Figure 3. In cluster analysis, distance of each
variable related to the others are calculated and groups
observed are established by agglomeration process in
which all variables start individually in one’s group.
Groups closed to each other gradually merged until all
variables come to a single group. Repeated splitting of
groups result in all evaluated variables being in groups
of their own. For quantitative characters, cluster
numbers are chosen from hierarchical analysis (Martin
et al., 1995). Table 9 and Figure 3 denotes that both
similarity level and cluster number increase. In distance
of 70.1 % and similarity level of 88.33 %, all variables
could be agglomerated in four clusters.

Cluster | includes plant height, while branch
number and capitalism number belonged to Cluster II.
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Cluster lll constituted of oil yield per plant, capitalism
yield, thousand kernel yield, oil content and vyield per
plant; hull content appeared in Cluster IV.

Cluster analysis showed that, capitalism yield,
thousand kernel yield, oil content and yield per plant
could be considered as important characters for high oil
yielding genotypes in safflower (Carthamus ftinctures L.)
breeding programs.

Results of explained the effect of oil yield
components are given in Table 10. Results in this study
revealed that capitalism yield, thousand kernel weight,
yield per plant and oil content are most important
characteristics and they are highly effective in grain yield
(Table 10). Safflower (Carthamus tinctures L.) breeding
programs have been carried out all around the world.
High yielding new cultivars are evaluated, selected by
using various yield components such as capitalism
yield, thousand kernel weight, oil content, yield per plant
are getting used more and more for high grain/oil yield
and for resistance to drought conditions.
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Table 7. Means of data from oil yield per plant and yield components during on safflower (Carthamus tinctures L.)
in crop growing periods of 2010 and 2011 years

Pl.He. Br.Num. Cp.Num. Cp. Th.KeW. Yi.per Hull Oil Co. OQilYId.
Yid. PI. Co.
Yenice 100,75 5,85 11,70 0,68 35,92 7,95 56,82 25,00 1,98
Remzibey 78,40 6,60 12,90 0,80 37,95 10,30 51,52 29,20 3,01
Dinger 84,90 5,45 9,60 0,92 41,46 8,50 54,05 28,85 2,46
Shifa 103,10 5,20 7,45 1,59 44,98 11,50 47,00 30,45 3,50
Taek 80,00 6,55 12,85 0,80 38,45 10,25 49,54 28,85 2,96
Mean 89,43+ 5,93+ 10,90+ 0,95+ 39,75+ 9,70+ 51,78+ 28,47+ 2,77+
11,69 1,44 2,78 0,36 3,54 1,63 3,66 2,01 0,61

Pl. He : plant height, Br. Num.: number of branch per plant, Cp. Num.: number of capitalism per plant, Cp.
Old.: seed yield per capitalism, Th. Key. W.: thousand kernel weight, Yi. per Pl.: seed yield per plant, Hull Co.: hull
content, Oil Co.: oil content and Oil Old.: oil yield.

Table 2 . Minimum, maximum, mean and standard deviation of all characters in safflover
(Cartharmus tinctorius L.) cultivars

Traits Minimum Maximum Mean
Plant Height 76,73 109,10 89,43+11,09
Branch Number 4,10 8,10 593+1,37
Capitulum Number 6,10 14,30 10,90+2,63
Capitulum Yield 0,65 1,79 0,96+0,35
Thousand Kernel 35,12 46,85 39,70+3,35
Weight
Yield per Plant 7,30 12,10 9,70+1,55
Hull Content 46,80 57,01 51,78+3,48
Oil Content 0,00 30,80 28,43+2,01
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7able 3 : Correlation matrix and path analysis for characters in safflower (Carthamus tinctures .. ) cultivars

Traits Oil yield Plant Branch Capitulum Capitulum Thou. Yieldper Hull
per plant Height Number Number Yield Ker.We. Plant  content
Plant Height 0,055
BranchNumber 0,343 -0,031
Capit.Num. -0,024 -0,317 0,827**
Capit. Yield 0,705* 0,367 -0,448 -0,811**
Thsnd. Ke.We. 0,778** 0,218 -0,387 -0,760** 0,921**
a8) Yield per Plant 0,976** 0,141 0,488 0,115 0,456 0,440
S Hull Content -0,905** 0,020 0,001 0,273 -0,703* 0,679 -
= 0,837**
,i Qil Content 0,005 0,245 -0,491 -0,422 0,307 0,415 -0,066 -0,217
Capitulum Yield Correlation Coefficient
Direct Effect Path Coefficient %
— -0.1186 8.0866
; Indirect Effect
8 Path Coefficient %
= Plant Height 0.1909 13.0184
f Branch Number -0.0053 0.3605 0,705*
Z Capit. Number -0.2669 18.1973
—  Thsnd. KeWe. 0.2106 14.3573
% Yield per Plant 0.0288 1.9619
= Hull Content -0.0539 3.6745
= Ol Content 05917 40.3435
: Thsnd. Ke.We. Correlation Coefficient
Q , Path Coefficient %
— Direct Effect
P -0.2983 14.2114
; Indirect Effect
i Path Coefficient %
. Plant Height 0.1797 8.5610
é Branch Number -0.0052 0.2480 0,778**
= Capit. Number -0.3209 15.2856
o Capitulum Yield -0.0837 3.9884
£ Yield per Plant 0.0457 21771
A Hull Content -0.0797 3.7944
kS Qil Content 1.0860 51.7340
= Hull Content Correlation Coefficient
5 . Path Coefficient %
=, Direct Effect
— 0.1151 8.7204
% Indirect Effect
[© Path Coefficient %
Plant Height 0.0716 5.4250
Branch Number 0.0051 0.3875 0,976**
Capit. Number 0.0792 6.0033
| Capitulum Yield -0.0297 2.2466
Thsnd. Ke.We. -0.1185 8.9744
Yield per Plant -0.1019 7.7199
Qil Content 0.7989 60.5228
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Yield per Plant Correlation Coefficient

) Path Coefficient %
Direct Effect
0.1194 6.9851
. -0,905**
Indirect Effect
Path Coefficient %
Plant Height 0.0194 1.1349
Branch Number 0.0004 0.0248
Capit. Number 0.0970 5.6736
Capitulum Yield 0.0535 3.1332
Thsnd. Ke.We. 0.1991 11.6473
Hull Content -0.0982 5.7486
Oil Content -1.1220 65.6524
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Figure 7. Relationship between oil yield per plant and yield components in safflower (Carthamus tinctures L.)

Table 4 . The regression coefficient (), standard error (SE), 7-value and probability of the characters in estimation of
oil yield per plant in safflower (Carthamus tinctures L.)

Source Deg. of Freedom M.S. Fawe

Regression 8 0.414 80.97**
EMmorgecudal 2 0.005

Total 10

R2: 95,8%

Traits D.F. Coef. of Regr.(B) Std. Error (Sg) T P value
Plant Height 1 -0.0061 0.0036 -1.69 0.233ns
Branch Number 1 0.0054 0.0877 0.06 0.956ns
Capitulum Number 1 -0.0047 0.0633 -0.75 0.529ns
Capitulum Yield 1 0.1670 0.1673 257 0.042*
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Thsnd Kernel Weight 1 -0.0182 0.0480 -0.38 0.740ns
Yield per Plant 1 0.3999 0.0874 4.57 0.017*

Hull Content 1 0.0309 0.0350 0.88 0.470ns
Qil Content 1 0.059 0.0472 1.27 0.333ns

Oil yield per Plant (¥) = - 2.71 - 0.00615 Plant Height + 0.0055 Branch Number
- 0.0478 Capitalism Number + 0.068 Capitalism Yield - 0.0183 Thousand Kernel Weight + 0.400 Yield per Plant +
0.0309 Hull Content + 0.0598 Oil Content

* And **: ris significant at 5% and 1%, ns: not significant

Table 5 . Coefficient of determination (R? and Adjusted R®), measure of goodness of prediction (Mallows’) and
estimating the best characters by the best subsets regression analysis in safflower (Carthamus tinctures L.)

oy
e a e o} = -
. 5 E ¢ § & 5 §
Vars R Mallows 9] S . = > D g c =
I c O . 3 G) © o o
[ = £ e} Q £ 7. L F —
o m 5 < © — 6 > ®© S =
a8 Zz O o ™ o T o
1 95,2 241 X
1 82,0 110,1 X X
2 991 1,1 X X
2 97,9 8,5 X
3 99,2 2,0 X X
3 99,2 2,0 X X X X
4 99,5 2,0 X X X X
4 99,5 2,3 X X X X
5 99,7 3,2 X X X X X X
5 99,6 99,1 X X X X X X X
6 99,7 99,2 X X X X X X X
6 99,7 99,2 X X X X X X X
7 99,7 99,0 X X X X X X X
7 99,7 98,9 X X X X X X X X
8 99,7 98,5 X X X X X X X

Table 6 . Eigen value of the correlation matrix for the characters in safflower (Carthamus tinctures L.) by the
principal component analysis

Global Journal of Science Frontier Research (D) Volume XIII Issue VIII Version I E Year 2(

PC, PC, PC, PC, PC, PCs PC, PCs PC,
Plant He. 0,033 0,323 0,908 -0,067 -0,060 -0,375 -0,061 -0,009 -0,082
Branch -0,036 -0,407 0,162 0,374 -0,302 0,244 -0,397 -0,394 0,006
Num.
Capit.Num. -0,197 -0,358 -0,133 -0,092 -0,188 -0,453 0,002 0,595 -0,168
Capit.Yield 0,411 -0,010 -0,153 0,647 0,332 -0,518 0,044 -0,090 0,025
Thd. 0,391 0,269 0,086 0,353 -0,379 0,358 -0,149 0,582 -0,098
Ke.We.
Yid per Pl. 0,358 0,463 0,191 -0,149 0,142 0,169 0,294 0,173 0,718
Hull Cont. -0,354 0,096 0,060 0,417 -0,392 -0,014 0,669 -0,067 0,156
Qil Content 0,403 0,116 -0,234 -0,301 -0,664 -0,357 -0,010 -0,297 0,149
Eigenbalue 4,8404 2,4400 1,1437 0,2619 0,1889 0,0928 0,0232 0,0078 0,0013
. Proportion 0,538 0,271 0,127 0,029 0,021 0,010 0,003 0,001 0,000
Cumulative 0,538 0,809 0,936 0,965 0,986 0,996 0,999 1,000 1,00

© 2013 Global Journals Inc. (US)



3
[ J
2
®
[ J
14
§ Tho.Ker.We.
o
é‘ Hull Cont. Gil Cont.
8 07 —Capit.Yld.
2
g I~ Gil Yld per(PI.
-1 / Yid.perPl.
4 I
Capit.Num. Branch Nim.
-2
[}
[ J
-3
T T T T T T T T T
-4 -3 -2 -1 0 1 2 3 4
First Component

Figure 2. Biplot analyses of safflower (Carthamus tinctures L.)

7able 7 : Relationships of characters in safflower (Carthamus tinctures L.) by the factor analysis

Characters Factor | Factor Il Factor lll Communality
Plant Height 0,024 0,106 0,993 0,58
Branch Number 0,205 0,301 0,060 0,65
Capitulum Number -0,094 -0,239 -0,220 0,87
Capitulum Yield 0,726 0,217 0,456 0,77
Thousand Kernel 0,543 0,569 0,158 0,79
Weight
Yield per Plant 0,935 0,287 0,651 0,88
Hull Content -0,253 -0,199 0,056 0,62
Qil Content 0,674 0,389 -0,156 0,74
Latent Root 2,760 1,431 1,998 6,789
Factor Variance 45,00 27,30 12,60 84,90
(%)
Characters Loading % Total Community Suggested Factor
Factor | 45,00 Yield per Plant
Branch Number 0,205
Capitulum Yield 0,726
Thousand Kernel 0,543
Weight
Yield per Plant 0,935
Hull Content 0,246
Factor Il 27,30 Thousand Kernel Weight
Branch Number 0,301
Thousand Kernel 0,569
Weight
Yield per Plant 0,287
Qil Content 0,389
Factor Il 12,60 Plant Height
Plant Height 0,993
Yield per Plant 0,651
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Table 8 . Similarity and distance level of characters

Global Journal of Science Frontier Research (D) Volume XIII Issue VIII Version I E Year 2013

Step Clusters (No.) Similarity Level Distance Level
1 8 98,788 0,024
2 7 91,325 0,173
3 6 91,082 0,178
4 5 88,728 0,225
5 4 88,336 0,701
6 3 74,420 0,712
7 2 63,661 0,727
8 1 60,894 0,782
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Figure 3 : Similarity levels of the variables
Table 9  Essential variables effective on grain yield in safflover (Carthamus tinctorius L.)
1 2 3 4 5 6
Plant Height @) @)
Branch Number
Capitulum Number ©)
Capitulum Yield © © © e) ©
Thsnd Kernel Weight @) @) © @) ©
Yield per Plant © © © © © ©
Hull Content © o
. Qil Content © e) ©

1: Correlation and path analysis, 2: multiple linear regression, 3. Factor Analysis, 4: Principal component analysis 5.
Best subsets regression, 6: Cluster analysis.
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Determination of Genetic Diversity in Bread
Wheat (7.Aestivurm L.) by Agronomic and Quality
Traits and SDS-PAGE Method

Murat Olgun °, Imren Kutlu °, N. Gézde Ayter ?, Ozcan Yorgancilar © & Zekiye Basgiftci*

Abstract - The aim of this study was examine genetic
diversities in bread wheat based on Agronomic and Quality
Traits and SDS-PAGE Method. Bread wheat genotypes are
Prostor, Eser, Daphan, Kinaci 97, Bagci 2002, Tosunbey,
Karahan 99, Katea 1, Nenehatun, Lancer, Karasu 90,
Alparslan, Palanddken 97, Konya 2002 and Dogu 88 were
used. Results revealed that Prostor wheat genotype differed
from the other genoypes in three traits (gliadin subunits,
agronomic and quality traits); Eser, Tosunbey and Kinaci 97
genotypes showed similarities in agronomic traits and gliadin
subunits. Some genotypes presented similarities in each
analysis and these similarities in terms of genotypes was
different for each traits. Determination of genetic characteristic
of genotypes in breeding programs provides genotype
classification, genetic purity, similarities and dissimilarities
early material selection. Gliadin pattern of wheat genotypes
are free from environment, they are easy and forceful method
in evaluation of genetic materials, breeding programs, pure
seed productions in hexaploid wheat.

Keywords : agronomic and qualilty Iraits, bread wheat,
cluster analysis, correlation, SDS-PAGE method.

I.  INTRODUCTION

heat is the cultivated crop in the world. With the
VVpurpose of meet the increasing demand of

food in tremendously increasing human
population, aim in breeding programs is to develop high
yielding cultivars possessing high quality, resistant to
cold, drought and heat stress (Blum, 1988; Wilson,
1984). Success to overcome these troubles is not
sufficient, sustainability in these properties of is also
important, a number of studies have been made to
increase for this purpose (Metakovsky and Branlard,
1998). Success in breeding programs is closely related
to opulence in number of breeding materials affecting
released cultivars. Reductions in the number of
germplasm materials by using limited number of parents
in breeding programs and diminish variation in new
characters. Besides, keeping genetic purity in cultivars,
in other words sustaining production pure seed
production will create opportunity to address different
market's demands, consequently, classification certain

Authors a o p ¥ :Osmangazi University, Faculty of Agriculture,
Department of Field Crops, ESKISEHIR/ TURKEY.

E-mail : ikutlu@ogu.edu.tr

Author @ Transitional Zone Agricultural Research Institute,
ESKISEHIR/ TURKEY. E-mail : burakolg@hotmail.com

physiological, physiological and quality traits vital
(Akcura, 2006). Certain traits have been used to classify
wheat genotypes such as physiological and quality traits
and gliadin subunits (Weegels et al., 1996; Metakovsky
et al., 1997; Metakovsky and Branlard, 1998; Ojaghi and
Akhundova, 2010). Combinations for each trait create
opportunity to distinguish genotypes each other (Ojaghi
and Akhundova, 2010). Orth et al. (1996) stressed that
many of physical and chemical tests could make the
assessment of wheat genotypes for quality and these
measurements strongly depend upon physical and
chemical composition of wheat seed. Once
physiological, physiological and quality traits are under
genotype x environment interactions and a trait could be
showed variations in different year or locations (Nevo et
al., 1988). But gliadin sequence for each genotype is not
affected by environment to identify genotypes (Zillman
and Bushuk, 1979). Gliadins are the important seed
proteins, evaluating and identifing genetic differences of
genotypes could be safely made by them (Bushuk and
Zillman 1978; Nevo and Payne 1987; Pfluger et al.2001).
Reductions in the number of germplasm materials by
using limited number of parents in breeding programs
and diminish variation in new characters (Porceddu et
al.,, 1988). Even tough morphometric characters (yield,
yield components ect.) have been intensively used
studies related to genetically diversity headed for protein
bands such as gliadins (Metakovsky and Branlard,
1988). Gliadin (dissolved in etile alcohol, 70%)
important part of wheat protein having high level of
proline its named as prolamine (Zillman and Bushuk
1979). Gliadins as monomeric proteins could be
classified to w y, B, a groups (Jones et al.,1959). Most
gliadin genes placed at first (Gli-1) and sixth (Gli-2)
homology groups (Payne, 1987) and Gli-4 and Gli-5
groups in short arm of D chromosome (Rodrigve and
Carrillo, 1996). Quality and agronomic traits have been
commonly used in breeding programs, but determining
quality and agronomic traits in genotypes needs long-
term measurements to reach reliable results, since they
are widely affected from environmental conditions
(Metakovsky and Branlard, 1998; Ojaghi and
Akhundova, 2010). Gliadin pattern of wheat genotypes
are free from environment, they are easy and forceful
method in evaluation of genetic materials, breeding
programs, pure seed productions in hexaploid wheat.
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The aim of this study was to reveal genetic diversity by
examining agronomic and quality traits, and gliadin
patterns in bread wheat.

II.  MATERIALS AND METHODS

Study was conducted in experimental station
Osmangazi University Agricultural Faculty during 2009-
2010 seasons. Long-term annual precipitation in
Eskisehir province is 411.1 mm. Precipitation was 286.9
mm in 2009-2010 and 384.0 mm in 2010-2011 growing
seasons. The soil had loamy-clay texture; 2.85 dS/m
electrical conductivity, 7.21 pH (H,O), 0.38% CaCQ,,
42,24 kg P,0Og/ha available phosphorus, 3342 kg K,O
ha' and 1.70% organic matter. In the study, ammonium
sulphate (21%N) and triple super phosphate (46%) were
used as fertilizers. Experimental design was randomised
completed block design with three replication. Plot size
was 6 m x 1.2 m (7.2m3). Seed were sown in 15 October
and seed rate was 500 seed/m? 60 kg N/ ha (' at
sowing stage and "% at tillering stage) and 60 kg P,Os/ha
(at sowing) were applied. Wheat was sown in 1-15
September at the rate of 475 seed/m?. Plot size was 6 m
x 1.2 m (7.2m?2) at sowing. No K fertilization was made.
Plots received (2000 cc/ha) applications of 2,4-D ester
[(2,4-dichlorophenoxy)acetic acid] in early spring to
control winter annual broadleaf weeds. Plot size at
harvest for determining grain yield was 0.80 mx 5 m (5.0

m2). Plots were harvested in 15" of July in 2009-2010
and 14" of July in 2010-2011. Bread wheat genotypes
are Prostor, Eser, Daphan, Kinaci 97, Bagci 2002,
Tosunbey, Karahan 99, Katea 1, Nenehatun, Lancer,
Karasu 90, Alparslan, Palanddken 97, Konya 2002 and
Dogu 88 were used. Pedigree of wheat genotypes are
given in Table 1. Agronomic characters; seed yield and
plant height, seed number/spike, seed weight/spike,
spikelet number, harvest index and 1000 grain weight
(Slafer and Miralles, 1992) were evaluated. Quality
characters; protein and gluten contents (Poehlman,
1987), zeleny sedimentation (Zeleny, 1947), farinograph,
water absorbtion (Lehmensiek et al., 2006), alveograph,
Wenerg, (Bettge et al., 1989), test weight (Sade et al.,
1999), 1000 seed weight (Uluéz 1965) and PSI
(Hruskova and Svec, 2009) were evaluated. Cluster
analyses were made by MINITAB 16 Pocket Program.
For gliadin  subunits, sodium  dodecylsulfate
polyacrylamide  gel  electrophoresis  (SDS-PAGE)
analysis was used. Gliadin proteins were performed on
vertical slab (Rashed et al., 2007). Relative mobility
measures were used to evaluate gliadin band models.
Relative motilities of bands were measured by formula
(Keskin et al., 1996).

Rm=distance of bands measured from origin/
distance of reference band from origin x 45,5.

Table 1 : Pedigree of wheat genotypes

GENOTYPE PEDIGRREE Releas. Year
Prostor Russalka imp./Nadadores63 1999
Eser AGRI/NAC//LIRA 2003
Daphan JUP/4/CLLF/3/114.53/ODIN//CI14431/WA00477 2002
Kinaci 97 YAMHILL/TOBARI-66//MCDERMID/3/LIRA 1997
Bagci 2002 HN7/OROFEN//BJN8/3/SERI82/4/74CB462/TAPPER/VONA 2002
Tosunbey ECVD-12/KRC-66//CROW”S” 2004
Karahan 99 C-126-15/COLLAFEN/3/NORIN-10-BREVOR/P-14//PULLMAN-101/4/KIRAC-66 1999
Kate a 1 Hebros/Bez-1 1998
Nenehatun ND//P101/BLUEBOY SWM584 2001
Lancer TK/CNO//NE-451406 1977
Karasu 90 LOM11/B12973//MiR264 1990
Alparslan TXB69A509-2//BBY2/FOX 2001
Palanddken 97  AU//YT54*2/N10B/3/118260/5/PNC/CM//NB6977/3/CC/INIA//BB/4/MXP//KR/FUNO 1997
Konya 2002 KANRED/TENMARG//P211-6/3/2183/C0O652643/LANCER 2002
Dogu 88 Bez/Dane//CO725052 1990

I11.  Resurts anD DiscussioN

Genotypic/phenotypic diversity or classification
in bread wheat genotypes are successfully made by
using physiological, quality traits and gliadin subunits
(Clarke et al., 1991; Yang et al., 1991; Metaovsky et al.,
1990; Vaquero et al., 1990). Although physiological and
quality traits are substantially connected to the
environmental conditions, gliadin subunits are not

(US)

affected by environmental conditions (Zillman and
Bushluk, 1979; Metakovsky and Branlard, 1998).
Maximum, minimum values and means in agronomic
and quality traits and relative mobility of gliadin subunits,
are given Table 2. Introduction and selection are
milestones in wheat breeding. To obtain information
about genotypes are commonly revealing
characteristics of genotypes by agronomic and quality
and electrophoresis methods including protein analysis



(Soizow and Poperelya, 1980; Metakovsky and Branlard,
1998). Once gliadin structure remains unchanged
through generations, agronomic and quality traits are
under genotype x environment interactions, and
electrophoresis is therefore safe method to describe
protein characteristics of genotypes (Bushuk and
Zillman, 1978; Metakovsky and Branlard, 1998). Table 1
sows that relative mobility of gliadin subunits were
varied from 20,33 to 76,47 (20,33-25,29 in w 44,33-
49,49,08 in y, 54,33-62,35 in B and 71,00-76,47 in a).
Depending upon increasing mobility, gliadin protein
fractions are grouped in four main groups w vy, B, a
gliadin subunits (Bietz and Wall, 1973; Kharebian et al.,
2008). Gepts (1990) stressed that genotypes can be
successfully grouped or evaluated according to relative
mobility of different gliadin groups.
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Researchers stated that gliadin structures (Nevo
and Payne, 1987; Bushuk and Zillman, 1978),
agronomic and quality traits of genotypes are differed
(Lee and Ronalds, 1967; Wrigley, 1970). Whole three
traits could safely be used in genotype classification
(Metakovsky and Branlard, 1998; Ojaghi and
Akhundova, 2010), but the safest method is gliadin
electrophoresis method (Zillman and Bushuk, 1979). A
number of researches demonstrated the relationship of
gliadin polymorphism with genetic diversity (Nevo and
Payne, 1987). In our study each gliadin band fractions
are evaluated in subgroups, w y, B and a and are
shown in Figure 1.
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Figure 1.

Gliadin band subunits, w y, B and a in bread wheat genotypes

Table 2 : Maximum, minimum values and means in agronomic and quality traits and relative mobility of gliadin
subunits in bread wheat genotypes

Traits Minimum Maximum Mean

Rm of Gliadin subunits

w 20,33 25,29 22,87+1,60
Y 44,33 49,08 46,19+1,96
B 54,33 62,35 63,38+1,40
o 71,00 76,47 73,45+1,59
Agronomic Traits

Plant Height 85,40 142,47 109,12+14,83
Spike Heigh 7,73 11,35 9,61+1,02
Spikelet Number 14,40 18,67 16,38+1,27
Seed Number per Spike 28,47 57,87 38,92+8,36
Seed Weight per Spike 1,23 2,23 1,73+0,30
Harvest Index 42,34 56,67 25,08+7,21
Grain Yield 218,11 582,67 362,30+100,13
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Quality Traits

PSI 54,34
Thousand Seed Weight 38,02
Test Weight 72,49
Protein Content 10,81
Zeleny Sedimentation 27,66
Alveograph Weneq, 96,01
Farihograph Water Absorbtion 53,40
Gluten Content 23,00

75,33 67,99+6,31
55,04 44,94+538
79,28 76,88+1,65
13,36 12,17+0,62
43,80 35,23+4,96
263,42 161,72+44,25
62,70 57,37+2,63
38,00 28,00+3,87

We found notable polymorphisms among bread
wheat genotypes on w y, B and a dliadin subunits
where y and B have the heaviest molecular weights in
Figure 1. Spectrum and density of molecular changed
among w Yy, B and a gliadin subunits in genotypes
(Bietz and Wall, 1973; Nevo and Payne, 1987; Keskin et
al.,1999). Kharabian et al. (2008) focused that w has
heaviest molecular weights. In our study, heavier
molecular weights on y, B gliadin subunits in Eser,
Daphan, Kinaci 97, Tosunbey and Karahan 99 were
found than that of the other genotypes. Moreover,
differences in gliadin subunits assign differences of
wheat genotypes, and w y, B and a gliadin subunits are
mostly located in Gli-A, and Gli-B, locus (Lafiandra and
Kasarda, 1985; Kharabian et al., 2008), new giladin
genes in Gli-D, Gli-Ds; (Rodriquez and Carrillo, 1996).

Rashed et al. (2007) focused that wregion were so rich
in the number of bands. The dendogram tree showed
the similarity index of wheat cultivars detected by Rm of
gliadin pattern (Figure 2).

The dendogram divided wheat genotypes in
seven clusters. Prostor, Konya 2002, Palanddken 97 and
Karasu 90 placed in separate groups. Once Eser,
Tosunbey, Karahan 99, Kinaci 97 and Daphan
genotypes placed one group; Lancer, Alparslan,
Dogu88 and Bagci 2002 another group. Nevertheless,

Katea 1 and Nenehatun genotypes showed similar
characteristics and placed same group (Figure 2).
Gepts  (1990) stressed that genotypes can be
successfully grouped or evaluated according to relative
mobility of different gliadin groups. According to Tanaka
et al. (2003) wheat genotypes in Japan mainly different
from other countries for gliadin pattern. Being main
protein fragment in storage proteins, gliadins are
important for bread making quality in hexaploid wheats
(Kasarda et al, 1984). Nizar (2002) stated that
determining gliadin pattern of wheat genotypes is safe
method to classify cultivars and he successfully
classified 7. durum cultivars.  Until  recently,
morphometric characters had been used in genetic
diversities of wheat genotypes. Now, electrophoresis
based techniques have been used for the determination
and description of genotypes in cereals (Persson and
Von Bothmer, 2000).

Genotypes segregate their own gliadin fraction;
band pattern are characteristic of the genotype and
aren’'t affected from environmental conditions (Bushuk
and Zillman, 1978). Gliadin proteins having w, vy, B, a
gliadin subunits with combination of glutenins are play
important role agronomic and bread making traits
(Ojaghiand and Akhundova, 2010).
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Figure 2 . Dendogram assigning genetic relationships among bread wheat genotypes for gliadin pattens
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Agronomic characters are essential corner
stones of breeding programs (Darwinkel et al., 1977;
Genc, 1977; Poehlman, 1987). A number of yield
components are used not only in breeding programs
but genotype description. Monitoring such yield and
yield components separately or their relationships each
other lights the way for breeding programs, agronomic
studies and genotype classification (Hsu and Walton,
1971; Nass, 1973; McVetty and Evans, 1980). Plant and
spike heights, spikelet and seed numbers per spike,
seed weight per spike, harvest index and grain yield are
some of the most used characters and they could be
used in genotypic classification (Ojaghi and Akhundova,
2010). Similar to gliadin patterns, agronomic traits
ranged 85,40-142, 47 cm in plant height, 7,73-11,35 cm
in spike height, 14,40-18,67 in spikelet number per
spike, 28,47-57,87 in seed number per spike, 1,23-2,23
gr in seed weight per spike, 42,34-56,6 in harvest index
and 218,11-582,67 kg/da in grain yield (Table 2).
Agronomic characters are commonly are named as
yield components. The dendogram tree of agronomic
traits is given in Figure 3.

Evaluated in eight were wheat genotypes
(Figure 3). Prostor, Konya 2002 and Katea 1 drew their
own single groups. The other wheat genotypes formed
dual or multiple groups: dual groups; Nenehatun and
Dogu 88, Karasu 90 and Karahan 99, Alparslan and
Lancer wheat genotypes; multiple group; Eser,
Tosunbey, Daphan, Bagci 2002 and Kinaci 97 wheat
genotypes. Even though agronomic traits are under
genotype x environment interactions, with certain
approaches they are used to show genotypic
differences (Metakovsky and Branlard, 1998; Ojaghi and
Akhundova, 2010).  Similar to our findings, Nenehatun,
Dogu 88, Alparslan and Karasu 90 have similar yield

capacity and they are suggested to Eastern Anatolia
climatic conditions. In the same way, Tosunbey, Eser,
Kinaci 97 and Bagci 2002 were developed for Central
Anatolia climatic conditions.

The aim of bread wheat breeding programs is
to develop high yielding and high-quality wheat cultivars.
To achieve this aim, in addition of yield potential, wheat
genotypes are evaluated for high quality such as for
protein content, zeleny sedimentation, energy value
such as alveograph W,,,,, Water absorption and test

weight (Dexter et al. 1981; Ath 1999; Akcacik, 2006).
Genotypes having higher values in protein content,
zeleny sedimentation, alveograph W, farinograph
water absorption and test weight will be promising
genotypes in breeding programs (Arat, 1949., Seckin,
1970., Unal, 1991., Atl, 1999). The dendogram tree of
quality traits is given in Figure 4.

Genotypes could be divided into nine groups
(Figure 4). Prostor, Daphan, Konya 2002, Bagci 2002
and Eseer wheat genotypes had single groups.
Nenehatun, Palanddken 97 The other wheat genotypes
formed dual or multiple groups: dual groups; and Dogu
88, Karasu 90 and Karahan 99, Alparslan and Lancer
wheat genotypes; multiple group; Eser, Tosunbey,
Daphan, Bagci 2002 and Kinaci 97 wheat genotypes.
Even though agronomic traits are under genotype x
environment interactions, with certain approaches they
are used to show genotypic differences (Metakovsky
and Branlard, 1998; Ojaghi and Akhundova, 2010).
Similar to our findings, Nenehatun, Dogu 88, Alparslan
and Karasu 90 have similar yield capacity and they are
suggested to Eastern Anatolia climatic conditions. In the
same way Tosunbey, Eser, Kinaci 97 and Bagci 2002
were developed for Central Anatolia climatic conditions.
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Figure 4 . Dendogram of quality traits showing relationships among bread wheat genotypes

Table 3 shows joint analysis of wheat genotypes
for gliadin subunits, agronomic and quality traits. Prostor
wheat genotype differed fro the other genoypes in three
traits (gliadin subunits, agronomic and quality traits);
Eser, Tosunbey and Kinaci 97 genotypes showed
similarities in agronomic traits and gliadin subunits. As
described earlier, some genotypes presented similarities
in each analysis and these similarities in terms of
genotypes was different for each traits (gliadin subunits,
agronomic and quality traits).

Interesting  phenomenon is that some
genotypes could exhibit similarities by some traits (Eser,
Tosunbey and Kinacr 97 genotypes in agronomic traits
and gliadin subunits).or a genotype could significantly
differ in all traits (Prostor genotype in all three traits).
Studies revealed that agronomic and quality traits in
wheat genotypes subject to genotype x environment
interactions and this interaction differs in each genotype
(Rodrigve and Carrillo, 1996; Sehirali and Ozgen, 2007).
Gliadin subunits stable with genotypes and don’t
change with changing environmental conditions
(Bushuk and Zillman 1978; Rodrigve and Carrillo, 1996;
Persson and Von Bothmer, 2000). Genetic diversity in
genotypes can be controlled by polymeric markers and
electropheretic patterns of gliadin subunits in genotypes

are therefore very useful not only in genotype
identification but in breeding programs (Nevo and
Payne 1987; Metakovsky and Branlard, 1998; Pfluger et
al., 2001). Studies stressed that agronomic and quality
traits can be used in genotype classification (Kun, 1985;
Sehirali, 2007), but both are influenced from genotype
and environment conditions (Darwinkel et al., 1977;
Genc, 1977; Poehiman, 1987; Gupta et al., 1993; Indrani
and Venkateswara, 2000). Correlations between gliadin
subunits, agronomic and quality traits are shown in
Table 4. Positive and significant correlation (P<0,05)
was found between protein content and a gliadin
pattern. Besides correlations between seed number per
spike and wgliadin pattern, seed number per spike and
a gliadin pattern, seed number per spike and 3 gliadin
pattern, seed weight per spike and w gliadin pattern,
spikelet number per spike and test weight, spikelet
number per spike and thousand seed weight were
determined as negative and significant (P<0,05).
Moreover, correlations between seed number per spike
and y gliadin pattern, seed number per spike and B
gliadin pattern, seed weight per spike and w vy, B, a
gliadin patterns, spike height and test weight were
negative and significant at 1% (Table 4).

Table 3 : Joint analysis of wheat genotypes for gliadin subunits, agronomic and quality traits
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Table 4 : Correlations between gliadin subunits, agronomic and quality traits

w Y B a PSI TeWe ThSW WADb

PSI 0,119 -0,010 0,185 0,308 Plant Height -0,192  -0,194 0,154 0,297
Test Weight 0,104 0,210 -0,205 0,031 Spike Height 0,009 -0,689** -0,246 -0,464
Thou. Seed We. -0,049 -0,008 0,038 -0,320 Splt per Spk. -0,071 -0,552*  -0,685* -0,250
Protein Con 0,201 0,409 0,329 0,635* Seed per Spk -0,067  -0,553* -0,177 -0,426
Zeleny Sedim. 0,128 0,178 -0,115 0,281 Seed W.per Spk  -0,093  -0,465 0,091 -0,347
Alveo. W, -0,061 0,237 -0,156 0,243 Harvest Index -0,093  -0,189 0,392 -0,020
Farin. Water Ab 0,036 0,404 0,048 0,221 Yield 0,170 -0,219 0,439 -0,015
Gluten Index -0,052 -0,035 -0,092 -0,105 PrCo Sed Wen Gl

Plant Height -0,025 0,357 0,497 0,265 Plant Height 0,010 0,061 -0,078 0,086
Spike Height -0,239 -0,367 0,155 -0,069 Spike Height -0,279  -0,195 -0,410 0,198
Splt per Spk. -0,105 -0,240 -0,163 0,009 Splt per Spk. -0,378 0,357 -0,134 0,177
Seed per Spk -0,623* -0,717**  -0,633* -0,584* Seed per Spk -0.361 -0,053 -0,256 0,010
Seed W.per Spk -0,767** -0,853** -0,698** -0,663** | Seed W.per Spk -0,378 -0,279 -0,330 -0,133
Harvest Index 0,184 -0,176 -0,284 -0,370 Harvest Index -0,208  -0,231 -0,318 -0,315
Yield 0,219 0,330 0,322 0,156 Yield 0,142 -0,397 -0,312 -0,330

Determinations in correlation between gliadin ability and heritability parameters for quality and

patterns and agronomic and quality traits are hard due
to high molecular weight subunits of glutenin (Fido et al.,
1997). Branlard and Dardevet (1985) found a negative
correlation between w gliadin and a number of quality
traits. Whereas, positive correlation was found between
y gliadin subunit and gluten quality (Rashed et al,
2007). Significant positive effects of gliadin isoforms
were found on agronomic traits and environmental
adaptation (Metakosky and Branlard, 1998). Metakovsky
and Branlard (1998) stated that genetic diversity in
genotypes can be controlled by polymeric markers and
electropheretic  patterns  of gliadin  subunits  in
genotypes. Determination of gliadin subunits is therefore
very useful not only in genotype idendification but in
breeding programs (Bushuk and Zillman 1978; Persson
and Von Bothmer, 2000).

So, quality and agronomic traits, and gliadin
electrophoretic profiles revealed that comprehensive
diversity occurs among genotypes. Determination of
quality and agronomic traits in genotypes needs long-
term measurements to reach reliable results and they
are widely affected from environmental conditions
(Vaquero ve ark., 1990; Metakovsky and Branlard, 1998;
Ojaghi and Akhundova, 2010). Gliadin pattern of wheat
genotypes are free from environment, they are easy and
forceful method in evaluation of genetic materials,
breeding programs, pure seed productions in hexaploid
wheat. It is well known that yield is controlled polygenic
activities and it is difficult to increase directly, however
certain traits are significantly correlated with vyield.
Assigning and monitoring traits could help to increase
yield and quality.
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Nitrogen Management in Banana (Musa
Paradisica l..) Cv. Basrai through Drip under
Paired Row System

C. B. Patel* & Y. N. Tandel®

Abstract - A field experiment was conducted under south
Gujarat conditions at Fruit Research Station, Navsari
Agricultural  University, Gandevi, Dist. Navsari. The
treatments comprised of three levels of nitrogen viz., 100,
150 and 200 g per plant and three methods of application
viz.,, 100, 75 and 50 per cent through drip and rest as soil
application. In control, recommended dose of 200-90-200 g
NPK per plant was applied fully in soil. The phosphorus (90
g plant™) along with 5 kg FYM per plant were applied at the
time of planting, while potassium (200 g plant®) was
applied in three equal splits as soil application at monthly
interval from third month onward. The experiment thus
included ten treatments, which were replicated four times.
The trial was laid out in randomized block design. The
banana was planted at 1.0m x 1.2 m x 2.0 m spacing with
pair row method (6250 plants ha™'). In the drip system, daily
irrigation at 0.75 pan evaporation rate was followed; while
in control plot, surface irrigation was given at 12-15 days
interval in winter season and at 8-10 days interval in
summer.

Results revealed that the banana plants fertilized
with different doses of nitrogen through drip as well as soil
application in three different methods were significantly
affected on vegetative growth, quality and yield of banana
under pair row method of planting. The maximum (103.44
cm) plant height and circumference (43.93 cm) of the
pseudostem were registered in the treatment of 150 g N per
plant applied through drip only. The number of leaves and
leaf area were not influenced by various levels of nitrogen.
Early flowering and early maturity were noticed in treatment
of 150 g N per plant applied through drip only, while the
plants treated with lower and higher levels of nitrogen
showed late flowering and late maturity.

Yield and yield attributing characters like bunch
length (60.05 cm), number of hands per bunch (8.97),
number of fingers per bunch (147.41) and bunch weight
(19.60 kg plant™) were significantly higher in above
treatments. Significantly the treatment of 150 g N per plant
applied through drip gave highest (122.52 t ha) banana
fruit yield and net return (Rs. 390167 ha™) with computing
higher (1: 14.78) cost benefit ratio among all the treatments
during study.
Keywords
economics.

banana, nitrogen, fertigation, yield,
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[.  INTRODUCTION

ne of the major hurdles in development of Indian

agriculture is low fertilizer consumption and low

fertilizer use efficiency. Day by day prices of
fertilizers are kissing to the sky. So in today’s
perspective, it is essential, especially in crops like
banana which are the heavy feeder of nutrients that we
study and suggest to the farmers the most efficient
method of fertilizer application with its efficient form and
splitting to get maximum fertilizer use efficiency and net
profit. In recent years, liquid fertilizers are used as a
strong alternative to solid fertilizers. The major
advantage of liquid fertilizers is that, they are completely
soluble in water and can be applied through drip system
with an ease, without any harm and in number of splits.
The second strong point goes in favour of liquid fertilizer
is that they contain major essential nutrients in readily
available form. It ultimately increases the FUE by
increasing the nutrient uptake and minimizing the
losses. Therefore in recent years task before agricultural
scientists is that, while suggesting drip method of
irrigation to farmer, side by side they also should
suggest proper planting technique, which will help in
minimizing the system cost and allow mechanization of
farming.

Banana and plantain to be the fourth most
important global feed commodity after rice, wheat
and milk in terms of the gross value of production, are
of great socio-economic significance in India. Banana
belongs to Musaceae family, its botanical name is
Musa paradisica L. Banana ranks first in production
and second in area among the fruits grown in India.
Banana is a tropical mesophyte plant and requires an
ample and frequent supply of water. Many previous
workers have reported that water deficiency adversely
affects the crop growth and yield (Samson, 1980 and
Young et al, 1985). Shmeuli (1953) quoted that 66
per cent soil available water as a critical level, below
which banana growth and development suffered.

[I.  MATERIALS AND METHODS

The field experiment entitled “Nitrogen
management in banana (Musa paradisica L.) cv.
Basrai through drip under pair row method of
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planting” was conducted at the Fruit Research
Station, Navsari Agricultural University, Gandevi
(south Guijarat). The research station belongs to agro-
climatic zone-I and agro-ecological situation-Ill. The
experiment was laid out in a Randomized Block
Design with ten treatments replicated four times. The
treatments comprised of three levels of nitrogen viz,
100, 150 and 200 g per plant. These levels of nitrogen
were applied in three methods viz., 100, 75 and 50
per cent through drip and the rest of nitrogen was
applied in soil along with phosphorus and potassium
as per recommended schedule. In control (T,,), total
recommended dose 200-90-200 g NPK plant™ was
applied in soil.

T, 100 g N through drip
T, 75 g N through drip + 25 g N as soil
application

T, 50 g N through drip + 50 g N as soil
application

T, 150 g N through drip

Ts 112.5 g N through drip + 37.5 g N as
soil application

Te 75 g N through drip + 75 g N as soil
application

T, 200 g N through drip

Ts 150 g N through drip + 50 g N as sail
application

T, 100 g N through drip + 100 g N as sail
application

Tio Control (Recommended 200 g N as soil

application)

This experiment was framed out with a view to
determine the optimum dose of nitrogen for banana
under drip irrigation system, to obtain higher yield of
better quality fruits by adopting pair row method of
planting and to workout ultimate economics for saving
water and fertilizers and its adaptability. Two years’
pooled results of the experiment are summarized
here.

I1I.  RESULTS AND DISCUSSION

The vegetative growth of banana plants like
plant height and stem girth were significantly
influenced while number of leaves and leaf area were
not altered by the various levels of nitrogen applied
through drip as well as in soil application (Table -1).
The result indicates that the height and stem girth
increased with the increase levels of nitrogen. The
treatment of 150 g nitrogen per plant applied 100 per
cent through drip recorded the highest plant height
and stem girth while the lowest value were recorded

© 2013 Global Journals Inc. (US)

under treatment 200 g N per plant totally applied in
soil up to 180 days after planting (DAP) during study
period. It was observed that the plants treated with
100 per cent nitrogen through drip increase the height
and girth of the plant, it might be due to increase in
formation and elongation of meristematic tissues
since nitrogen is responsible for the formation, growth
and development of the cells. The nitrogen applied in
soil may be lost and less available to plant after
longer period as compared to drip method. Under
drip system, as the moisture availability and nitrogen
levels were increased, stem girth was also increased.
Similar results were also reported by Hegde and
Srinivas (1991).

Days to flowering and harvest were
significantly affected by the application of varying
doses of nitrogen applied through drip either fully or
partly to banana under high density plantation. The
results revealed that the early flowering and harvest
were noticed in the treatment T, (150 g N per plant
applied through drip only) which was statistically at
par with all treatments containing application of
different levels of nitrogen through drip except control
(total recommended dose 200-90-200 g NPK plant
was applied in soil). In the present investigation
various levels of nitrogen were applied through the
drip in liquid state after dissolving urea in water. The
superiority of liquid fertilizers in advancing the
flowering and that will leads to early harvesting over
solid fertilizer in banana. The early maturity of banana
obtained was in conformity with those reported by
Hegde and Srinivas (1991) and Singh and
Suryanarayana (1999).

Yield and yield contributing parameters were
recorded the overall highest in the treatment with 150
g N per plant applied through drip during
experimentation. Similar findings were observed by
Srinivas (1977), while studying the effect of N, P and
K fertilizers on banana cv. Basrai. Kohli ef a/. (1976)
reported that the nitrogen application significantly
influenced the fruit yield in all the three crops (plant
crop, first ratoon and second ratoon) under closer
spacing. Though the treatment T, (150 g N per plant)
recorded the higher bunch length (60.06 cm) and
bunch girth (106.43 cm), however the difference was
non-significant. The highest (9.09) numbers of hands
per bunch were recorded in the treatment T, where
200 g N per plant was applied through drip only. It
was at par with T, (150 g N per plant). Similarly,
higher numbers of fingers was also recorded in T;
(148.24) and T, (147.41). The application of higher
levels /.e. 200 g N per plant applied in soil registered
lowest numbers of hands as well as number of fingers
per bunch in banana cv. Basrai. Drip irrigated banana
crop supplied with 50 per cent lesser quantity of
fertilizer was found superior over the conventional



method as reported by previous workers Hegde and
Srinivas (1991). In present investigation, the banana
crop fertilized with 150 g N per plant through drip
recorded significantly highest (122.52 t ha™) vyield.
This effect was obviously due to liquid form of
nitrogen, which is in readily available form so as to
increase uptake efficiency of plant. These results are
in conformity with the previous work done by Arscott
(1970).

V. EcoNOMICS

High density plantation in banana enabled to
achieve higher vyields. The trial was planted
geometrically in pair row method at the spacing 1.0 m
x 1.2 m x 2.0 m which accommodate 6250 plants per
hectare. Further, the beneficial effect of drip irrigation
was clearly reflected in yield with an application
various levels of nitrogen to banana crop cv. Basrai.
The nitrogen 100 per cent applied through drip
proved its superiority in yield over rest of the other
treatments. The treatment 150 g N per plant applied
through drip only computed the highest net return Rs.
3,90,167 ha™ with highest (1:14.78) cost benefit ratio.
The nitrogen applied through drip was found
beneficial, 25 per cent (50 g N per plant) N and 40
per cent irrigation saved and proportionately the yield
and income increased were more as compared to
cost under drip with pair row method of planting.
Similar finding was reported by Hegde and Srinivas
(1991).

V. CONCLUSION

It is clear from the study that the treatment T,
(150 g N per plant applied through drip only)
registered the maximum plant height and stem girth.
It also resulted in early flowering and early maturity.
The vyield attributing characters like bunch length,
number of hands per bunch, number of fingers per

bunch, bunch weight per plant were also better under
the same treatment. All these resulted into the
production of maximum banana fruit yield (122.52 t
ha™) under pair row planting method. The fruit quality
parameters remained almost unaltered. Further, drip
irrigation method saved 51 per cent water and 25 per
cent nitrogen. Economically also it gave highest net
profit (Rs. 3,90,167 ha') with computing higher
(1:14.78) cost benefit ratio during both the years of
experimentation.
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Table 7 . Effect of different levels of nitrogen on growth, flowering and harvest of banana cv. Grand Nain

Treatments | Plant height (cm) | Stem girth (cm) No. of leaves Leaf area (sq. Days to Days
cm) flowering to
180 At 180 At 180 At 180 At harvest
DAP* | shooting | DAP* | shooting | DAP* | shooting | DAP* | shooting

T, 99.77 165.09 40.94 67.12 15.20 24.27 0.449 0.87 358.30 455.66
T, 100.90 157.33 42.36 66.75 15.20 24.61 0.470 0.84 349.28 445.72
T, 96.16 158.22 40.71 64.98 15.30 24.37 0.433 0.85 360.83 452.72
T, 103.80 162.06 43.93 68.58 15.70 24.73 0.479 0.87 336.70 431.27
Ts 100.80 164.20 42.92 68.16 15.86 24.86 0.471 0.87 353.48 449.21
Te 105.22 1569.22 43.66 66.97 15.83 24.75 0.486 0.85 340.52 439.78
T, 100.08 161.50 42.60 68.36 15.37 24.86 0.452 0.87 351.05 448.78
Tg 100.53 163.09 42.50 68.51 15.67 24.75 0.472 0.86 344.33 441.28
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To 100.64 | 159.08 41.63 66.62 15.33 24.83 0.456 0.85 350.39 452.53
Tio 83.67 157.86 35.10 65.05 14.91 23.91 0.361 0.82 393.42 486.77
S.Em. = 2.98 3.07 1.16 112 0.232 0.25 0.022 0.02 8.24 7.81
C.D.@5% 8.43 NS 3.27 NS NS NS NS NS 26.37 24.97
CV. % 7.89 2.48 7.78 2.75 4.25 1.95 9.21 2.91 2.68 2.16

* Days after planting

Table 2 : Effect of different levels of nitrogen on yield and yield parameters of banana cv. Grand Nain

Global Journal of Science Frontier Research (D) Volume XIII Issue VIII Version I E Year 2013

Treatments | Bunch Bunch No. of No. of Bunch Finger Finger Weight Days Yield
length girth hands/ | fingers/ | weight/ | length girth of finger | taken for (t/ha)
(cm) (cm) bunch bunch plant (cm) (cm) (9) ripening
T, 57.67 104.22 8.53 131.61 17.35 20.16 11.99 120.76 10.63 108.47
T, 55.80 98.55 8.74 135.14 16.55 18.63 11.19 112.40 9.80 103.47
T, 56.48 100.67 8.77 129.36 16.41 19.15 11.53 114.32 10.75 102.55
T, 60.05 106.43 8.97 147.41 19.60 20.29 12.10 118.78 9.58 122.52
Ts 59.88 102.22 9.01 148.24 18.87 19.50 11.70 112.77 9.97 117.96
Te 58.32 100.73 8.97 139.16 17.82 19.07 11.47 114.77 9.57 111.39
T, 59.49 103.11 9.09 141.36 17.97 19.28 11.61 111.90 10.02 112.32
Tg 58.97 102.23 8.91 142.85 17.33 19.54 11.75 114.46 9.43 108.34
Ty 56.02 101.96 8.69 133.33 16.81 19.17 11.56 115.27 9.72 105.09
Tio 53.96 99.03 8.10 118.95 13.90 19.18 11.82 106.14 11.12 86.87
SEm. = 1.07 2.57 0.13 4.95 0.76 0.63 0.27 4.57 0.35 4.77
C.D.@5% 3.18 NS 0.37 15.83 2.44 NS NS NS 0.99 15.27
CV. % 4.92 2.59 4.06 6.05 8.19 2.14 1.62 4.63 9.59 8.19
Table 3 . Effect of different levels of nitrogen on economics of banana cv. Grand Nain
Treatments | Expenditure on Yield Gross income Net profit Cost benefit
fertilizers (Rs.) (tha) (Rs. ha™) (Rs. ha™) ratio (CBR)
T, 23884 108.47 368798 344914 1:14.44
T, 23884 103.17 351798 327914 1:13.73
T, 23884 102.55 348670 324786 1:13.60
T, 26401 122.52 416568 390167 1:14.78
T, 26401 117.96 401064 374663 1:14.19
Te 26401 111.39 378726 352325 1:13.35
T, 28919 112.32 381888 352969 1:12.21
Tg 28919 108.34 368356 339437 1:11.74
Ty 28919 105.09 357306 328387 1:11.36
Tio 28919 86.87 295358 266439 1:9.21

* Price of urea, SSP and MOP were considered Rs. 3.71, Rs. 3.07 and Rs. 3.88 kg™, respectively

* Market price of banana fruit was considered Rs. 3.40 kg™ (Rs. 3400 t™)
* As per recommendation, 90 g phosphorus and 200 g potash were applied as common in each treatment

© 2013 Global Journals Inc
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Comparison of Microbial Load Associated with

Smoked Fish (Chrysichthys Nigrodigitatus) from

Oyan Lake and Ogun Waterside in Ogun State,
Nigeria

Adelaja, Olusunmbo Adeolu®, Olaoye, Olalekan Jacob ?, Ikenweiwe Nofisat Bolatito ?
& Ashley-Dejo. Samuel, Segun®

Abstract - This study compares the microbial load associated
with smoked fish (Chrysichthys nigrodigitatus) from Oyan lake
and Ogun waterside in Ogun State. Three samples each were
purchased from Lafenwa and Makun-omi markets
respectively. Microbial load in the skin, intestine and gills were
assessed using Mac- conky Agar (MA), and Nutrient Agar (NA)
to isolate bacteria while Sabouraud Dextrose Agar (SDA) was
used to isolate fungi. The average bacterial counts for all the
samples ranged from 3.1 x10° to 4.9 x10°® in makun market
while 6.8 x10% to 13.8 x10° in lafenwa market has the highest
bacteria count. The microorganism isolated and identified in
the markets include the following families of bacteria: Bacillus
spp  (10%, 10%), Micrococcus spp (10%, 10%),
Staphylococcus saprophyticus (5%, 10%), Escherichia coli
(10%, 15%) and Staphylococcus aureus (5%, 10%) of which
Staphylococcus  saprophyticus, Escherichia coli  and
Staphylococcus aureus percentage occurrence rate were
higher in lafenwa market. The fungal family include; Fusarium
spp (14.3%, 28.6%), Mucor spp (14.3%, 28.6%) and
Aspergillus fumigatus (0.0%, 14.3%). The results therefore
showed that smoked fish from Oyan lake were heavily
contaminated than that of Ogun waterside when compared
with the maximum recommended bacteria count for good
quality product and this has effect on human health after
consumption. The contamination of the surrounding
environment with industrial and domestic waste should be
controlled as well as ensure proper handling of fish. The health
implication to consumers and the public health importance
was also revealed in the study.

Keywords . chrysichthys nigrodigitatus, smoked fish,

microbial load, health.

[. [NTRODUCTION

—lish is a major source of protein and its harvesting,
=== handling, processing and distribution provide

livelihood for millions of people. It is the most
important animal protein food available in the tropics,
and it represents about 14% of all animal protein on a
global basis, (Abolagba and Mella, 2008). Fish is eaten
fresh, preserved or processed (smoked) and form a
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much-cherished delicacy that cuts across socio-
economic, age, religious and educational barriers
(Adebayo-Tayo et al., 2008).

Fish is soft and easily damaged; therefore
rough handling and bruising results in contamination of
fish flesh. Fish will become unfit for human consumption
within about one day of capture, unless it is subjected to
some form of processing or preservation. Even after the
fish has been processed, particularly if traditional
methods have been used, the fish is still subject to
many forms of loss and spoilage (Shewan, 2000). The
microbial flora associated with freshly harvested fish is
principally a function of the environment in which the fish
are caught and not of the fish species; hence, the
indigenous microbial populations of fish can vary
significantly (Shewan, 2000). Fish, because of their soft
tissues and aquatic environment are extremely
susceptible to microbial contamination. Millions of
bacteria, many of them potential spoilers, are present in
the surface slime, on the gills and in the intestines of live
fish, although the flesh itself is normally sterile. Bacterial
growth and invasion on the fish are prevented by the
body’s natural defence system during life but after death
the defence system breaks down and the bacteria
multiply and invade the flesh. And also immediately fish
dies, it remains in first class quality only for a short while
(Clucas and Ward, 1996). However, spoilage soon sets
in which is occasioned by an increase in the ambient
temperature that triggers favourable conditions for
microorganisms to strive.

According to (Aberoumand, 2010), Escherichia
coli is a classic example of enteric bacteria causing
gastroenteritis. £ coli including other coliforms and
bacteria as Staphylococcus spp and sometimes
enterococci are commonly used as indices of
hazardous conditions during processing of fish.
Scientists have shown that the contamination of food of
fish origin with pathogenic £. coli probably occur during
handling of fish and during the production process
(Jimoh et al, 2009). The microorganisms associated
with smoked fish pose a great threat to the populace as
the transfer of the microorganisms attack the immune
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system of the consumer, usually man, thereby, giving
room for the invasion of disease.

[I.  MATERIALS AND METHODS

a) Sample Collection

Three samples each of smoked fish
(Chrysichthys  nigrodigitatus) were purchased from
major market (Lafenwa and Makun-omi) of fish

processors from Oyan lake and Ogun waterside in Ogun
state, Nigeria. A total of six (6) samples of smoked
Chrysichthys — nigrodigitatus were purchased and
collected with a sterile aluminium foil (3 smoked
Chrysichthys nigrodigitatus from each location) and
samples were transported to the Veterinary Microbiology
Laboratory, Federal University of Agriculture, Abeokuta
in a well covered ice cold cooler for analysis and these
samples were labelled; OL1, OL2, OL3, OW1, OW2,
OWS. A sterile scalpel was used to cut a large portion of
the skin and flesh of the fish in a sterile container and
analysed for bacteria and fungi.

b) Microbiological Analysis

The samples were analyzed for Total Plate
Count (TPC), Total Coliform Count (TCC), occurrence of
bacteria and fungi and identification of bacteria and
fungi.

c) Sample Preparation

One gram of the fish sample for microbiological
evaluation was weighed into 9ml of sterile water in the
bijou bottle. This was done for samples gotten from
each location and was taken as the original stock
sample of each market location. One millimeter of the
original stocks solution was transferred into 9ml of sterile
distilled water and mixed thoroughly to give 107 dilution
of the original sample and this was done for each
market sample and the bottles were labelled: S1(107),
S1(10%), S2(10"), S2(107)........ S6(107"), S6(10%). The
serial dilution was carried out using a sterilized
micropipette from tube one to the last tube. The NA,
PDA and MA were prepared according to manufacturer
instruction and sterilized using autoclave for 15 minutes
at 121° C. It was then removed and allowed to cool
before it was poured into plates. The plates were then
allowed to set, after which one millimetre of the serial
diluted sample of 10® dilution was inoculated on the
surface of the well dried NA, PDA and MA and gently
swirled to completely spread. The inoculated NA and
MA plates were incubated at 37°C for period of 18-24
hours while the PDA was incubated at room temperature
for 5 days. Each bacteria isolates obtained was
counted and estimated according to method of Miles
and Mistra (Baker and Beach, 2000) while the fungi
colonies were also counted and estimated.

d) Estimation of bacteria total count according [o
Hedges (2002)

To 90ml of sterile water was homogenized 10g
of the fish sample to make 1/10 dilution, while 9ml of

© 2013 Global Journals Inc. (US)

sterile water was put in 8 sterile test tubes and serial
dilution of the homogenized samples was made to the
8" tube. One ml was discarded from the 8" tube and
1ml of the dilution was spread on well dried Nutrient
agar. It was allowed to dry and incubated at 37°C for 18
— 24 hours. Bacteria colonies seen were counted and
estimated accordingly.

e) Estimation of fungi total count according to Hedges
(2002)

To 90ml of sterile water was homogenized 10g
of the fish sample to make 1/10 dilution, while 9ml of
sterile water was put in 5 sterile test tubes and serial
dilution of the homogenized samples was made to the
5" tube. 1ml was discarded from the 5" tube and 1ml of
the dilution was spread on well dried Sabouraud
Dextrose agar. It was allowed to dry and incubated at
room temperature for 5 days. Fungi colonies seen were
counted and estimated accordingly.

1) Bacteria identification according to Monical (1996)

Homogenized fish sample was cultured on
Blood agar and MacConkey agar using sterile wire loop
and incubated at 37°C for 18 to 24 hours in aerated
condition. Colonies seen were purify on nutrient agar
and their colonial morphology such as shape, colour,
consistency, edges, elevation, pigmentation and
hemolysis were individually examined.

g) Biochemical Test

Each bacteria colony was identified by their
Gram stain and biochemically characterized by their
sugar fermentation test, coagulase, catalase, indole,
citrate, oxidase, H,S production and urea.

I11. RESULTS

Table 1 shows the average bacteria count
obtained from the skin of smoked Chrysichihys
nigrodigitatus from Makun-omi market (Ogun waterside)
was 3.1x10°¢ while the mean count for intestine was 4.9
x10® and the gill recorded average microbial count of
4.2x10°cfu/g. The average bacteria count obtained from
the skin, intestine and gill of smoked Chrysichihys
nigrodigitatus from Lafenwa market (Oyan lake) were
13.8x 108 10.7x10° and 6.8 x 10%cfu/g respectively. The
result showed that bacteria load obtained from the
smoked fish (Chrysichthys nigrodigitatus) in Oyan lake
were higher than the recommended value but fell within
range in Ogun waterside. Table 2 shows the average
fungi count obtained from smoked Chrysichthys
nigrodigitatus while Table 3 and 4 revealed the results of
percentage of occurrence of bacteria and fungi in
smoked Chrysichthys nigrodigitatus. Table 5 and 6
shows the cultural and morphological characteristics of
bacteria and fungi isolates while Table 7 revealed the

biochemical test used in characterization of the bacteria
isolates from smoked fish (Chrysichthys nigrodigitatus).



Table 1 : The average bacterial count in the fish samples

Location and fish specie Body pa

rts

Average Bacterial Count (X
10°CFU/g)

OW (Chrysichthys nigrodigitatus) Skin
Intestine
Gill

OR (Chrysichthys nigrodigitatus) Skin
Intestine
Gill

3.1
4.9
4.2
13.8
10.7
6.8

KEY: CFU/g= colony forming unit per gram.

Table 2 : Average fungi count in the fish samples

Location and fish specie Body parts Average FungiCount (X
10°CFU/g)
OW (Chrysichthys nigrodigitatus) — Skin 0.0
Intestine 0.2
Gill 0.0
OR (Chrysichthys nigrodigitatus) Skin 0.3
Intestine 0.3
Gill 0.0

KEY: CFU/g= colony forming unit per gram

Table 3 : Percentage occurrence of bacteria in the fish samples (Chrysichthys nigrodigitatus)

Locations Isolate Number Percentage (%)
Ogun waterside Bacillus spp 2 10.0
Staphylococcus saprophyticus 1 5.0
Micrococcus spp 2 10.0
Escherichia coli 2 10.0
Staphylococcus aureus 1 5.0
Oyan lake Bacillus spp 2 10.0
Staphylococcus saprophyticus 2 10.0
Micrococcus spp 2 10.0
Escherichia coli 3 15.0
Staphylococcus aureus 3 15.0

Table 4 : Percentage occurrence of fungi in the fish samples (Chrysichtfiys nigrodigitatus)

Locations Isolate Number Percentage (%)
Ogun waterside Fusarium spp 1 14.3
Mucor spp 1 14.3
Aspergillus fumigatus 0 0.0
Oyan lake Fusarium spp 2 28.6
Mucor spp 2 28.6
Aspergillus fumigatus 1 14.3
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Table &5 . Cultural and morphological characteristics of bacteria in the fish samples (Chrysichthys nigrodigitatus)

Suspected isolates

Morphology

Microscopic

Bacillus spp
Staphylococcus saprophiticus

Micrococcus spp

Eschericia coli
Staphylococcus aureus

Creamy white, raised with rough edges
Creamy, slightly raised with smooth
edges

Creamy deep yellow, slightly raised with
smooth edges

Whitish, raised with rough edges
Golden vyellow, slightly raised with

Gram positive bacilli
Gram positive cocci in cluster

Gram positive cocci

Gram negative bacilli
Gram positive cocci in cluister

smooth edges

Table 6 : Cultural and morphological characteristics of fungi in the fish samples (Chrysichthys nigrodigitatus)

Suspected isolates Morphology

Microscopic

Fusarium spp Whitish cotton aerial
Mucor spp
reverse side

Aspergillus fumigates

Yellow-white fluffy strand with brown

Creamy yellow filamentous colonies

Elongated ovoid curved microconidia

Hyphae without rhizoids, dispersed, branched,
large globose sporangiophore
Large/globose conidiphore,
with biseriated hypha

loose columna

Table 7 : Biochemical test of the bacteria isolated from the fish samples (Chrysichthys nigrodigitatus)

Q
() | = _ Ry w0 el EY
o| §|c|g| 2|3| 2| 5|38 8 S| c|8] 2|3| OReANISM
) = o= Z|159| 8| mz2 | 2L| JI| & | 2 T|g| 2|2 SO
Z =g e’ Q = -l Y2 2m = Q > | o > >
> O |'m m -l oo m @ @ % 0
- + + |+ |+ + |+ + - - - N/A | - - | N/A | + | Escherichia coli
+ + |+ |+ + | - - + - - + - - N/A | + | Bacillus spp
+ | - + |+ |+ + | N/A | + - N/A | N/A | + NA | + |- + | Micrococcus spp
+ | NA |+ | + | + + | NA | - + N/A | N/A | + - - + + | Staphylococcus
aureus
+ | NA |+ | + | + + | N/A | - + N/A | N/A | & - + | + + | Staphylococcus
saprophyticus
KEY:
- NEGATIVE
+ : POSITIVE
N.A : NOT APPLICABLE
V. DISCUSSION Micrococcus spp, Eschericia coli and Staphylococcus

This study shows that pathogenic bacteria and
fungi are present in smoked Chrysichthys nigrodigitatus
in Lafenwa and Makun-omi markets in Ogun State.
According to International Commission on
Microbiological Specification for Food (ICMSF, 1986),
the maximum recommended bacteria count for good
quality product is 5.0 x 10° (5.7Log cfu/g). The bacteria
load obtained from the smoked fish (Chrysichthys
nigrodigifatus) in Oyan lake was higher than the
recommended value lake but fell within range in Ogun
waterside. Bacteria present in the fish samples include,
Bacillus Spp, Staphylococcus saprophiticus,

(US)

aureus. The occurrence of Staphylococcus aureus and
Eschericia coliin the smoked-dried fish samples were in
accordance with Martin (1994) when he stated that
these organisms were the commonest micro-organisms
associated with  smoked fish. The presence of
Staphylococcus aureus in fish samples according to
Okonko ef al (2008) might have been through
contamination by handling.

The bacteria group of Sigphylococcus aureus
according to Herman et a/. (2011) reported that it was
one of the most common causes of human disease and
they constitute the normal flora of the human skin and
mucous membrane without resulting in a diseased



condition. This bacteria class may also cause superficial
and systemic infections such as boils, impetigo and
folliculitis  while more serious and more common
infections could be pneumonia, bacteremia and other
infections of the bones and wounds. Also, Eschericia
coli usually cause diarrhea and kidney damage as well
as uncomplicated community acquired urinary tract
infections. The fungi present in the fish samples are
Fusarium spp, Mucor spp and Aspergillus fumigatus. It
was observed in this study that the presence of fungi
particularly aflatoxigenic molds in these fish specie is
very significant as it was indicated by food safety
standard that aflatoxigenic molds produce mycotoxins
which have pathogenic effects on man; it destroys the
liver and kidney resulting to death. The presence of the
organisms could be as a result of handling during
smoking and also cross contamination during storage,
after smoking and handling during sales of smoked fish.

V. CONCLUSION

In conclusion, smoked fish (Chrysichitfys
nigrodigitatus) from Lafenwa market were heavily
contaminated with many bacteria species including
members  of the genera  Escherichia  and
Staphylococcus due 1o the greater unhygienic
conditions of the environment than Makun-omi market.
The public health concern of smoked Chrysichihys
nigrodigitatus is therefore the poor handling and
processing either by the processors, marketers or the
consumers. This has greatly contributed to the
contamination of these products by various pathogenic
micro organisms which make their consumption
hazardous to health.

VI. RECOMMENDATION

Environmental  sanitation  education and
orientation should be organized for fish processors; this
will enable them to reduce the unattractive environment
that makes their operations smelly and repulsive. The
relevant national and municipal authorities must ensure
improve quality of smoked fish to safeguard public
health and enhance food safety in the country.
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Variability of Soil Thermal Properties of a
Seasonally Cultivated Agricultural Teaching and
Research Farm, University of lbadan, South-
Western Nigeria

Oladunjoye, M.A. ¢, Sanuade, O.A.° & Olaojo, AA.°

Abstract - Knowledge of the thermal properties of the soil top
layer is of great importance in agricultural meteorology where
problems of heat exchange at the soil surface are
encountered. The availability of these data is important
because of the improvements in wider applications of soil heat
and water transport models as well as seed germination and
crop growth. This research work therefore intends to determine
the variability of soil thermal properties of a seasonally
cultivated Agricultural Teaching and Research Farm located
within the University of Ibadan campus, South-western Nigeria
with a view to have understanding of how different soils warm
up in order to allow better planning of planting of crops and
have knowledge for the control of thermal-moisture regime of
soil in the field and greenhouse.

Forty-five points were located for the measurements
of thermal properties in cultivated fields of maize, pineapple,
cowpea, Okro and vegetables. A KD-2 Pro thermal analyzer
was used for the measurements of these thermal properties
such as thermal conductivity, thermal resistivity, volumetric
specific heat and thermal diffusivity. Samples were collected at
each location for the laboratory determination of soil moisture
content and bulk density. The variability of soil thermal
properties was analysed using classical statistics such as
mean, range, standard deviation and coefficient of variation.

The results show that for the whole site, the thermal
conductivity, volumetric specific heat, thermal diffusivity and
temperature ranges from 1.103-2.151 W/mK, 1.247-2.936
mJ/meK, 0.486-1.000 mm?s and 23.83-34.49 °C with mean
values of 1.672 W/mK, 1.831 mJ/m®K, 0.785 mm?/s and 27.71
°C respectively. Also soil moisture content and bulk density
ranges from 0.146-0.223 m3m=3 and 1.260-1.410 mg/m? with
an average of 0.191 m®m™ and 1.340 mg/m? respectively.

It was found out that the thermal properties of
agricultural soils within University of lbadan vary from one
point to the other and the variations are related to soil moisture
content and bulk density which would have significant effects
on plant germination and growth. This implies that knowledge
of the thermal-moisture regime of soils is quite essential for
better planning in agriculture.
Keywords . variability,
content,  bulk  densily,
germination.

thermal properties, moisture
agricultural - farm,  seed

Authors a o p. Department of Geology, University of lbadan, lbadan.
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I INTRODUCTION

oil thermal properties are required in many areas
of engineering, agronomy, and soil science, and

in recent years considerable effort has gone into
developing techniques to determine these properties.
The thermal properties of soil are one of the factors that
determine mass and energy exchange that takes place
in soil-plant-atmosphere system. The determination of
these properties such as thermal conductivity, thermal
diffusivity and volumetric heat capacity, and their
variability is therefore a very important factor in
understanding these processes at an individual scale of
crop field and larger areas. The investigation of these
thermal properties can have significant practical
consequences such as evaluation of optimum
conditions for plant growth and development and can
also be utilized for the control of thermal-moisture
regime of soil in the field (Usowicz, 1991). Seed
germination, seedling emergence, and subsequent
stand establishment are influenced by the microclimate.
Thermal properties of soils play an important role in
influencing microclimate (Ghuman and Lal, 1985). These
properties influence how energy is partitioned in the soil
profile. The ability to monitor soil thermal properties is
an important tool in managing the soil temperature
regime to affect seed germination and growth. While
related to soil temperature, it is more accurately
associated with the transfer of heat throughout the soill,
by radiation, conduction and convection. Plants
processes such as root growth or germination do not
occur until the soil reaches certain temperature
depending on the particular plant.  Another plant
process adversely affected by cold temperature is
transport of nutrients and water. A better understanding
of how different soils warm up would benefit agriculture
by allowing for better planning of planting of crops.

The use of a thermal probe called KD 2 Pro has
made it possible to measure the thermal properties of
soil (in-situ) as well as its spatial variability. Thermal
properties and physical properties of soil in cultivated
fields are modified by different treatments and crops.
Hence the variability of thermal properties may be
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different for an individual field with the growth of a
specific crop compared with a group of fields with
different crops.

For the agriculture farm within the premises of
University of Ibadan, information on thermal properties
has been lacking. These data are needed for
constructing models to predict the thermal regime of
soils.  Such information assumes greater importance
with increasing attention paid to developing the
agricultural industry in University of Ibadan and its
environs. Since the early growth and development of a
crop may be determined to a large extent by
microclimate, the practical significance of knowing the
thermal properties of soils under a given set of
conditions is most important.

This study therefore aims at determining the
thermal properties of agricultural farm with different
crops within University of lbadan campus in order to
establish the variability of thermal conductivity, thermal
diffusivity and volumetric specific heat of soil as well as
to investigate the distribution of soil water content and
bulk density and its consequences on the variability of a
particular thermal properties.

[I.  SiTE DESCRIPTION

The study area is a Teaching and Research
Farm for undergraduate and postgraduate students of
Faculty of Agriculture and Forestry located within the
University of Ibadan campus between longitudes 07° 26'
00"to 07°27' 30" and latitudes 03 ° 53' 00" to 03° 54' 30".
(Figure 1). Different plants such as maize, pineapple,
cowpea, okro and vegetables are cultivated on each
farm land. The farm land has been in use for the past
twenty years.

[1I.  METHOD OF STUDY

The thermal properties of soils in Teaching and
Research Farm were determined using KD2 Pro (Plate
1). The KD2 Pro is a fully portable field and laboratory
thermal properties analyzer. It uses the transient line
heat source method to measure the thermal diffusivity,
specific heat (heat capacity), thermal conductivity, and
thermal resistivity. Sophisticated data analysis is based
on over thirty years of research experience on heat and
mass transfer in soils and other porous materials.

To measure the thermal resistivity, thermal
sensor with one single needle (TR-1) (Plate 2) was
employed. A small dual-needle sensor (SH-1) (Plate 3)
was used to measure the thermal diffusivity and
volumetric specific heat. These kind of sensors use the
heat pulse methodology and yields reliable soil thermal
resistivity (#) and the inverse thermal conductivity (1),
thermal diffusivity and volumetric specific heat
estimations by a nonlinear least squares procedure
during both processes.

© 2013 Global Journals Inc. (US)

The SH-1 is the only sensor that measures
thermal diffusivity and specific heat. It is 30mm long,
1.28mm in diameter with 6mm spacing. TR-1 is a 10cm
Sensor that measures thermal conductivity and thermal
resistivity and conforms to IEEE Standard 442-1981 and
ASTM Standard D5334-00. It is 100mm long and 2.4mm
diameter

IV. FIELD PROCEDURES

The first step to develop a protocol to measure
the thermal properties begins with the field sampling
design. The measurements include scooping of the top
surface of the ground and verification and preparation of
the thermal sensor (calibration) using standard glycerol
in order to check whether it was functioning properly
(Rao and Singh, 1999; Krishnaiah, 2003). The thermal
sensor to be used was then selected. The needle was
positioned with respect to the scooped ground. Thermal
diffusivity and volumetric specific heat were then
measured by using the thermal sensor SH-1 while
thermal resistivity and its inverse were measured with
TR-1.  To take measurements with the KD2 Pro;
appropriate sensor was attached and the KD2 Pro was
turned on; sensor was properly inserted into the material
to be measured (for the dual needle sensor, the needles
must remain parallel to each other during insertion);
when the KD2 Pro turns on, one should be in the Main
Menu, press enter to begin the measurement. Then the
instrument was allowed to rest for about fifteen minutes
before taking the next readings.

Forty-five sample points (Figure 2) were tested
for various thermal properties while samples were
collected at these points to determined the moisture
content and soil bulk density in the laboratory. The
samples were kept in polythene bags and stored in a
cool dry place before the necessary tests were carried
out on them. The variabilities of these soil thermal
properties were analyzed using classical statistics such
as mean and extreme values, standard deviation and
coefficient of variability.

V.  LABORATORY PROCEDURES

a) Moisture Content

The standard reference wused for the
determination of moisture content was AASTHO T 265.
A representative test specimen of about 300g was
selected. The tare mass of a clean, dry container and
lid, was determined and recorded as WC. Moist
specimen was placed in the container and the lid was
secured onto the container. The mass of the container,
lid, and moist specimen was determined and recorded
as W,. The lid was then removed and the container was
placed with the sample in the drying over for about 17
hours for the material to be dried to a constant mass.
The container was then removed from the oven and the
lid was replaced firmly. The material and container was



allowed to cool to room temperature. The mass of the
container, lid, and dried specimen was measured and
recorded as W,.

The calculations are as follow:
Mass of the Water:

Ww= W,-W,
Mass of the Solid Particle:
Ws= W,-We

Moisture Content (%):

My = 100(Ww /Ws)

Where:

Wc = mass of container and lid, g

W, = mass of container, lid, and moist specimen, g

W, = mass of container, lid, and oven-dried specimen,
g.

b) Bulk Density

i.  Procedure

a. The weight of a 25 mL graduated cylinder was
determined. (Note: 1 mL = 1 cm?)

b. the 25 mL was filled to the mark, by adding ~5
mL additions of soil and tapping lightly to pack
the sail. (Vt for soil = 25 cm?)

c. the weight of the graduated cylinder + soil and
by difference the weight of the soil were
determined. The soil's weight was corrected for
moisture content.

d. A 100 mL graduated cylinder with tap water was
filled to the 50 mL mark. The soil was
quantitatively transferred from the 25 mL
graduated cylinder to the water and was stirred
to expel the air. It was allowed to stand for ~ 5
minutes.

e. The change in volume resulting from the addition
of the soil was noted (Vs = volume change i.e
volume after adding soil and stirring - 50 mL)

Calculations

Bulk density
Vt =25 cm®

OD = Oven-dry weight OD wt = air-dry weight/(1 +
water content)

Volume of solids (Vs) =
(volume of water)

VI

(volume of soil + water) -

RESULTS AND DiISCUSSION

a) Thermal Properties

i. Thermal Conductivity
For the whole site, the values of thermal
conductivity range from 1.103 - 2.151 W/mK (Table 1)
with a mean of 1.488 W/mK. Figure 3 shows the
variation of thermal conductivity within the whole study

site that comprises maize, pineapple, cowpea, okro and
vegetable fields. It could be observed from the figure
that there are much variations in thermal conductivity
from one point to the other. Figures 4 and 5 also show
the variation of soil moisture content and soil bulk
density from one point to the other. The variation of
thermal conductivity from one point to another may be
as a result of variation in soil moisture content and bulk
density [(Oladunjoye and Sanuade, 2012a; Rubio et al.
(2009) and Singh and Devid (2000)]. However the plots
of thermal conductivity against moisture content and soil
bulk density shows a positive correlation with  moisture

content having the highest value of correlation
coefficient (R = 0.4) (Figure 6A and 6B).
Considering individual fields, the thermal

conductivity values of maize, pineapple, cowpea and
okro+vegetable fields ranged from 1.103 - 2.015 W/mK,
1.777 - 2151 W/mK, 1.183 - 1.873 W/mK and 1.354 -
1.920 W/mK with average values of 1.581 W/mK, 2.021
W/mK, 1.494 W/mK and 1.620 W/mK respectively
(Tables 2, 3, 4, and 5). However, these variations from
one field to another may be as a result of variations in
soil moisture content [(Figure 8A -D) and soil bulk
density (Figure 9A-D)]. From Figure 8A-D, it could be
observed that there are strong positive correlations
between soil moisture content and thermal conductivity
in all fields with R = 0.98, 0.91, 0.92 and 0.83 for maize,
pineapple, cowpea and okro+vegetable fields
respectively (Ghuman and Lal, 1985; Brandon and
Mitchell, 1989; Salomone et al, 1984; Salomone and
Marlowe, 1989; Salomone and Kovacs, 1984; IEEE,
1998; Adjepong, 1997; Rubio et al, 2009; Singh and
Devid, 2000; Oladunjoye and Sanuade, 2012a). Also
there are positive correlations between thermal
conductivity and soil bulk density (Zhang and Liu, 2006)
with values of A being smaller than that of soil moisture
content (Figure 9A-D). This therefore means that the
distribution of thermal conductivity in all fields was
determined mainly by soil moisture content and partly by
soil bulk density. High thermal conductivity ensures
movement of heat into the ground. Interestingly, soils
with lower thermal conductivity retain more heat than
those with higher thermal conductivity once the sun
goes down. Therefore, a balance neither too high nor
too low is necessary to ensure proper conditions for
seed germination and emergence (Alex Tan, 2013).
From the thermal conductivity values of all the fields, it
could be observed that the values are moderate which
range from 1.103 — 2.151 W/mK. (Standard ARange of
measurement is 0.02 — 4 W/mK).

ii. Thermal Diffusivity
For the whole study sites, the values of thermal
diffusivity ranges from 0.439 - 1.000 mm?/s (Table 1, Fig.
10) with an average of 0.785 mm?/s. There are variations
in thermal diffusivity values from one point to another.
However, the plots of thermal diffusivity against soil
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moisture content and bulk density show positive
correlations with 7= 0.81 and 0.79 respectively (Figs.
11 & 12). This could mean that both soil moisture
content and bulk density are contributing to the variation
of thermal diffusivity in the whole study site. For the
individual fields, the thermal diffusivity of maize,
pineapple, cowpea and okro+vegetable fields have
range of values from 0.605 - 0.925 mm?/s, 0.740 - 1.000
mm?/s, 0.486-0.740 mm?/s and 0.820 - 0.990 mm?/s with
mean values of 0.768 mm?/s, 0.868 mm?/s, 0.578 mm?/s
and 0.878 mm?/s respectively (Tables 2, 3, 4, and 5).
Plots of soil moisture content against thermal diffusivity
in all the fields (Figure 13A-D) show a moderate positive
correlations except in cowpea field with relatively high
positive correlation (Ghuman and Lal, 1985; Adjepong,
1997; Verhoef et al,1996 and Rubio et al, 2009.

As shown in Figure 14 A-D, there are positive
correlations between soil bulk density and thermal
diffusivity in all the fields (Oladunjoye and Sanuade,
2012b). It could be observed that A values in the
relationship between thermal diffusivity and soil moisture
content and bulk density are relatively high.  This
suggests that the distribution of thermal diffusivity in all
the fields were controlled by both soil moisture and soil
bulk density. High thermal diffusivity in soils favour root
growth (Rodrigo et al., 2009). High thermal diffusivity will
allow proper transport of nutrients and water. From the
above results, it could be noted that the thermal
diffusivity for all the fields ranged from moderate to high
with  fields  that  contained  pineapple  and
okro+vegetable being the fields with the highest thermal
diffusivity. ~ This means that soils that contained
pineapple and okro-+vegetable will favour root growth
than those that contained maize and cowpea.

iii. Volumetric Specific Heat

For the whole study site, volumetric specific
heat ranges from 1.247 - 2.936 J/m°K (Table 1) with a
mean of 1.831 J/m°K. From Figure 15, it could be
observed that there are variations in the volumetric
specific heat in the whole study site from one point to
the other. These variations could be as a result of soil
moisture content or bulk density (Oladunjoye and
Sanuade, 2012b). From both Figures 16 and 17, weak
positive correlation exists between volumetric specific
heat and soil moisture content and bulk density.
Considering individual fields, volumetric specific heat
values ranged from 1.605 - 1.980 J/m°K, 1.522 - 1.822
J/m3K, 1.247 - 1.645 J/m*K and 1.887 - 2.936 J/m°K with
average values of 1.727 J/m°K, 1.684 J/m°K, 1.515
J/Im®K and 2.208 J/m°K for maize, pineapple, cowpea
and okro + vegetable fields respectively (Tables 2, 3, 4,
and 5). The variation of volumetric specific heat with soil
moisture contents and bulk density were determined.

From Figures 18A-D and 19A-D , it could be
observed that the relationships between soil moisture
content and volumetric specific heat are relatively higher

© 2013 Global Journals Inc. (US)

than that of soil bulk density and volumetric specific
heat. This suggests that the distribution of volumetric
specific heat in all the fields were controlled by soil
moisture content. Volumetric specific heat affects soil
temperature to a greater extent. All things being equal,
a soil with a high volumetric specific heat exhibits lesser
temperature change than those having a low volumetric
heat capacity (Ghuman and Jalota, 2005). From the
results above, it was observed that the volumetric
specific heat in all the fields could be classified as
moderate with ranges from 1.247 — 2936 J/m*K
(Standard Range of measurement is 0.5 — 4 JnPK).
Therefore, the volumetric specific heat of the soils in all
the field are good for planting of crops as the
temperature will not be much affected.

iv. Temperature

For the whole site, temperature ranges from
23.21 — 34.49 °C (Table 1) with a mean of 27.71°C with
lowest and highest values found in the field planted with
okro and vegetables. Considering individual fields,
temperature values range from 27.88 — 30.89 °C, 25.88 —
28.54 °C, 27.61 — 29.82 °C and 23.21 — 34.49 °C with
mean values of 29.03 °C, 27.29 °C, 28.93 °C and 26.30
°C (Tables 2, 3, 4, and 5) in the fields that contain maize,
pineapple, cowpea and okro+vegetable respectively.
Figures 20 and 21 A-D show the variation of temperature
in the whole site and in individual fields. However,
Decagon Devices Inc. 2010 stated that for a soil in
place, the temperature typically varies over a small
enough range to have only a small effect on thermal
properties unless the soil freezes. Minimum temperature
or specific zero which is that temperature below which
plants cease to grow and generally remain dormant is 6
°C for most plants while the maximum temperature is 55
°C beyond which most plants cannot live without water
(Chima et al., 2011). From the above results, it could be
seen that the temperature values in all the fields ranged
from 23.21 — 34.49 °C which means that these values do
not reach the maximum. At these temperatures, most
and if not all plants can live and grow well, if other
conditions for plant growth are met.

VII.  STATISTICAL ANALYSIS

a) Mean

In the whole study site, the mean values of
thermal conductivity, thermal diffusivity and volumetric
specific heat are 1.672 W/mK, 0.785 mm?%s and 1.831
J/m3K respectively.

In the individual fields, the lowest mean values
of thermal conductivity, thermal diffusivity and volumetric
specific heat were obtained in the field that contained
cowpea while the highest mean values were seen in
both pineapple and okro + vegetable fields (thermal
conductivity highest in pineapple field, thermal diffusivity
and volumetric specific heat highest in Okro+vegetable
field). The differences between the mean values in these



fields were calculated as 0.527 W/mK, 0.300 mm?/s and
0.693 J/m3K respectively for thermal conductivity,
thermal diffusivity and volumetric specific heat. The
mean temperature value for the whole site was
calculated as 27.71 °C. Considering the individual fields,
the lowest mean value of temperature was noticed in the
field that contained both okro+vegetables while the
highest was observed in the field that contained maize.
The difference between the mean values of temperature
in these fields was calculated as 2.73 °C.

b) Standard Deviation

i.  Thermal Properties

Standard deviations were calculated as a
measure of dispersion of the thermal properties.
Considering the whole study site, the standard
deviations of thermal conductivity, thermal diffusivity and
volumetric specific heat were calculated as 0.342, 0.145
and 0.342 respectively. For the individual fields, the
lowest standard deviation of thermal conductivity was
seen in the field that has Pineapple while the highest
was observed in the field that contained Maize. For
thermal diffusivity, the field that has okro+vegetable has
the lowest standard deviation while Maize field has the
highest. Also for volumetric specific heat, the field that
has Pineapple and Maize has the same and lowest
standard deviation while the field with okro+vegetable
has the highest standard deviation (Table 6).

c) Temperature

From Table 2, the standard deviation of the
whole site was calculated as 2.299 which is very high. In
the individual fields, the field that contained cowpea has
the lowest standard deviation while okro+vegetable field
has the highest standard deviation.

a) Coefficient of Variation

i.  Thermal Properties
The coefficients of variation of particular thermal
properties determined for the whole site vary from 18.5%
to 23.0% with thermal diffusivity having the lowest CV
while thermal conductivity has the highest. For the

individual fields, the coefficients of variation range from
57 % to 21.1 % with the lowest and highest from
thermal conductivity of the field that contained pineapple
and maize respectively (Table 6). From the statistical
analysis, the standard deviation values of all the thermal
properties in the entire whole site and in individual fields,
it could be said that all the properties are relatively
uniform with thermal diffusivity more uniform. However,
standard deviation alone is not particularly useful for this
conclusion, hence coefficient of variation. From the
coefficient of variation together with standard deviation,
it could be said that the data are greatly uniform
(coefficient of variation ranges from 5.7% to 23%). The
higher the coefficient of variation, the greater the
dispersion in the variable while the lower the coefficient
of variation, the smaller the residuals relative to the
predicted mean value (Bruin, 2006). Therefore lower
values of coefficient of variation are suggestive of a
good model fit.

VIIl.  CONCLUSIONS

The variability of thermal properties over
cultivated fields is mainly determined by soil moisture
content and bulk density values and their variation which
is also modified by meteorological conditions,
agricultural treatments and crops. Thermal properties of
soils play an important role in influencing the
microclimate. These properties influence how energy is
partitioned in the soil profile. As regards soil
temperature, it is more accurately associated with the
transfer of heat throughout the soil, by radiation,
conduction and convection. Plants processes such as
root growth or germination do not occur until the soil
reaches certain temperature depending on the particular
plant. Another plant process adversely affected by cold
temperature is transport of nutrients and water. A better
understanding of how different soils warm up would
benefit agriculture by allowing better planning of
planting of crops.

Table 7 : Thermal properties of all the sampling points

Sample Thermal Thermal Volumetric Bulk Density | Moisture Content | Temperature
No Diffusivity Conductivity | Specific Heat (mg/m3) (m®/m?) (°C)
(mm?/s) (W/mK) (J/m*K)
1 0.651 1.379 1.605 1.350 0.174 28.80
2 0.874 1.630 1.891 1.360 0.187 27.88
3 0.605 1.220 1.671 1.300 0.171 30.89
4 0.746 1.899 1.682 1.330 0.192 28.33
5 0.770 1.695 1.786 1.350 0.188 29.26
6 0.751 1.103 1.650 1.340 0.169 28.64
7 0.910 1.777 1.980 1.370 0.191 30.89
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8 0.759 1.974 1.681 1.340 0.194 27.88

9 0.693 1116 1.620 1.350 0.170 29.50

10 0.925 2.015 1,700 1.380 0.198 28.24

11 0.900 2151 1.742 1.340 0223 25.88

12 0.800 2.000 1.729 1.330 0.211 26.71

13 1.000 2145 1.765 1.410 0.226 26.30

14 0.950 2.062 1.800 1.380 0218 25.97

M 15 0.884 1.979 1525 1.370 0.209 27.67
S 16 0.952 2105 1.822 1.400 0.216 27.40
’ 17 0.850 1876 1524 1.370 0.199 28.38

=~ 18 0.757 1777 1522 1.350 0.194 28.54
19 0.740 2.001 1.624 1.330 0.210 27.87
20 0.850 2112 1.784 1.360 0.213 2813

E 21 0.712 1.696 1.625 1.300 0.162 29.73
Z 22 0.645 1183 1.608 1310 0.159 29.82

- 23 0.584 1.443 1.468 1.290 0.155 29.36
= 24 0.500 1529 1597 1270 0.155 2761
2 25 0.486 1,409 1.446 1.290 0.151 29.61

— 26 0.462 1.873 1.456 1.280 0.152 29.06
ﬁ? 27 0.439 1525 1,247 1.260 0.146 28.35
£ 28 0614 1.350 1.420 1310 0.152 29.00

° 29 0.600 1412 1.640 1.290 0.163 28.46
- 30 0.740 1520 1.645 1.320 0.168 28.30
- 31 0.850 1.600 2.016 1.350 0203 23.82
E 32 0.864 1.883 2.936 1.360 0.210 24.26
3 33 0.990 1.920 2748 1.380 0.212 25.00

= 34 0.845 1.416 1.983 1.360 0.198 24,69
= 35 0.835 1.775 2547 1.340 0.209 25.76
i 36 0.843 1595 1.990 1.350 0.201 2917
3 37 0.820 1.354 1.887 1.300 0.198 32.30

g 38 0.846 1.426 2.018 1.340 0.203 24.45
- 39 0.900 1526 2.223 1.360 0.206 25.01
- 40 0.830 1.400 1.998 1.320 0.199 24.91
£ 41 0.850 1.456 2.000 1.350 0.202 26.24

= 42 0.940 1.800 2.334 1.370 0.209 24.01
£ 43 0.982 1.875 2116 1.380 0.210 23.21
© 44 0.930 1.690 2.335 1.360 0.208 34.49
45 0.838 1580 1.990 1.330 0.200 2712
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Table 2 : Thermal and physical properties of soil in the maize field

Sample Thermal Thermal Volumetric Temperature Moisture Bulk Density
No Conductivity Diffusivity Specific Heat (°C) Content (m*¥/m?) (mg/m?®)
(W/mK) (mm?/s) (J/mBK)
1 1.379 0.651 1.605 28.80 0.174 1.350
2 1.630 0.874 1.891 27.88 0.187 1.360
3 1.220 0.605 1.671 30.89 0.171 1.300
4 1.899 0.746 1.682 28.33 0.192 1.330
5 1.695 0.770 1.786 29.26 0.188 1.350
6 1.103 0.751 1.650 28.64 0.169 1.340
7 1.777 0.910 1.980 30.89 0.191 1.370
8 1.974 0.759 1.681 27.88 0.194 1.340
9 1.116 0.693 1.620 29.50 0.170 1.350
10 2.015 0.925 1.700 28.24 0.198 1.380

Table 3 : Thermal and physical properties of soil in the pineapple field

Sample Thermal Thermal Volumetric Temperature | Moisture | Bulk Density
No Conductivity | Diffusivity | Specific Heat (oC) Content (mg/m®)
(W/mK) (mm?/s) (/m3K) (m¥m?®)

1 2.151 0.900 1.742 25.88 0.223 1.340
2 2.000 0.800 1.729 26.71 0.211 1.330
3 2.145 1.000 1.765 26.30 0.226 1.410
4 2.062 0.950 1.800 25.97 0.218 1.380
5 1.979 0.884 1.525 27.67 0.209 1.370
6 2.105 0.952 1.822 27.40 0.216 1.400
7 1.876 0.850 1.524 28.38 0.199 1.370
8 1.777 0.757 1.522 28.54 0.194 1.350
9 2.001 0.740 1.624 27.87 0.210 1.330
10 2.112 0.850 1.784 28.13 0.213 1.360

Table 4 - Thermal and physical properties of soil in the cowpea field

Sample Thermal Thermal Volumetric Temperature Moisture Bulk
No Conductivity Diffusivity | Specific Heat (oC) Content Density
(W/mK) (mm2/s) (J/m3K) (m3/m3) (mg/m3)
1 1.696 0.712 1.625 29.73 0.162 1.300
2 1.676 0.645 1.608 29.82 0.159 1.310
3 1.529 0.584 1.468 29.36 0.155 1.290
4 1.525 0.500 1.597 27.61 0.155 1.270
5 1.412 0.486 1.446 29.61 0.151 1.290
6 1.525 0.462 1.456 29.06 0.152 1.280
7 1.409 0.439 1.247 28.35 0.146 1.260
8 1.536 0.614 1.420 29.00 0.152 1.310
9 1.691 0.600 1.640 28.46 0.163 1.290
10 1.873 0.740 1.645 28.30 0.168 1.320
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Table 5 Thermal and physical properties of soil in the okro+vegetable field

Volume XIII Issue VIII Version [

Research (D)

Frontier

Sample Thermal Thermal Volumetric Temperature Moisture Bulk Density
No Conductivity Diffusivity | Specific Heat (°C) Content (mg/m?®)
(W/mK) (mm?/s) (J/m3K) (m3/m?)

1 1.600 0.850 2.016 23.82 0.203 1.350
2 1.883 0.864 2.936 24.26 0.210 1.360
3 1.920 0.990 2.748 25.00 0.212 1.380
4 1.416 0.845 1.983 24.69 0.198 1.360
5 1.775 0.835 2.547 25.76 0.209 1.340
6 1.595 0.843 1.990 2917 0.201 1.350
. 7 1.354 0.820 1.887 32.30 0.198 1.300
; 8 1.426 0.846 2.018 24.45 0.203 1.340
m 9 1.526 0.900 2.223 25.01 0.206 1.360
10 1.400 0.830 1.998 24.91 0.199 1.320
11 1.456 0.850 2.000 26.24 0.202 1.350
12 1.800 0.940 2.334 24.01 0.209 1.370
13 1.875 0.982 2.116 23.21 0.210 1.380
14 1.690 0.930 2.335 34.49 0.208 1.360
15 1.580 0.838 1.990 2712 0.200 1.330

Table 6 : Statistical summary of soil thermal properties, moisture content and bulk density on individual crop field

Global Journal of Science

Whole Maize Pineapple Cowpea Okro+vegetable
Site
Thermal Conductivity

SD 0.342 0.334 0.115 0.179 0.187
Mean 1.488 1.581 2.021 1.494 1.62
CV (%) 23 211 5.7 12 11.5

Volumetric Specific Heat

SD 0.342 0.116 0.116 0.123 0.304
Mean 1.831 1.727 1.684 1.515 2.208
CV (%) 18.7 6.7 6.9 8.1 13.8
Thermal Diffusivity

SD 0.145 0.1 0.082 0.099 0.055
Mean 0.785 0.768 0.868 0.578 0.878
CV (%) 18.5 13 9.4 17.1 6.3

Moisture Content

SD 0.022 0.011 0.00936 0.0063 0.0047
Mean 0.191 0.183 0.212 0.156 0.205
CV (%) 11.5 6 4.4 4 2.3

[ | Bulk Density

SD 0.011 0.021 0.026 0.018 0.021
Mean 1.34 1.347 1.364 1.292 1.35
CV (%) 0.8 1.6 1.9 1.4 1.6
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VARIABILITY OF SOIL THERMAL PROPERTIES OF A SEASONALLY CULTIVATED AGRICULTURAL TEACHING AND RESEARCH

FARM, UNIVERSITY OF IBADAN, SOUTH-WESTERN NIGERIA

Plate 7 KD 2 Pro Flate 4 : KD 2 Pro Meter during measurement

Plate 2 - TR-1 Sensor

FPlate 3 : SH-1 30mm Dual Sensor
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VARIABILITY OF SOIL THERMAL PROPERTIES OF A SEASONALLY CULTIVATED AGRICULTURAL TEACHING AND RESEARCH
FARM, UNIVERSITY OF IBADAN, SOUTH-WESTERN NIGERIA
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Figure 7 (A) Topographical map of Nigeria showing Ibadan
(B) Topographical map of University of Ibadan showing studied area
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VARIABILITY OF SOIL THERMAL PROPERTIES OF A SEASONALLY CULTIVATED AGRICULTURAL TEACHING AND RESEARCH
FARM, UNIVERSITY OF IBADAN, SOUTH-WESTERN NIGERIA
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Figure 3 Variation of Thermal Conductivity within the whole study site

Figure 4 . Variation of Moisture content in the study site

1.450

1.400 b §

1.350 -

Global Journal of Science Frontier Research (D) Volume XIII Issue VIII Version I E Year 2013

1.300 L 4

Bulk Density (mg/m?

1.250

1.200 rr ~—rroo .. r..r.r...r r v T, r rr1r. 1 1. 1. 1.1 1 1. 1 1.1 1 1T T1
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45

Test Point

Figure 5 :Variation of Bulk density in the whole study site
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VARIABILITY OF SOIL THERMAL PROPERTIES OF A SEASONALLY CULTIVATED AGRICULTURAL TEACHING AND RESEARCH
FARM, UNIVERSITY OF IBADAN, SOUTH-WESTERN NIGERIA
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Figure 6 Variation of thermal conductivity with (A) Moisture content (B) Bulk density
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VARIABILITY OF SOIL THERMAL PROPERTIES OF A SEASONALLY CULTIVATED AGRICULTURAL TEACHING AND RESEARCH
FARM, UNIVERSITY OF IBADAN, SOUTH-WESTERN NIGERIA
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Figure 7 . Variation of thermal conductivity in all the fields (A) maize (B) Pineapple (C) cowpea and (D)
Okro+vegetables
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VARIABILITY OF SOIL THERMAL PROPERTIES OF A SEASONALLY CULTIVATED AGRICULTURAL TEACHING AND RESEARCH

FARM, UNIVERSITY OF IBADAN, SOUTH-WESTERN NIGERIA
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Figure 8 . Variation of thermal conductivity with moisture content in
(A) maize (B) pineapple (C) cowpea and (D) okro +vegetable fields
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VARIABILITY OF SOIL THERMAL PROPERTIES OF A SEASONALLY CULTIVATED AGRICULTURAL TEACHING AND RESEARCH
FARM, UNIVERSITY OF IBADAN, SOUTH-WESTERN NIGERIA
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Figure 9 . Variation of thermal conductivity with Bulk density in (A) maize (B) pineapple (C)
cowpea and (D) okro +vegetable fields
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VARIABILITY OF SOIL THERMAL PROPERTIES OF A SEASONALLY CULTIVATED AGRICULTURAL TEACHING AND RESEARCH

FARM, UNIVERSITY OF IBADAN, SOUTH-WESTERN NIGERIA
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Figure 10 : Variation of thermal diffusivity in the whole study site

Figure 77 : Influence of Moisture content on thermal diffusivity in the whole study site
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Figure 12 Influence of Bulk Density on thermal diffusivity in the whole study site
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VARIABILITY OF SOIL THERMAL PROPERTIES OF A SEASONALLY CULTIVATED AGRICULTURAL TEACHING AND RESEARCH
FARM, UNIVERSITY OF IBADAN, SOUTH-WESTERN NIGERIA
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VARIABILITY OF SOIL THERMAL PROPERTIES OF A SEASONALLY CULTIVATED AGRICULTURAL TEACHING AND RESEARCH
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Figure 74 : Influence of Bulk density on thermal diffusivity in (A) maize (B) pineapple

(C) cowpea and (D) Okro+vegetable fields
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VARIABILITY OF SOIL THERMAL PROPERTIES OF A SEASONALLY CULTIVATED AGRICULTURAL TEACHING AND RESEARCH
FARM, UNIVERSITY OF IBADAN, SOUTH-WESTERN NIGERIA

Figure 15 : Variation of volumetric specific heat in all the study sites

Figure 16 Variation of volumetric specific heat with moisture content in the whole study site
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Figure 77 : Variation of volumetric specific heat with Bulk density in the whole study site
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Figure 18 : Variation of volumetric specific heat with moisture content in (A) maize (B)
pineapple (C) cowpea and (D) okro+vegetable fields
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Figure 19 : Variation of volumetric specific heat with moisture content in (A) maize (B) pineapple (C) cowpea and (D)
okro+vegetable fields
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Figure 20 : variation of temperature in the whole site
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Figure 27 : Distribution of temperature in (A) maize (B) pineapple (C) cowpea and (D) okro+vegetable fields

REFERENCES REFERENCES REFERENCES

Usowicz, B. 1991. Studies on the dependence of
soil temperature on its moisture in field. Thesis.
Academy of Agriculture, Lublin.

Ghauman, B. S. and Lal R. 1985. Thermal
conductivity, thermal diffusivity, and thermal
capacity of some Nigerian soils. Soi/ Sci. 139:74-80.
Rao MV.BB.G. and Singh D. N. 1999. A
generalized relationship to estimate thermal
resistivity of soils. Can Geotech J36.4:767-773
Krishanaiah S. 2003. Centrifuge modelling of heat
migration in geomaterials. Diss. Civil, Engineering,
[IT Bombay, India.

AASHTO T 265, 2008. Laboratory determination of
moisture content of soils.

Oladunjoye, M. A. and Sanuade, O. A. 2012a. In situ
determination of thermal resistivity of soil: case
study of Olorunsogo power plant, southwestern
Nigeria. /SAN  Civii  Engineering, Vol.2012,
doi:10.5402/2012/591450.

M. C. Rubio, D. R. Cobos, R. Josa, F. Ferrer, 2009.
A new analytical laboratory procedure for
determining the thermal properties in porous media,
based on the American standard D5334-05,
Estudios en la Zona no Saturada del Suelo X :18-
20.

Singh, D.N. and Devid, K. 2000. Generalized
relationships for estimating soil thermal resistivity.
Experimental Thermal and Fluid Sci. 22: 133-143.
Brandon T. L. and Mitchell, J. K. 1989. Factors
influencing thermal resistivity of sands. Journal of
Geotechnical Engineering, Vol. 115, No. 12, Paper
No. 24119.

Salomone L. A., Kovacs W. D. and Kusuda T. 1984.
Thermal performance of fine-grained soils. J
Geotech Eng ASCE110.3:359-74.

Salomone, L.A. and Marlow, J. . 1989. Soil rock
classification according to thermal conductivity.
EPRI CU-6482. Palo Alto, CA: Electric Power
Research Institute.

L. A. Salomone, W. D. Kovacs, 1984. Thermal
resistivity of soils. J Geotech Eng ASCE 3 (1984)
375-89.

© 2013 Global Journals Inc. (US)

13

14.

15.

16.

17.

18.

19.

21.

22.

23.

. IEEE, 1998. Guide for soil thermal resistivity
measurements. Inst. of Electrical and Electronics
Engineers, Inc. New York.

Adjepong, S. K., 1997. Investigation of the variation
of the specific heat capacity of three texture types of
soil with moisture content, Journal of Applied
Science and Technology, 2: 7-12

Zhang, J. R. and Liu Z. Q. 2006. A study on the
convective heat transfer coefficient of concrete in
wind tunnel experiment. China Civil Engineering
Journal 39.9: 39— 42.

Alex Tan, 2013. The effects of thermal conductivity
of  soil.  www.ehow.com/list 5931951 effects-
thermal-conductivity-soil.html.

Verhoef, A., van den Hurk, B.J.J.M., Jacobs, A.F.G.
and Heusinkveld, B. G. 1996. Thermal sail
properties for vineyard (EFEDA-l) and savanna
(HAPEX-Sahel) sites. Agricultural and Forest
Meteorology 78.1-2: 1-18

Oladunjoye, M. A. and Sanuade, O. A., 2012b.
Thermal Diffusivity, Thermal Effusivity and Specific
Heat of soils in Olorunsogo Power Plant,
Southwestern Nigeria. IJRRAS 13(2): 502-521.
Rodrigo, C. R., Pablo, C. P. and Victor, G. G., 2009.
Relationship between root growth of ‘Thompson
Seedless’ Grapeviness and soil temperature.
Chilean Journal of Agriculfural Research. Vol.69 (4):
496-502.

. Ghuman B. S. and Jalota, S. K, 2005.
Encyclopedia of Soil Science, second edition,
Rattan Lal.

Decagon Devices, Inc.,, 2011. KD2 Pro thermal

properties analyzer operator's manual version
4.Decagon Devices, Inc., Pullman, WA.

Chima, G. N., lleoma M. A., Nwagbara M. O. and
Nwaugo, V. O., 2011. Sensitivity of vegetation to
decadal variations in temperature and rainfall over
Northern Nigeria.  Journal of Soil Science and
Environmental Management\ol. 2(8): 228-236.
Bruin, J., 2006. Newtest: command to compute new
test. UCLA: Statistical Consulting  Group.

http://www.ats.ucla.edu/stat/stata/ado/analysis/.



GLOBAL JOURNALS INC. (US) GUIDELINES HANDBOOK 2013

WWW.GLOBALJOURNALS.ORG



FELLOWS

FELLOW OF ASSOCIATION OF RESEARCH SOCIETY IN SCIENCE (FARSS)

'FARSS' title will be awarded to the person after approval of Editor-in-Chief and Editorial Board.
The title 'FARSS" can be added to name in the following manner. eg. Dr. John E. Hall, Ph.D.,
FARSS or William Walldroff Ph. D., M.S., FARSS

Being FARSS is a respectful honor. It authenticates your research activities. After becoming
FARSS, you can use 'FARSS' title as you use your degree in suffix of your name. This will
definitely will enhance and add up your name. You can use it on your Career Counseling
Materials/CV/Resume/Visiting Card/Name Plate etc.

60% Discount will be provided to FARSS members for publishing research papers in Global
Journals Inc., if our Editorial Board and Peer Reviewers accept the paper. For the life time, if you
are author/co-author of any paper bill sent to you will automatically be discounted one by 60%
FARSS will be given a renowned, secure, free professional email address with 100 GB of space
eg.johnhall@globaljournals.org. You will be facilitated with Webmail, SpamAssassin, Email
Forwarders, Auto-Responders, Email Delivery Route tracing, etc.

FARSS member is eligible to become paid peer reviewer at Global Journals Inc. to earn up to
15% of realized author charges taken from author of respective paper. After reviewing 5 or
more papers you can request to transfer the amount to your bank account or to your PayPal
account.

Eg. If we had taken 420 USD from author, we can send 63 USD to your account.

FARSS member can apply for free approval, grading and certification of some of their
Educational and Institutional Degrees from Global Journals Inc. (US) and Open Association of
Research,Society U.S.A.

After you are FARSS. You can send us scanned copy of all of your documents. We will verify,
grade and certify them within a month. It will be based on your academic records, quality of
research papers published by you, and 50 more criteria. This is beneficial for your job interviews
as recruiting organization need not just rely on you for authenticity and your unknown qualities,
you would have authentic ranks of all of your documents. Our scale is unique worldwide.

FARSS member can proceed to get benefits of free research podcasting in Global Research Radio
with their research documents, slides and online movies.

After your publication anywhere in the world, you can upload you research paper with your
recorded voice or you can use our professional RJs to record your paper their voice. We can also
stream your conference videos and display your slides online.

FARSS will be eligible for free application of Standardization of their Researches by Open
Scientific Standards. Standardization is next step and level after publishing in a journal. A team
of research and professional will work with you to take your research to its next level, which is
worldwide open standardization.

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


mailto:eg.johnhall@globaljournals.org�

FARSS is eligible to earn from their researches: While publishing his paper with Global Journals
Inc. (US), FARSS can decide whether he/she would like to publish his/her research in closed
manner. When readers will buy that individual research paper for reading, 80% of its earning by
Global Journals Inc. (US) will be transferred to FARSS member's bank account after certain
threshold balance. There is no time limit for collection. FARSS member can decide its price and
we can help in decision.

MEMBER OF ASSOCIATION OF RESEARCH SOCIETY IN SCIENCE (MARSS)

'MARSS' title will be awarded to the person after approval of Editor-in-Chief and Editorial
Board. The title 'MARSS" can be added to name in the following manner. eg. Dr. John E. Hall,
Ph.D., MARSS or William Walldroff Ph. D., M.S., MARSS

Being MARSS is a respectful honor. It authenticates your research activities. After becoming
MARSS, you can use 'MARSS' title as you use your degree in suffix of your name. This will
definitely will enhance and add up your name. You can use it on your Career Counseling
Materials/CV/Resume/Visiting Card/Name Plate etc.

40% Discount will be provided to MARSS members for publishing research papers in Global
Journals Inc., if our Editorial Board and Peer Reviewers accept the paper. For the life time, if
you are author/co-author of any paper bill sent to you will automatically be discounted one by
60%

MARSS will be given a renowned, secure, free professional email address with 30 GB of space
eg.johnhall@globaljournals.org. You will be facilitated with Webmail, SpamAssassin, Email
Forwarders, Auto-Responders, Email Delivery Route tracing, etc.

MARSS member is eligible to become paid peer reviewer at Global Journals Inc. to earn up to
10% of realized author charges taken from author of respective paper. After reviewing 5 or
more papers you can request to transfer the amount to your bank account or to your PayPal
account.

MARSS member can apply for free approval, grading and certification of some of their
Educational and Institutional Degrees from Global Journals Inc. (US) and Open Association of
Research,Society U.S.A.

MARSS is eligible to earn from their researches: While publishing his paper with Global Journals
Inc. (US), MARSS can decide whether he/she would like to publish his/her research in closed
manner. When readers will buy that individual research paper for reading, 40% of its earning
by Global Journals Inc. (US) will be transferred to MARSS member's bank account after certain
threshold balance. There is no time limit for collection. MARSS member can decide its price and
we can help in decision.

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


mailto:eg.johnhall@globaljournals.org�

AUXILIARY MEMBERSHIPS

ANNUAL MEMBER

e Annual Member will be authorized toreceive e-Journal GISFR for one
year (subscription for one year).

e The member will be allotted free 1 GB Web-space along with subDomain to
contribute and participate in our activities.

e A professional email address will be allotted free 500 MB email space.

PAPER PUBLICATION
e The members can publish paper once. The paper will be sent to two-peer

reviewer. The paper will be published after the acceptance of peer reviewers and
Editorial Board.

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



PROCESS OF SUBMISSION OF RESEARCH PAPER

The Area or field of specialization may or may not be of any category as mentioned in
‘Scope of Journal’ menu of the Globallournals.org website. There are 37 Research
Journal categorized with Six parental Journals GJCST, GIMR, GJRE, GJMBR, GISFR,
GJHSS. For Authors should prefer the mentioned categories. There are three widely
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at
Home page. The major advantage of this coding is that, the research work will be
exposed to and shared with all over the world as we are being abstracted and indexed
worldwide.

The paper should be in proper format. The format can be downloaded from first page of
‘Author Guideline’” Menu. The Author is expected to follow the general rules as
mentioned in this menu. The paper should be written in MS-Word Format
(*.DOC,*.DOCX).

The Author can submit the paper either online or offline. The authors should prefer
online submission.Online Submission: There are three ways to submit your paper:

(A) (1) First, register yourself using top right corner of Home page then Login. If you
are already registered, then login using your username and password.

(1) Choose corresponding Journal.
() Click ‘Submit Manuscript’. Fill required information and Upload the paper.

(B) If you are using Internet Explorer, then Direct Submission through Homepage is
also available.

(C) If these two are not conveninet , and then email the paper directly to
dean@globaljournals.org.

Offline Submission: Author can send the typed form of paper by Post. However, online
submission should be preferred.

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



PREFERRED AUTHOR GUIDELINES

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e  Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10.

You can use your own standard format also.
Author Guidelines:

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

5. Structure and Format of Manuscript,
6. After Acceptance.

1. GENERAL

Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial,
while peer reviewer justify your paper for publication.

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global

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



Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will
not be accepted unless they have wider potential or consequences.

2. ETHICAL GUIDELINES
Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities.

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals
Inc. (US).

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings.
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before
submission

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According
to the Global Academy of R&D authorship, criteria must be based on:

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings.
2) Drafting the paper and revising it critically regarding important academic content.
3) Final approval of the version of the paper to be published.

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors
who do not match the criteria as authors may be mentioned under Acknowledgement.

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along
with address.

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere.

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this
paper.

Please mention proper reference and appropriate acknowledgements wherever expected.

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the
author's responsibility to take these in writing.

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below.

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,

you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.

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

VI
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

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

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
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by the conventional abbreviation in parentheses.
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names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
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and indexing.

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

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

Key Words

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

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

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

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:

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

VI



e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

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

e One should avoid outdated words.

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

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.

Acknowledgements: Please make these as concise as possible.

References

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

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

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

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

Tables, Figures and Figure Legends

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

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

Preparation of Electronic Figures for Publication

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

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

records.

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

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

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

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

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

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

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

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

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

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

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

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

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
e 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

e  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
e A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
e  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:

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

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

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

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

Procedures (Methods and Materials):

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

Materials:

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

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

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

Describe the method entirely

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

e Simplify - details how procedures were completed not how they were exclusively performed on a particular day.
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.

Approach:

® |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.

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

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

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

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

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

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

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

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

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

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

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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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.

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

XVIII



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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R

Roughage - 1, 3, 4,5, 7,9, 10, 16
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