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Effect of Different Pretreatments and Drying Methods on The
Compositional Quality of Oyster Mushroom

Abdel Monem I. Elbah*, Ayman Abo El-Yazid** and Ahmed E. Abdalla**
**Food Science Depart.,Fac.Agric.Saba Basha, Alex. Univ.*Omar EI-Moktar University

ABSTRACT: This study was carried out to evaluate the effect of pretreatments prior
different drying methods and temperatures on compositional quality of the dried mushroom.
Oyster mushroom (Pleurotus ostreatus) was cultivated on rice substrate and collected samples
were pretreated (steeped or blanched) by different solutions (0.1% sodium metabisulfite and 0.1
and 0.5% citric acid) and dried using oven at 50°C and 60°C, sun-drying at 30-35°C and
microwave drying at 2.45 GHz until reached to constant weight. Rehydration ratio and browning
index (color) of the dried oyster mushroom samples were the most effective parameter for
judging and selecting the pretreatment and the drying process.Blanching pretreatment seems to
elongate drying time compared to control or steeped samples. Control and steeped samples
recorded the highest rehydration ratio and lowest browning index compared with blanched
samples dried at the same drying temperature. Samples steeped in 0.1% sodium metabisulfite
or 0.5% citric acid prior drying had the lowest browning index, while those blanched in the same
solutions had the highest browning index values. In general, drying processes has affected on
the chemical composition of different samples, especially protein. Moreover, reduction in total
microbial counts of dried mushroom samples was recorded. The total amino acid contents of
fresh mushroom was in the highest levels followed by steeped pretreatment with 0.5% citric acid
prior sun-dried mushroom and oven dried mushroom, while was lowest in microwave dried
mushroom. Essential amino acids of fresh mushroom were higher than published by
FAO/WHO.In this study, minerals of microwave dried mushroom were in lowest levels. Sun-
drying and oven-drying after pretreatments with 0.5% citric acid has no effect on mineral
contents in dried mushroom.Total phenol and flavonoids were not affected by oven or sun-
drying while there was little effect by microwave drying. On the other hand ascorbic acid was
greatly affected by microwave drying. Sensory evaluation revealed that control and samples
steeped in 0.5% citric acid prior sun-drying and microwave got higher scores in colour, texture
and taste than other oven drying mushroom.

Keywords: Pleurotus ostreatus, drying, pretreatment, rehydration ratio, browning index,

chemical composition, sensory evaluation.

INTRODUCTION

Mushrooms of Pleurotus sp. are commonly called ‘Oyster mushrooms’.
They are the second most popular mushrooms after button mushroom
throughout the world (Adejoye et al., 2006, Amin et al., 2007 and Stojanova et
al., 2016) and the most popular mushroom in Egypt. Oyster mushrooms grow
over a range of temperature of 15-30°C and thus are suitable for cultivation
under both temperate and tropical climatic conditions. Mushrooms are not only
found to be medicinally effective as antitumor, antibacterial, antiviral and
hematological agents and in immune modulating treatments (Weisburger, 1999
and Patel et al., 2012) but also found to possess significant antioxidant capacity
(Prabu and Valli, 2016).

Edible mushrooms have the potential to contribute enormously to food
value of our habitual diet as they may contribute largely to the supply of both
macro and micro nutrients in our diet. Nutritive value of mushrooms is due to
their high content of fibers, essential amino acids, vitamins, minerals and low
lipid content (Stamets, 2000, Manjunathan and Kaviyarasan, 2011 and Rashidi
and Yang, 2016). Mushroom eaters are generally found to have greater intake
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levels of most vitamins and minerals and in some cases to consume less fat
and sodium. A greater percentage of mushroom eaters meet the recommended
daily allowance (RDA) and daily recommended intake (DRI) for calcium, copper,
iron, magnesium, phosphorus, zinc, folate, niacin, riboflavin, thiamin, vitamin A,
B6, B12, C, E, energy, carbohydrate, fiber and protein than non mushroom
eaters (WHO/FAOQ, 2004 and Zahid et al., 2010).

Fresh mushrooms tend to lose quality after harvest, mainly because of
their high respiration rate and the fact that they have no epidermis to protect
them from water loss. Mushrooms are extremely perishable in nature and may
not be kept for more than one day after harvesting at ambient conditions.
Various physiological and morphological changes occur after harvest, which
make these mushrooms unpalatable for consumption (Giri and Prasad, 2013
and Akbarirad, et al, 2013).

Drying is one of the important preservation techniques performed for
storage of mushrooms and dehydrated mushrooms are valuable ingredients in
a variety of food formulations such as instant soups, sauces, snacks, pizzas,
and meat and rice dishes. Conventional air drying is one of the most frequently
used techniques for mushroom dehydration, which involves thermal and /or
chemical pretreatment and drying at temperature maintained between 50 and
70 °C. Due to long drying time and overheating of surface during hot air drying,
the problems of darkening in colour, loss in flavour and decrease in rehydration
ability occur. Drying of oyster mushrooms can lengthen their shelf life and retain
their properties plus quality as close to the original sample as possible. Low
heat air methods are recommended in reducing water activity and keeping
proximate contents and quality (Aishah and Rosli, 2013 and Muyanja, et. al.,
2014).

Polyphenols and related antioxidants are one of the most important

bioactive components in mushrooms. They play an important role in prevention
against food oxidation. Unfortunately, conventionally dried mushrooms exhibit
low antioxidant retention due to loss of phenolic compounds (Bandoniene et al.,
2002; Shan et al., 2009).
Use of Microwave is considered as the fourth generation drying technology.
Hence better rehydration characteristics may be expected in microwave dried
products (Korley et al., 2014 and Kantrong et al., 2014). Microwave processes
offer a lot of advantages such as less start up time, faster heating, energy
efficiency (most of the electromagnetic energy is converted to heat), space
savings, precise process control and food product with better nutritional quality.
Microwave drying has been shown to reduce loss of active compounds, e.g. in
mint (Arslan et al., 2010) and oregano (Jatoszynski et al., 2008).

The dehydrated mushrooms can be rehydrated by water immersion
before the consumption. The rehydration characteristics of dried products are
used as a quality parameter and are taken as indication for physical and
chemical changes occurred during the drying process (Hassan and Medny,
2014).
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As mushrooms are very sensitive to temperature, choosing the right
drying method can be the key for producing high quality dehydrated
mushrooms. Therefore, the present study aimed to evaluate the effect of
pretreatments prior different drying methods and temperatures on compositional
quality of the dried mushroom, which will define the optimum drying conditions
for Pleurotus mushroom.

MATERIALS AND METHODS

Standards and Reagents
All chemicals, solvents and standards were of analytical grade and
purchased from Sigma (St. Louis, MO, USA).

Methods
1. Growing of oyster mushroom

Fresh oyster mushroom fruit bodies of Pleurotus ostreatus were
cultivated in Faculty of Agriculture, Saba Basha, Alexandria University, Egypt in
March-May, 2016.

Rice substrate was mixed with 1% w/w of Calcium carbonate (CaCO3)
and soaked in tap water and autoclaved at 120 - 125°C for an hour and allowed
to cool overnight. After cooling, one kg autoclaved substrate mixed with about
2.5% grain spawn (obtained from Botany Department, Faculty of Agriculture,
Alexandria University) was filled in the polypropylene bag of 25cm x 15cm in
size. The plastic bags were placed in the growing room of temperature between
22 = 2°C, relative humidity 75 + 5 % and light intensity of 250 = 100 lux.

Fruiting bodies from the first and second flushes were used. Freshly
harvested fruit bodies, free from visual blotches, were placed in cold storage at
4°C before drying.

2. Samples pretreatment
Harvested fresh oyster mushrooms were washed with potable tape water
and then with distilled water in order to remove bedding material and
contaminants. Fresh mushrooms were dried off from excess water, cut into
slices (about 10 mm thickness). Three kilograms of fresh oyster mushroom
were divided into 6 equal parts, each of them was subjected to one of the
following treatments:
1- Control (untreated).
2- Stepping for 10 min in 0.1% sodium metabisulphite (SMS) at room
temperature (20 = 2 °C).
3- Stepping for 10 min in 0.1% citric acid (0.1%) at room temperature (20 + 2
°C).
4- Stepping for 10 min in 0.5% citric acid (0.5%) at room temperature (20 * 2
°C).
5- Blanching for 2.0 min at 90 + 2 °C in 0.1% sodium metabisulphite (SMS).
6- Blanching for 2.0 min at 90 + 2 °C in 0.5% citric acid (0.5%).
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3. Drying methods
The mushroom slices were drained and spread in a single layer in

stainless steel trays and dried by different methods:

1- Air ventilation oven at 50 + 5 °C until reaching to constant weight. Air was
heated electrically before entering the dryer.

2- Air ventilation oven at 60 + 5 °C until reaching to constant weight.

3- Sun drying at about 32.5+2.5°C at about 81 = 1 % relative humidity for three
continuous days (Suguna et al., 1995) until reaching to constant weight.

4- Microwave energy at 2.45 GHz.
Drying time (hrs) for each treatment was recorded. Browning index values
and rehydration ratio of the dried mushroom were used as the basis to select
the optimum drying treatment.

4. Analysis methods
1. Rehydration ratio

The rehydration ratio of dried mushroom samples was determined by
soaking samples with a defined weight of water (approximately 5 g of
mushroom in hot water of 300 mL at 85 + 5°C). Rehydration was carried out till
maximum weight of sample was obtained. The samples were then removed,
dried off with tissue paper and weighed again. Rehydration ratio was defined as
the ratio of weight of rehydrated samples to the dry weight of the sample (Arora
et. al., 2003).

2. Browning index

The degree of non—enzymatic browning of the dried mushrooms was
determined following the method of Mudahar and Bains (1982). The color was
extracted from dried mushroom using 60% ethanol, and the absorbance of the
filtrate was measured using a spectrophotometer at 440 nm.

3. Proximate analysis

Moisture, crude protein, lipid, ash and fiber contents were determined
according to the AOAC (2005). Carbohydrate was calculated by difference. All
determinations were performed in triplicates and the means + standard error
was reported.

4. Energy values

Energy values (Kcal/100g) were calculated as reported by Greenfield and
Southgate (1992), multiplying the factors, 4, 9 and 4 for each gram of protein,
lipids and carbohydrate, respectively. The calorific (energy) value was obtained
according to the methods of Akinyeye et al. (2010) and Akinyeye et al (2011).

5. Microbiological test

Total microbial count was estimated on both fresh and dried mushrooms
immediately after drying. Total microbial count was enumerated on plate count
agar medium.
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6. Extraction

Ten gram of dried and pulverised mushroom was soaked in 200 ml of
distilled water for 24 h and the resulting extract was filtered and kept in the
refrigerator until when required for analysis.

7. Amino acids composition

Amino acids was determined using a Beckman amino acid analyzer
model 119 CL (USA) according to Spackman et al. (1958) after hydrolysis with
6N HCI at 110°C for 24 hours and tryptophan was determined colorimetrically
after alkaline hydrolysis with 4.2 N NaOH at 110°C for 24 hours according to the
method described by Blauth et al. (1963).

8. Elements content

Elements content (phosphorus, magnesium, iron, zinc, potassium,
calcium and sodium) of dried mushroom powders were determined according to
the methods described in AOAC (2005). Calcium and magnesium contents
were determined using Double Beam Atomic Absorption, potassium and sodium
contents by flame photometer, Corning 410 (Corning Limited Halestead Essex
England UK), iron and zinc by Spectrophotmeter 902 GBC and phosphorus by
using visible spectrophotometer PU 8650 (Pye Unicam, England).

9. Total phenolic compounds

The amount of total phenolics was determined by using Folin—Ciocalteu
method (Amin et al., 2006). A 0.5 ml of the methanolic extract was transferred
into a test tube and 125 ul of Folin-Ciocalteu reagent (Sigma) was added and
mixed. The mixture was allowed to stand at room temperature for 10 min. 125 pl
of 20% (w/v) sodium carbonate was added to the mixture and mixed gently and
this was left at room temperature for another 60 min. The absorbance of the
mixture was recorded at 760 nm using a spectrophotometer (Hitachi, U-1800).
Total phenolic compounds were calculated from a standard calibration curve of
tannic acid (Fluka).

10. Total flavonoids

Total flavonoids content was determined by the method suggested by
Meda et al. (2005). In this method, 0.5 ml of 2% aluminium trichloride (AICl3) in
methanol was mixed with same volume of the methanolic extracts (0.1 mg/ml)
of mushroom. Absorbance was noted after 10 min of reaction at 415 nm. The
concentration of total flavonoids was calculated from the standard quercetin
graph.

11. Ascorbic acid

Ascorbic acid was determined according to the method of Klein and
Perry (1982). Each dried methanolic extract (100 mg) was re-extracted in 10 mi
of metaphosphoric acid (10 mg/ml) for 45 min at room temperature and filtered
through a disposable membrane filter (Pore size-0.45 ym) (Millipore, Inc. USA).
The filtrate (1 ml) was mixed with 9 ml of 2, 6- dichlorophenol indophenol and
the absorbance was measured at 515 nm. Content of ascorbic acid was
calculated on the basis of the calibration curve of standard L-ascorbic acid.

6
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5. Sensory evaluation

The quality attributes (color, texture and taste) of fresh and dried (after
being rehydrated) mushroom samples were organoleptically judged by a group
of ten panelists. One hundred gram of each sample were sauteed in butter
(10g), salted then served as reported by Komanowsky et al. (1970). These
qualities were scored on a scale of one to ten.

RESULTS AND DISCUSSION

1. Effect of pretreatments and drying methods on drying time, rehydration
ratio and browning index of oyster mushroom.

Four different drying methods included oven drying at 50°C and 60°C,
sun drying at 32.5+2.5°C as well as microwave drying at 2.45 GHz were carried
out on oyster mushroom. Moreover mushroom samples were steeped in 0.1%
sodium metabiosulphite (SMS) or 0.1 and 0.5 citric acid for 10 min or blanched
in sodium metabiosulphite (SMS) or citric acid for 2 min prior drying.

The results of effect of pretreatments and drying methods on drying time,
rehydration ratio and browning index of oyster mushroom are shown in Table
(1).Drying time was distinctly affected by drying temperature and pretreatments.
Drying time ranged between 25 min up to 18 hr for all drying temperature and
pretreatments. It could be observed that, control (untreated) showed the
shortest drying time at any drying temperature, while blanching pretreatment
seems to elongate drying time compared to control or steeped ones. These
results are confirmed by the findings of many authors (Arora et. al., 2003, Tulek,
2011 and Kumar et. al., 2013).

These results indicated that drying times of steeped mushroom in 0.1%
SMS similar to the level of steeped mushroom in 0.5% citric acids in all drying
temperatures.

Higher rehydration ratio indicates better dried product. Rehydration ratio
was affected by pretreatment with drying methods and temperatures. Generally,
high drying temperature (60°C) exhibited low rehydration values (2.68 — 5.88),
while low drying temperature (50°C), sun drying at 30-35 °C and microwave
drying showed higher rehydration values (3.77- 7.05, 4.04- 7.46 and 4.66-7.88,
respectively). Blanching mushroom samples in different tested solution prior
drying resulted in the lowest rehydration values which highly differed compared
to the control or those steeped in the same solution at room temperature.

The poor rehydration ratio of blanched samples could be due to the effect
of heat treatment on the protein structure and the permeability of the cell walls
of the mushrooms. In this respect, Konanayakam and Sastry (1988) stated that,
blanching with hot water or steam at high temperature causes undesirable
changes in product texture and also inherently linked to weight and nutritional
quality losses in the product. Riaz et. al. (1991) concluded that untreated
(control) dried mushroom samples, were higher in rehydration ratio compared to
blanched ones. They also stated that blanching as pre-treatment yielded
structurally more compact product after drying and this factor adversely
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influenced the rehydration of blanched mushrooms. Jayathunge and llleperuma
(2001) declared that, the higher rehydration ratio observed in their study may
probably be due to minimum changes in the structure of proteins and
consequently minimum changes in protein functionality at the low drying
temperature of 45°C. Kumar et. al., (2013) recorded that, the mushrooms dried
in medium size dryer using pretreatment of 1.0% potassium metabisulphite
gave the maximum rehydration ratio and coefficient of rehydration.

Increasing drying temperature increased firmness of the product probably
because the mushrooms dried faster thus the time for the breakdown of the cell
structural components like pectin or cellulose were reduced (Mohamed and Hoo
(1994). Kulshreshtha et. al .(2009) mentioned that, the rehydration ratio of dried
samples was higher at the lower drying temperatures and was the highest at
60°C. Rehydration ratio ranged from 2.563 to 4.015 for different operating
conditions. Nour et. al. (2011) found that, the sliced button mushrooms dried at
lower temperature had greater rehydration ratio as compared with the sample
dried at higher temperature. They stated that, at lower temperatures, less
cellular destruction and dislocation occur thus, the material is capable of
absorbing more water. Apati et. al. (2010) stated that, the rehydration capacity
decreased with increasing drying temperature, which could be associated to the
stronger mushroom structure deformation at higher temperatures. The minimum
rehydration ratio of 2.18 was obtained for blanched slices treated.

The results in this study indicated that rehydration ratio of steeped
mushroom in 0.1% SMS at the same level of steeped mushroom in 0.5% citric
acids in all drying temperatures.

Browning index values were represented as absorbance at 440nm. The
absorbance value for fresh oyster mushroom was 0.018 and which increased by
different manners according to pretreatment and drying methods and
temperatures. Generally, pretreated mushroom samples with 0.1% sodium
metabisulphite (SMS) or 0.5% citric acid either by steeping or blanching
retarding browning. The lowest browning index values were recorded to
steeped 0.1% SMS and 0.5% citric acid, 0.162 and 0.169 prior sun-drying
followed by 0.180 and 0.166 for steeped mushroom samples prior microwave
drying followed by 0.181 and 0.179 for steeped mushroom samples prior oven
drying at 50°C. Browning index values were high in mushroom samples
pretreated with blanching in 0.1% SMS or 0.5% citric acid.

Darkening or browning of dried mushrooms could be attributed mainly to
enzymatic browning, Millard reactions, oxidation of phenolic compounds or
microbial activities. In this respect, Komanowsky et. al., (1970) revealed that,
mushroom varieties discoloration was proportional to the amount of heat
treatment and lower drying temperatures yielded lighter product. Blanching for
2.0-10 min. caused excessive darkening during drying. Visual inspection
revealed that pretreatment of mushroom pieces with citric acid, table salt,
ascorbic acid, EDTA or sodium acid pyrophosphate had little effect on color of
dried mushroom. Among the chemical tested for pretreatment, only sodium
bisulfite was found to decease mushroom discoloration during drying. They also
concluded that, blanched mushrooms darken when they are exposed to hot air
8
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during drying. Products with good flavor, storage stability and a better color and
shape were obtained by dehydrated non-blanched mushrooms.

Generally the browning of the dried mushroom product is more
pronounced at higher temperatures (Kulshreshtha et. al., 2009). The total colour
change was greater in the samples dried at higher temperature. This implies
that with increase in air temperature, the degradation rate of colour becomes
faster as a result of high energy transferred to the inside of food material. The
main factor causing colour changes during hot-air drying is enzymatic and non-
enzymatic browning reactions. Lowering the drying air temperature resulted in
lower thermal stress on the surface and a higher whiteness index was obtained
(Nour et al., 2011). The mushrooms dried in medium size dryer using
pretreatment of 1.0% potassium metabisulphite gave the maximum values of
whiteness (Kumar et al., 2013).

According to the results of rehydration ratio and browning index obtained
from Table (1) it could be clearly recommended that, control (untreated) and
steeped in 0.1% SMS or 0.5% citric acid prior sun drying or at 50 °C and
microwave drying are the optimum drying conditions for oyster mushroom from
quality point of view. So, only the aforementioned samples were selected to
complete the course of this investigation.

2. Influence of pretreatment with 0.5% citric acid and drying methods on
the proximate analysis, energy value and total microbial count of the
dried mushroom

Samples of oyster mushroom pretreated by steeping in 0.5% citric acid
as well as control (untreated) prior drying by hot air at 50 °C , sun-drying and
microwave drying were analyzed for moisture , crude protein, ash, crude fat,
carbohydrates, energy and total microbial counts immediately after drying

(Table 2).

Moisture content of mushroom samples steeping in 0.5% citric acid was
from 89.21 % for fresh to be (7.94-8.21%) for dried ones. These results for
moisture are lower than those obtained by Kulshreshtha et. al. (2009) who
recorded that, milky mushroom slices were dried from an initial moisture content
of approximately 90% to the final moisture content of about 10% in a fluidized
bed dryer. Nour et al. (2011) declared that, the moisture content of the fresh
button mushrooms (both untreated and treated samples) was found in range of
90-91 % which reduced to 9-12 % after tray drying for various temperatures of
air drying. Also, Tulek (2011) found that, the final moisture content of dried
P.ostreatus was 10%.

Methods of drying caused a sharp decrease in moisture content and
consequently led to an increase in protein and ash while there were no effect on
fiber and fat contents. A decrease pattern in protein content caused by drying
process was detected. Protein contents were more decreased in dried
mushroom samples by microwave drying. The lower protein content of dried
oyster mushroom may be due to leaching out during dripping and/or loss
throughout browning reactions. Many authors confirmed these findings.
Blanching mushrooms with hot water or steam at high temperature causes
9
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undesirable changes in product texture and also inherently linked to weight and
nutritional quality losses (Konanayakam, and Sastry, 1988 and Martinez-soto et
al., 2001). The lower protein content of dried oyster mushrooms could be
explained by the much greater protein solubilization during brining for a longer
time (Muyanja et. al., 2014).

Similarly, the energy values increased due to the drying process as
compared to the fresh oyster mushroom as shown in Table 2. The data had the
same trend of those obtained by Khaled (1988, 1997), Zaki et al. (1993), Baker
(2002) and Hassan (2002).

Drying process caused a dramatically decrease in total microbial count.
Among dried mushroom samples, 0.5% citric acid steeped samples showed the
lowest total microbial count, while control samples were on the contrary (Table,
2). In this respect, Komanowwsky et. al. (1970) stated that, fresh mushroom of
good quality have over one million bacteria /g. After drying the total bacterial
colonies/g were ranged between 5 — 8.60 x 10® according to drying conditions
and sulfitation (200 ppm SO,) prior drying recorded the lowest counts .
Lakshmipathy et. al., (2013) reported that, open sun dried mushrooms had a
significant higher number of microorganisms than all other dehydrated
mushrooms. Higher moisture content of the open dried mushroom compared to
other dryers could have influenced the microorganism on the dried mushrooms.
They referred that the objective of drying is to remove water to a level at which
microbial spoilage and deterioration reactions are greatly minimized.

3. Amino acids composition of dried mushroom powders

The amino acids composition of oven-dried at 50°C, sun-dried at 30-
35°C and microwave drying mushroom powders pretreated with 0.5% citric
acid, expressed as g amino acid /100g protein are shown in Table 3. The data
indicated that glutamic acid, aspartic acid, alanine and lysine were the most
abundant and dominant amino acids followed by serine, valine, isoleucine
leucine and arginine. Cystine, methionine, tryptophan and histidine were found
in small amounts in all mushroom samples. The obtained results are in the
same trend with those reported by Alofe (1991), Ortega et al. (1992), Manzi et
al. (1999), Abdel-Hakem (2002), Mattila et al. (2002), Mendez et al. (2005),
Chirinang and Intarapichet (2009) and Victor et al. (2013).

The total amino acid contents of fresh mushroom was the highest
followed by sun-dried mushroom and oven dried mushroom, while was lowest in
microwave dried mushroom. Essential amino acids of fresh mushroom were
higher than published by FAO/WHO (1991).

The loss of some amino acids during the heat treatment of seeds of bean
may be associated with reactions in food as denaturation or interaction with
other substances (Slupski, 2010).

The heat treatment did not affect the amino acids content of the milk
during pasteurization (g amino acid/100 g sample), and did not influence the
amino acids composition of the protein (g amino acid/100 g protein) and the
biological value of the protein (Albert, 2009 and Varga-Visi et al., 2009).
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4. Minerals content of dried mushroom

The contents of Ca, K, P, Na, Mg, Zn and Fe in oven-dried mushroom,
sun-dried and microwave dried mushrooms pretreated with 0.5% citric acid are
presented in Table 4.

The data indicated that K content (3.1 — 3.8%) was the highest, whereas
Zn (35-58 ppm) and Fe (146-214 ppm) contents were the lowest. The rest of
mineral were Ca (0.20-0.38%), P (0.28-0.40%), Na (0.42-0.55%) then Mg (0.12-
0.16 %) in all dried mushroom powders, respectively. These data are in good
agreement with those obtained by Mattila et al. (2002); Baker (2002), Hassan
(2002) and Zaghloul et al. (2007).

In this study, minerals of microwave dried mushroom were in lowest
levels. Sun-drying and oven-drying after pretreatments with citric acid has no
effect on minerals of dried mushroom.

Manzi et al. (1999) who found that, the most abundant mineral element in
oyster mushroom was K and they have reported that, the low concentration of
Na and the high concentration of K suggest the utilization of mushrooms as an
anti-hypertensive diet.

The fructifications of mushroom are characterized by a high level of well
assailable mineral constituents (Mattila et al., 2002). But the whole mineral level
depends, among other things like the species and age of the mushrooms, the
diameter of the pilei and on the substratum (Demirbas, 2001).

Mushrooms are reported to contain some important minerals like Ca, Fe,
Zn, P, etc. (Mishra, 2016). Results obtained for the zinc concentration are within
range of 35-58 ppm as reported earlier.

Microwave interactions with foods depend heavily on salt and moisture
content. Water selectively absorbs the energy (Mudgett, 1990). In intermediate
and high moisture products, the water, not the solids, absorbs the microwave
energy (Mudgett, 1989). However, because of their high heat capacity, they
tend to heat unevenly. In drier products, the dissolved salts are concentrated (in
the remaining water); if the solids exceed saturation level and precipitate, their
ionic conductivities are limited. However, the solids themselves do absorb
energy (Mudgett, 1989). Low moisture products generally heat more evenly due
to their low heat capacity (Schiffman, 1986).

The major food components included carbohydrates, lipids, proteins and
salts (minerals) interact differently with microwave. Because the primary
mechanisms of microwave heating are dipole rotation and ion acceleration.
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5. Concentration (mg/g) of total phenolic, ascorbic acid and total
flavonoids in a methanolic extract of dried oyster mushroom
The amount of total phenolic, ascorbic acid, and flavonoids in the
mushroom extracted with methanol was determined (Table 5).

Total phenol was not affected by oven or sun-drying while there was
effect by microwave drying. Phenolics are important constituents with
scavenging ability due to their hydroxyl groups and hence may contribute
directly to the antioxidative action. In the present study, the total phenolic
content of fresh oyster mushroom was found to be high i.e., (65.20 mg/qg),
compared to the reported values in oyster mushroom (15.7 mg/g) (Yanga et al.,
2002 and Mau et al., 2004 ).

Ascorbic acid is one of the most sensitive vitamins. For this reason, it is
often used to evaluate the influences of food processing on vitamin contents
(Bognar et al.,1989).

Ascorbic acid was reported to interact directly with radicals such as O
and OH’ in plasma, thus preventing damage to red cell membranes. It also
assists a-tocopherol in inhibition of lipid peroxidation (LPO) by recycling the
tocopherol radical (Beyer, 1994). In the present study, the ascorbic acid
contains was in highest level in fresh oyster mushroom (8.8 mg/g), while it was
in lowest level in microwave drying oyster mushroom (5.3 mg/g).

Vitamin C can decrease about 20% even at two minutes of microwave
treatment. 10 minutes of microwave treatment destroys more than half of
vitamin C. (Csapo et al., 2009).

The loss of ascorbic acid can probably be ascribed to water leaching and
its thermal degradation, as already reported by Lee and Kader (2000).
However, steam-blanched, steam-boiled, microwaved, and stir-fried cauliflower
had significantly the highest retention of ascorbic acid content. Boiling leads to
high losses in ascorbic acid content levels while stewing, steaming, microwave
cooking, and even pressure steaming cause only small losses. Stir-frying
resulted in a better retention of ascorbic acid content than cooking with a lot of
water or using a microwave (Fouad and Ali, 2013)

Flavonoids occur throughout the entire plant kingdom. The most widely
distributed flavonoids, flavone and flavonols are mainly hydroxylated in the B-
ring at the 3'- and 4'- positions (rutin) followed by the 4'- position (naringenin)
(Jayakumar et al. 2006, 2009). Many flavonoids and related compounds are
reported to possess strong antioxidative characteristics. In this study, flavonoids
contents were in high level in fresh mushroom and decreased in microwave
drying mushroom.

6. Sensory evaluation of mushroom samples

Data presented in Table (6) declare that, fresh mushroom samples of
sun-dried and microwave drying oyster mushroom got the highest scores for all
tested sensory attributes and differed than other dried ones. As for color, texture
and taste of dried tested mushrooms steeped in 0.5 citric acid prior sun-drying
12
Vol. 22(1), 2017




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

and microwave drying got the highest score and ranked the second order after
fresh followed by control samples. These results were in agreement with the
results of Bhattacharya et al. (2014).

Kulshreshtha et. al. (2009) stated that, drying air temperature of 50 °C is
better as it gives dried product with higher rehydration ratio, lower shrinkage
and better color. Drying of oyster mushrooms using Low Heat Air Blow method
can lengthen their shelf life and retain their properties plus quality as close to
the original sample as possible (Aishah and Rosli, 2013). Arora et al. (2003)
reported that, sulphitation prior to drying is usually carried out to control non—
enzymatic browning in order to improve acceptability of the products.

CONCLUSSION

According to the obtained results throughout this course of study, it could
be concluded that, the compositional quality of dried oyster mushrooms
depends significantly on the type of pretreatments and drying methods used.
Control and steeped dried samples in 0.1% sodium metabisulfite or 0.5% citric
acid had higher rehydration ratio and lower browning index than blanched ones.
Drying process caused a considerable decrement in protein content and a
severe reduction in total microbial counts of mushroom samples. The total
amino acids content of fresh mushroom was in the highest levels followed by
sun-dried mushroom and oven dried mushroom, while was lowest in microwave
dried mushroom. Sun-drying and oven-drying after pretreatments with citric acid
has no effect on minerals of dried mushroom while microwave drying was
greatly affected on minerals content. Total phenolic and flavonoids were not
affected by oven or sun-drying while there was little effect by microwave drying.
On the other hand, ascorbic acid was greatly affected by microwave drying.
Sensory evaluation revealed that control and samples steeped in 0.5% citric
acid prior sun-drying and microwave got higher scores in colour, texture and
taste than other oven drying mushroom.
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Table (1). Effect of pretreatments and drying methods on drying time,
rehydration ratio and browning index of oyster mushroom.

Prtreatments

Drying time (hrs)

Rehydration ratio

Browning index

Oven Drying at 50 °C

Control 09.5 7.05 +0.58 0.228 +0.05
Steeping in 0.1% SMS 10.0 6.44 +0.35 0.181 £0.04
Steeping in 0.1% Citric acid 10.5 6.61 £0.28 0.175 +0.02
Steeping in 0.5% Citric acid 10.5 6.55 +£0.38 0.179 +0.02
Blanching in 0.1% SMS 11.5 4.04 +0.38 0.210 £0.02
Blanching in 0.5% Citric acid 11.0 3.77 +0.36 0.202 +0.02
Oven Drying at 60 °C
Control 8.0 5.88 +0.44 0.346 +0.03
Steeping in 0.1% SMS 9.0 4.86 +0.32 0.244 £0.02
Steeping in 0.1% Citric acid 9.5 4.98 £0.32 0.254 +0.02
Steeping in 0.5% Citric acid 9.5 4.88 £0.34 0.236 +0.02
Blanching in 0.1% SMS 10.5 2.96 +0.21 0.238 +0.03
Blanching in 0.5% Citric acid 10.5 2.68 +0.24 0.221 +0.02
Sun- Drying at 30 - 35 °C
Control 14.0 7.46 +0.50 0.212 +0.03
Steeping in 0.1% SMS 16.0 6.66 +0.22 0.162 £0.02
Steeping in 0.1% Citric acid 16.5 6.32 £0.20 0.169 +0.02
Steeping in 0.5% Citric acid 16.5 6.64 £0.24 0.160 +0.03
Blanching in 0.1% SMS 18.5 4.14 +0.32 0.198 £0.02
Blanching in 0.5% Citric acid 18.0 4.04 +0.22 0.188 +0.02
Microwave Drying

Control 0.25 7.88 £0.40 0.214 £0.01
Steeping in 0.1% SMS 0.30 6.86 +0.30 0.180 +0.02
Steeping in 0.1% Citric acid 0.30 6.46 +0.30 0.188 +0.02
Steeping in 0.5% Citric acid 0.30 6.82 £0.30 0.166 +0.02
Blanching in 0.1% SMS 0.40 5.16 £0.20 0.178 £0.02
Blanching in 0.5% Citric acid 0.35 4.66 +0.20 0.176 +0.02
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Table (3). Amino acids composition of dried mushroom powders

g amino acids/100g protein

Amino acids Fresh dried Oven dried Sun-dried Muzlr::i.;vdave FAO/WHO
mushroom mushroom mushroom h Pattern(1991)
powder powder powder mushroom a
powder
Glutamic acid 11.88 11.50 11.66 11.44
Threonine 3.92* 3.86* 3.90* 3.50* 3.50
Serine 5.16 4.64 5.18 414
Aspartic acid 8.66 8.22 8.48 8.10
Valine 5.88* 5.18* 5.56* 5.12* 5.00
Glycine 3.76 3.60 3.70 3.40
Alanine 7.24 6.76 6.98 6.44
Cystine 1.42* 1.16* 1.33* 1.10* 1.88
Proline 4.64 4.16 4.44 4.10
Methionine 1.38* 1.34* 1.39* 1.12* 2.50
Isoleucine 5.14* 4.76* 4.94* 4.54* 2.80
Leucine 5.92* 5.88* 5.98* 5.46* 6.60
Tyrosine 3.50% 3.36% 3.52* 3.22% 6.30
Phenyl alanine 3.18* 2.94 3.02 2.82 '
Histidine 1.94 1.73* 1.82* 1.60* 1.70
Lysine 6.66" 6.35* 6.48* 6.12* 5.80
Arginine 5.68 5.52 5.38 5.30
Tryptophan 1.16* 1.20* 1.20* 1.12* 1.00
Essential A.A. 38.16 34.82 36.12 33.08 37.08
Non E.A.A. 48.96 47.34 48.84 45.74
Total A.A. 87.12 82.16 84.96 78.82
Table (4). Minerals content of dried mushroom
Minerals content
Samples Ca K P Na Mg 2Zn Fe
% % % % % mg/kg mg/kg
Fresh-dried mushroom 0.38 3.8 0.39 055 0.16 58 214
Oven — dried mushroom 0.35 3.4 040 052 0.14 55 188
Sun-dried mushroom 0.36 3.7 0.37 0.51 0.15 54 211
Microwave-dried mushroom 0.20 3.1 0.28 0.42 0.12 35 146

Table (5). Concentration (mg/g) of total phenolics, ascorbic acid and total
flavonoids in a methanolic extract of dried oyster mushroom

Concentration (mg/g)

Compound
Fresh  Oven-drying Sun-drying Microwave
Total phenol (expressed as tannic acid equivalent) 55.2+1.24  53.411.14 54.2+1.44  50.1+1.06
Ascorbic acid 8.810.43 8.0£0.22 8.410.43 7.310.88
Flavonoids (expressed as quercetin equivalent) 4.9+0.05 4.2+0.06 4.7+0.05 4.0+0.06
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Table (6). Sensory evaluation of fresh and dried mushrooms

Samples Color Texture Taste Overall acceptability
Fresh-dried mushroom 7.8+0.32 7.4+0.33 7.2+0.48 7.5 +0.40
Oven —dried mushroom 6.7£0.28 6.4+0.26 7.00.34 6.7 £0.41
Sun-dried mushroom 8.3+0.44 6.910.44 6.8+0.42 7.3 £0.33
Microwave-dried mushroom 8.1 #0.50 7.2+0.28 6.8 +0.21 7.4 £0.28
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Some Technical Aspects Affecting Rice Bran Stability for
Functional Components Recovery
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ABSTRACT: In commercial rice production, brown rice is commonly produced by polishing,
this produce rice bran, among other by-products. This investigation aimed to study the effect of
stabilization methods on rice bran for functional components recovery. To achieve this goal lipase
enzyme activity was inhibited by heating rice bran in microwave to stabilized rice bran at 850 W for
3 minutes, hot air at 150°C for 10 min and steaming at 130°C for 60 min. Then extracting crude oil
by solvent and screw press. The defatted rice bran was used in making cookies and biscuits. Some
bioactive components were determined. The obtained results of oil yield with microwave 850Wat 3
min was 19.97%. Peroxide value and free fatty acid were (6.33 meqg/kg oil) and (2.88%) in
microwave. Total phenolic content of rice bran oil was 18.62(mg gallic acid equivalent (GAE) /g oil).
Gamma oryzanol was 15.37and 28.43g/100g for hexane and isopropanol extraction respectively.
Tocopherols were 298.54 and 372.31(ug/g) for hexane and isopropanol extraction respectively.
Tocotrienols were 492.62 and 595.76(ug/g) for hexane and isopropanol extraction respectively.
Radical scavenging activity DPPH as (% inhibition) was 72.56 in microwave.

Key words: rice bran, brown rice, screw press, gamma oryzonol, tocopherols

INTRODUCTION

Rice is the stable food for the largest number of people on the earth and it is
eaten by nearly half of the world’s population (Maclean et al., 2002). Rice milling is
main process on rice producing a head rice and other by-product. Rice bran, a by-
product from rice milling, it is mostly used as animal feed because of quick
hydrolysis of oil into free fatty acids. Biochemical instability of rice bran occurs
immediately after milling. Free fatty acids formation has been reported as the time
of storage extended without stabilization process done on the rice bran (lakkakula
et al., 2004). Rice bran is rich in natural antioxidant, such as tocopherols,
tocotrinols, oryzanoland phenolic compound. These compounds have shown their
potential as antioxidant which protect from free radical damage (Nam et al., 2003).
Rancidity of lipids in rice bran oil is the major problem for utilization of rice bran.
The high fat content and enzymes lead to quality reduction of rice bran. The
hydrolysis reaction turns triglycerides into glycerol and free fatty acids, which
occurs soon after rice milling and is caused by the presence of lipase enzymes as
catalyst. To prevent rice bran from becoming rancid, it must undergo a stabilization
process or extraction of oil soon after the milling process, which are two effective
methods for lipase enzyme inactivation and prohibition of rancidity of rice bran oil
(Ju and Vali, 2005). Various stabilization methods, applied to protect rice bran and
rice bran oil degradation (Zigoneanu et al., 2008). Steaming, (Juliano, 1985). pH
lowering, (Amarasinghe et al., 2009). Heating is the most common methods to
stabilize rice bran. Temperature above 110°C denaturate the enzyme responsible
for lipid degradation in rice bran oil and did not have adverse effect on the
24
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nutritional value of rice bran. Temperatures used for stabilization vary from 105°C
to 130°C. the success of stabilization of rice bran and its oil depend on
temperature. Duration of heat treatment, moisture content of treatment medium
(Orthoefer, 2005). In Egypt, the cultivated area of rice was 0.809 million Hectare
which annually produces 5.360 million tons rice seed producing 0.500 million tons
rice bran (RRTC, 2014). The bran, being an important by-product, is mainly
produced during rice milling operation amounts to 10% of the weight of rice grain. It
is rich in protein 13-16% oil, 15-22% fiber, 6.20-14.40% ash, 8.00-17.75% vitamins
and trace minerals (Baileys, 2006). In spite of rice bran contain highly amount
bioactive nutritive compounds, rice bran oil utility is limited in Egypt. Moreover
previous studies showed that rice bran oil had unsaturated fatty acids, about 77%
of total fatty acids in rice bran oil (Tahira et al., 2007). The main unsaturated fatty
acids in rice bran oil consisted of oleic acid and linoleic acid (Amarasinghe and
Gangodavilage, 2004).

For the effective stabilization of rice bran, the treatment should sufficiently
inactivate lipolytic enzymes but minimize the decomposition of bioactive
components. However, study on the effect of stabilization treatments on the
bioactive constituents in rice bran has not been performed. In this study, various
heat treatments including dry-heating, microwave heating and autoclaving, were
applied to rice bran and their effects on the storage stability as well as some of the
lipophilic bioactive compounds in rice bran were investigated.

Therefore this investigation aimed to study the effect of stabilization methods
on rice bran for functional components recovery.

MATERIALS AND METHODS

Materials

The newly harvested rice (Oryza sativa) produced in Egypt. 40 kilogram was
obtained from Rice Research Training Center at Sakha- Kafer EL-Shikh. The
selected variety used in this study was Sakha 103 cultivated in (2014) season.

Rice bran sample Preparation

The paddy rice samples were cleaned by Dockage Tester Machine (Carter
Day CO, style number XT3, USA) to remove the dust foreign matter, mud balls,
and immature green automatically. Drying by hot air using rotary dryer Schule,
Germany), 30 kilogram were used to produce brown rice using a lab scale testing
husker (SATAKE model THU35 A, Tokyo, Japan) then milled by a lab scale Miller
(SATAKE model TMI40, Tokyo, Japan). Rice bran was collected, sieved through a
20-mesh sieve, and backed in polyethylene bag. Bags were sealed (double
sealing), these it was stored in freazed - 15°C until uses. Polyethylene bag of
unstabilized and stabilized rice bran were storaged at ambient temperature for 64
days.
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Chemicals and reagents

Hydrochloric acid, isopropanol, sodium hydroxide, sodium sulphate
anhydrous, cuprum sulphate, selenium dioxide, sulphuric acid, boric acid,
isopropanol, hexane, ethyl acetate, Follin Ciocalteu’s phenol reagent, sodium
carbonate, ethanol, acetone, acetic acid, acetonitrile (HPLC grade) and methanol
(HPLC grade) were purchased from Merck (Germany) and El Gomhouria Company
for Trading Chemicals and drugs, whilst standard (y-oryzanol and a-tocopherols)
were obtained from Sigma (St. Louis, USA) and gallic acid was from Acros Organic
(NJ, USA).

Stabilization procedure of rice bran
The bran was stabilized to inhibit the lipase enzyme activity through three
methods:-

Method (1) Heating the rice bran in microwave at 850 W for 3 minutes then after
cooling bran was stored in polyethylene bag until uses according to
Thanonkaew et al. (2012).

Method (2) Heating the bran with Hot air at 150°C for 10 min according to

(Thanonkaew et al., 2012).
Method (3) Heating the bran with Steaming at 130°C for 60 min according to
(Thanonkaew et al., 2012).

Physical properties of white rice

1. Grain dimensions:
The average of length, width and thickness of 20 full length grains of rice were
determined by Grain Shape Tester micrometer (model MK-100, Tokyo, Japan)
as described by Nanda et al. (1976).

2. Grain shape:
Grain shape was estimated using the average of length and width of 20 full
grains of rice using the procedure of Khush et al. (1979).

3. Grain index:
Grain index (g) was performed using weight of 1000 grains of rice samples as
described by Khush et al. (1979).

4. Bulk density:
Bulk density (g/L) of rice samples was determined according to the method of
Myklestad et al. (1978).

5. Whiteness degree% determination:
The percent of whiteness degree as assessed by whiteness meter (Kett Electric
Laboratory C-300-3, Tokyo, Japan), with calibration plate made from calcium
chloride (85.4+0.1), as described by USDA (1980) U.S. standard for milled rice.

Moisture content determination
The moisture content was determined according to AOAC (1990), using the
infra-red moisture meter Model Satake MO 1780.
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Crude protein determination
Crude protein was determined by a semi micro Kjeldahl method according
to AOAC (1990).

Crude fat determination

Samples from stabilized rice bran (2g) were extracted with hexane in
Soxhlet apparatus for 16-18 h. The solvent was evaporated from the extract under
reduced pressure (AOAC1990).

Starch content determination

Starch content was determined according to Egan et al. (1981) by the
general polarimetric method using Carl Zeiss, plarimeter (type Virna, Germany).
The method included two determination. In the first, the sample was treated with
warm diluted hydrochloric acid. After clarification and filtering, the optical rotation of
the solution was read by polarimeter. In second, the sample was extracted with
40% ethanol. After acidifying the filtrate with hydrochloric acid, it was clarified and
filtered and optical rotation was measured. The starch percentage was calculated

as follows:
Percentage of starch = 2000 (p — p’)
[a] DZOC
Where:
P: Total rotation in degree.
p": Rotation in degree given by substances soluble in 40% ethanol.
[a] D?°° : Specific rotation of pure starch, the value for this factor is + 185.9°,
according to Egan et al. (1981)

Ash and minerals content determination

A known weight of bran sample (2g) was ignited in a muffle furnace at
550°C according to (AOAC, 1990). Dry ash was used for determination of minerals
the digested solution using atomic absorption FMD3 Zeiss according to AOAC
(1990).

Crude Fiber determination

Two (grams) of the sample was mixed with sulphuric acid (200 ml, 1.25%,
w/v). The mixture was boiled under a reflux condenser for 30 min, filtered through a
gooch crucible then thoroughly washed with hot distilled water .The residue were
boiled with aqueous sodium hydroxide solution (200ml, 1.25%) for 30 min, then
filtered through a gooch crucible as described before. The residues was washed
with hot water, then with ethyl alcohol and acetone and dried at 110°C to constant
weight. Ash content was subtracted from the dry weight of treated material to give
the fiber content (AOAC, 1990).

Peroxide Value determination
The peroxide value was determined according to the method described in
AOCS (1989).
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Lipase activity
Lipase activity of stabilized and unstabilized rice bran was determined
according to Attia et al. (1996).

Oil Extraction from rice bran samples

1. By solvent extraction:
Samples were extracted with hexane in Soxhlet apparatus for 16-18 h. The
solvent was evaporated from the extract under reduced pressure according to
AOAC (1990),

2. By Screw press extraction:
Rice bran was extracted by screw press extraction according to Amarasinghe
and Gangodavilage (2004).

Free fatty acid% determination
Rice bran oil was determined according to AOAC (1990).

lodine value determination
Samples were determined in rice bran oil according to the AOAC (1990).

Antioxidant Activity by DPPH (1,1-diphenyl-2-picrylhydrazyl) (% inhibition)
determination
Rice bran and rice bran oil were determined according to Butsat and
Siriamornpun (2010) with some modifications. The percent inhibition activity was
calculated as: [(Ao - Ae)/Ao] * 100.
(Ao = absorbance without extract; Ae = absorbance with extract).

Defatted rice bran preparation

Twenty grams of stabilized rice bran was extracted with hexane and
isopropanol according to Chen and Bergman (2005) and Proctor et al., (1995) with
some modifications. The extraction method described by Proctor et al. (1995) was
used. Fresh rice bran (20 g) and stabilized rice bran were mixed with 200 mL
hexane or isopropanol and mixed with a vortex stirrer for 1, 2, 5, 10,15,20,25 and
30 min. The solvent/oil miscella was centrifuged for 5 min at 1,700 rpm and filtered,
and the solvent was evaporated under nitrogen. The amount of extracted oil was
then measured to choose the appropriate time for oil removal.

Total phenolic content determination in stabilized rice bran oil extracted with
different solvents

The procedures for extraction of free and conjugated phenolic compounds
were adapted based on the methods described by de Mira et al.( 2009) with slight
modifications, by varying the sample amount and repeating the extraction steps
two times.
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Tocopherol, tocotrienol and y- Oryzanol determination

Rice bran (1g) was extracted. Prior to HPLC analysis, the extracts were
filtered through a 0.45 mm syringe filter. An analysis of y-oryzanol and a-
tocopherol was performed, using the reversed phase high performance liquid
chromatography (RP-HPLC), according to the method reported by Chen and
Bergman (2005), with some modifications. The Shimadzu HPLC system (model L-
6200A), equipped with a Photo diode array detector (Shimadzu, Japan) and a
computer system, was applied. Detection was operated at 292 and 325 nm,
simultaneously. The spectra, from 250 to 600 nm, were recorded for all peaks. The
extracted samples were injected through a guard-column and separated on a C18
column (4.60 x 150mm, 4 um) (Phenomenex, USA). Gradient elution was then
applied. Mobile phases A, B, and C were methanol, water and buthanol,
respectively. The gradient was as follows: 0-12 min 92% A, 4% B and 4% C: 12-25
min linear gradient, from 4% B to 3 % B and 4% C to 5 % C, with flow rate of 1.5
mL /min and injection volume of 20 pyL. The a-tocopherol was detected at 292 nm
and y-oryzanol was detected at 325 nm. Chromatograms were recorded, and peak
areas were used to calculate the content of y-oryzanol and a-tocopherol, against
the standard curve of standards.

Rice bran oil fatty acid determination

Gas chromatograph (GC-14B, Shimadzu, Kyoto, Japan) with a flame
ionisation detector (FID) and a fused silica capillary column measuring 30 m * 0.25
mm * 0.25 mm DB-225 (50% cyanopropyl methyl and 50% methyl phenyl silicone,
J&W Scientific, Folsom, CA, USA) was used. The injector and detector were both
maintained at 250°C. Nitrogen, at a rate of 1.0 mL min1, was used as the carrier
gas. The oils obtained from the whole and milled rice grains by the continuous
extraction using the AACC method 30-20 were used. The derivatisation of the fatty
acids was performed according to the method of Zambiazi et al. (2007); briefly,
samples of 45 mg of oil were weighed in test tubes with lids, and 1 mL of petroleum
ether and 12 mL of 0.5 M HCI in methanol were added. The tubes were vortexed
and heated at 65 8C for 1 h. Then, 5 mL of isooctane and 6 mL of distilled water
were added, and the tubes were shaken. The upper layer was partially transferred
to a 1.5 mL flask, from which 1.5 mL was taken and injected into the gas
chromatograph with a 1:50 split ratio. The initial column temperature of 100 °C was
maintained for 0.5 min and was then brought up to 150 °C at a rate of 8 8C min1.
After 0.5 min at 150 °C, the temperature was increased to 180 °C at a rate of 1.5
°C min1. The column was held at 180 °C for 5 min and was increased to a final
temperature of 220 °C at a rate of 2 °C minm™1. The temperature was maintained
for 6 more min for a total analysis time of 58 min. The identification of free fatty
acids was performed in accordance to the retention time of the chromatographic
patterns (myristic, palmitic, stearic, oleic, linoleic, arachdonic and erucic acids, all
obtained from Sigma—Aldrich Co., USA). The Class-GC10 software (Shimadzu,
Kyoto, Japan) was used to acquire and process the GC data.
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RESULTS AND DISCUSSION

In commercial rice production, brown rice is commonly produced by
polishing, that produce rice bran, among other by-products. Rice bran is
underutilized in many countries of the world. In view of its potential nutritional value
and the potential for recovering valuable oil and protein for functional in gradients
for human diet, Fresh paddy, weighing approximately 30 kg and containing
approximately 18% moisture, was subjected to dryness : by hot air using rotary
dryer at 35, 40, and 45°C, moisture contents of paddy rice were reduced to 13.8—
14%. Dried paddy rice were subjected to husk, obtain the brown rice 81.62% and
husk 18.38% then brown rice was milled at different times.

The obtained data were represented in Table (1). It was clear rice bran% was
increased from 6.1 to 11.3% with the increasing of milling time.

Table (1). Effect of milling time of brown rice on rice bran content % and
white rice % and white rice characteristics.

Milling time

Property 30 sec. 60 sec. 90 sec.
Rice bran content% 6.10 9.20 11.30
White rice % 75.52 72.42 70.32
Head rice % 72.62 68.54 65.92
Broken rice % 2.90 3.88 4.40

Characteristics of white rice

Whiteness degree% 35.60 39.20 41.50
Grain index (g/1000 kernels) 19.95 19.33 18.63
Bulk density (g/L) 728 731 736
Dimensions:
Length(mm) 5.15 5.02 4.97
Width(mm) 2.85 2.81 2.78
Thickness(mm 2.00 1.98 1.97
Shape(L/W) 1.81 1.79 1.78

These increasing of rice bran could be due some aleurone layer and
endosperm cells were separated with rice bran according to elongation of milling
period.

On the other hand head rice % was decreased with increasing the milling
time. Broken rice % was increased also by increasing the milling time. The
obtained results were in agreement with the results obtained by Kasturi (2010) who
studied the impact of milling on 9% milling degree found approximate bran yield 9
g/100g brown rice. In the same time whiteness degree of white rice was increased
from 35.6% to 41.5% that could be due that thickness of layer removed by milling
was increased by increasing the milling time. On the other hand grain index and
length, width and thickness of white rice grain had a slightly decreased.
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White rice milled at deferent time was subjected to proximate composition analysis;
the obtained data was presented in Table (2).

Table (2). Proximate composition of white rice milled at deferent time.

Milling time
Property 30 sec. 60 sec. 90 sec.

Crude protein% 7.98 7.33 6.99
Crud fat% 0.89 0.84 0.67
Starch% 73.40 76.30 79.10
Crud fiber% 0.33 0.29 0.21

Ash% 1.17 1.03 0.98
Non-starch polysaccharides% 16.23 14.21 12.05
Moisture content% 13.80 13.80 13.80

The effect of milling time analysis was pronounced as by increasing milling
time both of crude protein%, crude fat%, crud fiber%, ash% and non-starch
polysaccharides% were decreased while starch% was increased in white rice. This
dryness could be due to the compounds concentrated in outer layer of grain. The
data obtained were in agreement with the results obtained by Monks et al. (2013)
who studied the effects of the degrees of milling between 8% and 14% on ash and
fat content in rice where ever ash content was decreased up to milling 12%.

Rice bran produced during different time of milling was subjected to proximate
composition determination. The data obtained are represented in Table (3).

Table (3).Rice bran content and its proximate composition at different milling

time (% on dry basis).

Rice bran
Property Milling time
30 sec. 60 sec. 90 sec.

Rice bran content%* 6.1 9.2 11.3
Crude protein% 15.6 14.3 13.9
Crud fat% 19.8 19.1 18.2
Starch% 14.9 15.7 16.1
Crud fiber% 8.9 8.7 8.1

Ash% 7.9 7.5 7.2
Non-starch polysaccharides% 32.9 34.7 36.5
Moisture content% 13.4 13.5 13.4

* Rice bran content was calculated on paddy rice weight.

It was clear that highest amount of crude protein, crud fat, crud fiber and
starch% were obtained at 30 sec. milling time. On other hand all these properties
had slightly decreased at 60 sec. and further decreased at 90 sec.
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That could be due to rice bran produced at 30 sec. of milling time contains a
large amount of the bran layers only, without any endosperm material. The
obtained results are in agreement with the results obtained by Kasturi (2010) who
studied the impact of milling on total lipids in rice bran of Cheniere and Francis
varieties and he found total lipids of rice bran milled at various degrees of milling
ranged from 20.5 to 27.0%.

Stabilized defatted rice bran obtained extraction by hexane was subjected to
a proximate composition determination. Proximate composition of stabilized
defatted rice bran of different milling time of rice is shown in Table (4).

Table (4). Proximate composition of stabilized” defatted rice bran at different
time of rice milling (% on dry basis).

Defatted rice bran

Property 30 sec. 60 sec. 90 sec.
Crude protein% 19.2 16.6 15.9
Crud fat% 1.8 1.7 1.5
Starch% 14.8 15.1 16.2
Crud fiber% 10.5 10.2 9.5
Ash% 16.3 15.9 14.5
Non-starch polysaccharides% 37.4 40.5 42.4
Moisture content% 13.3 13.6 13.2

Rice bran stabilized by microwave

The highest crude fat% at 30 sec., while the lowest was at 90 sec, the
highest crude protein % was obtained at 30 sec. and the lowest was at 90 sec.
The obtained results were in agreement with the results obtained by Webber et al.
(2014) who studied Heat-Stabilized Defatted Rice Bran as an Alternative Growth
Medium for Saccharomyces cerevisiae and found crude protein, crude lipid, starch
and ash% were 19.1, 1.8, 14.9 and 16.4% respectively.

The results indicated that the highest crud protein % in defatted rice bran
were obtained at 30 sec. of milling time. The reason for highest crud protein
content at 30 sec. of milling time, could be due to that bran produced from 30
sec.of milling time (reasonably well-milled rice) of the brown rice contains a large
part of the bran layers only, without any endosperm material.

Milling time of 60 sec. was chosen as optimum rice bran content for using in this.

Table (5) shows effect of heat stabilization at different temperature and time
on lipase activity (enzyme unit /g dry mater) of rice bran.
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Table (5). Effect of heat stabilization at different temperature and time on
Lipase activity(enzyme unit /g dry mater ) of rice bran .

Time
Temperature °C (Oven hotair) 10 min 20 min 30 min
Lipase activity (Unit/g dry mater)
140 8.9 0.59 0.31
150 0.00 0.00 0.00
160 0.00 0.00 0.00

It was evident that lipase was completely inactivated after 10 min at 150°C
while it was inactivated completely after 10 min at 160°C. It was clear that the
higher temperature the little time of inactivation. Inactivation by hot air at 150°C for
10 min was chosen as heat stabilization of rice bran. The obtained results were in
agreement with the results obtained by Thanonkaew et al. (2012) who studied
effect of stabilization of rice bran by domestic heating on mechanical extraction
yield and found 150 +2°C, 10 min. Effect of stabilized rice bran with steaming
stabilization at 110, 130, and 150°C for different time temperature on lipase activity
of rice bran was represented in Table (6).

Table (6). Effect of steaming stabilization with different time and temperature
on lipase activity (enzyme unit /g dry mater ) of rice bran .

Time
Temperature °C (steaming) 45 min 60 min 90 min
Lipase activity (Unit/g dry mater)
110 10.4 0.35 0.29
130 8.8 0.00 0.00
150 0.00 0.00 0.00

Lipase activity was completely inactivated by steaming rice bran at 130°C
for 60 min., therefore, this temperature degree of 130°C for 60 min was chosen.
The obtained results were in agreement with the results obtained by Thanonkaew
et al. (2012) who studied effect of stabilization of rice bran by domestic heating on
mechanical extraction yield and found 130 +2°C, 60 min. Effect of stabilized rice
bran with microwave stabilization of different time at 850 W on lipase activity of rice
bran was represented in Table (7).

Table (7). Effect of ‘microwave stabilization with different time at 850 W on
lipase activity (enzyme unit /g dry mater ) in rice bran.

Time 2:30 min 3 min 3:30 min
Lipase activity (Unit/g dry mater) 0.54 0.00 0.00

* microwave at 850 W for 2:30, 3, and 3:30 minutes then after cooling bran was stored in plastic
bags.
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Lipase activity was completely inactivated in rice bran by microwave at 850
W for 3 min., therefore, this treatment was chosen. The obtained results were in
agreement with the results obtained by Thanonkaew et al. (2012) who studied
effect of stabilization of rice bran by domestic heating on mechanical extraction
yield and found 150 +2°C, 3 min and power 800 w.

Effect of stabilization methods on oil yield extracted from rice bran

Effect of stabilized with heating rice bran at 150°C for 10 min, steaming rice
bran at 130°C for 60 min and microwave rice bran at 850(W) for 3min. on oil yield
by hexane extracted was represented in Table (8).

Table (8). Effect of stabilization methods of rice bran on extracted oil yield.

Stabilization methods Oil yield%* increasing yield%
Unstabilized rice bran (control) 17.65 0.00
Hot air 150 °C, 10 min 19.51 10.54
Steaming 130 °C, 60 min 17.83 1.02
Microwave 850 W, 3 min 19.79 12.12

* Extracted by hexane.

It was clear that stabilization methods affected the oil yield as it increased
from 17.65% in case of unstabilized rice bran to 19.79% in case of microwave and
in case of at hot air at 150°C and 10 min 19.51%.These increasing was about
10.54% in case of hot air stabilized rice bran. This increasing in oil yield after could
be due to the effect of temperature on protein as it was denaturated and stabilized
facilitates the oil separation. These results were in agreement with the results
obtained by Tao et al. (1993) who studied microwave heating on rice bran
stabilization and he found that oil yield was increased up to 19%. Table (9) shows
the effect of stabilized rice bran with different methods on stability of crude rice
bran oil.

Table (9). Effect of different stabilization methods on crude rice bran oil

stability.
Crude rice bran oil stability
S Lipase activity Peroxide Free fatty .
Stabilization methods (Unit/g dry mater) value acids% as I\?;Tf
(meg/kg oil) oleic acid

Unstabilized rice bran (control) 7.31 9.87 4.95 90.1
Hot air 150°C, 10 min 0.00 6.77 2.89 92.8
Steaming 130°C, 60 min 0.00 6.85 2.97 92.0
Microwave 850 W, 3 min 0.00 6.33 2.88 92.9

Free fatty acids were dropped from 4.95 % in case of unstabilized rice bran to 2.89,
2.97 and 2.88% in case of hot air, steaming and microwave respectively. In the
same respect peroxide value was decreased from 9.87 to 6.85, 6.77 and 6.33 for
unstabilized, stabilized with steaming, hot air and microwave respectively.
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lodine value as the measure of unsaturated degree in oil, also was
increased from 90.1 to 92.8, 92.0 and 92.9 in unstabilized, stabilized with steam,
hot air and microwave methods respectively. These results were in agreement with
the results obtained by Amarasinghe et al. (2009) who studied the effect of
stabilization methods on rice bran oil stability, he found the free fatty acid was 2.8
for stabilized rice bran oil. These results were in agreement with the results
obtained by Tiwari et al. (2012) who studied storage stability of refined rice bran oil
using common packaging material; he found the peroxide value was 6.69 for
stabilized rice bran oil. Effect of stabilized rice bran with microwave at 850 W for 3
min and heating by oven at 60°C temperature for 48 hr. on the peroxide value for
crude rice bran oil, was represented in Table (10)

Table (10). Effect of oven test at 60°C on unstabilized and stabilized rice bran
oil for 48 hr.

Unstabilized rice bran oil Stabilized rice bran oil

Time (hr) Peroxide value (meq/kg oil)
0 9.87 6.33
2 9.92 6.36
4 9.98 6.39
6 10.03 6.42
8 10.07 6.44
10 10.12 6.46
12 10.18 6.48
14 10.23 6.50
16 10.27 6.52
18 10.32 6.54
20 10.37 6.56
22 10.42 6.58
24 10.47 6.61
26 10.53 6.63
28 10.57 6.66
30 10.63 6.68
32 10.69 6.70
34 10.75 6.73
36 10.81 6.76
38 10.87 6.79
40 10.93 6.82
42 10.99 6.85
44 11.05 6.88
46 11.11 6.91
48 11.18 6.96

*Heating by oven at 60°C temperature for 48 hr.
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It was clear that peroxide value (meqg/kg) for crude rice bran oil increased by
increasing the period storage time, for example it was 6.33 at zero time of storage
and increased up to 6.96 at 48 hr. The obtained results were agreement with the
results obtained by Amarasinghe et al. (2009), who studied the effect of
stabilization method on aqueous extraction of rice bran oil, and he found that
peroxide value of crude rice bran oil was 6.06 meqg/kg. Effect of deferent
stabilization methods of rice bran on free fatty acids for crude rice bran oil stability
during storage at ambient temperature for 64 days, was represented in Table (11).

Table (11). Effect of stabilization methods of rice bran on crude rice bran oil
stability during storage at ambient temperature for 64 days.

Unstabilized Hot air Steaming  Microwave
Time (days) rice bran stabilized stabilized stabilized
Free fatty acids% as oleic acid

0 4.95 2.88 2.95 2.89
8 5.04 3.07 3.34 2.09
16 5.14 3.25 3.44 3.26
24 5.90 3.44 3.73 3.45
32 6.58 3.70 4.13 3.72
40 6.19 4.07 4.52 4.09
48 6.58 4.34 492 4. 37
56 6.86 4.72 5.31 4.75
64 7.24 5.13 5.71 5.16

It was clear that free fatty acid% for crude rice bran oil increased by
increasing the period storage time, for example it was 4.95, 2.88, 2.95 and 2.89 at
zero time of storage for unstabilized, stabilized with hot air, steaming, and
microwave respectively, and increased up to 7.24, 5.13, 5.71 and 5.16% at 64
days for unstabilized, stabilized with hot air, steaming, and microwave respectively.
The obtained results were in agreement with the results obtained by Amarasinghe
and Gangodavilage (2004), who studied rice bran oil extraction in Sri Lanka for
process equipment design, and he found that free fatty acid was 2.8% at zero time
of storage for stabilized with hot air and steaming. Effect of stabilized rice bran with
heating at 150°C for 10 min., steaming at 130°C for 60 min., and microwave at 850
W for 3 min on total phenolic content of rice bran, was represented in Table (12).

Table (12). Effect of different stabilization methods on total phenolic content

in rice bran.
Stabilization methods Total phenolic (mg GAE*/g rice bran)
Unstabilized rice bran (control) 3.62
Hot air 150 °C, 10 min 5.33
Steaming 130 °C, 60 min 4.01
Microwave 850 W, 3 min 5.69

* GAE= gallic acid equivalent
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Total phenolic content were increase for stabilized rice bran could be due to
inactivate or inhibit the oxidative enzymes. Total phenolic content were increase
using microwave stabilized was 5.69 mg GAE/qg rice bran. On the other hand total
phenolic content was decreased up 3.62 mg GAE/g with unstabilized rice bran.

The obtained results were in agreement with Wiriyawattana and
Suwonsichon (2014) who studied the effects of autoclave heating and microwave
heating on stability and antioxidant activity of riceberry bran and found that total
phenolic content by microwave heating was 5.66. Effect of stabilized rice bran with
heating at 150°C for 10 min., steaming at 130°C for 60 min., and microwave at 850
W for 3 min. on antioxidant activity of rice bran, was represented in Table (13).

Table (13). Effect of different stabilization on antioxidant activity of rice bran

Sample (rice bran) DPPH (% inhibition)
Unstabilized rice bran (control) 30.93
Hot air 150 °C, 10 min 37.25
Steaming 130 °C, 60 min 35.17
Microwave 850 W, 3 min 37.44

Antioxidant activity (DPPH) of rice bran was increase using microwave
stabilized was 37.44. On the its was decreased up 30.93 with unstabilized rice
bran. The obtained results were in agreement with Sirikul et al. (2009), who studied
proximate composition, bioactive compound and antioxidant activity of rice bran
and defatted rice bran from organic rice and conventional rice and found that
DPPH for rice bran conventional was 24.96%.

Effect of stabilized rice bran with heating at 150°C for 10 min., steaming at 130°C
for 60 min., and microwave at 850 W for 3 min on total phenolic content of rice
bran oil was represented in Table (14).

Table (14). Effect of different stabilization methods on total phenolic content
of rice bran oil.

Total phenolic content  Increasing percentage

Stabilization methods (mg GAE* /g oil) of total phenolic content

Unstabilized rice bran (control) 13.38 0%
Hot air 150 °C, 10 min 17.93 34%
Steaming 130 °C, 60 min 15.46 15.55%
Microwave 850 W, 3 min 18.62 39.16%

* GAE= gallic acid equivalent
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This increasing total phenolic content could be due to inactivate or inhibit
phenol oxidaze enzyme.Total phenolic content increased by microwave 850 W was
18.62 mg FAE/g oil, 3 min, while total phenolic content decreased by unstabilized
rice bran was 13.38 mg GAE /g oil. The obtained results were in agreement with
Siger et al. (2008) who studied the content and antioxidant activity of phenolic
compounds in cold-pressed plant oils, and found that 14.4 mg CAE/1000 g oil in
rice bran oil. Effect of stabilized rice bran with microwave at 850 W for 3 min and
heating at 150°C for 10 min on fatty acid composition of rice bran oil was
represented in Table (15).

Table (15). Effect of stabilization methods on fatty acid composition (%) of
rice bran oil.

stabilized rice bran oil

Unstabilized rice bran oil

Fatty acid Microwave Hot air
(control) 850 W, 3 min 1 20 °C, 20 min
14:0 0.40 0.42 0.41
16:0 14.45 14.57 14.59
18:0 1.02 2.08 2.11
18:1 44.98 44.52 44.53
18:2 37.31 36.55 36.56
18:3 0.98 0.91 0.88

Fatty acid composition (%) non significant on effect of stabilization rice bran
at 850 W for 3 min and heating rice bran at 150°C for 10 min.The obtained results
were in agreement with Marlene et al. (2005 ) who studied rice bran oil, not fiber,
lowers cholesterol in humans and found that14:0, 16:0, 18:0,18:1, 18:2 and18:3
(9/100 g) were 0.40, 14.60, 2.09, 44.51. 36.59. and 0.87. Effect of some extracted
methods with hexane, isopropanol and screw press and extracted on oil yield, was
represented in Table (16).

Table (16). Effect of some extracted methods at different time on *oil yield.

Screw press

Extraction Hexane extracted Isopropanol extracted oil weight
Time (min)  oil weight (% of bran)  oil weight (% of bran) (% of b?an)

1 14.68 14.60 1.80

2 14.86 14.84 2.05

5 15.91 15.89 2.75

10 16.79 16.70 3.47

15 17.84 17.81 4.24

20 18.87 18.85 4.89

25 19.78 19.79 5.92

30 19.79 19.80 5.96

* Stabilized rice bran with microwave rice bran at 850 W for 3 min.
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Oil yield increasing with solvents extracted (hexane or isopropanol) were
19.79% and 19.79%, while decreasing oil yield with screw press was 5.96%. The
obtained results were in agreement with Proctor and Bowen (1996) who studied
the ambient-temperature extraction of rice bran oil with hexane and isopropanol 1
and found that hexane extracted was 15.2 1% and Isopropanol extracted was
16.28% Sayasoonthorn et al. (2012 ) who studied optimum operating setting, oil
extraction level and press cake and found that maximum oil from screw press was
4.17%.

Stabilized rice bran with microwave at 850 W for 3 min and extracted with
hexane and isopropanol. And its effect on quality of rice bran oil was represented
in Table (17).

Table (17). Effect of stabilized rice bran on quality of rice bran oil extracted
by different methods.

Solvent extraction Free fatty acid (%) Peroxide value (meq/kg oil)

Hexane 2.88 6.33
Isopropanol 2.74 6.27
Screw press 2.79 6.30

Free fatty acid (%) and peroxide value (mlg/kg oil) were 2.88 and 6.33, while
the lowest value was 2.74 and 6.27, respectively. Free fatty acid% and peroxide
value (meg/kg oil) non significant on quality of rice bran oil extracted by different
methods. The obtained results were in agreement with Proctor and Bowen (1996)
who studied the ambient-temperature extraction of rice bran oil with hexane and
isopropanol and found that Free fatty acid for hexane extracted was 2.58 % and
for Isopropanol extracted was 2.4 1%. Effect of stabilized rice bran with microwave
rice bran at 850 W for 3 min and extracted with hexane and isopropanol on
bioactive components of rice bran oil extracted by different methods, was
represented in Table (18).

Table (18). Effect of *stabilized rice bran oil extracted by different methods on
bioactive components.

Bioactive component Unstabilized Oflrice bran Screw

rice bran oil Hexane Isopropanol press

Total phenolic content (mg FAE/g oil) 13.38 18.62 22.54 20.43

Gamma oryzanol (g/100g) 14.29 15.37 28.43 19.37

Tocopherols (ug/g) 296.38 298.54 372.31 314.43

Tocotrienols (ug/qg) 490.41 492.62 595.76 501.64
*Microwave at 850 W for 3 minutes
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These increasing of total phenolic content, gamma oryzanol, tocopherols

and tocotrienols at samples were extracted by isopropanol could be due to
increase in polarity.Total phenolic content, gamma oryzanol, tocopherols and
tocotrienols were increase using Isopropanol forextraction 22.54 mg FAE/g oil,
28.43 g/100 g, 372.31 pg/g, and 595.76 ug/g, while the lowest values were 18.62
mg FAE/g oil, 15.379/100 g, 298.54 ug/g, and 492.62 ug/g, respectively.
The obtained results were in agreement with Marlene et al. (2005 ) who studied the
rice bran oil, not fiber, lowers cholesterol in humans and found that rice bran oil
extracted with hexane a-Tocopherol, y-Tocopherol, a —Tocotrienol, y —Tocotrienol
(Mg /g) were 180.0, 38.0, 218.0, 59.0 and Oryzanol (mg/g) was 15.8.

Tocopherols (ug/g), Tocotrienols (ng/g) and Gamma oryzanol (mg/g) for stabilized
rice bran were 298.54, 492.62 and 15.37, respectively. Some bioactive compounds
content non significant effect on stabilization of rice bran.

The obtained results were in agreement with Marlene et al. (2005 ) who
studied the rice bran oil, not fiber, lowers cholesterol in humans and found that a-
Tocopherol, y-Tocopherol, a —Tocotrienol, y —Tocotrienol (ug /g) were 180.0, 38.0,
218.0, 59.0 and Oryzanol was 15.8 (mg/g).

Effect of stabilized rice bran with heating at 150°C for 10 min, steaming at 130°C
for 60 min., and microwave at 850 W for 3 min and extracted with hexane on
antioxidant activity of rice bran oil, was represented in Table (19).

Table (19). Effect of different treatments on antioxidant activity of rice bran

oil.
Treatment DPPH as (% inhibition)
Unstabilized rice bran oil (control) 65.84
Hot air 150°C, 10 min 72.37
Steaming 130°C, 60 min 70.29
Microwave 850 W, 3 min 72.56

Antioxidant activity (DPPH) of rice bran oil was increase using microwave
stabilized was 72.56. On the its was decreased up 65.84 with unstabilized rice
bran. The obtained results were in agreement with Daud et al. (2015) who studied
the Antioxidant Properties of rice bran oil from different varieties extracted by
solvent extraction methods and found that antioxidant activity of rice bran by
microwave heating was 73.74 %. Effect of stabilized rice bran with microwave rice
bran at 850 W for 3 min and hot air 150°C, 10 min on minerals content of rice bran
was represented in Table (20).
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Table (20). Effect of stabilization methods on minerals content of rice bran.

Stabilized rice bran
Minerals content Microwave Hot air Unstabilized rice bran

mg/100g
Calcium (Ca) 68.76 68.81 67.85
Iron (Fe) 3.60 3.66 3.70
Magnesium (Mg) 80.31 80.27 80.20
Phosphorus (P) 177.83 177.73 177.61
Potassium (K) 215.22 214.99 214.93
Sodium (Na) 439.84 439.71 439.62
Zinc (Zn) content 1.51 1.63 1.72
Copper (Cu) 0.18 0.18 0.19
Manganese (Mn) 1.58 1.59 1.61

Data was no significant effect of stabilization on minerals content of rice
bran.The obtained results were in agreement with Abdel Bary (2012) who studied
the qualitative and quantitative assessment for bran and bran oil of some Egyptian
rice varieties and found that calcium, iron, magnesium and phosphorus were 69,
3.61, 80 and 178 mg/100g.
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Impact of Reciprocal Position of The Conventional Roller Gin
Stand Fixed Knife on Ginning Efficency and Cotton Fiber
Properties

Beheary, M.G.l."; Ibrahim, L.A.E.*; EI-Shayeb, Y. A. ” and Solieman, AM.S ™

"Plant Production Department, Faculty of Agriculture (Saba Basha), Alexandria University,
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ABSTRACT: This investigation was carried out at Plant Production Department, Faculty of
Agriculture (Saba Basha), Alexandria University, Egypt, during 2014/2015 season to study the
impact of reciprocal position of the conventional roller gin stand fixed knife and seed cotton grade
on ginning efficiency and cotton fiber properties of two long staple cotton cultivars. Two fixed knife
positions, (Reciprocal and normal position) besides, three seed cotton grades; namely; Good + 4,
Good (G), and Good — V4, belonging to two commercial Egyptian long staple cotton varieties;
namely; Giza 92 and Giza 86. The obtained results clarified that the reciprocal position of the fixed
knife, surpassed the normal position and gave the highest mean values of gin stand capacity
(kg/inch/hr) and lint cotton grade. Concerning H.V.I. fiber properties, insignificant impact due to the
fixed knife position on the most of fiber properties was found. With respect to the effect of seed
cotton grade, the highest mean values of the gin stand capacity (kg/inch/hr), ginning out-turn (%),
lint grade, upper half mean length (mm), uniformity ratio, fiber strength (g/tex), fiber maturity (%)
and reflectance degree (Rd %) were recorded for the highest seed cotton grade (Good + Va).
Meanwhile, the highest mean values of yellowness degree (+b), trash area (%), trash count and
nep count were recorded by the lowest seed cotton grade (Good - V4).

Key words: Reciprocal; Normal; Position; Seed cotton grade; Fiber properties

INTRODUCTION

The Egyptian cotton is unique cotton that is characterized by high quality;
it gained worldwide excellent reputation, for the highest lint length, fineness
and maturity among the world cottons. Nowadays, the main problem facing the
cotton ginning industry in Egypt, besides decreasing the cultivated area, is the low
productivity of the conventional roller gin stand that used in all Egyptian ginning
mills.

Actually, three types of conventional roller gin stands are being used in
Egypt: single roller (McCarthy), single roller (Turkish) and double roller (Indian).
Their productivity are not reaching 1 kantar/hour of lint cotton at the favorable
conditions. In spite of this decline in productivity, no attempts were made
for developing this type of gin stands for a long time. The decline of productivity
could be due to reduction of the ginning roller surface area proposed to seed
cotton locks (0.5 * 40 = 20 in.) during half the time of ginning.

Armijo and Gillum (2005) conducted an experiment to determine the
performance of experimental stationary knives when ginning upland cotton. Three
knives were modified to allow an opening between the knife and the ginning roller
of {2.4, 4.0 and 5.6 mm} depth, respectively. A standard stationary knife has
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practically no opening. The only fiber and cottonseed properties that were affected
by stationary knife design included color reflectance, color yellowness, foreign
matter content in the lint, and cotton seed linters content. Foreign matter content in
the lint, increased as the opening between the stationary knives and ginning roller
increased. The highest ginning rate was obtained with a 2.4 mm deep opening
between the stationary knife and ginning roller. Abdel-Hameed et al. (2012) found
that the developed gin stand performance recorded a maximum of ginning
efficiency, gin stand capacity, lint turn out percentage.

As well as the gin stand developed was considered the best for ginning
Egyptian seed cotton samples. Patil and Padole (2003) stated that the roller gin is
used on high quality, fine fibred, extra-long staple cottons because of its
tendencies to maintain fiber length and low nep levels as opposed to the adverse
effects on these characteristics by the saw gins. Uniform pressure between fixed
knife and roller plays an important role in quality and the output of the lint. Patil et
al. (2007) revealed that with the increase in roller and beater speed, ginning rate
was increased considerably. Anthony and William (1994) recorded that the
principal function of the cotton gin is to separate lint from seed, but the gin must
also be equipped to remove foreign matter, moisture, and other contaminants that
significantly reduce the value of the ginned lint. Gins must produce a quality of lint
that brings the grower maximum value while meeting the demands of the spinner
and consumer. Operating gin machinery in accordance with the recommended
speeds, adjustments, maintenance, and throughput rates will produce the highest
possible fiber quality.

A standardized sequence that includes dryers to obtain the proper moisture
level as well as machines to remove the foreign matter is recommended for
processing cotton at the gin. Bourland (2010) stated that the new ginning
technology that is now showing promise is the high speed roller gin. By adding a
cooling system to the roller, feed rate can be increased drastically, comparable to
saw ginning rates. Also, adhesion of fiber to seed of varieties is being examined
with the goal of identifying ones that would gin more easily on a roller gin.

The highest mean values of gin stand capacity, ginning out-turn, lint grade,
micronaire value, fiber elongation (%) and reflectance degree (Rd %) were
obtained from the highest seed-cotton level, Good to Fully Good (lbrahim 2010).
Batisha (2005), concluded that all studied ginning efficiency parameters were
significantly affected by seed cotton level except ginning out turn. Otherwise, the
fiber staple length, degree of reflectance (Rd %), degree of yellowness (+b),
proportion of maturity (PM), hair weight bundle strength and elongation (%) were
significantly affected by the cotton cultivar. Beheary (1989) concluded that the gin
stand capacity and ginning out turn were affected significantly by the seed cotton
grade.

The highest seed cotton grade the more the ginning efficiency and vice
versa. The highest seed cotton grades recorded the best grade component (color
index and non-lint content), fiber length parameters, fiber fineness, highest fiber
tenacity and elongation. Frig (2002), concluded a highly significant differences
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between the studied treatments in the ginning efficiency parameters, ginning time,
gin stand capacity and ginning out turn. The orthogonal comparisons of the studied
treatments demonstrated that seed cotton level (FGF/G) significantly surpassed,
(GF) in the ginning time, gin stand capacity and the ginning out turn. This could be
attributed to the higher percentage of fluffy locks and the lower trash content in the
higher seed cotton level than the lower one. The seed cotton cleaning was
significantly surpassed uncleaning.

Therefore, the main objective of this study was to develop the conventional
roller gin stand through increasing the ginning roller surface area exposed to seed
cotton, all the time by changing position of the fixed knife.

MATERIALS AND METHODS

This study was carried out at Plant Production Department, Faculty of
Agriculture (Saba Basha), Alexandria University, Egypt, during 2014/2015 season.
The experimental work was done at El-Arabia ginning Mill, Damanhour,
Al-Beheira Governorate, using two commercial Egyptian cotton varieties
(G. barbadense L.), namely; Giza 92 and Giza 86. Three seed cotton grades;
Good + s, Good, Good — 4 from each variety, were used. Six seed cotton
samples (3 kilograms each) were randomly drawn from each seed cotton grade
and divided into two groups (three replicates each).

Two single roller gin stands (McCarthy type) were used; the first was a
conventional roller gin stand with the normal (upper vertical) position of the fixed
knife and ginning roller made from natural leather ribbons with a diameter of 8
inches, (Design A) and the second was the modified roller gin stand with reciprocal
(lower vertical) position of the fixed knife and ginning roller made from chrome
composite leather clad (CCLC) - with a diameter of 7 inches, (Design B). The first
group of samples belonging to each seed cotton grade was ginned using the
modified gin stand and the second was ginned using the normal one. The ginning
time in minutes was recorded and ginned lint was weighed for each replicate.
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(8)

Design (A): The normal position of the fixed knife of the conventional roller gin stands (Side view)

l(7)

1 Ginning roller 4 Seed grid 7 Hopper
2 Fixed knife 5  Doffer 8 Eccentric
3 Moving knife 6 Lint box 9  Pusherboard

Design (B): The reciprocal position of the fixed knife of the modified roller gin stand (Side view)

Studied characters:
1. Ginning efficiency parameters

These parameters were calculated, according to the following equations,
proposed by Chapman and Stedronsky (1959).

1.1. Gin stand capacity (G.S.C.)
as the lint weight in kg per inch per hour, as follows:
Gin stand capacity (G.S.C.) = 60 X weight of ginned lint (kg)/ Ginning time
(minute) X Length of roller (inch) =  (kg/inch/hr)
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1.2. Ginning out-turn, (G.O.T.)

as a percentage, as follows:
Ginning out-turn (G.O.T.) = [Lint cotton weight (kg)/Seed cotton weight (kg)] X 100
= (%)

1.3. Lint grade

was determined by three classers two from (CATGO) and the third one from
Modern Nile Cotton Company. All lint grades were reviewed by the head sector of
sworn experts sector at El-Arabia ginning mill at Damnhour, EI- Beheira
Governorate.

For statistical analysis, the lint grades were converted to code numbers, as
in the following:

Table (1). Grade analysis of the Egyptian cotton by (Sallouma, 1970)

Grade Abbreviation Code

Fully good FG 33
Good/fully good G/FG 29
Good G 25
Fully good fair/good FGF/G 21
Fully good fair FGF 17
Good fair/fully good fair GF/FGF 13
Good fair GF 9
Fully fair/good fair FF/GF 5
Fully fair FF 1

'/, grade is represented by half mark.

2. Fiber properties by H.V.l. Instrument:

Fiber properties were determined by the High Volume Instrument (H.V.l.)
Premier HFT 1000 system at the laboratory of the Cotton Arbitration and Testing
General Organization (CATGO), Alexandria, Egypt. Samples were preconditioned
for 48 hours at least under the standard conditions of 65 % + 2 % relative humidity
and 20 + 1°C temperature before testing.

3. Nep count:
was determined by the Nep Tester.

4. Statistical procedures:
The completely randomized design with three replications was used to

outline this work. The attained data was statistically analyzed as a factorial
experiment according to Steel and Torrie (1980). Ststistical analysis was done by,
ANOVA, F-test, and least significant differences (L.S.D.) at 0.05 level of probability
procedures available within SAS software package (version 9.13, 2007).

50
Vol. 22(1), 2017




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

RESULTS AND DISCUSSION

The attained results could be presented in three main categories as follows:

1. Fixed knife position effect:
1.1 . Gin stand capacity (kg/inch/hr)

Data shown in (Table 2) revealed that there were highly significant
differences among the studied two gin stands, (reciprocal and normal position of
the fixed knife). The highest mean values of gin stand capacity (1.06 and 1.21
kg/inch/hr) were recorded by the modified gin stand with the reciprocal position of
the fixed knife. On the other hand, the lowest mean value for the same character
(0.90 and 1.01 kg/inch/hr) were obtained using the normal position of the fixed
knife of the conventional roller gin stand for Giza 92 and Giza 86 cotton varieties,
respectively.

Generally, it could be concluded that the gin stand capacity of the reciprocal
position of the fixed knife surpassed the normal position by 17.77 % and 19.80 %
for Giza 92 and Giza 86, respectively.

These results could be attributed to that the reciprocal fixed knife position
increased the ginning roller surface area exposed to seed cotton provided to tangle
the seed cotton with the ginning roller surface area. Thus increased the chance for
seed cotton locks to attach roller surface and creating more ginning points along
the length of the ginning roller, consequently increase the gin stand capacity.

Finally, conclude that the new idea to develop the roller gin stand using the
reciprocal position of the fixed knife, lead to increasing the gin stand capacity in the
Egyptian cotton varieties.

1.2. Ginning out-turn (%)

With regard to data in (Table 2), it could be noticed that the ginning out-turn
was significantly influenced by the fixed knife position for Giza 92 variety only. The
highest mean value of the ginning out turn (37.08 %) was gained using the normal
position of fixed knife. On the other hand, the lowest mean value for the same
character (35.64 %) was recorded using the reciprocal position of the fixed knife for
that variety.

The previous results could be explained on the bases that the ginning
out-turn is controlled by the genetically structure of variety and less affected by the
environmental conditions.
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Table (2) Mean values of gin stand capacity, ginning out turn, lint grade and
reflectance degree as affected by the fixed knife position (P), seed
cotton grade (G) and their interaction (P * G), for Giza 92 and Giza
86 cotton varieties.

Gin stand Ginning out Reflectance
capacity

o Lint grade o
Factors (kg/inch/hr) turn (%) degree (Rd. %)

Giza Giza Giza Giza Giza Giza Giza Giza
92 86 92 86 92 86 92 86

Fixed knife position (P)

Reciprocal 1.06 1.21 35.64 3490 27.44 2650 74.63 7042
Normal 0.90 1.01 37.08 3493 26.67 25.33 76.30 69.73
F test *% *% *% N-S. *% *% *% N-s-

Seed cotton grade (G)

Good + ¥ 0.82c 1.28a 37.25a 37.32a 28.16a 27.83a 77.42a 75.33a
Good 0.91b 1.05b 35.72b 34.13b 27.33b 25.92b 75.02b 69.26b
Good - "4 1.22a 1.00c 36.12b 33.28c 25.67c 24.08c 73.97c 65.63c
L.S.D. (0.05 0.04 0.04 0.71 0.26 0.49 0.67 0.91 1.21

Interaction

P*G NS. NS. NS.  *~ - - - -

Mean values designated by the same letter are not significantly different according to L.S.D. at 0.05
values.
* And ** Significant at 0.05 and 0.01 levels of probability, respectively.

N.S.:Not significant.

1.3. Lint grade

Looking at the data shown in (Table 2), it could be noticed that the lint grade
for both Giza 92 and Giza 86 cotton varieties was significantly affected by the
studied fixed knife position and seed cotton grade.The highest mean values of the
lint grade code (27.44 and 26.50) were recorded using the reciprocal position of
the fixed knife for the two studied cotton varieties Giza 92 and Giza 86,
respectively. On the contrary, the lowest mean values (26.67 and 25.33) of the lint
grade code was attained using the normal position of the fixed knife for both cotton
varieties Giza 92 and Giza 86, respectively.

1.4. The reflectance degree (Rd %)

The reflectance degree (Rd %) for Giza 92 was significantly affected by the
fixed knife position and insignificantly influenced by the same factor in case of Giza
86 cotton variety as illustrated in (Table 2). The normal position possessed the
highest mean value of this trait.

1.5. H.V.l. Fiber properties
With regard to (Table 3 a), it could be noticed that there were insignificant
differences due to the fixed knife position concerning the fiber properties i.e., upper
half mean length (mm), uniformity ratio (%), short fiber index (w) and fiber strength
(9/tex). Meanwhile, the fiber elongation (%) of Giza 86, only, was significantly

52
Vol. 22(1), 2017




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

increased using the normal position of the fixed knife. Concerning data in (Table 3
b), it is obvious that the effect of fixed knife position was insignificant on all H.V.I.
fiber properties except, trash area (%) of Giza 86. The highest mean value of the
trash area, (1.32 %) were recorded using the normal fixed knife position.

2. Seed cotton grade effect:
2.1 Gin stand capacity (kg/inch/hr)

As for the effect of seed cotton grade, it was obvious that the highest gin
stand capacity (1.28 kg/inch/hr) was gained from the highest seed cotton grade
(Good + 's) while, the lowest mean value for the same property (1.00 kg/inch/hr)
was gained using the lowest seed cotton grade (Good - '4) for Giza 86. The
opposite trend was observed for Giza 92 cotton variety as shown in Table (2).

These results could be explained for Giza 86 on the basis that higher seed-
cotton grade contained higher percentage of healthy fluffy locks and a low
percentage of dust, trash and infected locks and vice versa (lbrahim, 2010).

2.2. Ginning out turn (%)

Furthermore, data presented in the same table revealed that the ginning
out-turn was significantly affected by seed-cotton grade. It could be concluded that
the ginning out-turn, correspondingly, decreased as the seed-cotton grade
decreased. It is obvious that the best ginning out-turn (37.25 and 37.32 %) were
attained from the highest seed-cotton grade (Good + 4) of Giza 92 and Giza 86,
respectively. These results may be due to the highest seed cotton grades
containing the highest of the fluffy mature untwisted locks, compared with the
compact locks and high trash content in the lowest seed cotton grades.Generally, it
could be concluded that the highest seed cotton grades give directly the highest
percentage of the ginning out turn, and vice-versa.

Table (3a). Mean values of H.V.I. fiber properties as affected by the fixed knife
position, seed cotton grade and their interaction (P * G), for Giza
92 and Giza86 cotton varieties.

Upper half Uniformity Short fiber Fiber strength Flber_
mean length Ratio (%) Index (w) (g/tex) elongation
Factors (mm) (%)
Giza Giza Giza Giza Giza Giza Giza Giza Giza Giza
92 86 92 86 92 86 92 86 92 86
Fixed knife position (P)
Reciprocal 32.56 3157 86.65 86.34 640 645 4393 3840 540 6.64
Normal 32.52 3159 8752 8564 6.34 6.70 4378 3847 560 7.20
F test N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. *
Seed cotton grade (G)
Good + Vs 32.15a 32.28a 86.98a 89.23a 6.50a 5.71b 44.60a 42.33a 5.43a 6.10b
Good 3291 31.37b 87.62a 84.30b 6.22a 7.16a 43.48a 36.18b 5.70a 7.16a
Good - s 32.55a 31.10b 86.67a 84.45b 6.40a 6.85a 43.48a 36.80b 5.35a 7.50a
L.S.D. (0.5 N.S. 0.75 N.S. 2.01 N.S. 0.58 N.S. 1.14 N.S. 0.65
Interaction
P*G N.S. N.S. N.S. N.S. N.S. N.S. N.S. > N.S. N.S.
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Table (3b). Mean values of H.V.l. fiber properties as affected by the fixed knife
position (P), seed cotton grade (G) and their interaction (P*G), for

Giza 92 and Giza86 cotton varieties.

Micronaire Fiber Yellowness Trash area

Factors value maturity (%) degree (+b) (%) Trash count (%) Nep count
Giza Giza Giza Giza Giza Giza Giza Giza Giza Giza Giza Giza
92 86 92 86 92 86 92 86 92 86 92 86

Fixed knife position (P)

Reciprocal 352 453 085 086 863 10.06 0.77 0.86 69.00 59.55 99.55 77.22
Normal 348 465 085 086 842 1005 054 1.32 56.22 76.55 99.44 74.22
NS. NS. NS. NS. NS N.S. N.S. * N.S. N.S. N.S. N.S.

F test

Seed cotton grade (G)

Good+'s 3.27b 4.90a 0.85a 0.88a 853a 9.11b 0.50a 0.35b 45.17b 29.50b 109.33a 70.16b
Good 3.70a 4.58b 0.85a 0.86b 8.27a 10.35a 0.66a 1.40a 78.00a 76.83a 96.500a 72.66b
Good - ¥ 3.53a 4.28c 0.85a 0.85c 8.78a 10.71a 0.80a 1.52a 64.67ab 97.83a 93.670a 84.33a

L.S.D. o5y 0.17 0.16 N.S. 0.008 N.S. 0.38 N.S. 0.49 23.007 21.12 N.S. 7.98

Interaction

P*G N.S. N.S. NsS. N.S. NS. N.S. N.S. NsS. N.S. N.S. N.S. N.S.

Mean values designated by the same letter are not significantly different according to L.S.D. at 0.05
values.
*and **: Significant at 0.05 and 0.01 levels of probability.

N.S.: Not significant.

2.3. Lint grade

Looking data presented in (Table 2), it could be noticed that the lint grade
was significantly decreased as the seed cotton grade decreased.

Generally, it could be mentioned that the lint grade increased significantly by
increasing the seed cotton grade in a direct positive trend. It is obvious that the
highest mean values of lint grade code (28.16 and 27.83) were obtained from the
highest seed cotton grade (Good + '4), of Giza 92 and Giza 86 varieties,
respectively. Otherwise, the lowest seed cotton grade (Good - V4) recorded the
lowest mean values of the lint grade code (25.67 and 24.08) for Giza 92 and Giza
86 varieties, respectively.

2.4. The reflectance degree (Rd %)

The seed cotton grade significantly affected the reflectance degree (Rd %)
for both studied cotton varieties (Table 2). The reflectance degree correspondingly
increased as the seed cotton grade increased.

2.5. H.V.I. Fiber properties

Regarding the seed cotton grade effect, data presented in (Table 3 a)
clarified that this factor had significant effect on all studied H.V.I. fiber properties of
the cotton variety Giza 86 only. The highest mean values of fiber length (32.28
mm), uniformity ratio (89.23 %) and fiber strength (42.33 g/tex) were obtained from
the highest seed cotton grade (Good + '4). Moreover, lower seed cotton grades
(Good and Good - ") gave the highest mean value of short fiber index (w) and
fiber elongation (%). This could be explained on the basis that whenever the seed
cotton grade decreased, the weak fibers increased.
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Data presented in (Table 3 b) cleared that seed cotton grade had significant
effect on all H.V.l. fiber traits of the two cotton varieties, except fiber maturity (%),
yellowness degree (+b), trash area (%) and nep count of Giza 92. The highest
seed cotton grade (Good +1/4) recorded the highest mean values of micronaire
reading and fiber maturity (%), while the seed cotton grade (Good +1/4) recorded
the lowest mean values of yellowness degree (+b), trash area, trash count (%) and
nep count. On the contrary, the lowest seed cotton grade (Good -1/4) possessed
the highest mean values of yellowness degree (+b), trash area, trash count and
nep count, as well as the lowest mean values of micronaire reading and fiber
maturity (%) in Giza 86 variety. Concerning cotton variety Giza 92 worthy to
mention that the highest mean values of micronaire value and trash count was
gained from the seed cotton grades (Good and Good — 1/4), on the other hand, the
highest seed cotton grade (Good +1/4) recorded the lowest mean values for the
same fiber properties.

3. The interaction between fixed knife position and seed cotton grade (P * G):

The interaction between fixed knife position and seed cotton grade (P * G)
was insignificant for gin stand capacity (Table 2). Meanwhile, this interaction was
significant for ginning out-turn (%) of the cotton Giza 86 variety as well as lint grade
and reflectance degree (Rd %) for both studied cotton varieties as shown
in (Table 2). The interaction between fixed knife position and seed cotton grade
(P * G) was insignificant for all H.V.l. fiber properties of the two cotton varieties
Giza 92 and Giza 86 except the fiber strength of Giza 86 as presented
in (Table 3 a).

Mean values of the ginning out-turn (%), lint grade, fiber bundle strength
(g/tex) and reflectance degree (Rd. %) traits as influenced by this interaction are
shown in (Table 4).

The highest mean values of the lint grade code and fiber bundle
strength (g/tex) were recorded by the highest seed-cotton grade (Good + 4) which
was ginned using the reciprocal position of the fixed knife for the two varieties and
Giza 86 with normal fixed knife position.

Meanwhile, the highest mean values of the ginning out turn and reflectance
degree (Rd. %) were gained using the highest seed-cotton grade (Good + V4)
which was ginned using the normal position of the fixed knife. On the other hand,
the lowest mean value of the same traits was attained using the lowest seed cotton
grade (Good - '4) ginned using the normal position of the fixed knife.

However, the lowest mean value of the lint grade code was attained using
the lowest seed-cotton grade (Good - '4) ginned using the normal position of the
fixed knife. These results could be explained on the basis that, as the seed cotton
grade increased, the size of seed cotton locks and fiber maturity increased and
gave the best fiber properties and vice versa.
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Table (4).The interaction between fixed knife position and seed cotton grade
(P*G) for ginning out turn, lint grade, fiber strength and reflectance
degree of Giza 92 and Giza 86 cotton varieties.

. Fiber

Ginning . strength Reflectance

Factors ou(t o/:lill‘n Lint grade (g/tex)  degree (Rd. %)

Fixed knife  Seed cotton Giza Giza Giza Giza Giza Giza

position (P) grade (G) 86 92 86 86 92 86
Reciprocal Good + Vs 37.03b 28.67a 28.00a 42.56a 77.20a 74.63a
position Good 34.20c 27.33b 26.50b 34.73c 73.63bc 70.13b
Good - ¥4 33.48d 26.33¢c  25.16c  37.90b  73.06c 66.50d
Normal Good + V4 37.61a 27.67b 27.66a 42.10a 77.63a 76.03a
osition Good 34.08c 27.33b 25.33¢ 37.63b 76.40a 68.40c
P Good - V4 33.09e  25.00d 23.00d 35.70c 74.86b 64.76e

L.S.D. (0.05 0.37 0.69 0.96 1.62 1.29 1.71

Mean values designated by the same letter are not significantly different according to L.S.D.
at 0.05 values.

CONCLUSION

Worthy to mention that the reciprocal position of the fixed knife, surpassed
the normal position and gave the highest mean values of gin stand capacity
(kg/inch/hr) and lint cotton grade. Also, the highest mean values of the gin stand
capacity (kg/inch/hr), ginning out-turn (%), lint grade, upper half mean length (mm),
uniformity ratio, fiber strength (g/tex), fiber maturity (%) and reflectance degree (Rd
%) were recorded for the highest seed cotton grade, (Good + V4).
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Analysis of Yield and Its Components in Diallel Crosses of
Bread Wheat

Gomaa , M.A*. M.N. El-banna*. M.A.A.Nassar. * H.A. Ashoosh.**
and Gawhara .A.E. El-sorady*
*Plant Production Department- Faculty of Agriculture(Saba Basha)- Alexandria Univ.
** Etay Elbaroud Station- Field Crop Institute- Agricultural Research Center.

ABSTRACT: A nalf diallel cross among seven parents of wheat (Triticum aestivum, L)
was carried out at Etay El-Baroud Agricultural Research Station in El-Behira governorate during
the three successive seasons 2012/13, 2013/14 and 2014/15 growing seasons in randomized
complete block design (RCBD) with three replications. Data were recorded for F1 and F2
generations for grain yield /plant (g), number of spikes /plant, number of grains/spike, 1000-
grain weight (g), straw yield /plant (g), biological yield /plant (g) and harvest index (%). Mean
squares for genotypes, parents, crosses and parent vs. crosses were significant for all the
studied traits for F1 and F2 generations. General combining ability (GCA) and specific
combining ability (SCA) mean squares were significant for all the studied traits in both
generations. GCA/SCA ratios were largely exceeded the unity for all the studied traits in both
generations. Wheat cultivar Sids 12 (P1) showed the maximum desirable GCA values for
number of grains / spike and 1000-grain weight (g) in both generations. The parent line 1 (P6)
followed by Sham 6 (P5) proved to be good combiners for grain yield /plant, straw yield /plant
and biological yield /plant. The parent Line 2 (P7) proved to be the best combiner for number of
spikes /plant and harvest index. (Sahel 1 x Line 2) cross showed the maximum desirable SCA
values for straw yield /plant and harvest index in F1 generation. As well as, for biological yield
/plant in both F1 and F2 generations. (Gemmeiza 11 x Line 2) cross showed the best SCA for
grain yield /plant and harvest index in F2 generation. ( Gemmeiza 11 x Sham 6) cross gave the
maximum SCA for number of spikes /plant and straw yield /plant in F2 generation. (Sids 12 x
line 1) cross expressed the highest SCA for grain yield/plant and number of spikes /plant in F1
generation. (Sids 12 x Sahel 1) cross showed the maximum number of spikes /plant in F1
generation. For 1000-grain weight, (Sham 6 x line 1) and (Gemmeiza 11 x line 1) crosses gave
the highest SCA in F1 and F2 generations, respectively.

Keywords: Bread wheat, Diallel analysis, General combining ability, Specific combining ability.

INTRODUCTION

Wheat ( Triticum aestivum, L) is considering as one of the most important
grain crops in the world, also it has been considered the first strategic food crop
for more than 7000 years ago in Egypt. Wheat production in Egypt had been
increased from 2.06 million tons in 1983 to 8.1 million tons in 2015 ( Global
Agric. Information Network (2016), FAO Statistical yearbooks — World Food and
Agriculture). Increasing wheat production vertically or horizontally become the
main goal to meet the increasing domestic demands and decreasing the gap
between production and consumption in Egypt. Wheat breeders are
concentrating to improve the grain yield potential of wheat by developing new
cultivars with desirable genetic makeup in order to overcome the consumption
pressure of increasing population (Memon et al.,2005). High grain yield has
been the main objective in wheat breeding programs, hence, it has been the
subject of intensive studies (Sharma et al.,2002).

The present study was planned to study the mean performance of
parental wheat cultivars, F1'S and F2'S crosses for yield and its components
and to estimation the general and specific combining abilities.
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MATERIALS AND METHODS

This experiment was carried out at Etay EI-Baroud Agricultural Research
Station in El-Behira governorate during the three successive seasons 2012/13,
2013/14 and 2014/15 growing seasons. Seven wheat varieties,(Triticum
aestivum L.), representing wide divergent origins were chosen for this study.The
names, pedigree, origin and code number of these wheat genotypes are
presented in Table (1)

Table (1).The code number, names pedigree and origin of the parental
genotypes of the study.

No. Variety Pedigree Origin

BUC//7C/ALD/5MAYA74/0N//1160/47/BB/GLL/4/CHAT"S"/6M

P1 Sids12 AYA/NUL/CMH74A.63014*SX.SD7096-4SD-1SD-1SD-0SD.  E9YPt

BOW"S"/ KVS"S"// 7C/ SERI 82/3/ GIZA 168/ SAKHA 61

P2 Gemmeizall 511 7899-2GM-1GM 2GM - 1GM -0GM Egypt
P3  Gizal68  MRL/BUC/SERI.CM93046-8M-0Y-OM-2Y-0B-0GZ. Egypt
P4 Sahell  N.S.732/PIMA//VEE"S"CR735-4SD-ISsD-ISD-0SD. Egypt
P5  Sham6  W-3918-AJUPATECO-73.CM-39992-8M-7Y-OM-0AP-0SYR Syria

P6 Linet  NINGMA150 Egypt
P7 Line2 MILAN/S87230/BABAX Mexico

In 2012/13 season, grains from genotype were sown at various dates in
order to overcome the differences in time of flowering. All possible cross
combinations without reciprocals were made among the seven wheat
genotypes for giving 21 F1 grain hybrids.

In 2013/14 season, the parental genotypes and their respective F1 21
hybrids were sown on 25" of November in randomized complete block design
(RCBD) according to Montgomery (1997) with three replications.

In 2014/15 season, the parental genotypes and their respective 28 F2
crosses were sown on 29" November in randomized complete block design
with three replications.

In both seasons of evaluation, 2013/14 and 2014/15 each plot consisted
of two rows for F1 experiment in the first evaluation season 2013/14 , and six
rows for F2 experiments in the second evaluation season (2014/15). Each row
was three meters long and 30 cm apart. Plants row were 20 cm a part. Dry
method of sowing was used in this concern. The other cultural practices of
wheat crop growing were properly practiced as described by the ministry of
agriculture. Data for the all studied traits were recorded on 10 and 60 individual
guarded plants, chosen at random from each plot for F1 and F2, respectively.
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The following characteristics were studied in the parents and their
crosses in F1 and F2 generations.
1- Grain yield/plant (g).
2- Number of spikes/plant.
3- Number of grains/spike.
4- 1000-grain weight (g).
5- Straw yield/plant (g).
6- Biological yield/plant (g).
7- Harvest index (%).

The recorded data were analyzed according to Griffing (1956) diallel
cross analysis designated as method 2 and model 1. The mathematical model
for the combining ability analysis was as follows:

Xij =U+ gi + gj + Sij + (1/bC)ZikZ]- eijkl

Where, X;=1.2, ,p

k=12, b

L=12, .,c

Xi; = the value of the cross between parent (i) and parent (j).

u = is the population mean.

di and §; = are the general combining ability effects for the parents (i) and (j)
respectively.

Si; = is the specific combining ability effects (SCA) for the cross between the (i)
and (j)" parents.

eix = the environmental effect associated with the ijkl observation

th

RESULTS AND DISCUSSION

Analysis of variance and mean performance
Analysis of variance for all studied traits for F1 and F2 generations are
presented in Table (2).

Mean squares for genotypes, parents, crosses were found to be
significant for the seven traits except indicating wide diversity between the
parental genotypes used in the present study for these traits. Significant
variations among genotypes for grain yield and related traits were also reported
by Ashoush (1996); Afiah et al. (2000); Ashoush et al. (2001); Darwish (2003);
Abdel-Nour (2005); Fida et al. (2007); Saad et al. (2010); Attia et al. (2013); Al
and Sulaiman (2014) and Kandill (2016).

Parents vs.crosses were found to be significant for the seven traits
except harvest index in both F1 and F2 generations. Mean squares for parents
vs crosses are indication to average heterosis overall crosses were significant
for all the studied traits which mean that there are desirable heterotic effects
relative to mid-parent and better parent for these studied traits

The mean performance of the seven parental genotypes of wheat in both
F1 and F2 generations are presented in Table (3). For grain yield/plant, line 1
was the superior parent (77.33, 71 g) for both evaluation seasons beside sham
6 in the second season. The crosses (P1 x P6), (P5 x P6) in F1 generation and
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the crosses (P4 x P5) and (P6 x P7) in F2 generation recorded the highest
values of grain yield per plant, its values were 77.33; 77.50; 76.33 and 73.00
(9), respectively, while the lowest cross was (P1 x P2) which gave 56.00 and
51.00 (g) for F1 and F2 generations, respectively.

For number of spikes /plant, Line 2 (P7) followed by Sham 6 (P5) and
Sahel 1 (P4) were the highest among parents these values were 19, 17.97 and
17.50 in the first evaluation season and 17.83, 16.83 and 16.50 in the second
evaluation season. Meanwhile the parent Sids 12 (P1) owned the lowest
number of spikes /plant (9.25 and 9.59) for both evaluation seasons. Cross (P2
x P7), (P4 x P7) and (P5 x P7) gave the highest number of spikes/plant (24.60,
24.43 and 24.17) in F1 generation and (P6 x P7), (P3 x P4) and (P3 x P7)
crosses were the highest number of spikes/plant in F2 generation these values
were (23.27, 22.83 and 22.67). Conversely, (P1 x P2) and (P1 x P3) crosses
gave the lowest number of spikes /plant in the first evaluation season and (P1 x
P2) cross in the second evaluation season.
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Concerning number of grains/spike, Sids 12 (P1) ranked the first parent
which recorded 101.33 and 103.42 for both evaluation seasons. The cross (P1
x P6) had the highest number of grains/spike values (65.28 and 91.33) for both
F1 and F2 generations beside (P1 x P3) cross in F1 generation (95.17). The
highest number of grains /spike in these crosses could be attributed to
superiority of the parent Sids 12 (P1) for this trait. (P2 x P7) and (P5 x P7)
crosses gave the lowest value (71.33) and (71.80) for number of grains/spike in
F1 generation and the cross (P5 x P7) and (P2 x P5) crosses had lowest values
(70.50 and 70.53) for F2 generation.

Regarding 1000-grain weight the parental variety Sids 12 (P1) behaved
as the highest values (57.84 and 56.93 g) for both evaluation seasons. While,
Sahel 1 (P4) and Line 2 (P7) gave the lowest values (47.50 and 45.83 g),
respectively for both evaluation seasons. The cross (P1 x P6) owned the
highest 1000-grain weight values (53.50 and 52.33 g) for both F1 and F2
generations, respectively.

For straw yield /plant, Sham 6 (P5) had the highest values (88.33 and 90
g) for both evaluation seasons; meanwhile Gemmeiza 11 (P2) gave the lowest
values (71 and 72.67 g) for both evaluation seasons. The cross (P3 x P6)
behaved to be the first value of straw yield/plant (102.87 g) in F1 generation,
crosses (P2 x P5), (P3 x P6) and (P6 x P7) were the highest values (98.50, 98
and 96.33 g) for F2 generation. The cross (P1 x P2) had the lowest values (71
and 72.67 g) of straw yield/plant in both F1 and F2 generations.

Concerning biological yield/plant, line 1 (P6) gave the highest values
(165, 160.67 g) followed by Sham 6 (P5) which values were (161, 160 g),
respectively for both evaluation seasons. The lowest values were given by Sids
12 (P1)(124.90 and (127.28) for both evaluation seasons. The cross (P3 x P6)
showed the highest value (174.33 g) followed by the cross (P6 x P7) with
insignificant difference which produced (173.67 g) for F1 generation. Regarding
F2 generation, the highest biological yield/plant was (169.33 and 167.33 Q)
which owned to (P6 x P7) and (P3 x P6) crosses. The lowest values (127 and
123.67 g) were given by the cross (P1 x P2) for both generations F1 and F2,
respectively.

As for harvest index, P3,P6 and P7 in the first evaluation season and
P4, P7, P6 and P5 gave the highest values (47.30, 46.87 and 46.76 %) and
(45.22, 44.79, 44.19 and 43.76 %) , while the lowest values (42.09 and 41.24)
were given by Sids 12 (P1) and Gemmeiza 11 (P2) for the two respective
evaluation seasons. The two crosses (P5 x P7) and (P1 x P3) in the F1 season
and (P4x P5) in the F2 season gave the best values (48.11 and 47.30%) and
(50.12 %) for harvest, respectively. In the other side, the lowest values (41.07,
41.23 and 41.66%) in F1 generation and (38.83%) in F2 generation were
recorded by the crosses (P4 x P7), (P3 x P6) and (P2 x P4) for F1 generation
and (P2 x P5) for F2 generation, respectively.
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Combining ability

Analysis of variance for combining ability for F1 and F2 generations are
presented in Table (4). Mean squares associated with general combining ability
(GCA) and specific combining ability (SCA) were found to be significant for all
studied measurements for both F1 and F2 generations. It is evident that both
additive and non-additive types of gene action were important parts for
inheritance of these traits in F1 and F2 generations. High GCA /SCA ratio which
largely exceeded the unity were detected for all traits. In F1 and F2 generations.
Such results indicated the predominance of additive and additive x additive
types of gene action in the inheritance of these traits. These results were in
agreement with those found by Abdel-nour (2005).

General combining ability effects

General combining ability effects (gi) for individual parental genotype for
all studied measurements in the two evaluation seasons (2013/2014) and
(2014/2015) are presented in Table (5). Such results are being used to compare
the average performance of each parent with other genotype and facilitate
selection of parent for high yield and yield components.

For grain yield/plant in both seasons of evaluation, high significant
negative (gi) effects were detected for Sids (P1) and Gemmeiza 11 (P2). Sahel
1 (P4) expressed high significant negative and positive (i) effects, respectively
for grain yield/plant in the first season and the second season of evaluation.

For the other parents, highly significant positive (gi) values for grain
yield/plant were recorded for both seasons of evaluation expect Giza168 (P3)
and Line 2 (P7) which expressed high significant (§i) effect for grain yield/plant
in the first and second season of evaluation, respectively.

Regarding number of spikes /plant, highly significant positive GCA
effects were given by Giza 168 (P3), Sahel 1 (P4), Sham 6 (P5), Line 1 (P6)
and Line 2 (P7) for the first and the second seasons of evaluation which means
that these parents appeared to be good combiners for this trait. The other two
parents gave highly significant negative (§i) effects for this trait in both seasons
of evaluations.

Concerning number of grain/spike, the parental genotype Sids 12 (P1)
followed by Giza168 (P3) and sahel 1 (P4) were the best combiners for number
of grains per spike, they gave the highest significant positive (§i) effects for both
seasons of evaluation, except (P4) in the second evaluation season.
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Highly negative significant (§i) effects for number of grain/spike were
detected by Gemmeiza 11 (P2), Sham 6 (P5), line 1 (P6) and Line 2 (P7) for the
two seasons of evaluation.

For 1000-grain weight, three parental genotypes, Sids 12 (P1), Line 1
(P6) and Sham 6 (P5) expressed high significant positive (gi) effects for both
evaluation seasons. The result indicates that the three genotypes could be
considered as good combiner for this trait. While, Gemmeiza 11 (P2), Giza168
(P3), Sahel 1 (P4) and Line 2 (P7) showed highly significant negative (gi)
effects for 1000-grain weight in both seasons of evaluation.

Considering the estimate of GCA effects for straw yield /plant, the
parental genotypes Sham 6 (P5) and Line 1 (P6) gave the desirable (§i) effects
in the two evaluation seasons, while Giza168 (P3) gave the desirable (gi)
effects for straw yield/plant in the second season of evaluation. The other
parental genotypes gave undesirable (gi) effects for straw yield/plant in one or
both seasons of evaluation.

For biological yield/plant, the three parental genotypes Giza168 (P3),
Sham 6 (P5) and Lina 1 (P6) expressed highly significant positive (§i) effects for
both seasons of evaluation.

For harvest index, the two parental genotypes Sham 6 (P5) and Line 2
(P7) expressed highly significant positive (@i) effects for both seasons of
evaluation, P1 and P3 in the first season and P4 in the second season showed
desirable (gi) effect for that trait,while Gemmeiza 11 (P2) showed highly
significant negative (§i) for harvest index in both evaluation seasons.

Specific combining ability

Specific combining ability effects (Sij) of parental combinations computed
for all studied traits in F1 and F2 generations are shown in Table (6). Ten and
six crosses exhibited positive and high significant (SCA) effects for grain yield
/plant in F1 and F2 generations, respectively. Such results indicate that these
cross could be considered as good crosses for developing line to high grain
yield.

For F1 and F2 generations, four crosses exhibited positive and high
significant (8ij) effects for number of spikes /plant. The cross (Sids 12 x Sahel 1)
had the highest (8ij) effect.

From the same Table, it could be noticed that the four crosses (Sids 12 x
Line1), (Gemmeiza 11 x Sahel 1) and (Giza168 x Sham 6) are considered to be
promising hybrids for improving number of grains per spike as they showed
highly significant positive (8ij) effects for F1 and F2 generations.
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Three crosses exhibited significant positive (Sij) for 1000-grain weight for
F1 and F2 generations. (Sids12 x Gemmeizai1), (Gemmeizal1 x Line1) and
(Sham 6 x Line 2) crosses had the highest (§ij) effect for 1000-grain weight in
the two generation.

Regarding straw yield /plant, seven crosses exhibited highly significant
desirable (8ij ) effects in both generations. The crosses (Sahel 1 x Line 2) and
(Line 1 x Line 2) were the highest crosses for (8ij) effects for straw yield/plant in
F1 and F2 generations.

Concerning biological yield, ten crosses exhibited highly significant
positive (§ij) effects for F1 and F2 generations. The cross (Sahel 1 x Line 2)
gave the highest (8ij) effect for biological yield/plant in both generations.

For harvest index, the crosses (Gemmeiza 11 x Line 2) and (Giza168 x
Sahel1) exhibited significant and positive (SCA) effects in F1 and F2
generations for that trait.

CONCLUSION

Previous results revealed that there was significant genotypic variation
among the genotypes for all studied traits. Line 1 (P6) could be as donner
parent for the improvement of grain yield and biological yield. Sids 12 cultivar
(P1) gave the highest grain yield per spike and the highest 1000-grain weight.
(Sids 12 x Sham 6) cross gave highest grain yield, number of spikes /plant and
1000-grain weight.
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and H.O.M. Azatoni®
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ABSTRACT: This investigation was conducted during 2015 and 2016 seasons on "Anna"
apple trees (Malus domestica, L.). The trees were 10 years old at the start of experiment
budded on Malus rootstock and grown in sandy clay loam soil in private orchard located at El-
Nubaria region, El-Bahaira Governorate. The experiment involved the following treatments:1)
control (spraying with tap water), 2) 5 mg/l Sitofex (CPPU), 3) 10 mg/l CPPU, 4) 15 mg/| CPPU,
5) 25mg/l Naphthalene acetic acid (NAA), 6) 50 mg/l NAA, 7) 75 mg/l NAA, 8) 25 mg/l
Benzyladenine (BA), 9) 50 mg/l BA, 10) 75 mg/l BA. All applications were applied twice at full
bloom (80% flowering) and after two weeks from setting. Results revealed that 75 mg/l NAA, as
well as, 75 mg/l BA treatments gave the highest values of shoot length, shoot thickness and
total chlorophyll compared to all others treatments during both experimental studied. On the
contrary, the control treatment has the lowest values during two seasons. Also, it was noticed
applications that CPPU treatments led increased fruit set and decreased fruit drop percentages.
Furthermore, data showed that, 5, 10 and 15 mg/l CPPU significantly increased yield/tree and
yield weight/feddan, as compared with control. Moreover, increasing rates of foliar application at
all growth regulators treatments increased acidity and vitamin C content in fruits, while, all
treatments did not affect total sugars and anthocyanin contents. Also, foliar application of
CPPU, NAA and BA treatments increased the starch content.

Keywords: Apple, Anna, plant growth regulators, CPPU, NAA, BA, vegetative growth, yield,

fruit quality.

INTRODUCTION

Apple (Malus domesticsa, L.) is belonging to deciduous trees and pomes
fruit, family Rosaceae. It is one of the most important fruit trees in the world
,which at least as the apple yield of the world reached more than 55 million ton
has been the yield of apple in the world, USA are the first in production, 7.5% of
the world apple production. Turkey, France, ltalia and Iran are the most
important apple production exporter countries in the world (Marku et al., 2014).
In Egypt, the cultivated area reached about 79383 feddan, which produced
about 623625 ton with an average of 10.2 ton per feddan (Anonymous, 2014).

Many investigators recorded that yield and quality of "Anna" apple fruits
depended on several factors. One of the most vital factors which affects and
plays an important role in this concern is spraying with some growth regulators
which enhance fruit set, reduce fruit drop and consequently increase
productively. Moreover, both concentration and application date are very
important factors which in true reflect on increasing and improving fruit yield and
fruit characteristics (Asaad 2014).

Sitofex (CPPU) (N-(2-chloro-1-pyridinyl)-Nphenylurea) at different
concentrations enhanced cell division, increased cell size, increased fruit
weight, size and fruit yield. Furthermore, application of the abovementioned
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growth regulator improved the most fruit properties on apple (Fatma et al.,
2009).

Chemical thinning response depends on many factors such as treated
variety, the type and concentration of the chemical thinner used the
environmental factors during and after application, tree factor, the timing of
application, etc. Naphthalene acetic acid (NAA) and ethephon chemicals have
been widely used chemicals for apple thinning for many years, although they
both give variable results in thinning response. Part of this can be attributed to a
weather/ temperature dependent thinning response and to cultivar sensitivity as
well (Wertheim, 2000).

A disadvantage of NAA could also be its negative effect on fruit growth
since NAA application may not increase the fruit size even though the thinning
response occurred and crop load is substantially reduced (Ferree, 1996, Link,
2000, Stopar and Lokar, 2003). Some reports indicated that higher
concentrations or late applications of NAA tended to depress the fruit size
(Bound, 2001).

Cytokinin Benzyladenine (BA) was found to be more consistent and
effective thinning compound for several apple cultivars, since it reduced the
crop load, increased the fruit size and had a positive influence on the return
bloom (Ferree, 1996). BA had shown to increase fruit size even in the absence
of fruit thinning (Link, 2000). BA contributed to larger fruit size through an
increased cell division rate in the fruit cortex (Wismer et al., 1995). It caused a
greater increase in fruit size than an equal reduction in crop load caused by
other thinning agents (Ferree, 1996). It was the most effective if applied when
fruit diameter averaged about 10 mm (Greene, 1993).

Therefore, the present investigation was designed to study the possibility
of producing high vegetative growth, fruit set and drop, yield and fruit quality of
"Anna" apple tree by spraying with sitofex (CPPU), Naphthaline acetic acid
(NAA) and Benzyladenine (BA).

MATERIALS AND METHODS

This study was carried out during two successive seasons 2015 and
2016 on ten years old "Anna" apple trees (Malus domestica, L.), budded on
Malus rootstock. Trees were planted in sandy clay loam soil in a private orchard
at EI-Nubaria region, El-Bahaira governorate Egypt. The trees were spaced 5x5
m apart, irrigated by drip irrigation system and received similar cultural practices
adapted in the orchard.

The experiment followed the completely randomized design on fifty
trees as 10 treatments were applied and each treatment comprised of five
trees. Each tree was considered a replicate; five replicate trees per each
treatment were used. Treatments were sprayed with the specified solutions till run
off on trees at full bloom stage at which 80% of flower buds reached the
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stage of full open and two weeks after fruit setting. A fine mist ensured
complete coverage of fruits before run off.

Treatments

The experiment involved the following treatments:
1. Control (Spraying with tap water)

2. 5mg/l CPPU (Sitofex)

3. 10 mg/l CPPU (Sitofex)

4. 15 mg/l CPPU (Sitofex)

5. 25 mg/l NAA (Naphthalene Acetic Acid)

6. 50 mg/l NAA (Naphthalene Acetic Acid)

7. 75 mg/l NAA (Naphthalene Acetic Acid)

8. 256mg/I BA (Benzyladenine)
9. 50 mg/l BA (Benzyladenine)
10. 75mg/l BA (Benzyladenine)

The effect of the previous treatments was studied by evaluating their
influence on the following parameters:

Vegetative growth
Shoot length (cm):

In the spring of each season, 20 non —fruiting shoots of spring cycle were
tagged at constant height and at all direction of each tree. In June, the average
length of tagged shoots was measured.

Shoot thickness (cm): At late June in both seasons, shoot thickness for twenty
shoots was measured by hand caliber.

Leaf area (cm?):

Leaf area was measured during the second half of May on fully
developed mature leaves by portable area meter LI-COR model LI-3000A No.
PAM 1671 (Bioletti, 1938).

Fruit set and drop (%):

Both number of flowers and set fruitlets on the tagged branches were
counted and recorded for all treatments. Then percentages of fruit set were
calculated by the following equation according to the Westwood (1978).

Fruit set (%) =— Yo of fruitlets v,
No of opened flowers

Fruit drop (%):
Furthermore, number of dropping fruits was recorded till harvesting time,

then estimated as percentage on the basis of initial number of fruitlets according

to this equation:

No of dropped fruits

Fruit drop (%) = _
No of set fruitlets

X 100

Yield (kg/tree):
At harvest time, yield of each treatment was recorded as yield weight/tree
by the multiplying number of fruits x average weight of fruit. Also, yield produced

78
Vol. 22(1), 2017




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

as ton/feddan was expressed by multiply the weight of fruits/tree x number of
trees/feddan.

Physical fruit characteristics:

Sample of 10 fruits per tree from each replicate was collected randomly,
when the fruits were yellow colored (20 June) in both seasons, then transported
quickly to the laboratory to determine physical and chemical fruit characteristics.
Regarding the physical fruit characteristics, samples of 10 fruits from each
replicate tree i.e. 30 fruits for each of the applied treatment was picked
randomly at harvest to determine: Average fruit weight (g/ fruit):

Average fruit length (L) and diameter (D) in cm:
were measured by using hand caliper.

Fruit firmness:

Was expressed as (pound / Inch?) according to (Magness and Taylor,
1925). Flesh firmness was measured in two opposite sides of the fruit using
Magness Taylor pressure tester.

Chemical fruit characteristics:
Regarding the chemical fruit characteristics, at harvest to determine the
following parameters were determined at harvest:

Total soluble solids of fruit juice (TSS %):
Was used to determine the percentage of TSS by hand refractometer
according to Chen and Mellenthin (1981).

The percentage of total acidity:

Was determined in fruit juice measured according to Chen and
Mellenthin (1981). Five milliliters from the obtained juice were used to determine
the titratable acidity. The titratable acidity was expressed as grams of malic
acid/100 milliliters fruit juice.

TSS/acid ratio:
Were calculated for each replicate of the applied treatments.

Vitamin C (Ascorbic acid):

The ascorbic acid content of the juice was determined by titration with 2,
6 dichloro phenol-indo-phenol (AOAC, 1985) and calculated as milli-grams per
100 ml of juice.

Total sugars:

were determined in fresh fruit samples according to Malik and Singh
(1980). Sugars were extracted from 5 gram fresh weight and determined by
phenol sulfuric and Nelson arsenate —molybadate colorimetric methods.

Starch contents:
were determined in 0.1 g of the residue by hydrolysis with concentrated
HCL for 3hr under reflux condenser (AOAC 1985). The total reducing power
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was determined according to the method of Malik and Singh (1980) and the
factor 0.9 was used to calculate the starch (Woodman, 1941).

Leaf chlorophyll index (SPAD):

It was determined by chlorophyll meter apparatus in ten leaves from each
plot at 60 and 75 DAS, according to the method that described by Moran
(1982).

Anthocyanin content (mg/100g):
Anthocyanin content was determined at the stage of coloration (mg/100g
fresh weight) according to Rabino et al. (1977).

Statistical analysis:

Results of the measured parameters were subjected to computerized
statistical analysis using MSTAT package for analysis of variance (ANOVA)
and means of treatments were compared using LSD at 0.05 according to
Snedecor and Cochran (1990).

RESULTS AND DISCUSSION

Vegetative growth and total chlorophyli

The data for both experimental seasons, regarding the effect of applying
different rates of Sitofex (CPPU), naphthalene acetic acid (NAA) and
benzyladenine (BA) on shoot length of "Anna" apple trees are shown Table (1).
As for the effects of applying CPPU, data indicated that increasing CPPU
concentrations was in concomitance with increasing shoot length as compared
with control during both experimental seasons. Furthermore, data showed that
for both experimental seasons increasing NAA concentrations from 25 to 75
mg/l increased shoot length as compared with control. Concerning the effect of
applying different rates of BA, results revealed that increasing BA
concentrations from 25 to 75 mg/l increased shoot length as compared with
control during both experimental seasons. The same results were reported by
several authors, Aly et al. (2012) on "Le Conte" Pear and Asaad (2014) on
"Anna" apple. They all concluded that shoot length was increased with all
growth regulators treatments.

Results of the effects of different concentration of growth regulators
(CPPU, NAA and BA) on shoot thickness of "Anna" apple trees clearly indicated
that foliar application of different growth regulators under the study increased
the shoot thickness of "Anna" apple trees during 2015 and 2016 seasons as
compared with control. On "Le Conte" pear trees, Aly et al. (2012) found that
foliar CPPU spray increased shoot thickness.

With regard to leaf area, data indicated that increasing (CPPU, NAA and
BA) concentrations increased leaf area as compared with control during both
experimental seasons.

The same results were reported by several authors, Negi and Sharma
(2005) on Flemish beauty pear, Aly et al. (2012) on "Le Conte" Pear. They
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showed that all applied (CPPU, NAA and BA) concentration increased leaf area
of trees.

As for total chlorophyll in "Anna" apple leaves, data revealed that the 75
mg/l BA treatment gave the highest value of total chlorophyll compared by all
treatments in both seasons. It was, also, found that increasing NAA
concentrations as foliar applications caused an increasing in total chlorophyll in
"Anna" apple trees in both seasons.

Table (1). Effect of foliar application with growth regulators on some
morphological parameters of apple in 2015 and 2016 seasons.

Shoot Total
Treatment Shoc(;(t:rI:)ngth thickness Le(ifnfzr)ea chlorophyll
(cm) (reading)
2015 2016 2015 2016 2015 2016 2015 2016
Control 26.71 27.04 0.61 0.63 19.42 19.74 4898 48.22

5mg/I CPPU 28.35 29.16 0.71 0.73 22.04 22.85 49.39 50.86
10 mg/I CPPU 31.35 32.85 0.79 0.83 24.07 2527 514 52.84
15 mg/ICPPU 37.65 38.17 0.84 0.87 26.52 27.84 52.20 54.35
25 mg/l NAA 27.85 28.46 0.68 0.71  19.72 20.61 50.70 51.81
50 mg/l NAA 32.46 33.51 0.77 0.80 21.14 2219 5293 53.17
75 mg/l NAA 39.21 40.09 0.88 0.90 23.08 24.14 ©53.79 54.64
25 mg/l BA 27.61 28.73 0.65 0.68 20.50 21.32 51.72 52.31
50 mg/l BA 33.14 34.65 0.76 0.80 22.19 23.30 52.25 53.90
75 mg/l BA 40.53 41.64 0.81 0.85 24.08 25.22 54.13 55.73

LSD (0.05) 1.57 1.66 0.07 0.08 1.07 1.14 2.74 2.96

B. Fruit set and drop (%)

The data concerning the effect of foliar application of (CPPU, NAA and
BA) on the percentage of initial fruit set of "Anna" apple trees during 2015 and
2016 seasons are presented in Table (2). The data revealed that spraying the
trees with 5 to 15 mg/l CPPU treatments increased initial fruit set percentages
significantly as compared with control treatment. On the other hand, NAA and
BA foliar applications decreased initial fruit set significantly as compared with
control treatment. The same trend for the effect of spraying NAA was reported
by Sourour et al. (2009) on Manzanillo olives who showed that NAA spraying
significantly decreased the percentage of fruit set.

Concerning final fruit set, 5, 10 and 15 mg/| CPPU treatments increased
final fruit set percentage significantly as compared with control treatment during
both experimental seasons. On the other hand, NAA foliar applications at 50
and 75 mg/I significantly decreased the final fruit set percentage as compared
with control in both seasons.

Moreover, the results regarding the influence of applying BA on the final
fruit set percentage, data showed that 75 mg/l of BA decreased significantly the
final fruit set percentage as compared with control treatment, while no
significant difference was noticed between each of 25 and 50 mg/l| BA and
control. In addition, the data revealed that foliar application of 5, 10 and 15 mg/I
CPPU treatments gave less values of fruit drop percentage, while NAA at 75
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mg/l treatment gave the highest values of the given parameter in both
experimental seasons.

Table (2). Effect of foliar application with growth regulators on initial fruit
set %, final fruit set %, fruit drop % of apple in 2015 and 2016
seasons.

Initial fruit set (%) Final fruit set (%) Fruit drop (%)

2015 2016 2015 2016 2015 2016
Control 45.06 47.26 12.32 12.84 42.39 43.01
5mg/I CPPU 55.08 57.83 15.29 16.05 36.70 38.28
10 mg/l CPPU  68.85 71.53 19.08 20.07 35.21 36.91
15 mg/I CPPU  72.89 73.46 21.13 23.19 31.14 32.10
25 mg/I NAA 43.80 45.61 11.80 12.36 49.68 50.66
50 mg/I NAA 41.42 42.15 10.25 11.81 64.31 69.62
75 mg/l NAA 38.72 39.85 9.14 10.56 73.67 74.36

Treatment

25 mg/l BA 41.91 43.31 11.79 12.38 43.51 45.67
50 mg/l BA 39.95 40.87 10.24 11.80 48.33 50.14
75 mg/l BA 37.65 39.24 9.37 10.54 53.71 56.31

LSD (0.05) 2.27 2.35 1.97 1.86 2.21 2.64

Average fruit weight (g/fruit)

Concerning the effect of applying CPPU on the average fruit weight
(g/fruit) of "Anna" apple trees in 2015 and 2016 seasons, results revealed that
5, 10 and 15 mg/l CPPU treatments increased fruit weight as compared with
control treatment during both seasons of the study.

As for the effects of spraying NAA and BA concentrations, data showed
that, increasing rates of NAA and BA applied caused a gradual increase in
average fruit weight in both seasons, Table (3). These resulted were in line with
many investigators who reported that, average fruit weight increased due to
using some growth regulators, such as Sourour et al. (2009) on Manzanillo
olives, Aly et al. (2012) on "Le Conte" Pear and Taha and El-Ghany (2016).

Number of fruits/ tree

Data in Table (3) showed that spraying the "Anna" apple trees with
CPPU gradually increased the number of fruits per tree compared to both NAA
and BA treatments. As for the effects of foliar application of CPPU, data showed
that 15 mg/l CPPU significantly increased the number of fruits per tree in both
seasons as compared with control treatments. These results are in line with
Fatma et al. (2009) on "Anna" apple and Aly et al. (2012) on "Le Conte" pear.
They studied the efficiency of a CPPU and found that all treatments with CPPU
significantly increased fruiting.

Yield weight

Concerning the influence of applying different rates of growth regulators
on yield/ tree (kg) of "Anna" apple trees in 2015 and 2016 seasons, results
generally revealed that all applied treatments generally, increased weight of
fruits/trees (kg) as compared with control treatments in both seasons.
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Furthermore, data showed that 5, 10 and 15 mg/l CPPU treatments
significantly increased fruit weight/feddan (ton) in both seasons, while control,
25 mg/l NAA and 25 mg/l BA treatments gave the lowest values with other
control Table (3). Guirguis et al. (2003), Fatma et al. (2009) and Aly et al. (2012)
found that all treatments with CPPU significantly increased fruiting especially at
high concentration. Also, Faissal and Abdellal (2007) found that CPPU
significantly increased fruit weight.

Table (3). Effect of foliar application with growth regulators on yield and
some physical fruit characteristics of apple in 2015 and 2016

seasons.
Average fruit Number of weiF:'ll;;:ree Fruit yield
Treatment weight (g) fruits/tree 9 (ton/fed)
(kg)
2015 2016 2015 2016 2015 2016 2015 2016
Control 98.88 101.92 186.32 19532 1842 19.91 3.09 3.34

5mg/I CPPU 108.14 113.68 206.21 216.48 22.30 24.61 3.75 4.13
10 mg/I CPPU 115.65 116.18 227.81 235.18 26.35 27.32 4.43 4.59
15mg/l CPPU 126.72 128.75 264.42 273.60 33.51 3523 5.63 5.92
25 mg/l NAA 100.33 103.34 184.06 193.24 18.47 19.97 3.10 3.35
50 mg/l NAA 117.28 120.14 177.38 185.74 20.80 22.31 3.49 3.75
75 mg/l NAA 137.49 141.89 161.68 169.72 2223 24.08 3.73 4.05
25 mg/l BA 101.51 105.08 180.46 190.32 18.32 20.00 3.08 3.36
50 mg/l BA 139.47 147.94 169.20 178.16 23.60 26.36 3.96 4.43
75 mg/l BA 153.21 161.11 151.32 167.64 23.18 27.01 3.89 4.54

LSD (0.05) 2.41 2.87 5.60 5.73 1.85 1.91 0.36 0.41

Physical fruit quality

Data of the two seasons concerning fruit dimensions in response to
different CPPU, NAA and BA concentrations of "Anna" apple fruits are
presented in Table (4). The obtained data cleared that all concentrations of
different chemicals increased fruit length, diameter and average fruit volume of
apple fruits significantly in 2015 and 2016 seasons. Similar results were found
by Aly et al. (2012) who showed that foliar application of trees with different
concentration of CPPU significantly increased fruit diameter of "Le Conte" pear
fruit as compared with control treatments.

Fruit firmness

Regarding the influence of spraying different growth regulators on "Anna"
apple trees in fruit firmness (pound/inch?) during both seasons, data in Table (4)
showed that CPPU at 15 and NAA at 75 mg/I treatments significantly increased
the firmness of fruit a compared control treatment in the first season. These
results are partially in agreement with the fact that, at maturity, fruit firmness
easily tolerates post-harvest treatments. Moreover, previous reports of Khurshid
et al. (1997), Guirguis et al. (2003), Fatma et al. (2009) and Aly et al. (2012) on
apple and pear trees have supported this trend.
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Table (4). Effect of foliar application with growth regulators on some
physical fruit characteristics of apple in 2015 and 2016
seasons.

Average fruit Average fruit  Average fruit  Fruit firmness

Treatment length (cm) diameter (cm) volume (cm®) (Ib/inch?)
2015 2016 2015 2016 2015 2016 2015 2016
Control 567 595 5.15 540 101.97 107.06 9.50 9.96

5mg/I CPPU 6.22 6.52 575 6.00 109.96 115.46 10.96 10.42
10 mg/ICPPU 6.35 6.66 5.88 6.17 12493 131.17 1126 10.65
15mg/ICPPU 6.64 6.97 6.34 6.65 139.37 146.34 1259 11.27
25 mg/l NAA 6.36 6.68 5.99 6.28 122.00 128.07 9.64 10.82
50 mg/l NAA 6.66 6.99 6.06 6.36 140.00 147.63 10.65 11.17
75 mg/l NAA 728 764 6.36 6.67 150.70 158.23 11.46 11.05
25 mg/l BA 701 735 7.00 7.15 143.78 150.96 10.12 9.92
50 mg/l BA 735 7.71 7.49 7.26 161.16 169.22 11.56 10.70
75 mg/l BA 754 791 7.73 7.61 185.32 194.58 12.70 11.10

LSD (0.05) 0.16 0.13 0.18 0.1 2.67 3.17 1.58 1.74

Chemical fruit quality
Total soluble solids (TSS %), Total acidity (%) and TSS/acid ratio

The data concerning the effect of foliar applicationof CPPU, NAA and BA
on the percentage of TSS, acidity and TSS/acidity ratio of "Anna" apple trees
during 2015 and 2016 seasons are presented in Table (5).

The data revealed that increasing rates of foliar application of all growth
regulators gradually increased the fruits content of TSS % in both seasons
except spraying CPPU at 5 mg/l, NAA at 25 mg/l and BA 25 mg/l. Generally, 75
mg/l BA treatment gave the best results for TSS as compared with all
treatments. These results were in agreement with those obtained by Fatma et
al. (2009) on "Anna" apple, Sourour et al. (2009) on Manzanillo olives, and Aly
et al. (2012) on "Le Conte" Pear. Furthermore, data showed that all CPPU, NAA
and BA concentrations, increased acidity % as compared with the control
treatment. The 50 mg/l NAA and 75 mg/l BA treatment showed a significant
increase in acidity % in fruits as compared with control treatment in both
seasons. These results are in agreement with those reported by Kabeel and
Fawaaz (2005) and Sourour et al. (2009). They all concluded that these growth
regulators increased fruit acidity.

Data presented in Table (5) showed that 50 mg/l| NAA and 50 and 75
mg/l BA foliar application treatments gave the lowest values of TSS/acid ratio of
"Anna" apple fruits during both seasons followed by 5 and 10 mg/l CPPU
treatments as compared with control treatment in both seasons. Similar trend
was reported by Mansour et al. (2008) and Fatma et al. (2009) who studied the
efficiency of synthetic cytokinin CPPU on fruit quality of "Anna" apple trees and
found that all treatments with CPPU tended to significantly increase acidity and
decrease TSS/acid ratio.
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Vitamin C

The data as for the effects of CPPU, NAA and BA on VC content in
"Anna" apple fruits during 2015 and 2016 seasons showed that increasing rates
of CPPU, NAA and BA as foliar application, gradually, led to increase VC
content as compared with control treatment. Similar results, in generals were
noticed about VC content when applied the different concentrations of CPPU on
"Anna" apple trees in both seasons Table (5). The obtained results are in
parallel with those obtained by Raphael and Faleishman (2003) who showed
that VC content in fruit gave no differences among the treatments and the
control when CPPU applied at 5Smg/I.

Total, reducing and non-reducing sugar (%)

Results in Table (6) illustrated that the application of CPPU, NAA and BA
did not exert regulator effect on total, reducing and non-reducing sugar (%) in
"Anna" apple fruits as compared with control treatment in both experimental
seasons. The same results were reported by Kacha et al. (2014), Anawal et al.
(2015) and Safaei-Najad et al. (2015).

Starch (%)

The data as for the effects of different rates of growth regulators
concentration on starch (%) content in "Anna" apple fruits during 2015 and 2016
seasons showed that increasing rates of CPPU, NAA and BA as foliar
application, gradually, led to increase content of starch (%) significantly in
"Anna" apple fruits as compared with control treatment in both seasons. These
results are in parallel with those obtained by Aly et al. (2012) on pear and
Asaad (2014) on apple.

Anthocyanin (mg/100g)

Data in Table (6) illustrated the effects of different concentrations of
growth regulators on anthocyanin (mg/100g) content in "Anna" apple fruits
during 2015 and 2016 seasons and showed that increasing rates of NAA and
BA as foliar application generally had no effect on the| content of anthocyanin
(mg/100g) in "Anna" apple fruits as compared with control treatment in both
seasons. Meanwhile, foliar application of different rates of CPPU did not affect
significantly on anthocyanin (mg/100g) content in both seasons as compared
with control. The data are in line with Fatma et al. (2009) on "Anna" apple.
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Table (5). Effect of foliar application with growth regulators on some

chemical fruit characteristics of apple in 2015 and 2016

seasons.
Treatment TSS (%) Acidity (%) TSS/Acidity (%) VC (mg/100ml)
2015 2016 2015 2016 2015 2016 2015 2016

Control
5mg/ICPPU 1146 11.01 045 0.48 2547 2294 18.70 19.63
10 mg/I| 10.69 10.23 0.47 0.49 2274 2088 19.46 20.43
CPPU 11.36 1092 048 050 23.67 21.84 19.84 20.82
15 mg/l 1249 1111 050 052 2498 2137 21.23 22.08
CPPU 11.18 10.80 051 054 2192 20.00 18.83 19.77
25 mg/INAA 1153 11.11 059 0.61 19.54 18.21 19.57 20.54
50 mg/I NAA 1242 11.04 049 0.65 2535 16.98 20.09 21.08
75 mg/INAA  10.80 10.33 049 0.51 22.04 2025 18.81 19.74
25 mg/l BA 11.63 10.21 055 058 21.15 1760 19.19 20.14
50 mg/I BA 12.83 1146 058 0.61 2212 1879 19.91 20.90
75 mg/| BA

LSD(0.05) 0.74 0.81 0.05 0.04 284 3.11 1.08 1.17

Table (6). Effect of foliar application with growth regulators on some

chemical fruit characteristics of apple in 2015 and 2016

seasons.

Total Reducing Non- Starch Anthocyanin

Treatment sugars (%) sugars (%) reducing (%) content

sugars (%) (mg/1009)
2015 2016 2015 2016 2015 2015 2015 2016 2015 2016
Control 768 756 4.63 446 3.05 3.10 236 242 1951 19.43
5mg/I CPPU 734 770 418 444 316 3.26 249 261 19.68 19.66
10 mg/ICPPU 753 7.72 434 460 319 3.12 270 2.83 20.33 20.17
15mg/ICPPU 7.71 7.69 444 471 327 298 294 3.08 20.15 19.84
25mg/INAA 694 710 480 450 214 260 258 271 19.84 19.04
50 mg/l NAA 710 714 489 462 221 252 260 273 2045 20.32
75 mg/l NAA 7.63 721 437 448 326 273 264 277 20.64 19.66
25 mg/l BA 713 726 492 456 221 270 274 287 1883 19.77
50 mg/l BA 721 756 490 426 231 330 266 279 19.67 19.47
75 mg/l BA 747 748 420 448 327 3.00 254 266 20.17 19.81
LSD(0.05 054 048 0.27 031 014 0.17 0.05 0.07 174 1.68
CONCLUSIONS

Results of the presented study on the effect of CPPU, NAA and BA on
"Anna" apple trees indicated positive effects on vegetative growth. Also, CPPU
increased yield and decrease fruit drop percentage and improved fruit quality
either physical (weight, length, diameter and volume) or chemical (acidity and

VC).

Generally, CPPU 15 mg/l, NAA 75 mg/l and BA 50, 75 mg/l were the best
concentrations in increase on fruit weight and volume.Results revealed that the
best treatments were spraying CPPU 15 mg/Il, NAA 75 mg/l and BA 75 mg/I at

full bloom and after two weeks from full bloom.
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ABSTRACT: Alexandria Zoological Garden (Alex Zoo) began in 1907 as a small menagerie in
1916, Antoniadis Gardens was redesigned to be able to display some animals and birds. Alex Zoo
has an area of about 26 acres located in Smouha district, Alexandria, Egypt. An evaluation was
carried out to determine the situation of Alex Zoo to see whether it matches the international
standards of zoological gardens and whether the zoo was meeting the goals, roles, and benefits of
similar zoological gardens. Results from site observations as well as the statistically analyzed
questionnaires indicated several facts: concerning the reason for visiting Alex Zoo, most of the
studied sample said that they visit the zoo mainly for entertainment and recreation then for
education. The majority of visitors were not satisfied either about the gardens of Alex Zoo, or about
the general situation and components of the zoo. Most of the visitors were not satisfied about the
z0o entrances and accessibility since there is no possibility for the visitors to enter the zoo area
using their cars because all the zoo entrances are provided with stairs since Alex Zoo level is higher
than the level of surrounding area. As for the walkways circulation, the old design of Alex Zoo
allows a kind of easy movement of visitors between animal exhibits since the streets is used only for
pedestrians. The majority of visitors were upset since there is no possibility for wheel chaired
disabled visitors to move into the zoo through the different entrances to reach the first level of the
z00 unless being carried over by other visitors. On the other hand, the majority of visitors were
satisfied about the safe barriers of visitors which keep them away and safely from the primary
barriers around the perimeter of enclosures. There are no wayfinding signs or maps indicating the
location and direction to any animal exhibit. The cleaning level was another point of dissatisfaction
since most of the visitors were greatly upset because the accumulation of dirts and garbage
everywhere. The majority of visitors were also not satisfied about the area and facilities of the
children playground. Most of the visitors were not satisfied about the garden maintenance, lawns,
flowers and other ornamentals, number and variety of garden plants. On the other hand, they were
almost satisfied about the number and distribution of shade trees in the zoo since they were planted
over one hundred years. With respect to the animal's area of Alex Zoo, the majority of visitors
expressed their great satisfaction about the success of Alex Zoo designer to create a considerable
level of exhibit simulation. In the same level of success, the majority of visitors were greatly satisfied
about using good, safe and illusive animal barriers. Most of the visitors were partly satisfied about
the presence of animal labels to obtain reasonable information about animals and how they live in
the wild. But above all, the majority of visitors were greatly dissatisfied due to the low number of
animals in the zoo, the cleaning level of animals and exhibits, as well as the absence of tour guides
in the zoo.

Keywords: Zoological Gardens, Alexandria Zoo Evaluation, Landscape Gardening, visitors

perception, illusion design.

INTRODUCTION

Human populations have been fascinated by animals and have been
displaying them in some form of captivity for centuries. Menageries, which are
some collections of caged animals appeared long ago in Egypt, Rome, China and
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India (Hancocks,1971; and Polakowski,1987). Zoo is a collection of wild animals in
captivity. It may include also zoological gardens, biological parks, safari parks, bird
parks, reptile parks, aquariums as well as insectariums ( Catibog- Sinha,2008).

Modern zoos have many roles including conservation, recreation, research,
and education (WAZA, 2006), but it should be reported, however, that the major
role of zoos is to protect and secure the endangered animal species. Designers of
zoological gardens intend to show, within an enclosure, the natural habitat of the
animal, introducing ecological themes and conveying information about the
habitats and the behavioral biology of the animals (Harrison, 1991; Hoage and
Deiss,1996; and Croke,1997). The animal exhibit design approach , in addition to
satisfying the animals' physical, psychological, and social needs, should recognize
that the exhibit attempts to present an illusion of the wild (Jones,1985; and
Polakowski,1989).The dilemma of exhibiting wild animals in an artificial
environment requires the need to create perceptual deceptions in the visitor's mind.
lllusions can be created in animal exhibits to stimulate the animals' natural habitat,
to produce an environment similar to the animals' one, as well as to emphasize the
ecological relationships between animals, plants, and man.

If we divided the zoo exhibit into animal and visitor areas, the animal habitat
is that area exclusive to the animal while the visitor area is the domain of the
visitor. Some type of barriers usually separates them from each other (Bitgood,
1999), Zoo plantings are very important when designing natural exhibits. Plants
fulfill several basic needs including creating shade for visitors and animals, cover
for the animals, other behavioral needs of the animals, depending on the species;
visual barrier for animals to avoid other animals; and definition of space for people
and animals ( Graetz,1995). Coe (1983) defined zoo horticulture and plantings as
the application of horticultural knowledge, which express the understanding of
plants, their needs and characteristics of zoo layouts.

Zoos should provide parking areas that are accessible, easy to find and
close to the entrance gates. Visitors should find safe and comfortable parking
facilities (CLRdesign, 2004). The presence of adequate number of entrances is
also of prime importance. On the other hand, since visitors spend sometime
walking through the different zoo exhibits, they need to have good and adequate
resting places and shading pergolas (Graetz, 1995; and CLRdesign, 2004).

Signs and labels are very important components of modern zoos. Zoological
gardens are able to increase the interest level of visitors with living animals and
then increase their interest by using information signs or labels which indicate
some important information about the animal and its wild habitat (Mosca, 1982).
Several authors remarked that signs or labels complete the full educational
experience provided by zoological gardens ( Hirschi and Screven,1988).The aim of
the study is to evaluate the situation of Alexandria zoological gardens in order to
prove whether or not it matches the international standards of zoological gardens
as fully described by the World Association of Zoos and Aquarium (WAZA).
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MATERIALS AND METHODS

A sample of 250 of Alex Zoo visitors was randomly selected, they received
the questionnaires, and with the help of the researchers, they answered the
different points and items of each questionnaire. Results were collected and
analyzed by Chi® — test (Snedecor and Cochran, 1989). In order to obtain reliable
results, meetings, interviews and extensive discussions were made with the visitors
representing the selected sample. In addition, it was of great importance to make
several visits to Alex Zoo in order to observe the situation of the gardens as well as
the visitors perception and impression about the zoo and its components, either in
the visitors area or in the animals area.

RESULTS AND DISCUSSION

1- Distribution of the studied sample of visitors according to their personal
data and interests:

Results published in Table (1) showed that 49.2% of the selected sample of
visitors were males while 50.8% of the sample were females, which gives a clear
indication that both males and females were found to be almost equally concerned
with visiting Alex Zoo. Regarding the educational status of the visitors, it was
noticed that the majority of Alex Zoo visitors were educated, either medium
educated (47.6%) or highly educated (44.4%), whereas, only 8.0% of the visitors
were non- educated, which means that the educated people are much concerned
about zoo visiting or even zoo importance in our life.

On the other hand, parents and childern presented the highest percentage
of visitor groups (73.6%), followed by friends and school mates (22.0%), while
neighbors presented the lowest percentage of Alex Zoo visitors (4.4 %). Most of
the selected sample (60.8%) showed that they are keen to visit the zoo , while
38.0% said that they are very keen to visit Alex Zoo which they believed to be of a
top priority for them. Only 1.2% of the selected sample said that they are not
attracted to visit the zoo. This give an impression that visiting zoos became a
common knowledge for the people since 98.8% of the selected sample were either
keen or very keen to visit Alex Zoo.

Concerning the reasons for visiting Alex Zoo , most of the studied sample
(80.4%) said that they visit the zoo mainly for entertainment and recreation, while
17.2% for education. On the other hand, unfortunately, very few visitors said that
they visit the zoo either for research (1.2%) or to have some information about
animal conservation (1.2%). The reports and findings of Patrick and Tunnicliffe
(2013) support these results. Lessow (1990) and Frost (2010) and many other
researchers stated that public perceptions persist that zoos are places for
entertainment and that 60% of the US zoo visitors state that the zoos are places for
education.
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Table (1). Distribution of the Alex Zoo studied cases according to their
personal data and interests

No %
Sex:
Male 123 49.2
Female 127 50.8
Educational status:
Non- educated 20 8.0
Medium educated 119 47.6
Higher educated 111 44 .4
Visitors relationships:
Friends and school mates 55 22.0
Neighbors 11 4.4
Families ( parents and children) 184 73.6
Are you keen to visit Alex Zoo
No 3 1.2
Yes 152 60.8
Very keen 95 38.0
Reason for visiting Alex Zoo
Conservation 3 1.2
Entertainment and recreation 201 80.4
Education 43 17.2
Research 3 1.2

2- Distribution of the Alex Zoo studied sample according to the general
satisfaction towards the zoo

In order to see how sufficient are the gardens of Alex Zoo as well as the
general satisfaction of visitors towards the zoo and its components, Table 2
clarified the fact that the majority of Alex Zoo studied sample (60.8%) believed that
the zoo and gardens are not sufficient, 53.6% of the tested sample expressed their
dissatisfaction about the general situation and components of Alex Zoo which
means that the zoo have not fulfilled their needs. On the other hand, only 6.8% of
the tested sample showed that Alex Zoo is sufficient with regard to their needs,
while, 14.8% of the tested sample were highly satisfied about the gardens and
components of Alex Zoo as well as the general situation.
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Table (2). Distribution of the Alex Zoo studied sample according to
sufficiency and satisfaction

No %
Degree of sufficiency
High 17 6.8
Moderate 152 60.8
Low 81 32.4
Min. — Max. 32.0-49.0
Mean = SD 57.56 + 11.49
Median 58.0
Degree of satisfaction
High 37 14.8
Moderate 134 53.6
Low 79 31.6
Min. — Max. 32.0-285.0
Mean = SD 55.26 + 11.62
Median 55.0

3- Opinion of the studied sample about the hardscape components of the
visitors area:

Results presented in Table (3) could be summarized as the following:

(1) Entrances and zoo accessibility:

Most of the tested sample are not satisfied about the entrances and
accessibility of Alex Zoo. Alex Zoo has 5 entrances (Fig.1), four of these entrances
are accessed by the public (entrances number 1,2,3 and 4), but the entrance
number 3, which is, the first entrance on Albert Alawal Street, is the most accessed
by the visitors due, presumably, to transportation and parking problems. All of the
entrances of the garden are provided with stairs since the zoo level is higher than
the level of surrounding streets. This means that there is no possibility for the
visitors to use cars inside Alex Zoo, only pedestrians are allowed to enter, which
explains why most of the tested sample of visitors is not satisfied about Alex Zoo
entrances as well as zoo accessibility. Moreover, the accessibility is more
complicated for disabled people; it will not be able for wheelchaired disabled to
access the garden easily and safely. It is very important to provide any zoo with
adequate number of gates to make a safe, easy, comfortable and attractive access
for the visitors into the zoo areas as well as to easily and comfortably evacuate
visitors out of the zoo (CLRdesign,2004). The staired entrances of Alex Zoo may
be an obstacle confronting the process of evacuation especially when we are
speaking about disabled visitors.

(2) Parking areas:

More than 65% of the visitors are dissatisfied due to the absence of
reasonable parking areas for the zoo visitors. As stated above, no possibility for
any car to access into the zoo area, they are allowed to park in the main street of
Albert Alawal in addition to a limited place between the zoo area and Antoniadis
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Botanical Gardens. No other place is available for parking, which makes a real
problem for the garden visitors (Fig.1.).Parking and associated access facilities are
of great importance in the design of zoological gardens. Well-planned parking is
essential to remedy any chronic shortage of on—site parking, which inconveniences
zoo visitors and the surrounding neighborhoods ( CLRdesign,2004).Zoo should
provide parking areas that are accessible, easy to find and as close as possible to
the zoo's entrance. Visitors should find parking facilities that are safe, comfortable
and attractive. Unfortunately, visitors of Alex Zoo use the street of Albert Alawal to
park their cars unsafely; this explains the reason for their dissatisfaction.

El Nozha Garden

b
LS

) Service Entrance

tlosed Enirance F 3(’
Albert Aawal St

-
—

Fig. (1) Alex Zoo map showing the zoo entrances ( E1, E2, E3, E4) as well as
the possible parking areas ( marked in red ).

(3) Walkways circulation:

About 39% of the visitors are not satisfied with the walkways circulation
inside Alex Zoo, but, nevertheless, about 38% are partly satisfied. As a matter of
fact, the old design of Alex Zoo allows a kind of easy movement of visitors between
animal exhibits since the streets is used only for pedestrians (Fig.2.).

Walkways should have a running slope not more than 5% and a cross slope
not more than 2% in order to avoid the risk of falling as well as to provide enough
slope for drainage ( Tranter et al.,1991 and Kirchner et al.,2008). The width of the
walkways should not be less than 90 cm which permits one—way traffic for
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wheelchair or walker users. Paths of at least 150 cm allow side—by — side walking,
passing of two persons and are wide enough for a wheelchair to make a 180
degree turn (Brawley, 2007). The streets or walkways of Alex Zoo were found to be
wide enough (from 3.4m to 19.10m wide), which ensures a smooth movement of
visitors throughout entire space of the gardens.

b Senvice Entrance

Fig. (2). Alex Zoo map showing the walkways circulation connecting all parts
of the zoo together (marked in blue).

(4) Walkways for disabled:

Alex Zoo is architecturally built on two levels; a lower level to the north ( on
Albert Alawal Street), and a higher level to the south, facing Antoniadis Botanical
Gardens. Alex Zoo itself (including the two levels) is situated above the level of the
streets surrounding the garden from all directions; it looks a hill (Fig.3.).This
explains why the different entrances are provided structurally with stairs leading
from surrounding streets to the zoo itself. On the other hand, the two levels of Alex
Zoo are connected with six stairs, well distributed over the connection area in
addition to only two ramp walkways for disabled, one to the right and the other to
the far left. This means that visitors should use the entrance stairs at first to reach
the first level of the zoo where there is no possibility for wheelchairs to move
through the entrances to reach the first level unless being carried over by other
visitors. Wheelchaired disabled visitors can enjoy visiting most of the animal
enclosures on their chairs either in the first or in the second level. This is why most
of the tested sample of Visitors were not satisfied about the situation of walkways
and how for they help disabled.
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Nevertheless, it was found that the running slope of the ramp walkways of
disabled fit the standards of Tranter et al.(1991) and Kirchner et al.(2008) who
reported that the running slope of walkways in such cases should not be more than
5% to avoid falling as well as providing enough slope for easy movement as well
as drainage . The width of both ramp walkways was found also suitable since they
exceed the ranges mentioned by Brawley (2007).
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q ®
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Fig. (3). Alex Zoo map showing that the garden was designed on two levels, a
lower level to the north and a higher level towards south. The two
levels are connected together by six stairs ( marked in blue ) and
two ramp walkways for disabled ( marked with purple ).

(5) Lighting of the parks:

About 36% of the visitors said they are not happy about lighting of the zoo
parks,34% were partly satisfied. The number and distribution of lighting units in the
gardens are very weak in spite of the importance of lighting at night especially in
winter times. Good lighting can help to avoid falls and assist visually impaired
people to detect boundaries (York, 2009). Lighting the parks allows visitors to use
the space safely after dark (Cooper—Marcus and Barnes, 1995). Nevertheless,
30% of the tested sample of visitors was quite satisfied about lighting the park, this
is due to the regulations of Alex Zoo, since the closing time in summer is 4 P.M.
and in winter is 5P.M., which means that the visitors of Alex Zoo are allowed to visit
the garden, usually, during daytime before sunset. Night is only for service
activities and not for the public.

(6) Zoo art and sculpture:

About 83% of the tested sample was not happy due to the absence of any
kind of sculpture or art pieces in Alex Zoo. The use of rocks, tree logs, sculpture as
well as other artistic pieces might be of great benefit to enrich the garden design of
zoo visitors open places (Minter, 1995). Art can convey powerful message in
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zoological gardens, and many zoos contain excellent pieces of art within their
grounds (Rees, 2011). Some sculptures show animals, while other show people
such as the founders of some gardens, etc. Unfortunately, Alex Zoo design does
not contain any outstanding sculpture in the visitor's area. Very few lion statue
were used in specific places such as those on front of the administration building.

(7) Water elements of landscape:

It was found that 76% of the visitors were not satisfied since Alex Zoo didn't
contain any kind of landscape water component (running water, water falls,
fountains...). It is one of the great disadvantages of Alex Zoo that the design
doesn't comprise using water components in the landscape although water is an
important hardscape element used by landscape architects in such designs (Booth,
1983). Water possesses several physical properties that influence the purpose and
method by which it can be used in landscape architectural design; plasticity,
motion, reflectivity and sound.

(8) Pergolas and other shelters:

Young (2001) reported that zoo visitors spend sometime through the
different parts of zoo exhibits. The zoo design must include a comfortable outdoor
microclimate to prolong visit duration as well as to protect visitors from winds and
extremes in temperature, sun rays, as well as rains. Umbrellas or buildings such as
pergolas could be used to provide protection from the sun (Carstens, 1998).
Unfortunately, due to the lack of such pergolas in Alex Zoo, 71% of the visitors
were not satisfied about that. The zoo garden outdoor spaces should be designed
to make picnic areas for group gatherings, activities, and socializing. Umbrellas,
pergolas, chairs and tables become then important hardscape components of the
zoo design (Brawely, 2007). There are some scattered old—-made garden chairs in
Alex Zoo; most of them are broken and not good to be used by visitors so that the
majority of visitors sit down on the ground everywhere. There are very few garden
chairs provided with umbrellas, they are also old made and in need to good
maintenance and repair.

(9) Visitor safety barriers:

It was found that the majority of the visitors are either satisfied (55.20%) or
partly satisfied (26.40%) about the safety barriers of visitors in Alex Zoo. Visitors
need to be kept away from the primary barriers around the perimeter of an
enclosure for their own safety. Rees (2011) reported that the visitor barriers
include: concrete walls, rope fences, wooden guard rails, low hedges, chains, and
chain-link fence or mesh. Most of the visitor barriers in Alex Zoo are concrete walls
( lions, monkeys) or metal posts ( elephants, lions ) and in most cases they are
usually chain—link fences or mesh type ( birds, monkeys, ...). But, nevertheless,
although it is known that visitor barrier construction should take into account the
need to keep visitors, especially very small children away from the animal barriers,
many visitors in Alex Zoo break through barriers or climb others to be in a direct
contact with the animals either to feed, touch or to have a nearby photo with the
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animals which makes a big problem for animals and keepers in the same time
rather than exposing visitors to a great danger.

(10) Wayfinding signs:

Most zoos guide their visitors around their site by providing a map and signs
indicating the location of each exhibit (Rees, 2011). Administrative signs, on the
other side , mark the entrance, orient the visitor to the garden, provide information
and give direction to specific location such as rest rooms. The wayfinding sign in
Alex Zoo do not appear at the moment in a good way, 40% of the studied sample
of visitors was not satisfied about using wayfinding signs in Alex Zoo and about
34% were partly satisfied. Unfortunately, Alex Zoo has no wayfinding signs at the
moment, it has no official map either announced or printed in a pamphlet. The
cages and enclosures have signs but there are no wayfinding signs leading to
them. There are few administrative signs on the entrances, there are two boards
hanged on the wall of one of the entrances showing the regulations and rules to be
followed by visitors.

(11) Cleaning level:

The majority of Alex Zoo visitors were not satisfied about the cleaning level
of the visitors area (71.60%) and 25.20% were partly satisfied, whereas only 3.20%
were satisfied about the cleaning level of the gardens. As a matter of fact, Alex Zoo
is provided with probably hundreds of garbage boxes distributed over the visitors
area, but due to the great daily number of visitors especially in holidays, garbage
accumulates causing a severe pollution. Visitors say they find wastes scattered
over the total area of the garden because the garbage boxes are not enough from
one point and collecting these wastes by the garden authorities does not happen
quickly, or several times everyday. Of course Alex Zoo has provided many kinds,
shapes, colours of trash baskets which do not look well for the visitors, furnishings
in the zoo should generally be standardized as to type, size and overall character
through the zoo to provide over visual continuity and easy recognition (CLRdesign,
2004).

(12) Rest rooms:

It is not surprising to find more than 75% of the tested sample of visitors not
satisfied about the number, shape and cleaning level of rest rooms. The plan of
Alex Zoo (Fig.4.) contains only four rest rooms, the first in the lower level nearby
the main entrance number 3, whereas, the others are located in the higher level.
The number of toilets in a zoo has a positive relationship with both of the total area
of the zoo as well as the expected daily number of visitors (CLRdesign,2004).In a
place such as Alex Zoo, the presence of only 4 toilets which are distributed over 26
acres (about 100,000 m?) and are expected to be used by many thousands of
visitors everyday make it a big disaster. Moreover, the four toilets were found to be
in a very bad condition for humans to be used.
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WC.
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Fig. (4). Alex Zoo map showing the number and locations of the rest rooms
(marked in red).

(13) Cafeterias, number and distribution:

Its again a matter of argument since more than 40% of the visitors
expressed their dissatisfaction while about 35% were partly satisfied. Zoo garden
services are very important items to be presented to encourage visitors to come
and visit a specific zoo (Rees, 2011). Alex Zoo has a single cafeteria which is not
used now. The only places to get food or drinks are few vendors displaying their
products on the stairs of garden entrances or in some places inside the garden, the
quality of products as well as the level of service are extremely bad.

(14) Availability of photographer:

Exactly as in the case of cafeterias, most of the visitors were not happy
about the service, where more than 46% were not satisfied since there is only a
single photography kiosk which is usually closed. No post cards for the zoo are
available too.

(15) Children playground area:

The majority of visitors (63.30%) expressed their dissatisfaction about the
area specialized as children playground as well as the playing facilities. Zoos are
primarily places of entertainment (Frost, 2010). Lessow (1990) reported that zoo in
developed countries compete with other attractions for the leisure time of visitors,
while zoos in less—developed countries are one of the few available places for
recreation. Nevertheless, Alex Zoo has an area of about 2600m? specialized as a
children playground; it is located nearby the huge monkey exhibit, the place most
favored by children (Fig.5.). The place is provided with many facilities for the
enjoyment of children in order to attract them and their families to stay longer in the
Z00.
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. { .
v Service Entrance

Fig. (5). Alex Zoo map showing the location of the children playground or
children activity area (marked in red).

Table (3). Opinion of the studied sample about the general features and
components of Alex Zoo, with respect to the hardscape
components of the visitor's area.

Degree of satisfaction

T Not
Satisfied Partly satisfied Mean SD xz

No. % No. % No. %

1. Visitors area: .

1.1. Hardscape components 72 28.80 75 30.00 103 41.20 2.01 0.77 7.016

Entrances and zoo accessibility

Parking areas 28 11.20 58 23.20 164 65.60 1.46 0.69 122.528
Walkways circulation 56 2240 96 38.40 98 39.20 1.83 0.77 13.472
Walkways for disabled 50 20.00 74 29.60 126 50.40 1.70 0.78 36.224
Lighting of the parks 75 30.00 85 34.00 90 36.00 2.06 0.81 1.400
Zoo art and Sculpture 13 520 28 11.20 209 83.60 1.22 0.52 285.608
Water element of landscapes 13 520 47 18.80 190 76.00 1.29 0.56 211.736
Sitting places and Pergolas 16 6.04 55 22.00 179 71.60 1.35 0.60 173.864
Visitor safety barriers 138 55.20 66 26.40 46 18.40 237 0.78 56.192

Wayfinding signs 64 25.60 86 34.40 100 40.00 1.91 0.77 7.904
Cleaning level 8 320 63 2520 179 71.60 1.32 0.53 182.888
Rest rooms 15 6.00 47 18.80 188 75.20 1.31 0.58 203.336
Cafeterias, number and distribution 59 23.60 89 3560 102 40.8 1.83 0.79 11.672
Photographers availability 59 23.60 74 29.60 117 46.80 1.77 0.81 21.752
Children playground area 22 8.80 69 27.60 159 63.30 1.45 0.65 116.312

p: p value for Chi-square test
*: Statistically significant at p < 0.05
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4- Opinion of the studied sample about the softscape components of the
visitors area:
Results presented in Table (4) indicated the following:

(1) Garden maintenance:

Most of the zoo visitors (49.60%) are not satisfied with respect to the garden
maintenance and the cleaning level of the gardens. Good garden maintenance
gives a pleasant welcome shape to the zoo and creates a healthy atmosphere, on
the other hand, for visitors, workers and animals as well. Young (2001) explained
the importance of the presence of a maintenance programme for any garden, for
example, plants; pruning, plant replacement, feeding, irrigation, grass mowing, etc.
The general appearance of the gardens of Alex Zoo looks miserable due to the
lack of a maintenance programme. Coe (1983) reported that the maintenance of
plantings of a given zoo is commonly considered to be the weakest point of zoo
development. This is because the original zoo design, the construction and the
maintenance are often carried out by three separate parties, none really
understanding the intentions or needs and viewpoints of the others. Lack of a
decision—making capacity is responsible for this bad situation in Alex Zoo.

(2) Lawns shape and area:

Unfortunately and surprisingly the majority of the tested sample of visitors
(more than 55%) was not satisfied about the shape and area of lawns in the public
places of Alex Zoo. The total area of Alex Zoo as previously stated is about
100,000 m?, nevertheless, the total area of lawns is just very few square meters,
the other area became just soil without turff grasses at all. This occurred due to the
huge number of visitors every day in addition to the lack of the maintenance
programme. The importance of lawns in any garden is not negotiatable. Green
lawns make a background for other plants and create a feeling of space (Carpenter
et al., 1975). Lawns are absolutely very essential component of the landscape
especially in picnic areas of the zoo such as children playground area which devoid
completely, unfortunately, from any centimeter of turf grasses.

(3) Flowers and other ornamentals:

Most of the visitors complain because of the absence of flowering bedding
plants in Alex Zoo (more than 44%). Flowers and different kinds of ornamental
plant species are very important components especially at zoo entry and between
animal exhibits (CLRdesign, 2004), the situation in Alex Zoo is again miserable.

(4) Shade trees:

Graetz (1995) stated that shade trees fulfill several basic needs; among
these are shade for visitors and animals, modulation of views and perceptions.
They serve to hide undesirable objects, screen potential cross views and bad
views beyond. There are several shade trees in Alex Zoo, they are doing excellent
function as stated above, they were planted since many decades, so they have
respectable age and size. This reflects the opinion of the selected sample of
visitors where about 31% were satisfied, 34% were partly satisfied, and 34% were
not satisfied.
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(5) Number and variety of garden plants:

There are very few number and variety of ornamental garden plants, a
problem of maintenance and funding. About 43% of the visitors are partly satisfied
about the variety of garden plants in Alex Zoo. It is again a great problem of garden
design facing the administrative staff of Alex Zoo. The joy of colour and varieties in
the garden needs skills to contrive successfully, especially as it involves designing
with the fourth dimension, time; it will affect the garden visitors negatively
(Carpenter et al., 1975 Minter, 1995).

(6) Plant labels:

There are no plant labels at all in Alex Zoo. This explains why 83.60% of the
visitors expressed their dissatisfaction for the absence of plant labels. We must
remember the statement of Ashraf (2000) who said that Botanic Gardens have
been designated for plants and Zoological Gardens for animals. A botanic garden
can exist without animals but no zoological garden is complete without plants. Both
plants and animals are then considered to be important in the context of education,
conservation and research. They both contribute positively to entertainment.

Table (4). Opinion of the studied sample about the general features and
components of Alex Zoo, with respect to the softscape
components of the visitor's area.

Degree of satisfaction

. Not
Satisfied  Partly  _ iicfied Mean SD X

No. % No. % No. %

1. Visitors area:

1.1. Softscape components 18 7.20 108 43.20 124 49.60 1.58 0.62 78.368
Garden maintenance

Lawns, shape and area 34 13.60 78 31.20 138 55.20 1.58 0.72 65.408:
Flowers and other ornamentals 63 2520 76 30.40 111 44.40 1.81 0.81 14.792
Shade trees 79 3160 86 3440 85 34.00 1.98 0.81 0.344
Number and variety of garden plants 63 25.20 109 43.60 78 31.20 1.94 0.75 13.208
Plant labels 13 520 28 11.20 209 83.60 1.22 0.52 285.608

p: p value for Chi-square test
*: Statistically significant at p < 0.05

5- Opinion of the studied sample about the general features of the animals
area:
Results of the questionnaire shown in Table (5) indicated the following:

(1) Exhibit simulation:

It was necessary for the current research to explain the meaning of
naturalistic enclosures as described by Patrick and Tunnicliffe (2013) which
involves using some artificial rockworks of varying quality, sparse vegetations, and
larger areas for the animal. It was necessary also to tell the visitors' sample
something about the dilemma of exhibiting " wild" animals in an " artificial" and
"protected" environment. Polakowski (1989) found that illusions can be created in
animal exhibits to produce an atmosphere similar to the animals' environment, and
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that was the point to be explained to the studied sample of visitors as " exhibit
simulation". Accordingly, the majority of the visitors expressed their satisfaction
about the success of Alex Zoo designer to create a considerable level of exhibit
simulation (58.80% were satisfied in addition to 25.20% which were partly
satisfied).

Alex Zoo was built as early as the beginning of the twentieth century, using
the experiences gained from older collections in Alexandria and Egypt as well the
experience gained from other European civilizations. The design of Alex Zoo is
completely natural and exhibits, usually were built according to the habitat of the
animals, exhibit simulation and illusion concept was carefully adopted : The lion
house ( about 3700 m? ), for example, was naturally constructed on a huge
protected open place making different slopes of hills and the lion enclosure located
on top of them. Visitors can watch lion moving around the open area, they can also
closely watch it face-to—face eating from the other side. This lion house has
amazing acoustics, designed probably to be reflected through walls of the house to
resonate every growl and roar into a natural fearful noise. Another example is the
presence of a huge mock— rock mountain for monkeys of about 1200 m?
completely built as a natural series of mountains where visitors can watch monkey
jumping, climbing and eating in an amazing community as it appears in nature.
There are many other examples which express the exhibit simulation concept in
Alex Zoo. Nevertheless, there are 16.00% of the tested samples who were not
happy about those animals which are still imprisoned or kept in iron—barred cages
like some species of monkeys, chimpanzee, and birds which live in miserable
conditions under captivity.

(2) Exhibit animal barriers:

The majority of the visitors were greatly satisfied about using good, safe and
illusive animal barriers (65.60%). Visitors said they know that there are many kinds
of barriers to be used to keep animals inside their enclosures and people out,
which was a good point of safety awareness. According to the description of
CLRdesign (2004), Alex Zoo has five main animal barriers:

a — Dry moats; in which animals are allowed to access, they have a gently sloping
interior edge, in Alex Zoo one can find dry moats around lion enclosures and
monkey mountain.

b- Water moats; they are ideal for foreground barriers, because they can easily be
made to resemble a variety of water bodies. Such moats should be deep
enough to prevent escape of animals, the edge nearest the animal area should
be shallow, sloping gently to a deeper midstream and minimizing danger of
drowning. In Alex Zoo one can find water moats around the hippo enclosures.

c- Iron fences; vertical iron—barred fences could be easily used for heavy weight
and big size animals. In Alex Zoo, one can find such iron fences around the
elephant, giraffe as well as the lion enclosures.
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d- Concrete fences; it is a shorter barrier made up of concrete which is constructed
around enclosures which contain some specific kinds of mammals which can not
jump higher, nevertheless, the floor of enclosures is designed to be deep
enough parallel to the barrier. In Alex Zoo, one can find such concrete fences
around zebras, camels and goats.

e- Mesh or netting barrier; this complete enclosure is required for birds or some
mammals, it has a ceiling in addition to walls to prevent access of unwanted
local opportunistic species as well as to avoid flying birds out of enclosures. In
Alex Zoo, one can find such mesh barrier in the enclosures of all types of birds
as well as chimpanzee.

(3) Animal information labels:

Most of the studied sample of visitors was partly satisfied about the
presence of animal labels (42.00%). But 29.20% of the visitors were not satisfied. It
is well understood now that the animal information labels are a very important way
to give information about animals and how they live in the wild (Churchman, 1985),
it is a part of the educational role of zoos towards their visitors (Hirsch and
Screven, 1988). As a matter of fact most of the animal labels in Alex Zoo are
considered to be a kind of "public display labels". It includes: common name,
scientific name, family name, nativity and sometimes the description of the animal
and its habitat. When interviewed, the visitors of Alex Zoo who were not satisfied
about the animal labels said that there are several enclosures or cages which have
no labels at all, which made them upset since they were not able to have some
basic information about such animals. But due to the death of many animals
throughout the past years, many cages became empty so that the administrative
people of Alex Zoo were obliged to move some other animals to occupy these
cages, but unfortunately, they didn't make new labels for these enclosures.

(4) Number of animals in captivity:

The majority of the visitors (69.60%) said they are not satisfied about the
number of species or the number of displayed animals in Alex Zoo. The survey
which was carried out by the author of this study reports the presence of less than
50 species of animal species in Alex Zoo, while the total number of animals in
captivity may be less than 500 animals. Unfortunately, the number of animals in
Alex Zoo has been reduced to a great extent since several species and animals
were died and not replaced due presumably to the limited governmental budijet.
Olney and Ellis (1989) reported that by 1912, Alex Zoo had a collection of 55
species and a total number of animals of 219, not including domestic animals. In
1989, Alex Zoo contained 2620 animals of 255 species.

(5) Cleaning level of animals and exhibits:

According to the funding constraints, the cleaning level of animals and
exhibits looks bad in most of the animal enclosures. About 84% of the tested
sample expressed their dissatisfaction accordingly. Badr (2014) reported the death
of a lot of animals in Alex Zoo due to the reasons mentioned earlier.

(6) Availability of tour guides:
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Alex Zoo has no tour guides as a service in the zoo, thus more than 69% of
the visitors were dissatisfied for the non— availability of tour guides. About 11%
were satisfied and 20 % were partly satisfied, after interviewing the tested sample,
they said they believed that the student groups which appear from time to time
visiting the zoo are leaded by a tour guide from the zoo, but they knew later that
their teacher was their tour guide. Badr (2014) assured the absence of tour guides
in Alex Zoo as well as the non—availability of a map or information book for the zoo.

Table (5). Opinion of the studied sample about the general features and
components of Alex Zoo, with respect to the animal area.

Degree of satisfaction
Satisfied Partly  Not satisfied x
No. % No. % No. % Mean SD
2. Animals area: Exhibit simulation 147 58.80 63 2520 40 16.00 1.66 0.85 76.136

Exhibit animal barriers 164 65.60 58 2320 28 11.20 1.46 0.69 122.528
Animal information labels 72 28.80 105 42.00 73 29.20 2.00 0.76 8.456
Number of animals in captivity 27 10.80 49 19.60 174 69.60 1.41 0.68 150.872
Cleaning level of animals and exhibits 28 11.20 13 520 209 83.60 1.22 0.52 285.608
Availability of tour guides 28 11.20 50 20.00 172 68.80 1.42 0.69 144.416

X2p: p value for Chi-square test
*: Statistically significant at p < 0.05.

CONCLUSION

According to the above-mentioned, it was evidenced that Alex Zoo doesn'’t
match exactly the international standards of the World Association of Zoological
gardens and Aquarium. Although the main design of the Zoo looks good when we
consider that Alex Zoo is one of the oldest zoos in the East.
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ABSTRACT: A total number of 2854 lactation records of 699 Friesian cows sired by 80
bulls, during the period from 1985 to 2014 were used in this study to investigate of month and
year of calving and parity as fixed factor and sire and dam within sire as random factor; in
addition estimate phenotypic and genetic parameters for 305-day milk yield (305-dMY),
Lactation period (LP), peak milk yield (PY) and days open (DO); nineteen selection indices
(general and reduced) using one phenotypic standard deviation as REV, and lamont method as
REV,. Least square analysis showed significant (P<0.05) effect of genetic and non-genetic
factors on all studied traits except the effect of month of calving on 305-dMY. Heritability
estimate for 305-dMY, LP, PY and DO were 0.33, 0.07, 0.26 and 0.04, respectively. Phenotypic
correlation between each two traits ranged from 0.03 to 1.0; and genetic correlation between
each two traits ranged from 0.41 to 0.96; general indices |; and 1y incorporating 305-dMY, LP,
PY and DO was the best (Ry = 0.57) and it is recommended if the selection was exercised; in
addition there are high similarity of genetic gains under the two different groups of economic
values REV; and REV..

Keywords: cows-reproduction, milk-selection, index, economic, genetic, environment

INTRODUCTION

Egyptian dairy sector mainly consist of exotic and local dairy cattle
and buffaloes contributing major share in dairy produce, Holstein cows are
the most exotic breed; the dairy sector in Egypt wents to increase dairy
production through genetic improvement; Although milk production is clearly a
major component of profitability, the emphasis it has received is, also due to the
ease of measurement compared to some other components of profitability.
Hazel and lush (1942) showed that the selection index was the most efficient
method for selection in farm animals. However, continued selection for higher
milk production has been questioned on a number of accounts as it has been
widely associated with deleterious effects on health, fertility and welfare of
cows, as antagonist relationship (El-Arian, 2005 and Pryce et al., 2002). Berry
et al. (2003) have noted, however, that there is a possibility to select increasing
milk production without negatively impacting fertility. Within the selection index
are combined the production levels of two or more characteristics, obtaining a
score based on which is made the selection. Such an obtained score is in
maximal correlation with the genetic contribution of certain individual. (lvanovi¢
et al. , 2014), since some authors have attempted to use milk yield and some
reproductive traits in a combined index (El-Arian, 2005 and Atil, 2006). The
performance traits like milk yield and reproductive traits are considerably
affected by environmental factors, which, in addition to genetic differences, are
responsible for the marked variation between month and year of calving,
parity and animals within the same breed (Hassan and Khan, 2013).
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Estimation of genetic and phenotypic parameters for productive and
reproductive traits is an important tool for the definition and evaluation of
selection programs. The genetic correlations between the traits play important
role in deciding single vs. multiple trait selection strategy. Parameters can be
estimated using several methods, such as Least Square Methods (LSM),
Restricted Maximum Likelihood (REML), and Best Linear Unbiased Predictions
(BLUP). In order to improve or at least stop the deterioration trend in fertility,
more emphasis on fertility traits in selection is necessary.

The aim of this study was to estimate genetic parameters for fertility and
milk production traits 305 days milk yield (305-dMY), lactation period (LP), peak
yield (PY) and days open (DO) in Holstein cows in Egypt. Estimation of genetic
parameters is important for estimating breeding values and for designing
selection indexes by using two methods of deriving relative economic values.
The present study provides information about these two parameter sets
important for production and fertility traits that are greatly related to the
profitability of the dairy industry.

MATERIALS AND METHODS

A total number of 2854 lactation records of 699 cows sired by 80 bulls,
during the period from 1985 to 2014 in dairy project Friesian herd in farm key
conducted to Alexandria University were used in the present study, the records
without pedigree, breeding dates and cows affected by diseases and aborted
cows were excluded.

Statistical analysis

Factors affecting traits studied were analyzed by general linear
model (GLM) using SAS computer program (SAS, 2002) as follow model:

Yijklm =M+ Si + Dj + Mk + Y| + Pm + Cijkim

Where : Yjm = the individual observation; p = the overall means; S; = the
random effect of the sire i ; D; = the random effect of the dam | within sire i"
M = the fixed effect of the month of calving (k= 1-12); Y, = the fixed effect of
the year of calving (I=1-10); P = the fixed effect of parity (p=1-8) and ejum = the
residual effect with ejjum ~ N (0 , 0%)

Genetic and phenotypic parameters

Heritability, genetic and phenotypic correlation and (co)variance genetic
and phenotypic of studied traits were estimated with derivative-free restricted
maximum likelihood et (REML) procedures using the MTDFREML program of
Boldman et al. (1995: p.53). The assumed model was: y = Xb + Zu + €
where, y: a vector of observations, b is a vector of fixed effects with an
incidence matrix X, u is a vector of random animal effects with incidence matrix
Z, and e is a vector of random residual effects (temporary environment) with
mean equals zero and variance 0%

Derivation of relative economic value
Prior to computing the complete index, the economic values (v) were
calculated by two methods, the economic value of milk yield were set to unity
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and the relative economic values of other traits were calculated relatively as

shown in Table (1).

1. One phenotypic standard deviation (REV,): the economic value calculated
depending on the phenotypic standard deviation where, REV=1/ o, where
O, is the phenotypic standard deviation of trait According to (Sharma and
Basu, 1986 and Falconer and Mackay,1996)

2. Lamont method (REV,): according to Lamont (1991) the method depending
on heritability estimates of the all traits, where, REV, = T/ h? where T =
h2305y + hzlp + theak + . do

Table (1). The economic values of the traits studied relative to 305 dMY
according to two methods

Relative Lamont Relative

Trait (;/E?,p) economic method economic
! value (REV,) value
305-dMY 1/ 1454.35 1 2.48 1
LP 1/112.75 12.9 11.71 4.72
Peak 1/6.14 236.9 3.15 1.27
DO 1/ 98.43 -14.77 20.5 -8.27

The index value was calculated as
I= Y™ (bi pi)

| is selection index, b; is a selection index weighing factor, p; is a
phenotypic measure and n is number of traits. Hazel (1943) proved that
maximum ry, is achieved when Pb = Gv, then The vector of optimal index
weights (b) was calculated for each of the objectives as b=P~'Ga where: P~ is
the inverse of the phenotypic (co)variance matrix of the traits in the selection
index, G is the genetic covariance matrix between traits in the selection goal
and the selection index, and a is the vector containing the economic values for
the goal traits. Furthermore, the other different properties of the selection
index were calculated as following: Standard deviation of the index (o)) =
\b'Pb, Standard deviation of the aggregate genotype (o) = Va'Ga, Correlation
between the index and the aggregate genotype (accuracy) Ry =0,/ oy .

RESULTS AND DISCUSSION

The overall means (Unadjusted means) and their standard error,
standard deviations (SD) and coefficient of variation (C.V) % of 305 days milk
yield (305-dMY), lactation period (LP), peak milk yield (PY) and days open (DO)
were showed in Table (2).The present estimate of actual mean of 305-day milk
yield is across all lactations of the study (4227 kg) is higher than those reported
by Khattab and Atil (1999), Usman et al. (2012) and El-Awady (2013). The
present overall mean was lower than that estimated by Shalaby et al. (2013),
Rushdi et al. (2014) and Faid-Allah (2015). Generally the present overall mean
within the range of means reported in the other countries for the same trait as
mentioned by Ashmawy and Khalil (1990) and Atil (2006). The overall
unadjusted mean of lactation period (LP) 327 days, it was similar to that
estimated by Shalaby et al. (2013) 327 days and it was lower than that reported
112
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by Singh and Gurnani (2004) 346 days in Friesian crosses, and Khattab and Atil
(1999) 367 days using Friesian cows. The overall unadjusted mean of peak
yield 22.5 kg, this value was higher than that estimated by El-Awady (2013) 15
kg in using Friesian cows and Ahmed et al. (2004) 6 kg in Friesian crosses. The
successful service occurring with 145 days post-partum, it is days open (DO),
this value nearly similar to that estimated by Hammoud et al (2014) 139 days in
Friesian cows and M'hamdi et al. (2010) 151 days in Holstein cows in Tunisia.

The least squares analysis of variance for data of all available lactations
(Table 3) gave evidence that sire and dam within sire of the cow was significant
source of variation ( p < 0.0001) in the studied traits, which indicating that sire
selection may be used as useful tool for the genetic improvement of these milk
production traits, This agrees well with findings of Nawaz et al (2013) and Al-
Samaria et al. (2015) . In particular, large magnitude of the sire and cow
estimates might indicate a sizable potential for sire and cow in selection
programs and or/ in change of the herd management to improve milk yield
traits. Least square analysis of variance in (Table 3) indicates that month of
calving, year of calving and parity are considered the major factors affecting
305-dMY, LP, Peak yield and DO except month of calving had no significant
(P> 0.05) effect on 305-dMY . The same trend obtained by Lakshmi et al.
(2009); Usman et al (2012) and Faid-Allah (2015).

This lead to conclude that adjusting of lactation records for these factors
are very necessary for estimating genetic parameters and sire evaluation. In
addition, higher F- Values for the effect of year of calving on productive and
reproductive traits could be due to changes in herd size, age of animals and
managerial practices which vary from year to year and also may be due to
attribute to the different climatic condition

Table (2). The overall means, standard deviation and coefficient of
variation of studied traits

Traits Mean SD C.V%
305-dMY 4227.436 1454.35 34.40
LP 327.30 112.7 34.5
Peak 22.79 6.14 26.96
DO 144 .49 98.43 68.12

Table (3). Least squares analysis of variance for genetic and non-genetic
factors affecting on 305Y, LP, Peak and DO in Friesian cows

F-Values
S.0.v df —305-dMY LP _ Peak DO
Sire 79 6.26 ** 3.15* 23.29* 2.01*
Dam/sire 619 2.31* 1.42**  7.10** 1.5*

Month of calving 11 1.12 ns 1.98* 219*™ 252*
Year of calving 9 39.45* 258* 1218* 911 ™
Parity 7 16.34 ** 5.92* 3.94* 288™
Residual 1523

* (P<0.05) ** (P<0.01) ns (P>0.05)
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Estimate of heritability (h°) for 305-dMY, LP, PY and DO were 0.33, 0.07,
0.26 and 0.04, respectively (Table 4). This estimates shows similarity to that
reported by Al-Samaria et al. (2015) for 305-dMY and LP which where 0.35 and
0.06, respectively, while Lakashmi et al (2009) and El-Awady (2013) found
higher values for PY 0.16 and 0.24, respectively, the heritability estimates in the
present study indicated low genetic to environmental variance ratio for LP and
DO, while the moderate value of heritability estimate for 305-dMY and PY would
indicate moderate contribution of additive. In respect of estimates of genetic and
phenotypic correlation among the studied are present in (Table 4) all
correlations were positive ranging from 0.41 to 0.96 for (rg) and from 0.03 to
1.0 for (rp).

Table (4). phenotypic correlation (above), genetic correlation (below),
variance components (Vp, V4 and Vg) and heritability (h?) for
305-dMY, LP, PY and DO traits on the Friesian cows

traits 305dMY LP Peak DO Ve Vi Ve W
305 dMY 0.50 0.70 0.18 1918831 630727 1288104 0.33
L.P 0.83 0.12 1.00 11600 811 10790 0.07

Peak 0.96 0.56 0.03 27.51 7.07 20.4 0.26
DO 0.50 0.75 0.41 8770 390 8380 0.04
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Table (4). Shows the ranking of selection indices on the basis of their
accuracy (rn), weighting coefficients (bs), Relative efficiency (RE) and expected
genetic change (AG) per generation of various traits studied.

Comparison between all 19 selection indices when using one phenotypic
standard deviation as REV; and lamont method as REV, showed that the
selection index | and l11 which incorporated (305-dMY), Lactation period (LP),
peak milk yield (PY) and days open (DO), the equation of the general indices I
and ly1 were:

l1 = 0.3552 (305-dMY) + 4.3432 (LP) + 75.7649 (PY) - 4.6506 (DO).

l11 = 0.2236 (305-dMY) + 1.5946 (LP) + 29.5996 (PY) — 1.7521 (DO).

The standard deviations of those indices were (923.6) and (475.3)
respectively and their correlations with the aggregate genotype were (0.57) The
expected genetic changes per generation in each variate assuming a selection
intensity "one" which would be gained due to applying this index were +454.7
kg, +12.4 d, +1.436 kg and +4.8 d +454.8 kg, +12.7 d, +1.439 kg and +4.9 d for
305-dMY, LP, PY and DO, respectively. When using the economic value by
REV1 REV,,.

General indices |y and I1; which include all four traits ranked the 3 and
5" (RE=100%), there it recommended to apply selection based on these
indices, negligible increase in RE values occurred when DO dropped from
general indices. The highest increase in RE values to 103.5, 101.8 % when LP
and/or DO dropped from general indices which caused their rank 1" and 2°¢,
respectively in both REVy and REV,. The dairy men are interested to minimize
the deterioration of fertility through declining the DO period because this will
increase life time productivity and increase directly the income from milk and
calves sales.

Dropping 305-dMY in Is , lg, |10, l1s and lig resulted decline in RE values
down to 61.4 , 89.5 , 80.7 , 64.9 and 49.1 %, respectively which caused their
rank to fell down, it illustrates that important of including 305-dMY in any
selection index to improve the total merit. The same trend obtained by El-Awady
(2009) and Set El-Habbaeib (2015) the RE value decreased when dropped MY
from general selection indices. (El-Arian 2005) noticed decreasing in RE value
was occurred when AFC as trait was dropped from any indices and their
ranking were declined.

The lowest index by REV. method was |19 which include PY and DO. The
inclusion of 305-dMY in this index resulted in considerable improvement in RE
of this index from 49.1 to 101.8.

Since the maximum return can be achieved by using the general index |4
or ly1, It is recommended for improving milk production and improving or at least
minimizes the deterioration trend in fertility under economic values derived by
the both mentioned methods.
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The rank correlation among general and reduced indices when using two
methods of relative economic value REV1 and REV2 was 0.99 (P<0.001) which
indicated quite high similarity of genetic gains under the two different groups of
economic values. It might be reliable to REV1 and REV2 due to it is simplicity
and high applicability. In addition relative efficiency, accuracy of index and
correlated response indicated the same results.

CONCLUSION

Selection indices |y and |11 which incorporated 305 days milk yield (305-
dMY), lactation period (LP), peak yield (PY) and days open (DO) was
recommended when selection was exercised. Inclusion of (305-dMY) in any
selection index was recommended.
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Effect of Organic and Nano Fertilization As Substitutes of
Mineral Fertilization on The Growth and Chemical Composition
of Marigold (Tagetes erecta L.) Plants

Samar E. Hussein,' A. I.A. Abido' B. M. Weheda® and M. K. Gaber’
'Plant Production Dept., Faculty of Agriculture (Saba Basha)-Alexandria University
Hort. Res. Inst., Agricultural Research Center, Alexandria, Egypt

ABSTRACT: This investigation was carried out in the Horticulture Research Institute,
Agricultural Research Center at ElI- Montazah, Alex. Egypt, during two successive seasons of
2014 and 2015 to determine the effect of various combinations of fertilizer treatments (NPK,
humic and nano NPK) on the growth and chemical composition of Tagetes erecta L., to find out
the best combination of these fertilizers that achieve the goal of this study. The experimental
design was split- split plot with three replications. Three different NPK fertilizers at three rates
each (0, 50 and 100 mg/l NPK) were allocated in the main plot, humic acid levels assigned in
the sub plots (0, 500 and 1000 mg/l) and nano levels were positioned in sub-sub plots (0, 25
and 50 mg/l). The obtained results showed significant differences among the three types of
fertilization on the given traits, but in general the gained results revealed that the applied
fertilizers, at their higher rates, significantly increased plant growth characters (plant height (cm),
number of leaves/ plant, inflorescence diameter, stem diameter, plant leaf area (cm), number of
inflorescence/ plant, number of branches/plant, days spanned to first flower emergence,
blooming periods, flower durability, chlorophyll content (SPAD), carbohydrates % and carotene
contents and N, P and K percentages) in response to the various treatments used in the current
study in comparison to that gained from untreated plants (control). Nevertheless, it could be
recommended that fertilization of Tagetes erecta with Nano NPK at 50 mg/l and interaction
between mineral NPK at 100 mg/l + humic acid at 1000 mg/l + Nano-NPK at 50 mg/l during both
growing seasons were the best treatment in producing the highest quality of growth.

Keywords: Tagetes erecta, NPK, humic, Nano NPK, vegetative growth, yield, chemical

composition.

INTRODUCTION

Marigold (Tagetes erecta L.) belongs to compositae family and
herbaceous plant with aromatic, pinnately divided leaves and is usually used as
a bedding plant, cut flower or as a coloring agent in poultry feed to obtain yellow
egg yolks (Dole and Wilkins, 2005).

Marigold is a potential commercial flower that is gaining popularity on
account of its easy culture, wide adaptability, and increasing demand in the sub-
continent (Asif, 2008). Also, marigold is grown as an ornamental crop for its
flowers, which are sold in the market as loose flowers in bulk, as specialty cut
flowers, or for making garlands. It is also one of the most important natural
sources of xanthophylls for use as natural food additive to brighten egg yolks
and poultry skin (Bosma et al., 2003). Moreover, it is also being used effectively
to dye fabrics commercially, where its ethanol-based flower extracts produce
different colors on fabrics (Vankar et al., 2009).

Nutrient status of the plants can be a pointer to the response of plant to
the fertilization, and internal content of the nutrients determine the fertilizer
requirements. Nitrogen applied as fertilizer is the main sources used to meet the
N requirements of plant growth (Konnerup and Brix, 2010). When N is used
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properly, at the right application rates and at the right time, N contributes to
optimal growth. Excessive N fertilization has an adverse effect making leaves a
darker green and delaying flowering (Singh et al., 2002 and Gadagi et al.,
2004). In adition, Phosphorus is also important elements for plant growth and
yields. Lack of P nutrition resulted in a low basal root fresh weight and a shorter
stem length (Filippelli, 2008; Niedziela et al., 2008 and Joshi et al., 2012).
Information about nutrient requirements for marigold production and cultural
practices are necessary aims to set up a protocol or strategy to fulfill or satisfy
the best growth and flowering of this plant.

It is vital to support the use of nitrogen, phosphate and potassium
fertilizers for the achievement and maintenance of soil health and to sustain the
crop productivity. The application of appropriate dose of these fertilizers and the
coefficient of fertilizer use has considerably gone up; thus favourably affecting
the yields of such economical crops (Alam and Khan, 1999).

Despite of chemical fertilizers advantages, but sittl have various negative
environmental effects on soil, water and air pollutions (Moradi et al., 2011).
Over using of chemical fertilizers has altered the biological ecosystem, affected
non-target organisms and adversely influenced microorganisms in the soil
(Tanu et al., 2004). To avoid the risk of these negative effects of chemical
fertilizers, it is necessary to use organic or biological fertilizers which provide
plant with nutrients and increase long term sustainability of agroecosystems
(Mehnaz and Lazarovits, 2006). However, there is a strong relation between soil
organic matter content and soil fertility, widely and universally accepted (Moradi
etal., 2011).

Organic farming is one of the practices which make the production
system more sustainable without adverse effects on the natural resources and
the environment (Kochakinezhad et al.,, 2014 and Ram et al., 2014). It not only
maintains soil fertility, but also conserves soil moisture (Yadav et al., 2014).
Organic fertilizers and their extracts enhance soil fertility via improving nutrient
retention and cycling and play an essential role in growth and yield of plants
(Khalid and Shafei, 2005 and Ram et al., 2014).

The use of humic acid and chemical fertilizers improves plant nutrient
absorption (Ayas and Gulser, 2005). Humic acid is a commercial product
contains many elements which improve the soil fertility and increasing the
availability of nutrient elements and consequently affected plant growth and
yield (Hartwigson and Evans, 2000). Humic substance supports growing plants
and makes soil more fertle and productive, increases soils water holding
capacity; therefore, it helps plants to resist droughts and stimulates seed
germination (Hartwigson and Evans, 2000).

Nowadays nanotechnology plays a vital role in our life, because it can
not only engineer shape and size of metal but its basic properties (chemical,
physical, mechanical, optical and catalytic, etc.) may also be changed in the
useful manner (Alqudami and Annapoorni, 2007). Nanotechnology has
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achieved the importance in different fields such as health care, food and feed,
cosmetics, energy science, electronics, mechanics, space industries,
environmental health, biomedical science, chemical industries, drug and gene
delivery(Korbekandi and Iravani, 2012). The aim of this study is to find out the
effect of organic and nano fertilization on plant growth and chemical
composition of marigold (Tagetes erecta L).

MATERIALS AND METHODS

This investigation was carried out in the Horticulture Research Institute,
Agricultural Research Center - El-Montazah, Alex., Egypt, during two
successive seasons of 2014 and 2015 to determine the effect of various
combinations of fertilizers treatments (NPK, humic and Nano NPK) on the
growth and chemical composition of Tagetes erecta, grown in sandy clay soil to
find out the best fertilization treatment and the appropriate growing medium for
Tagetes erecta L. plants to achieve the best growth.

Soil type

The type of soil that used during experimentation was analyzed and
determined its physical and chemical properties trend considered as sandy clay
soil as illustrated in Table (1).

Table (1). Some physical and chemical properties of the experimental soil
in 2015.

Soil properties

A) Mechanical analysis :

Season 2015

Clay % 11
Sand % 87
Silt % 2
Soil texture Sandy Clay
B) Chemical properties

pH(1:1) 8.63
EC (dS/m) 2.87
CaCOs % 15.7
O.M. % 1.5
1) Soluble cations

K* (mg/l) 950
Ca™ (mg/l) 245.28
Mg™* ( mg/l) 322.22
Na™ ( mg/l) 650
2) Soluble anions

HCO3™ ( mg/l) 1581.13
CI" ( mg/l) 298.2
S04 " (mg/l) 209.8
Available nitrogen (mg/kg) 76.39
Available phosphorus ( mg/kg) 36.5
Available potassium ( mg/kg) 950
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Plant material

Seeds of marigold were obtained from local variety (orange flowers),
were sown in clay pots of 30 cm diameter at the first week of May, after 40 days
the seedling was transplanted in pots of polyethelen of 30 cm diameter.

Experimental design

The followed experimental design was split-split plot with three
replication. Three different NPK fertilizers through irrigation at the rates (0, 50
and 100 mg/I NPK) were used and allocated in the main plot, humic acid levels
through irrigation assigned in the sub plots (0, 500 and 1000 mg/l) and Nano-
NPK through irrigation levels were positioned in sub-sub plots (0, 25 and 50
mg/l), as follows:

A. NPK levels 19-19-19 powder (Main plots)

e Control (without fertilizers)

e 50 mg/l

e 100 mg/l

B. Humic acid levels (potassium humate (humate 85% powder)) (Sub
plots)

e Control (without fertilizers)

e 500 mg/l

e 1000 mg/l

C. Nano-NPK levels 19-19-19 liquid (Sub-sub plots)

e Control (without fertilizers)

e 25mg/l

e 50mg/l

So the experiment contained 27 treatments (3 NPK x 3 humic acid x 3
nano-NPK and each treatment included 3 plants per treatments)The fertilization
treatments were divided into three doses. The first dose was added after a
month of transplanting and the other doses after every two weeks intervals.

Data recorded
e Vegetative growth

Plant height (cm.), number of leaves/ plant, number of branches/ plant,
number of inflorescence/ plant, inflorescence diameter, stem diameter, days
spanned until first flower emergence (day), blooming periods(day), flower
durability(day) and plant leaf area (cm) were determined at the end of
experiment time course at the end of October.

e Chemical analysis

chlorophyll content was determind in both seasons as SPAD units using
"Minolte (chlorophyll meter ) SPAD — 502", Japan (Yadava, 1986), Also N% by
method of Pregl (1945), P% by methods of Trough and Meyer(1939), K%
according to Brown and Lilland (1964), Carotene pigments (mg/g) by methods
of Ramely (1993) and total carbohydrate % by Herbert et al. (1971).
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Statistical analysis

All the data collected were subjected to statistical analysis of variance as
described by Gomez and Gomez (1984). The treatment means were compared
using L.S.D. test at 0.05 level of probability.

RESULTS AND DISCUSSIONS

A) Vegetative growth

Results presented in Table (2) revealed that the main effects of the
studied treatments had significant effect on plant height (cm), number of leaves/
plant, inflorescence diameter, stem diameter, plant leaf area (cm?) in 2014 and
2015 seasons. The macro-elements sush as N,P and K play a major role in
growth and development of plants. Nitrogen (N) is a main constituent of all
proteins and nucleic acids, as well as, of both structural and non structural
components of plant cells. Besides, involving phosphorus (P) in energy transfer
process and building of phospholibids and nucleic acids (Yeonhee et al., 2000).
In addition, potassium (K) is the factor affecting many functions of plants,
stomata movement, regulating photosynthesis, respiratory rate and activating
many enzymes involved in plant growth. It also increases protein synthesis and
different metabolic processes, as well as reducing respiration, hence energy
losses (Csirzinsky, 1999). However, there were direct proportional relationships
between the used fertilizers rates and every given trait. In other words, as the
fertilizer rate increased, the given trait increased. Moreover, data in Table (2)
indicated that NPK or humic acid and nano-NPK at the lowest application rate
achieved the lowest mean values and Vice versa during both successive
seasons. The fertilizers are protected by the nanoparticles for better survival in
inoculated soils, allowing for their controlled release into the soil (Saigusa,
2000). Applying nanomaterials to improve soil fertility and water retention links
soil science and agriculture to surface chemistry (Navrotsky, 2000). Meanwhile,
the first order interaction between NPK (mg/l) x humic acid (mg/l) had no
significant on plant height, flower diameter and stem diameter, but the other
traits were not so during both examined seasons. On the other hand , the first
order interaction between the other both interactions and the second order
interaction among the 3 variables affected the studied traits significantly
(P<0.01). These results are in agreement, more or less, with Ramesh (2006) on
zinnia, Youssef et al. (2008) on marigold and also agreement with Ahmad et al.
(2011) on marigold.

Data outlined in Table (3) revealed that the treated characteristics were
affected, significantly, by the three examined types applied at various tested
rates and their interactions within the both growing seasons. With regard to the
main effects of the fertilizers types, they in general exhibited direct proportional
relationships between the various tested rates and numbers of flowers and
branches per plant, blooming periods. On the other hand, there were inverse
relationships were recorded regarding's days spanned to first flower emergence
and flower durability. The obtained results mean that as any fertilizer type rate
increased, nanotechnology offers an important role in improving existing plant
growth and crop management techniques (Nair et al, 2010). The former -
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above mentioned- traits increased and Vice versa in terms of days elapsed to
first flowers to amperage. This was true during both successive seasons of the
study. This result agree with Ahmad et al. (2011) on marigold, Amirnia et al.
(2014) on Crocus sativus L., Razavi et al. (2015) on Echinaceae Purpuerea,
Singha et al. (2015) and Sultana et al. (2015) on zinnia ; (L.).

The interaction either between each of combination (the first order
interaction) each or among triples of combination (the second order interaction)
affected significantly (P< 0.01) the various studied traits, except for number of
branches/ plant, in case of the interaction between NPK x humic acid (mg/l),
during the both seasons of the study. Improvement of the plant growth may by
explained by the role of humic acid in increasing the availability of nutrients in
the soil through influencing on soil microbial activity , help in fixing atmospheric
N and secrete more vitamins and growth promoting substances necessary for
good and healthy growth El-Sayed and El- Shal, (2008).
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B) Chemical composition

Results of Table (4) showed that types of applied fertilizer at various
rates and their combination, in general exhibited, highly significant effects on
the studied traits as Leaf green color degree, carbohydrates and carotene
pigment contents. Nano fertilizers or nano-encapsulated nutrients have
properties effectively to release nutrients and chemical fertilizers on demand
that regulate plant growth and enhance target activity (Rosa et al,, 2010 and
Nair et al., 2010).The main effect of the various tested types fertilizers declared
a direct proportional relationship between the rates of such fertilizer and the
given traits, i.e., as the given rate increased, the mean values of these traits
increased.Whereas, the lowest fertilizer's rate, the lowest mean value and Vice
versa. On the other hand, the first and second order interaction exerted highly
significant effects on the various tested characters, except carbohydrates
content during both seasons, when humic acid was in interaction with Nano-
NPK. Increasing the content of active constituents in tissues of the treated
plants may indicate the role of humic acid in enhancing the metabolic activity of
microorganisms and activity as a source of N, P and K (Higa and Wididana,
1991). These results are in agreement, more or less, with those of Ahmad et al.
(2011) on marigold; Sarwar et al. (2013) on (Matthiola incana R. Br.); Ali et al.
(2014) on (Tulipa gesneriana ) and Ali et al. (2015) on ( Tulipa gesneriana ).

Table (4). Effect of NPK, humic acid and nano-NPK rates and their
interactions on leaf green color degree, carbohydrates and
Carotene pigments of Tagates eracta plants during 2014 and
2015 seasons.

Treatments ch(lg;;c;psi)yll Carbohydrates % pignc1::1ct);e(rr‘1$g /9)
2014 | 2015 2014 | 2015 2014 | 2015

A) NPK(mg/l)
0 37.64c 41.82c 2.26¢C 2.45¢c 1.53b 1.61b
50 39.67b | 44.04b 2.41b 2.61b 1.52b 1.60b
100 44.30a | 49.20a 2.78a 3.01a 1.85a 1.94a
L.S.D.(0.05) 0.91 1.01 0.08 0.09 0.03 0.04
B) Humic acid(mg/l)
0 38.17¢c | 42.39c 2.30c 2.49¢ 1.55¢ 1.64c
500 40.16b | 44.58b 2.50b 2.71b 1.64b 1.73b
1000 43.28a | 48.08a 2.65a 2.87a 1.71a 1.79a
L.S.D.(0.05) 0.23 0.24 0.03 0.02 1.01 0.01
C) Nano-NPK (mg/l)
0 35.59¢ | 39.50c 2.02c 2.18c 1.43c 1.50c
25 41.29b | 45.88b 2.57b 2.78b 1.63b 1.71b
50 44.73a | 49.68a 2.88a 3.11a 1.85a 1.95a
L.S.D.(0.05) 0.27 0.29 0.02 0.02 0.01 0.01
Interactions
AX B *% *% *% *% *% *%
AXC *%* *%* *%* * % *%* * %
BXC *%* *%* ns ns *%* * %
AXBX C *% *% *% *% *% *%

Means of each factor designated by the same letter not significantly different at 5% using least significant
difference (L.S.D.). *: Significant at 0.05 level of probability.
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Data tabulated in Table (5) declared that different levels of applied
fertilizer and their combinations exerted significant effect on the given traits.The
main effect of the various tested types fertilizers showed that the fortifying with
nano-NPK resulted in the highest percentage of N,P and K (2.38,0.49 and
2.12%) in the first season and (2.57, 0.53 and 2.29%) in the second season. On
the other side, the lowest percentage of N,P and K were obtained by control
treatment (1.89, 0.38 and 1.65%) in the first season and ( 2.04, 0.41 and
1.79%) a direct relationship between the rates of such fertilizer and the given
traits, i.e., as the given rate increased, the mean values of these traits
increased. Nano fertilizers or nano-encapsulated nutrients have properties
effectively to release nutrients and chemical fertilizers on demand that regulate
plant growth and enhance target activity (Rosa et al.,, 2010 and Nair et al.,
2010). On the other hand, the combination between various fertilizers had
significant effect on the studied traits, except the combination between npk and
humic on n percentage in the first season, and the interaction between nano
npk and humic on p percentage in the first season and k in the first and second
season. These results are in agreement, more or less, with Ahmad et al. (2011)
on marigold, Sarwar et al. (2013) on (Matthiola incana R. Br.), Ali et al. (2014)
on (Tulipa gesneriana ) and Ali et al. (2015) on (Tulipa gesneriana)
Nevertheless, it could be recommended that fertilization of Tagetes erecta with
Nano NPK at 50 mg/l and interaction between mineral NPK at 100 mg/I + humic
acid at 1000 mg/l + Nano-NPK at 50 mg/I during both growing seasons were the
best treatment in producing the highest quality of growth.

Table (5). Effect of NPK, humic acid and nano-NPK rates and their
interactions on N, P and K% of Tagates eracta plants during
2014 and 2015 seasons.

N% P% K%

Treatments 2014 2015 2014 2015 2014 2015
A) NPK(mg/l)
0 194c  2.09c 039c 043¢ 1.70c  1.85c
50 214b 232b 043b 046b 1.83b  1.98b
100 034a 254a 0492 053a 2.16a 2.34a
L.S.D.(0.05) 007 008 003 002 006  0.06
B) Humic acid(mg/l)
0 196c 212c 037c 089c 1.76c  1.91c
500 215b 2.33b 0450 048b 1.88b  2.04b
1000 232a 250a 0492 054a 204a 222a
L.S.D.(0.05) 002 003 001 004 002 002
C) Nano-NPK (mg/l)
0 189c  2.04c 038c 04ic  1.66c  1.79
25 216b 2.34b 044b 047b 1.92b  2.08b
50 038a 257a 0492 053a 212a 229
L.S.D.(0.05) 002 002 001 001 002 002
Interactions
AX B ns * * *% * *
AXC *% *% * % *% *% *%
BxC ** ** ns * ns ns
AXBX C *% *% * *% *% *%

Means of each factor designated by the same letter not significantly different at 5% using least significant
difference (L.S.D.). *: Significant at 0.05 level of probability.
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Effect of Potassium, Phosphorus and Bio- fertilization on
Barley Productivity

Rahuma, M. A. A_, F. |. Radwan, M. A. Goma and I. F. Rehab
Plant Production Dept. Faculty of Agriculture (Saba Basha) Alexandria University

ABSTRACT: This study was carried out at the Experimental Farm of Faculty of Agriculture
(Saba-Basha), Alexandria University, Egypt ,at Abees region during 2013/2014 and 2014/2015
seasons to study the effect of phosphorus and potassium fertilizer rates and different
biofertilization treatments on growth, yield, yield components and chemical grain contents of six
rows barley (Hordeum vulgare, L.) variety Giza 123.The experimental design used was a split-
split plot with three replicates, where the three phosphorus application rates (0, 37.2 and 74.4
kg P.Os5 /ha) were randomly distributed on main plot, three potassium fertilizer levels (0, 57.6
and 115.2 kg K,O/ha) were located in sub-plots, whereas the three biofertilization treatments i.e.
uninoculation, inoculation with phosphorein and inoculation with potassmage were occupied the
sub-sub plots. Application of 74.4 kg P,Os /ha significantly gave the highest value of yield and
its attributes i.e. plant height (cm), number of tillers/m?, spike length (cm), number of spikes/m?,
number of grains /spike, spike weight/m? 1000-grain weight (g), grains yield (tha), biological
yield (t/ha) and harvest index (%) and N, P, K and protein percentages in grains. Increasing
potassium application of 115.2 kg K,O/ha increased the yield and its components, as well as, all
chemical composition in grains. Inoculation potassmage gave the highest yield and its
components, also N, P, K and protein in grains. Also, the obtained results indicated that the
favorable effect of the highest levels of the studied factors, i.e., 74.4 kg P.Os /ha, 115.2 kg
K>O/ha and inoculation with potassmage on barley plant growth, yield and its attributes and
grain chemical contents in grains.

Keywords: barley, phosphorus, potassium, biofertilizers, yield, Chemical composition.

INTRODUCTION

Barley (Hordeum vulgare, L.) is considered one of the most adapted
cereals crops to adverse environmental conditions at Abees region, salinity and
drought, so it is the main crop grown in a wide acreage in the North west Coast
and newly reclaimed lands. According to MALR (2014), barley cultivated area
reached (86800) feddan in 2013/2014 growing season.

Inadequate P and K applications leads to imbalance in agricultural
ecosystems and stagnation of yields will become more pronounced with time
(Regmi et al., 2002).

Phosphorus is one of the most essential elements for barley growth and
development after nitrogen (Tigre et al., 2014). However, the availability of this
nutrient for plants is limited by different chemical reactions especially in arid and
semi-arid soils. Phosphorus plays a significant role in several functions such as
photosynthesis, transformation of sugar to starch, protein and oil formation,
nucleic acid production and nitrogen fixation. Also, the part of all biochemical
cycles in plants (Mehrvarz and Chaichi, 2008).

Plants acquire phosphorus from soil solution as phosphate anion. It is
lower mobile element in the plant and soil than other macronutrients. A large
amount of P applied as a fertilizer becomes immobile through precipitation
reaction with highly reactive Fe**, A", Ca®* and Mg** in the acidic and
calcareous or alkaline or normal soils (Awasthi et al. 2011).
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Potassium (K) is an essential element for plant growth and development,
and is required for a wide variety of processes within the plant. These
processes can be broadly divided into biophysical processes such as stomatal
opening and cell extension and biochemical processes such as protein
synthesis and enzyme activation. It is, also, commonly considered as the
“‘quality nutrient.” It affects the plant shape, size, color, taste and other
measurements attributed to healthy produce. Potassium is absorbed by the
roots as a K" ion.

Environmental problems caused by irregular applications of chemical
fertilizers, inappropriate energy production methods and excessive consumption
costs all have had harmful effects on biological cycles, and destroyed farming
stability systems; these factors all together encourage the use of bio-fertilizers.
Now-a-days attention to bio-fertilizer has been increased due to the
advancement in countries research development, high prices of chemical
fertilizers and attention to sustainable agricultural systems (Yosefi et al., 2011).

Biofertilizers are low cost, renewable sources of plant nutrients. These
are selected strains of beneficial soil microorganisms cultured in the laboratory
and packed in suitable carrier. Bio-fertilizers are gaining momentum recently
due to the increasing emphasis on maintenance of soil health by controlling soil
borne diseases, minimize environmental pollution and cut down on the use of
the chemicals in agriculture Muraleedharan et al. (2010). It is, also, increased of
protein content and the improvement of amino acid composition in cereal grains
was observed (Mikhailouskaya and Bogdevitch, 2009). Increased crop
production largely relies on the type of fertilizers used to supplement essential
nutrients for plants. For optimum plant growth, nutrients must be available in
sufficient and balanced quantities. From the soil nutrients only a minor portion is
released each year through biological activities or chemical processes.
Therefore, biofertilizers are designed to supplement the nutrients already
present in the soil (Chen, 2006). Very often microorganisms are not as efficient
in natural surroundings as one would expect them to be and therefore artificially
multiplied cultures of efficient selected microorganisms play a vital role in
accelerating the microbial processes in soil.

The objective of the present investigation was to study the effect of
mineral phosphorus and potassium fertilizer rates, besides biofertilizers
inoculation on growth, yield and yield attributies and grain chemical composition
in grains of barley crop.

MATERIALS AND METHODS

The present study was carried out at the Experimental Farm, Faculty of
Agriculture (Saba- Basha), Alexandria University, Egypt, at abees region during
two successive growing seasons of 2013/2014 and 2014/2015, to study the
effect of P, K and biofertilization application on growth, yield and yield
components of barley.

The experimental design was a split- split plot with three replicates.
Phosphorus fertilizers levels (0, 37.2 and 74.4P,0s kg/ha) were allocated in the
main plots. Potassium fertilizer rates (0, 57.6 and 115.2K,O kg /ha) were
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randomly distributed in the sub-plot and three biofertilizer inoculation treatments
(Uninoculation, Phosphorein and Potassmage) were allocated in the sub-sub
plots.

Barely grains were wetted with water, and then bio- fertilizers
(Phosphorein or Potassmage) according to the treatments and (arbic gum 5%)
was mixed carefully and spread on a plastic sheet far from the direct sun shine
effect for a short time before sowing. The field was immediately irrigated after
sowing.

Each sub- sub plot in both experiments was 3.5 meters long and 3
meters wide 10.5 m?i.e. (1/400 feddan).

Sowing date was on December 3 in both seasons after corn as a
preceding crop with seeding rate of 40 kg grain/fed., other cultural practices,
were applied as recommended during the two growing seasons in the two
experiments. Harvesting was carried out manually during May in both seasons.

Soil was clay loam texture, soil samples were taken from different sites of
the experiment at 0- 30 cm depth from the soil surface. The samples were air-
dried and then ground to pass-through a 2mm sieve and well mixed. The
procedure or preparation and measurements of the soil were made according to
Page et al. (1982). Result of the soil physical and chemical analysis for
experimental sites in both seasons are shown in Table (1).

Table (1). Physical and chemical properties of soil at the experimental site
in 2013/2014 and 2014/2015 seasons.

Seasons
2013/2014 2014/2015

Soil properties

A) Mechanical analysis

Clay 14.70 14.20
Sand % 41.50 42.70
Silt % 43.80 43.10
Soil texture Clay loam soil
B) Chemical properties

pH (1:1) 7.80 7.70
EC (dS/m) 3.20 3.30
1) Soluble cations (1 : 2) (cmol/kg soil)

K* 1.25 1.40
Ca™ 14.30 14.90
Mg™ 11.50 11.30
Na™ 12.70 13.20
2) Soluble anions (1 : 2) (cmol/kg soil)

CO3" + HCOg 2.70 2.70
cr 18.90 19.10
SO4— 12.20 12.50
Calcium carbonate (%) 6.50 6.70
Total nitrogen % 0.90 0.85
Available phosphate (mg/kQ) 3.70 3.65
Organic matter (%) 1.35 1.40
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Data recorded
At harvest, one square meter was randamly taken from each sub-sub
plot to determine the following traits:
1. Plant height (cm)
2. Number of tillers/m?
3. Spike length (cm)
4. Number of spikes/m?
5. Spike weight/m3(g)
6. Number of grains/spike
7. 1000- grain weight (g)
8. grain yield (ton/ha)
9. Biological yield (ton/ha)
10. Harvest index

Grain quality
Protein percentage

Protein percentage in grains was determined by estimating the total
nitrogen in the grains and multiplied by 6.25 to obtain the percentage of grain
protein percentage according to AOAC (1990).

Chemical analysis

The NPK percentages were determined in grains dried in a drying
chamber to a constant weight at 75°C for 72 hour according to Tandon (1995).
After dryness, the plant samples were milled and stored for analysis as
reported. However, 0.5g of the grain powder was wet-digested with H.SO4 —
H.O> mixture according (Lowther, 1980) and the following determinations were
carried out in the digested solution to determine the following:

e Nitrogen content (N %) in grains

Total nitrogen was determined in digested grains colorimetrically by Nessler's
method (Chapman and Pratt, 1978). Nessler solution (35 KI/100 ml d.w.) + 209
HgCl. / 500 ml d.w.) +120 g NaOH / 250 ml d.w. Reading was achieved at wave
length of 420 nm and N was determined as percentage as follows:

% N = NH4 % x 0.776485

e Phosphorus content (P %) in grains

Phosphorus was determined by the Vanadomolyate yellow method as given by
Jackson (1973) and the intensity of colour developed was read in
spectrophotometer at 460nm.

¢ Potassium content (K %) in grains
Potassium was determined according to the method described by Jackson
(1973) using Beckman Flame photometer.

Statistical Analysis

Obtained data were statistically analyzed to Gomez and Gomez (1984).
The treatment means were compared using the least significant differences
(L.S.D.) test at 5% level of probability.
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RESULTS AND DISCUSSION

A. Yield and yield attributes

Results recorded in Tables (2 and 3) revealed that plant height (sz’
number of tillers/m?, spike length (cm), number of spikes/m? Spike weight /m?,
number of grains /spike, 1000-grain weight (g), grain yield (t/ha), biological yield
(t/ha) and harvest index (%) in both seasons were significantly affected by
phosphorus and potassium fertilizer rates and biofertilizer inoculation, besides
all possible interactions in the two growing seasons.

Phosphorus application at 74.4kg P-Os/ha significantly gave the highest
values of yield and its attributes (plant height (cm), number of tillers/m?, spike
length (cm), number of spikes/m?,Spike weight /m? number of grains /spike, ,
1000-grain weight (g), grain yield (t/ha), biological yield (t’ha) and harvest index
(%) in the two successive seasons. The positive of phosphorus fertilization on
yield and its components of barley might be attributed to the soil of the
experimental site, which was very poor in the phosphorus contents. Also, P
plays important role in enhancing translocation of metabolites which might be
the reason for the increase observed of yield component. Ahmed (2009) and
Tigre etal. (2014).

Increasing potassium application rate up to 115,2 kg KoO/ha significantly
increased the yield and its components compared to unfertilized treatment.
Aown et al. (2012) and Zareian and Tabatabaei (2014).

On the other hand, inoculated barley grains with biofertilizer significantly
increased yield and its attributes (Elant height (cm), number of tillers/m?, spike
length (cm), number of spikes/m?, spike weight/m? number of grains /splke
1000-grain weight (g), grain yield (t/ha), biological yield (t/ha) and harvest index
(%)). It could be concluded that a Potassmage inoculation treatment promoted
the production of grain yield because of biofertilization increase the synthesis of
the endogenous phytohormons i.e. IAA, GAs and CKs which could play an
important role formation of a big active root system (Chen, 2006). These
findings are confirmed with Naseri et al. (2013), Azimi et al. (2013) and
Heidaryan and Feilinezhad (2015).

With respect to phosphorus x potassium fertilizer levels interaction effect
in both season, results in Tables (2 and 3) showed that the maximum values of
yield and its components resulted from 74.4kg P>Os/ha and 115.2 kg K>O/ha
application.

Similar trend observed in Tables (2 and 3), where applied 74.4kg
P-Os/ha to inoculated grains with potassmage biofertilizer recorded the highest
yield and its components in 2013/2014 and 2014/2015 seasons, respectively.
Eftekhari et al. (2012) and Sharma et al. (2012).

Concerning potassium fertilizer levels x biofertilizer inoculation interaction
effect on yield and its components, resulted in Tables (2 and 3) demonstrated
that the maximum yield and its components in the first and second seasons,
respectively, resulted from application of 115.2 kg K-O/ha to inoculated grains
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with Potassmage. Conversely growing uninoculated barley grains with
biofertilizer under without potassium fertilizer application produced the minimum
yield and its components in the two successive seasons.

B. Chemical composition

Results presented in Table (4) revealed that nitrogen, phosphorus,
potassium and protein percentages in barley grains was significantly affected by
the three studied factors, i.e. phosphorus levels, potassium fertilizers and
biofertilizers application, besides, the two and three factors interactions in the
two growing seasons.

Increasing phosphorus fertilizer levels up to 74.4kg P>Os/ha obtained the
highest nitrogen, phosphorus, potassium and protein percentage in barley
grains in the first and second seasons, respectively, as shown in Table (4).
Sharma et al. (2012) and Kostadinova (2014).

The same trend was found in the Table (4), where increasing potassium
fertilizers levels up to 115.2 kg K.O/ha recorded the highest nitrogen,
phosphorus, potassium and protein percentages in barley grains in the two
respective seasons. Ashok et al. (2009) and Wilczewski et al. (2014).

Results presented in that Table, also, revealed that treated barley grains
with potassmage biofertilizer produced the highest nitrogen, phosphorus,
potassium and protein percentages in barley grains in the two successive
seasons. Radwan and Wafaa (2009), Ewais et al. (2010) and El-Gizawy (2010)

Concerning the first order interaction effects, on traits of nitrogen,
phosphorus, potassium and protein percentages, results presented in Table (4)
indicated that barley crop fertilized with 74.4kg P,Os/ha and 115.2 kg K-O/ha
combination showed the highest nitrogen, phosphorus, potassium and protein
percentages in barley grains in the first and second seasons, respectively.

On the other hand, application of 74.4kg P-Os/ha to inoculated barley
grains gave the highest nitrogen, phosphorus, potassium and protein
percentages in barley grains in the two successive seasons.

In addition, the highest nitrogen , phosphorus, potassium and protein
percentages in barley grains as shown in Table (4) in the first and second
seasons, respectively, resulted from application of 115.2 kg K.O/ha to
inoculated barely grains with potassmage biofertilizer. As for interaction effect of
the three studied traits on nitrogen, phosphorus, potassium and protein % in
barley grains, results presented in Table (4) stated that growing inoculated
grains with potassmage biofertilizer under application of 74.4kg P»Os/ha
and115.2 kg K>O/ha recorded the maximum grain nitrogen , phosphorus,
potassium and protein content in the first and second seasons, respectively.
However, sowing uninoculated barely grains with biofertilizers without
phosphorus and potassium fertilization gave the lowest grain nitrogen,
phosphorus, potassium and protein contents in the two respective seasons.
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Triflumuron Effects as Insect Growth Inhibitor (IGl) on Amino-Acids
Contents on Adults Reproductive Tracts of
Spodoptera littoralis (Boisd.)
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ABSTRACT: The present study was designed to evaluate the physiological-insecticidal activity of
triflumuron as IGl on amino acids content in the testes and ovaries of both sexes reproductive tracts of
Spodoptera littoralis. The lethal dose 50% of those individuals subjected to triflumuron (LDsy=0.006
pl/larva) was topically applied on newly molted fifth instar larvae of the cotton leafworm S. littoralis. The
treatment decreased the amounts of amino acids content of testes of adult males (2 days-old) obtained
from treated larvae. This content was highly noticed and were ranged between 0.00 to 9.65% in 9 amino
acids from 16 total amino acids examined i.e. DL-2-Amino-N-butyric Acid, Tryptophan(TRP),
Isoleucine(ILE), DL-Threonine(THR), L-Arginine(ARG), L- Leucine(LEU), L- Alanine(ALA), DL-
Serine(SER) and L- Lysine(LYS), while these amino acids amount percentages were ranged between
3.45 to 16.94%. The present results showed strong effects of LDs, of triflumuron on the major amino
acids that may stimulate and activate certain physiological functions in spermatogenesis in the testes of
male reproductive tract i.e. SER and LYS. These latter amino acids in control males (2days-old) were
5.51 and 3.45%, respectively, but they were zero% in treated males. Both amino acids SER and LYS
may play many important roles in the structure of both types of spermatozoa of the cotton leafworm.
Moreover, the greatest decrease in amino acid content was observed especially in case of LYS (zero
%) with triflumuron (LDsg) , while it was 19.92% in control female. LYS may play a specific role in the
structure of egg of the cotton leafworm. The greatest increase of amino acid content was noticed in
case of ASPARTIC ACID (ASP) (17.40%) with triflumuron (LDs), while it was zero% in control female.
The average weight of ovaries and testicles were recorded (32.21, 1.08 mg) with treated female and
male by triflumuron in respect, while it was 78.65, 3.74 mg in control female and male, respectively. The
results indicated that the biochemical composition of both sexes reproductive tracts were reduced.
Triflumuron caused reproductive suppression, also, it affects the amino acids amount and it had its
function on adults reproductive tracts, ultimately leading to reduce sperm transfer from the treated male
insect to female.

KEY WORDS: Triflumuron, Spodoptera littoralis, Amino acids, reproductive tract and physiological

functions.

INTRODUCTION

The cotton leafworm, Spodoptera littoralis (Boisduval) (Lepidoptera: Noctuidae)
is a polyphagous caterpillar damaging plants of economic importance in Southern
Europe, Africa and the Middle East (Abo-EI-Ghar et al., 1986). Ecdysteroid hormones
are important not only in initiating the development of the adult reproductive system,
but they are also involved in controlling reproductive physiology in the adult insect;
ecdysteroids regulate many developmental and physiological processes in insects (El-
Sabrout, 2013; Friedlander and Reynolds, 1988; Gade et al., 1997 and Seth et al,,
2004). In many insects, oviposition requires the development of the ovary, egg
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maturation, mating, and in some cases feeding of the female on special meals (i.e
blood). Ovarian development, which includes oocytes growth and vitellogenesis, is
known to be under hormonal control (Engelmann, 1979). Also, the endogenous H.
armigera proteins present in the male reproductive tract are responsible for stimulating
oviposition and suppressing female receptivity. Males may have exploited females’
endocrine system by hijacking the very molecules (e.g. JH, ecdysteriods,
neuropeptides) involved in regulating key reproductive processes in order to
manipulate females’ reproductive physiology (Wedell, 2005). However, ecdysteroids
are considered as potential specific target sites for pest control (Dinan, 1989).
Reproductive inhibition induced by Benzoyl Phenyl Ureas (BPUs) has been reported
most widely when applied on adults or eggs of insects (Wright and Spates, 1976).

The present study on triflumuron (Baycidal® 25%) (2-chloro-N-[[4
(trifluoromethoxy)phenyljcarbamoyl]lbenzamide) examined its effects as a chitin-
synthesis inhibitor (i.e. chlorfluazuron) on reproductive potential of S. littoralis due to
the similarity chemical structure and its mode of action when applied on S.litura by
Perveen and Miyata (2000).The insect growth inhibitors (IGls) induces an incomplete
molt in several insect orders, while IGRs mimic the physiological activity in the normal
insect molting hormone 20-hydroxyecdysone (20E) by binding to the ecdysteroid
receptor complex (Wing, 1988). Although this non-steroidal ecdysteroid agonist was
developed with an aim of disturbing the larval development, substantial effects were
noted on Lepidoptera reproduction (Sun et al., 2000 and Khebbeb et al., 2008).

The present study was designed to evaluate the insecticidal activity of
triflumuron applied topically on the newly fifth larval instars of S. littoralis. Sobeiha et
al. (2000) reported that 1Gls might have their own effects on the amino acids contents
in adults (male and female) reproductive tracts. Triflumuron as one of 1Gls was applied
on the newly fifth larval instars of cotton leafworm. Moreover, the effects of triflumuron
on amino acids contents of the two sexes were investigated.

MATERIALS AND METHODS

1. Insect rearing

A susceptible strain of the cotton leafworm, Spodoptera littoralis (Boisd.)
(Lepidoptera: Noctuidae) was reared under the laboratory conditions of 25 + 2 °C and
70 = 5% R.H. on castor oil leaves, Ricinus communis L., (Family: Euphorbiaceae)
according to El-Zoghby (1980) and El-Sabrout (2013). Egg-masses were confined in
sterilized jars and tapped with muslin covers. Upon hatching, fresh and clean castor oil
leaves were provided as food. Jars were daily cleaned out where fresh leaves were
substituted for the used ones. Upon pupation, pupae were sexed prior to moth
emergence. Adult moths were supplied with 10 % sugar solution in which a cotton wick
was immersed for feeding. In addition, two leaves of Nerium oleander were provided
as oviposition sites. Deposited egg-masses were daily collected and the hatched
larvae were reared again for another generation.
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2. Triflumuron as Insect Growth Inhibitor (IGl)

The tested chemical compound is triflumuron, dispersable concentrate WP 25%
(w/v) and acts as (chitin synthesis inhibitor). The chemical name is 2-chloro-N-[[4-
(trifluoromethoxy) phenyljcarbonyl]lbenzamide (IUPAC Name), with Molecular Formula:
C1sH1oCIFsN2Os. The commercial name is Baycidal® 25%, this product were
magnification and provided by Bayer Company.

3. Bioassay

The product was applied topically. Preliminary tests were carried out to
determine the lethal dose 50% (LDso =0.006 pl/larva) for this compound. LDsy =0.006
ul/larva was then applied on the dorsal segment of mesothorax of the newly molted
fifth instar larvae of cotton leafworm at a rate of 1 pl/larva. In triflumuron tests, the
lethal dose 50% was prepared in water and 180 larvae were used for LDsy, =0.006
ul/larva and control. Control was set up using the water.
LDso treatment and control were tested, 18 replicates were carried out; in each
replicate 10 larvae were released in a plastic dish (10 cm in diameter). The treated
larvae were allowed to feed on untreated castor bean leaves, which changed every 24
hrs.

4. Weight of gonads

The lethal dose 50% (LDsp =0.006 pl/larva) of triflumuron was topically applied
on the newly fifth intsar larvae of S. littoralis. By dissection the testicles and ovaries of
treated and untreated adult (2days-old) were removed and then they were weighted
freshly.

5. Analysis of Amino Acids by HPLC
Tissue preparation

tissue was homogenized in 1:10 (w/v) phosphate buffer of pH=7, using Polytron
Kinemetica homogenizer. The homogenate was centrifuged at 5000 rpm for 30 min at
4°C using IEC-CRU 5000 cooling centrifuge. Supernatant was used as the source for
the determination of free amino acids.

Amino acids Standards

L-Aspartic acid; L-Glutamic acid; L-Asparagine; L-Glutamine; L-Glycine; L-
Tyrosine; y-aminobutyric acid (GABA); L-Histidine; L-Tryptophan; L-Valine; L-
Phenylalanine and L-lIsoleucine all as standard amino acids were dissolved in
deionised water (2.5 p mole/ml), where all these standard acids were obtained from
Loba Chemie Pvt. Ltd.

Deproteinization of samples

The whole supernatant contains soluble peptides and proteins that should be
removed from the sample. Otherwise, these substances will clog the chromatographic
column, increase instrumental backpressure and interfere with separation (Deyl et al.,
1986). Methanol was used to deprotein (1:1) supernatant of sample (v/v) and
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centrifuged at 10,000 rpm (HERMLE Labor Technik Z 306 ) for 5 min and the
supernatant was collected to analyse the samples using HPLC and left for 30 min at
room temperature to achieve derivatization well.

The derivatization reagents included

water and methanol of HPLC grade. Other chemicals used were analytical
grade including sodium acetate, glacial acetic acid, boric acid, sodium hydroxide, o-
Phthaldialdehyde and 3-mercaptopropionic acid (all were supplied by Sigma Chemical
Company, St. Louis, MO, USA).

OPA derivatization reagent

The OPA (O-Phthaldialdehyde Solution) derivatization reagent was prepared by
dissolving 3 mg of OPA in 50 ul of methanol, adding 450 ml of sodium borate buffer
(0.5 mol/l, pH 10.2) and 5 pl of 3-MPA. (Borate buffer was prepared from 0.5 M boric
acid solution adjusted to pH of 10.2 with 5 M sodium hydroxide solution). This OPA
solution was placed in an amber crimp top vial with a silicone rubber PTFE-coated cap
and kept in the dark at —20°C. Fresh solution was prepared each week.

HPLC separation and evaluation of amino acids standards

L-Asp; L-Glu; L-Asn; L-Gin; L-Gly; L-Tyr; GABA; L-His; L-Val; L-Try; L-Phe; L-
lle; was mixed (50 ul of each) well, except His was add by 10 folds; The standard
curve for each amino acid was plotted.

Mobile phase solution

The sodium acetate buffer (0.015 M) in mobile phase was prepared by
dissolving sodium acetate in HPLC-grade water and titrating to pH (6.8 for solvent A)
with glacial acetic acid and methanol (solvent B). The mobile phases were filtered by
passing through a 0.45-um Durapore membrane filter (Millipore Inc., Milford, MA).
Agilent Hewlett-Packard 1200 series HPLC system with solvent degasser system,
quaternary pump, and autosampler fitted with a diode array and fluorescence detector
was used. The system was controlled by a Hewlett-Packard Vectra Xm series 4 data
analysis work station. A 250 mm. x 4.6 mm. |.D. stainless steel Zorbax SB C18 column
was used. The mobile phase for isocratic elution was pumped at 1 ml/min, at 40°C;
detection was done at excitation 230 and emission of 450 nm. Standard curves for
GABA and Glutamic acid were carried out.

Standard curves of amino acids

The standard curves for the amino acids were plotted as shown in figures (1&2)
according to procedure Limit of Detection (LOD), for each standard Limit of
Quantitation (LOQ) and the corresponding optical density were calculated and
considered.
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RESULTS AND DISCUSSION

Certain physiological effects of triflumuron as IGl on amino acids content in the
testes and ovaries of both sexes reproductive tracts of Spodoptera littoralis were
investigated by topical application method with the median lethal dose (LDso, =0.006
ul/larva).

1- Amino acids content in testes of S. littoralis male

The tested lethal dose 50% (LDso =0.006 ul/larva) of triflumuron was found to
affect the contents of amino acids in both sexes (males and females) reproductive
tracts, when it was applied on the thorax of newly fifth instar larvae of S. littoralis. The
present results of amino acids content (uUM/ml) in the control and treated males were
calculated as percentages. The percentages of 16.94& 9.65% were recorded for DL-2-
amino-N-butyric acid, 16.31&6.67% for TRP, 12.51& zero% for ILE, 10.94&7.27% for
THR, 7.08& zero% for ARG, 5.57&3.17% for LEU, 5.51&3.85% for ALA, 5.51& zero%
for SER, 3.45& zero% for LYS, 4.65&10.97% for GLN, 4.14 &9.38% for GLY,
3.85&16.08% for GLU, 3.54&13.65% for TYR, zero&6.20% for PHE, zero&3.58%
for ASN and zero & 9.53% for the amino acid ASP (Table 1).

Table (1). Comparison between control and treated males according to amino
acids content (%).

Amino acids content (%)

Amino-Acids

Control male Treated male

DL-2-Amino-N-Butyric Acid 16.94 9.65
Tryptophan (TRP) 16.31 6.67
Isoleucine (ILE) 12.51 0.00
DL-Threonine (THR) 10.94 7.27
L- Arginine (ARG) 7.08 0.00
L- Leucine (LEU) 5.57 3.17
L- Alanine (ALA) 5.51 3.85
DL- Serine (SER) 5.51 0.00
L- Lysine (LYS) 3.45 0.00
Glutamine (GLN) 4.65 10.97
Glycine (GLY) 4.14 9.38
Glutamic Acid (GLU) 3.85 16.08
Tyrosine (TYR) 3.54 13.65
Phenyl Alanine (PHE) 0.00 6.20
Asparagine (ASN) 0.00 3.58
Aspartic Acid (ASP) 0.00 9.53

Total 100% 100%
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The lethal dose 50% of triflumuron decreased the content of amino acid
percentages detected in testes of the treated males (2 days-old). This content was
highly decreased and was ranged between 0 to 9.65% in 9 amino acids from the total
of 16 amino acids examined.

DL-2-amino-N-butyric acid, TRP, ILE, THR, ARG, LEU, ALA, SER and LYS,
while these nine amino acids percentages were ranged between 3.45 to 16.94% in the
control males. The amino acids percentages (content) of testes obtained from treated
males increased and they were ranged between 3.58 to 16.08% for the other 7 amino
acids (GLN, GLY, GLU, TYR, PHE, ASN and ASP), while they were ranged between 0
to 4.65% in control. However, the results showed the strong effects of the application
of LDsg (0.006 pl/larva) of triflumuron on the major amino acids which may play many
physiological functions in spermatogenesis in the testes of male reproductive tract the
amino acids.

SER and LYS in control males (2days-old) were recorded as 5.51 and 3.45%,
respectively, but the same two amino acids in treated males were recorded as zero%.
These two important amino acids (SER and LYS) may play many important roles in
the structure of both types of spermatozoa of the cotton leafworm. Friedlander (1997)
found the lepidoptera males bear concomitantly nucleate (eupyrene) and anucleate
(apyrene) spermatozoa. Both kinds of spermatozoa derive from the same kind of
bipotential spermatocytes. The shift of spermatocyte involvement from eupyrene to
apyrene spermatogenesis is stimulated by a haemolymph factor that becomes active
just before or after pupation, depending on species. Accordingly, eupyrene
spermatogenesis begins during larval instars and stops after pupation, while apyrene
spermatogenesis starts just before or after pupation, depending on species and
persists in the imago. The shift is related to shorting of meiotic prophases and blocking
synthesis of a meiotic lysine-rich protein fraction in apyrene cells.

The preparatory processes of spermatogenesis for nuclear elongation extend
for four days and the elongation cannot be induced prematurely during this period by
solely lowering the juvenile hormone titer experimentally. This period of preparation is
expressed, subsequently, both in the morphogenetic events, during reshaping and
elongation of the nucleus, and in the concomitant nuclear transition from lysine-rich to
arginine-rich nucleoproteins. This is indicated by the distinctive and characteristic
dynamic pattern of the cytoplasmic lysine-rich proteins displayed by the head cyst cell
in the eupyrene line of spermatogenesis but not in the corresponding apyrene line of
spermatogenesis.

Male of the silk worm B. mori has an endopeptidase, called initiatorin, in
secretions of the posterior segment of the ejaculatory duct that is important in
activation of both apyrene and eupyrene sperm and in maturation of the eupyrene.
Initiatorin is a serine endoprotease that is active at pH 9.2. It digests the surface coat
of apyrene sperm most easily, and these sperm become motile before the eupyrene
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sperm are completely freed from their bundles (Nation, 2001). The present results of
Spodoptera littoralis are in accordance with these of Nation (2001).

2- Amino acids content in ovaries of S. littoralis female

In Table (2), the amino acids content in the control and treated female resulted
from treated larva with LDsg of triflumuron were recorded as 19.92 & zero% for LYS ,
12.55&9.94% for DL-2-amino-N-butyric acid, 10.20&8.84% for ILE, 9.45&7.40% for
PHE, 3.82&2.90% for ARG, 6.40 &5.64% for GLY, 5.50&3.58% for LEU, 3.15&2.44%
for ALA, 3.10&2.02% for GLU, 5.27&9.82% for THR, 6.97&7.84% for GLN,
3.55&84.72% for TRP, 10.12&17.46% for TYR, zero&17.40% for ASP and zero&zero%
for ASP and SER.

Table (2). Comparison between control and treated females according to amino
acids (%).

Amino acids content (%)
Control female Treated female

Amino-Acids

L- Lysine (LYS) 19.92 0.00
DL-2-Amino-N-Butyric Acid 12.55 9.94
Isoleucine (ILE) 10.20 8.84
Phenyl Alanine(PHE) 9.45 7.40
L- Arginine (ARG) 3.82 2.90
Glycine (GLY) 6.40 5.64
L- Leucine (LEU) 5.50 3.58
L- Alanine (ALA) 3.15 2.44
Glutamic Acid (GLU) 3.10 2.02
DL- Threonine (THR) 5.27 9.82
Glutamine(GLN) 6.97 7.84
Tryptophan(TRP) 3.55 4.72
Tyrosine (TYR) 10.12 17.46
Aspartic Acid (ASP) 0.00 17.40
Asparagine (ASN) 0.00 0.00
DL- Serine (SER) 0.00 0.00

Total 100% 100%

The greatest decrease in amino acid content was observed in the case of the
amino acid LYS since it was vanished was (zero%) due to the application of
triflumuron, while it was 19.92% in control female. LYS amino acid may play a specific
role in the structure of egg of the cotton leafworm. In the other hand, the greatest
increase in amino acid content was noticed in case of ASP (17.40%), while it was
absent (zero%) in control female. Figure (2) is illustrating the identification of the
different amino acids content in treated and control adults (2days- old) of both sexes
(male and female) of the cotton leafworm S. littoralis.
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3-Weight of gonads

The ovaries of S. littoralis start to differentiate and develop at the pupal stage.
By dissection, S. littoralis female was found to have paired ovaries that branch into
four polytrophic meroistic ovarioles located on the ventral side of the body cavity.
Ovarioles included basal oocytes developing simultaneously. Each ovariole is
differentiated into three parts according to the developmental stages of the oocytes: A-
the yellowish green pedicle, where fully matured ova are stored, B-the reddish orange
vitellarium, which contains the developing oocyte and trophocyte follicles which bear
accumulation of yolk proteins, and choriogenesis, and C-the whitish germarium, which
contains oogonia, from which germ cells proliferate and follicles are formed. All stages
of oocytes of treated and untreated (control) females (2days-old) were weighted
freshly.

Table (3). Effect of LDs, (0.006 ul/larva) of triflumuron on testes and ovaries
weight (mg) of 2 days-old emerged adults after topical application to
newly molted fifth instars larvae of S. littoralis

Average weight

No. of Average weight of No. of male
Treatments female used Fresh ovaries (mg) used of Friﬁ:ngt)estes
Control 10 78.65 10 3.74
LDs, 10 32.21 10 1.08

The average weight of ovaries was found to be 32.21 mg for the treated female
with triflumuron, while it was 78.65 mg in control female. In other hand, the average
weight of testicles was recorded as 1.08 mg for treated male with triflumuron, while it
was 3.74 mg in control male. This indicated the biochemical composition of the
testicles was reduced (Table 3).

The treated adult females (2days-old) were found to have retarded ovarian
development, caused by a delay of oocytes development. This caused a decrease in
fecundity and egg viability of the females. Also, the maturation of oocytes was delayed
in treated adult females as compared with the controls.

The maturation of insect eggs is dependent, among other factors, on the
materials taken up from the surrounding hemolymph, and by materials synthesized by
the ovary in situ (Indrasith et al. 1988). These materials include proteins, lipids, and
carbohydrates, all of which are required for the embryogenesis ( Kanost et al., 1990).

Decrease in the ovarian protein content suggests an interference of BPUs with
vitellogenesis. Also, the decreased ovarian protein content was presumed to have
several causes, such as the lack of protein in the ovarioles or interference of
triflumuron with the mechanism controlling yolk deposition. It has been reported that
triflumuron could affect ecdysteroid secretion from other organs, such as the
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epidermis, according to Soltani and Mazouni (1992) who found the similar results in T.
molitor and ovaries of C. pomonella (Soltani et al., 1989), and the concentration of
hemolymph constituents in T. molitor (Soltani, 1990). Investigation by Perveen and
Miyata (2000) demonstrated the significant decrease in ovarian protein content in
chlorfluazuron-treated females.

It could conclude that the larval exposure to triflumuron can cause significant
reproductive suppression of this insect, and that these effects arise through delayed
effects. Also, the effect on amino acids content in both sexes reproductive tracts and
its function, ultimately leading to reduce sperm transfer from the treated male insect to
the female.

Control males

Treated males
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ABSTRACT: Potatoes (Solanum tuberosum subsp. tuberosum) are one of the most
important vegetable crops worldwide and contain hundreds of cultivars with similar
morphological parameters that are commercially produced. The identification of such genetic
diversity represents an important factor in crop breeding and improvement as well as market
pricing. This study genotyped twelve potato commercial cultivars using six RAPD primers. The
results showed high polymorphism among all cultivars. The primers produced 61 bands in total.
The number of bands per cultivar ranged from 7-14. The genetic distance among the cultivars
ranged from 0.114A — 0.3934. The closest cultivars were Disree and Lady Balfour and the
furthest one, were Ospery and Winston. Primers 5 and 6 produced the highest number of
genetic polymorphic bands with numbers (14&12; respectively) and were able to identify and
differentiate all examined cultivars. In conclusion, RAPD primers might be useful in commercial
potato cultivar identification.

Key words: Potato, RAPD, polymorphic, genetic diversity

INTRODUCTION

Potatoes belong to the family Solanaceae and are one of the most
important vegetable crops in the world with a global production of 385 million
tons; about 500000 tons of them are produced in Saudi Arabia (FAOSTAT,
2016). Potato is a tetraploid plant that has a basic number of 12 chromosomes
(x = 12). In the local Arabian markets there are dozens of potato cultivars that
are grown and consumed fresh or processed and like any other crop, the
assessment of such genetic variability may help in crop improvement programs.
Further, agricultural companies produce many cultivars and varieties each year
to fulfill consumer expectations regarding taste and color as well as grower
expectations. Such large variation urge continuous effort to discriminate among
cultivars.

The identification of potato cultivar is usually based on morphological
traits, such as tuber and leaf shapes and color as well as flower color (Lopez-
Vizcon and Ortega, 2012; Rosa et al., 2010) which are time consuming, difficult
to assess and are influenced by environmental factors. Several methods had
been applied on potato cultivars such as morphological, physiological and
biochemical parameters as well as molecular markers such as Simple
Sequence Repeats in France (Moisan-Thiery et al., 2005), microsatellites in
brazil (Rosa et al., 2010) and RAPD in Pakistan (Abbas et al., 2008), however
for our knowledge, no molecular markers using RAPD were applied on Saudi
Arabia grown potato cultivars were performed.
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Variety identification is essential to certify the identity and purity of
genotypes hence might be useful in the analysis of genetic variability among
cultivars, determining distinct parental combinations to produce segregating
progenies that capture maximum genetic variability to enhance selection
options among progeny.

The objective of the current study, was to evaluate a set of RAPD
markers for varietal identification and characterization of recently introduced
potato cultivars in Saudi Arabia and elucidate the genetic relationship among
potato cultivars and also, simply cultivar identification.

MATERIAL AND METHODS

Plant material

Potato (Solanum tuberosum) cultivars Winston, Desiree, Oceania, Argos,
Fridor, Lady Balfour, Ospery, Nicola, Hermas, Valor, Xcaliber and Belini were
selected as major potato cultivars in the region.

DNA extraction

Young leaves were taken from each plant and washed thoroughly with
water then ethanol to remove dust and other contaminants. The DNA was
extracted according for Storchova et al. (2000) with little modifications. Briefly,
about 200 mg of fresh shoot tissue was ground in liquid nitrogen, transferred to
the extraction buffer (0.34M sorbitol, 0.1M Tris—HCI pH 7.6, 5mM EDTA, 0.2%
(v/v) 2 mercaptoethanol) and centrifuged at 13 000 rpm for 10 min. The pellet
was suspended in the extraction buffer, the same volume of the lysis buffer
(0.2M Tris—HCI pH 7.6, 2M NaCl, 0.05M EDTA, 2% CTAB) was added, then
chloroform extraction, isopropanol precipitation and washing with 80% ethanol
were performed. The DNA was quantified spectrophotometrically and by
electrophoresis on 0.8% agarose gels.

RAPD

Total Genomic DNA of each cultivar was diluted in sterile double distilled
water to a concentration of 10 ng/ml for RAPD analysis. PCR was performed in
PEQLAB thermocycler, Germany in a 25 ul reaction volume containing 200 uM
of each dNTP (MBI Fermentas), 3.0mM MgCl,, 0.48 uM primer, magnesium-
free reaction buffer and 1U Taq DNA polymerase (Promega, USA). After initial
heating for 5 min at 94 -C, samples were PCR amplified using 40 cycles (94 -C,
20 s; 42 -C, 20 s; 72 °C, 1 min) followed by a final extension of the PCR
products for 4 min at 72 -C. The products of amplification were analyzed by
electrophoresis in 2.0% agarose gels with 1x TAE running buffer, visualized by
ethidium bromide staining, and photographed under UV light with a digital
Canon power shot G7 camera. Each reaction was repeated twice and negative
controls accompanied the reactions without adding DNA for increasing the
fidelity of the data. Six RAPD primers were used (Ready-To-Go RAPD Analysis
Beads, GE Health Care, UK).
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Table (1). RAPD primers used in the study.

Primer Sequence5’-3°
RAPDAT GGTGCGGGAA
RAPDA2 GTTTCGCTCC
RAPDA3 GTAGACCCGT
RAPDA4 AAGAGCCCGT
RAPDAS5 AACGCGCAAC
RAPDAG CCCGTCAGCA

Data analysis

All visible and unambiguously scorable fragments amplified by the
primers were scored by visual observation. Amplification profiles (band in each
position) were scored as present (1) or absent (0). The scores obtained using
all the primers in the RAPD analysis were then joined and used to estimate
polymorphic locigenetic distance and to construct an UPGMA (Unweighted Pair
Group Method of Arithmetic Means) dendrogram among populations using a
computer program, PAUP4 (Swofford, 2000).

RESULTS
Polymorphic information content

RAPD analysis of twelve cultivars of potatoes revealed that all primers
were polymorphic, produced 61 bands in total. The number of bands per cultivar
ranged from 7-14. Data in Figure (1) showed the gel electrophoreses of the
RAPD-PCR product of primers 3 and 4. The profiles of 12 cultivars showed that
primer 3 is more useful in cultivar identification than primer 4. Figure (2) showed
that primer 6 profiles the 12 cultivars of Potato and that primer can easily
identify the cultivars Oceania, Argos and Xcaliber. Figure (3) showed that
primer 1 can use easily to identify Belini, Xcaliber, Valor, Nicola. In general the
primers 5 and 6 produced the highest number of polymorphic bands (14&12).
The remaining primers showed lower polymorphism.

M 1 2 3. 4 § 6 7 89 1011 12°' M

Figure (1). RAPD3, RAPDAA4 profiles of 12 cultivars of Potato cultivars. 1)
Winston, 2) Desiree, 3) Oceania, 4) Argos,5) Fridor, 6) Lady
Balfour, 7) Belini, 8) Xcaliber, 9) Valor 10) Hermas 11)
Nicola 12) Ospery, M)Molecular weight marker.
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M12 3 456 M7389 101112

Figure (2). RAPDAG6 profile of 12 cultivars of Potato cultivars. 1) Winston,
2) Desiree, 3) Oceania, 4) Argos,5) Fridor, 6) Lady Balfour, 7)
Belini, 8) Xcaliber, 9) Valor 10) Hermas 11) Nicola 12)
Ospery, M)Molecular weight marker.

M12 3456 M7 89 1011 12

Figure (3). RAPDA1 profile of 12 cultivars of Potato cultivars. 1) Winston,
2) Desiree, 3) Oceania, 4) Argos,5) Fridor, 6) Lady Balfour, 7)
Belini, 8) Xcaliber, 9) Valor 10) Hermas 11) Nicola 12)
Ospery, M)Molecular weight marker.

Genetic distances

The genetic distance among the cultivars ranged from 0.11475 — 0.39344
and the closest cultivars were Disree, Lady Balfour and the furthest were
Ospery and Winston as shown in Table (2).
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Cluster analyses

In this study, it was found that the commercial potato cultivars could be
grouped into two major clusters (Figure ¢). Cluster 1 includes (Ospery, Oceania,
Xcaliber (X) and Nicola) and Cluster 2 included two groups G1 and G2, where
G1 inlcudes (Argos, Fridor, Disree, Lady Balfour and Winston), G2 inlcude
(Hermas, Valor and Belini).

Ospery

Oceania

Nicola

Argos

Fridor

Winston

— Disree

LadyB alf

Hermas

Valor

Belini

Figure (4). Dendrogram of the 12 potato cultivars based on UPGMA
analysis. Two clusters were observed. Cluster 1 include
Ospery, Oceania, Xcaliber(X) and Nicola. Cluster 2 devided
into 2 groups, G1 include Argos, Fridor, Winston, Disree and
Lady Balfour, G2 include Hermas, Valor and Belini.
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DISCUSSION

The high polymorphism among potato cultivars found in this study is in
agreement with previous investigations on potato worldwide (Solano et al.,
2013; Abbas et al., 2008). In a previous study on RAPD markers Abbas et al.
(2008) reported that 26.3 alleles per genotype were amplified using RAPD
primers and mean genetic distance estimated ranged from 17% to 55%.
However, in this study we reported similar range to that reports in other
countries. Solano et al. (2013) studied the diversity of nine commercial potato
cultivars in Chile as well as native accessions and found that those commercial
cultivars cluster according to their breeding programs in Chile and Europe also
they found that native accessions showed higher genetic diversity than
commercial cultivars. In this study, it was found (Figure 2) that the commercial
potato cultivars could be grouped into two major clusters. Cluster 1 includes
(Ospery, Oceania, Xcaliber (X) and Nicola). Cluster 2 include two groups G1
and G2, where G1 inlcudes (Argos, Fridor, Disree, Lady Balfour and Winston),
G2 include (Hermas, Valor and Belini). In the potato cultivars grown in Pakistan
(Abbas et al., 2008) there were six potato varieties and 11 primers, the
genotypes were grouped into three clusters which indicate that potato culivars
usually group accourding to genetic similariy using RAPD technique and that
RAPD primers might be useful in breeding programs in potatoes in Saudi
Arabia. In the current study primers A1,A6 showed highly polymorophism
among potato cultivars and this results are in agreement with previous
investigations on other horticultural crops that these molecular markers are
capable to discriminate the genetic diversity among species and subspecis as
well as cultivars (Elansary and Elansary, 2013; Elansary et al., 2011).

This study is useful in cultivar identification in Saudi Arabia because
cultivars should be labelled with their variety name accourding to European
Union rules for example (EU Directive 2003/89/EC). Potato producers and
consumers have the right to know which cultivar they are buying, growing and
consuming. Further more, globally most potato varieties are prized and
classified accouring to their morphological characteristics only and end-use.
Using RAPD technique for the identification of potato cultivars may assist in the
accurate identification of potato in the Saudi market.
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Response of Some Wheat Cultivars to A- mycorrhizal
Inoculation, Phosphate Solubilizaing Bacteria and Organic
Fertilization
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** Soil and Agriculture Chemistry Dept., Facility of Agriculture (Saba- Basha)
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ABSTRACT: Two field experiments were conducted at the Experimental Station Farm of
Faculty of Agriculture (Saba- Basha) Alexandria University. Egypt during 2014/2015 and
2015/2016 growing seasons. The objective of this study was to investigation the effect of
organic manure and biofertilization on yield, yield components and grain quality of three wheat
cultivars to improve wheat productivity and minimizing of pollution. The results could be
summarized as follows. Sids 12 cultivar gave higher spike length, number of spikelets/spoke,
grain number/spike 1000- grain weight, grain, straw and biological yields (ton/fed) as well as
harvest index (%) than Sakha 94 cultivar. Also, Sids 12 cultivar significantly surpassed Sakha
94 cultivar in crude protein (%) and potassium percentage in both seasons. The addition of
organic manure at 10 m®/fed resulted in a significant increment in yield components and crude
protein (%) percentages, phosphorus and potassium of wheat grains in both seasons.
Significant variation were recorded between the tested biofertilization treatments for plant height,
spike length, number of spikes/m?, 1000- grain weight in both seasons. The effective treatment
for plant height, spike length, grain straw and biological yield (ton/fed?3 as well as harvest index
were obtained by Sids 12 cultivar with adding organic manure at 10 m“/fed, in the both seasons.
Sids 12 cultivars with all biofertilizers inoculation surpassed Sakha 94 cultivar for plant height,
grain, straw and biological yields (ton)/fed, in the both seasons.

Keywords: Wheat cultivars, Organic, Biofertilization, yield, chemical composition

INTRODUCTION

Wheat ( Triticum eastivum, L.) is one of the most important crops used in
human food and animal feed in Egypt. Recently, a great attention of several
investigation has been directed to increase the productivity of wheat to minimize
the gap between the production and consumption by increasing the cultivated
area and wheat yield per unit area.

The total biomass is a result of the integration of metabolic reaction in the
plant. Consequently any factor influencing the metabolic activity of the plant at
any period of its growth can affect the yields. Thus, Meanwhile, processes in
wheat plants are greatly governed by both internal i.e. genetic makeup of the
plant and external conditions which namely clamitc and edaphically
environmental factors. This increasing wheat production per unit area can be
achieved by breading and cultivating the promising wheat cultivars and applying
the optimum cultural practices such as suitable fertilizer. Gomaa et al. (2011)
reported that their were significant differences between the two cultivars
(Gemmeiza 7 and Sakha 93) in all characters under study such as plant height
at harvest, number of spikes/m?, spike length, number of tillers/m?, number of
grains/spike, grain weight/spike, grain, straw and biological yields/fed. Also,
nitrogen, phosphorus potassium percentages and protein content differed
significantly between the two cultivars.
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Additionally, organic manures in the from of compost, animal manure
farm yard manure (FYM) and green manure of organic materials are generally
added in soils to improve their physical and chemical properties. They enhance
the soil fertility by their composition of macro and micro elements, amino acid,
organic acids sugars and organic matter (Zaki et al., 2007; Hosam El- Din, 2007;
Zeidan et al., 2009 and Gomaa et al., 2011). Furthermore, biofertilization is an
important factor being used to produce without some mineral fertilizer that
cause environmental pollution problems and high rates of it leads in decrease
the potential activity of microbial and the mobility of organic matters. Hence, the
attention has been focused on the researches of biofertilization to safe
alternative specific chemical fertilizers. Biofertilizers plays vital role of increasing
the number of microorganisms and accelerate certain of microbial process in
the rhizosphere of inoculated soil of plants which can changes the available
form of some nutrients to be plants (El- Kholy and Omar, 2000; Abdalla, 2002;
Basha, 2004; Ibrahim et al., 2004 and Radwan et al., 2015).

The aim of this investigation was designed to study the effect of organic
manure and biofertilization on yield and its components as well as quality of
three wheat cultivars.

MATERIALS AND METHODS

Two field experiments were conducted at the experimental farm, Faculty
of Agriculture (Saba Basha), Alexandria University, Egypt, during 2014/2015
and 2015/2016 seasons. The experiments were carried out to study the
combined effect of organic manure and biofertilization on yield, yield
components and quality of grains of three wheat cultivars ( Triticum aestivum, L.).

The experimental design was split — split plot design with three
replications. Wheat cultivars were allocated in the main plots, organic manure
rates were allocated in the sub- plots and bio-fertilizer treatments were allocated
in the sub- sub plots. The size of each plot was 10.5 m? (1/400 feddan) 3.5 m
long and 3.0 m wide. Each experiment included 27 treatments which were the
combination of three wheat cultivars, three organic manure rates and three
biofertilization treatments which can be described as follows:

A-Cultivars

1- Sids 12

2- Gemmeiza9

3- Sakha 94

B-Organic manure rates
1- Zero (control)

2- 5 m%/fed

3- 10 m%fed
C-Biofertilizers

1- Uninoculation (control)
2- Phosphorein inoculation
3- A- mycorrhzal inoculation
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Nitrogen fertilizer was added at a rate of 70 kg N/fed (the recommended
dose, where 20 kg N/fed, were added at sowing time, 25 kg N/fed added at the
first irrigation (24 days after sowing) and the third dose 25 kg/fed were applied
25 days of the first irrigation in the two experiments. N- Fertilizer added in the
form of ammonium nitrate (33.5%N). Super phpshate fertilizer (15.5% P20s)
was applied before sowing of the rate of 150 kg/fed (the recommended dose).
Potassium fertilizer was applied before sowing (During seed bed preparation at
rate of 50 kg/fed in the form of potassium sulfate (48% K>O) (The
recommended dose).

The farmyard manure from cattle manure as organic manure was
obtained from Abeas region in the form of fime FYM organic fertilizers was
applied at a rates Zero (untreated), 5 and 10 m%fed) and well mixed with the
soil two weeks before sowing, raked it highly at a depth of 10- 15 cm. the
chemical analysis of organic fertilizer is shown in Table (1).

Table (1). Analysis of the applied organic manure (Sheep manure)

Analysis Values
pH 7.1
O M (%) 36.0
C (%) 20.9
Total( %) 2.20
Total(P%) 1.20
Total (K%) 1.50
C:N ratio 9.5

Table (2). Some physical and chemical properties of the experimental soil
in 2014/2015 and 2015/2016 seasons

Soil properties 2014/2015 2015/2016
A- Mechanical analysis
Sand% 16.50 15.80
Clay% 42.50 43.00
Silt% 41.00 41.20

Soil texture Clay loam soil

B- Chemical analysis
pH (1:1) 7.50 7.60
EC (dS/m), 1:2 2.30 2.40
1- Soluble cations (1:2) (cmol/kg soil)
K* 0.92 0.91
Ca™ 4.10 4.15
Mg** 3.10 3.00
Na* 8.10 8.15
2- Soluble anions (1:2) (cmol/kg soil)
CO3+ HCO7, 2.70 2.60
CL 11.10 11.30
SO, 0.47 0.49
Calcium carbonate (%) 7.50 7.60
Total nitrogen% 0.47 0.48
Available Phosphorus (mg/kg) 3.50 3.60
Organic matter (%) 0.93 0.90
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Inoculation with strain A- Mycorrhizal fungi at the rate of 250 spores
added with grain at sowing time. Local strain of Glomus macrocarpum was
kindly obtained from plant production Dept., Fac. of Agric. (Saba Basha)
described by Radwan (1996). Phosphorein commericed biofertilizer contains a
highly active dissolving bacteria (Bacillus megatherium) which converte the
insoluble tricalcium phosphate to the soluble mono calcium phosphate.
Phosphorein was added at a rate of 400 g/fed, produced by the general-
organization for Agriculture Equalization Fund, Ministry of Agriculture and Land
Reclamation, Egypt. Inoculation with phospharein was performed by coating
wheat grains with each product in dividedly using a sticking substance (Arabic
gum 5%) just before sowing. The preceding crop was maize for the two growing
seasons. Soil samples of the experimental sites were taken at the depth of 0-
30 cm. Physical and chemical analysis are presented in Table (2) was done
according to (Page et al., 1982). Sowing dates were November 18" and 22" in
the both seasons, respectively.

A- Yield and its components
At harvest time, yield, and its components were calculated from an area
of one square meter from each sub- sub plot. The following charaters were
recorded:
1- Plant height at harvest (cm)
2- Spike length (cm)
3- Number of spikes/m?
4- Number of spikelets/spike
5- Number of grains/spike
6- 1000- grain weight (g)
7- Grain yield (ton/fed)
8- Straw yield (ton/fed)
9- Biological yield (ton/fed)

B- Grain quality

1- Grain Crude protein percentage
2- Phosphorus content percentage
3- Potassium content percentage

Data obtained were exposed to the proper method of ststistical analysis
of variance as described by Gomez and Gomez (1984). The treatments mean
were compared using the least significant differences (L.S.D.) test at 0.5% level
of probability.

RESULTS AND DISCUSSION

A- Yield and its components

Data in Tables (3,4 and 5) revealed that the differences among the
studied cultivars in yield and its components i.e. plant height at harvest, spike
length (cm), number of spikelets/spike, grain number/spike,1000- grain weight
(9), and grain, straw and biological yields (ton/fed) and harvest index (%) in both
seasons were significant.
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Sids 12 cultivar significantly surpassed the other two cultivar in spike
length, number of spikelets/spike, grain number/spike,1000- grain weight (g),
and grain, straw and biological yields (ton)/fed. Sakha 94 cultivar recorded the
longest plant height and greatest number of spikes/m? in both seasons. These
differences may be due to the genetic differences among the cultivars. Also, the
differences in 1000- grains weight might be attributed to the variation in
translocation rate of photosynthesis from leaves to the storing organs i.e. grain.
These finding are in similar trend with those of Zaki et al. (2004), and in
agreement with those reported by Hasseinen and Gomaa (2001) Abdel-
Maksoud (2002), Fraga (2003), Abdu Grab et al. (2006), Shoman et al. (2006)
and Gomaa et al. (2011).

Data presented in Tables (3, 4 and 5) showed that plant height (cm),
spike length (cm), number of spikes/m? number of spikelets/spike, grain
number/spike,1000- grain weight, grain and straw biological yields (ton/fed) as
will as harvest index (%) during the two growing seasons were affected
significantly by adding organic manure rates. The highest mean values of all
characters were obtained by adding organic manure at 10 m*fed, while, the
lowest values of all characters were recorded by untreated (control) in both
seasons. Also, from the same tables there is no significant differences between
adding 5 m%/fed for grain, straw and biological yields (ton/fed) as well as harvest
index in both seasons.

In addition, the increase in grain yield and other studied traits could be
due to the increase in dry weight of vegetative organ which might be consider
as a criterion for the photosynthesis efficiency of the plant. Similar results were
obtained by Hayam and El- Sayed (2001) and Abo El-Ala (2006).

In general, application of organic manure at rate of 10 m®fed, gave the
highest yield and its components compared to the untreated treatment. This
superiority may be due to the effect of organic fertilizer through flowering and
grain production (Kabesh et al., 2008). Also, in some characters treatment with
organic fertilizer gave the highest significant increase. Similar results were
obtained by Shoman et al. (2006), Sadur et al. (2008) and Gomaa et al. (2011).
With regarded to the effect of biofertilization on wheat yield and its components,
the results given in Tables (3,4 and 5) generally showed that all characters
under this study were significantly affected by inoculation of wheat grain with A-
mycorrhizal except plant height and 1000- grain weight was recorded the
highest with phosphorein and while no significant differences between A-
mycorrhizal and phospharein in both seasons.

Results presented in the same Tables show the effect of phosphorein
and A- mycorrhizal inoculation on plant height, spike length, number of
spikes/m? and 1000- grain weight in both seasons and grain number/spike and
grain yield first and the second season, respectively.

Also, it could be concluded that inoculation of wheat grains with
biofertilizers encourages the increase of plant height, spike length, number of
spikes/m? and 1000- grain weight. This may be due to the effect of
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biofertilization which play an important role in the assimilation of wheat plants
that reflected on enhancing these characteristics. Also, this could be attributed
to the role of plant phytohormones like, IAA, GAs and CKs which promote plant
growth, cell division breaking the special dominances Irence encouraging the
photosynthesis and assimilation accumulation (El- Khawas, 1990).

Similar results were obtained by Abdel- Hamid et al. (2001), Abdalla
(2002), Ali et al. (2003), Basha (2004), Zaki et al. (2007) and Radwan et al.
(2015).

The effect of the interaction between the three wheat cultivars and
organic manure rates on plant height, spike length, grain straw and biological
yields (ton/fed) as well as harvest index were significant in Tables (3,4 and 5)in
the both growing seasons.

Sids 12 cultivar with application of organic manure at the rate of 10
m®/fed gave the highest spike length, grain and straw biological yields (ton/fed)
as well as harvest index in both seasons.

The effect of interaction between three wheat cultivars and biofertilization
on plant height, grain, straw and biological yields (ton/fed) were significant and
reported in Tables (3,4 and 5).

The effect of interaction between organic manure rates and
biofertilization on plant height, number grain/spike, 1000- grain weight, straw
and biological yields (ton/fed) as well as harvest index (%) were significant in
the both seasons.

The interaction among the three wheat cultivars organic manure rates
and biofertilization were significant for plant height, grain, straw and biological
yields (ton/fed) as well as harvest index in the two growing seasons, Tables (3,
4 and 5). Sids 12 cultivars gave the highest grains, straw and biological yields
as well as harvest index (%) and applying organic manure rate at 10 m*/fed,
with A- mycorrhizal inoculation. Also, Gemmeiza 9 cultivar under 10 m*/fed with
A- mycorrhizal inoculation gave the highest plant height at harvest in both
seasons.
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Table (5). biological yield (ton/fed) and harvest index as affected by three
cultivars, organic manure rates and biofertilization during
2014/2015 and 2015/2016 seasons

T biological yield (ton/fed) harvest index (%)
reatments

2014/2015 2015/2016 2014/2015 2015/2016
A) Cultivars
Sids 12 4.52a 4.61a 38.88a 39.35a
Gemmeiza 9 4.37b 4.78b 38.88b 39.06b
Sakha 94 4.14c 4.25¢ 37.93¢c 38.47¢
L0.S.D. (0.05) 0.06 0.04 0.07 0.18
B) Organic rates
Untreated 4.02b 4.11b 37.47b 38.02b
5 m%/fed 4.52a 4.62a 38.93a 39.40a
10 m®/fed 4.50a 4.61a 38.93a 39.39a
L.S.D. (0.05) 0.13 0.13 0.40 0.35
C) Biofertilizers
Uninoculation 4.32 4.42 38.35 38.85
Phosphorein 4.35 4.45 38.53 39.01
A-mycorrhizal 4.37 4.47 38.55 39.05
L.S.D. (0.05)
Interations
AxB ns ns ns ns
AxC ns ns ns ns
BXC * * * *
AxBxC ns ns ns ns

Means with the each letter (s) within each column are not significant differences at 0.05 level
of probability

ns: not significant

* Significant at 0.05 level of bribability

** Significant at 0.01 level of bribability

B- Grain quality

Data in Table (6) indicated that percentages of grain crude protein,
phosphorus and potassium in both seasons of wheat plant affected by three
wheat cultivars. Where, Sids 12 cultivar significantly surpassed Sakha 94
cultivar for crude protein (%) and potassium percentage in both seasons, while,
Sakha 94 cultivars significantly surpassed Sids 12 cultivar for phasphorus
percentage in both seasons.

The variation between the three studied cultivars may be due to their
genetic differences. These results are in a greement with those obtained by Abo
Shetaia et al. (2001), who found that Sids 1 cultivar surpassed Sids 7 and
Sakha 69 in grain protein content and protein in wheat grain resulted from other
part of wheat plant, especially, leaves and translocated to the grain during filling
period. Grain protein expressed as percentage is essentially as express of the
ratio of protein and non- protein aqueous material in grain (Carter et al., 2002).

Obtained results recorded in Table (6) revealed that percentages of
phosphorus, potassium and crude protein in grains were significantly affected
by adding organic manure rates.
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The highest values of percentages of crude protein, phosphprus and
potassium were obtained by applying organic manure rate at 10 m*/fed, while
the lowest values of this charactes was recorded by untreated treatments in
both seasons.

On the other hand, these results agree with those of Zeidan and El-
Kramany (2001), Hosam EI- Din (2007) who found that, application of organic
manure had gradually increased chemical content of wheat plant if compared
with the plants untreated only. This may be due to possible increase in the
availability of macro and micro nutrients and improvement of physical and
chemical soil properties.

Data in Table (6), indicated that percentage of crude protein in the first
season and percentages of phosphorus and potassium in both seasons
significantly increased by inoculation of wheat grain with A-mycorrhizal and
phosphorein when compared with uninoculation (control): This may be due to
the role of dissolving phosphate on increasing the endogenous phytohormones
IAA, Gas and CKs which play an important role in formation a big active root
system. Increasing the nutrient uptake and photosynthesis rate and
translocation as well as accumulation within different plant part (El- Khawas,
1990). These results are in agreement with those obtained by EI- Kholy and
Omar (2000), Hussein and Radwan (2001), Shoman et al (2006) and Hosam El-
Din (2007).

The maximum increment of crude protein percentage (11.38%) were
obtained by A- Mycorrhizal treatment in the first season and potassium (1.99
and 2.34%) in the both seasons while, the inoculation phosphorein gave the
highest phosphorus percentage (0.696 and 0.767%) in both seasons,
respectively compared with uninoculation (control).

All first and second order interactions among the three factors were not
significant for crude protein (%), phosphorus percentage and potassium
percentage in both seasons, Table (6)
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Table (6). Crude protein (%) Phosphorus and Potassium percentages as
affected by three wheat cultivars, organic manure rates and
biofertilizer during 2014/2015 and 2015/2016 seasons

T Crude protein (%) P (%) K (%)
reatments
2014/2015 2015/2016 2014/2015 2015/2016 2014/2015 2015/2016
A) Cultivars
Sids 12 12.20a 11.78a 0.548c 0.601c 2.08a 2.43a
Gemmeiza 9 10.60b 9.90b 0.599b 0.665b 1.63b 1.98b
Sakha 94 10.16b 10.06b 0.690a 0.775a 1.42¢ 1.77¢
L0.S.D. (0.05) 1.24 1.44 0.045 0.060 0.09 0.06
B) Organic rates
Untreated 8.98c 8.83c 0.569¢c 0.625¢ 1.14c¢ 1.49¢
5 m%/fed 10.47b 9.96b 0.613b 0.673b 1.63b 1.98b
10 m®/fed 13.50a 12.96a 0.654a 0.720a 2.37a 2.72a
L.S.D. (0.05) 0.74 0.63 0.035 0.040 0.15 0.15
C) Biofertilizers
Uninoculation 10.62¢ 10.44 0.528c¢ 0.579c 1.49¢ 1.86¢
Phosphorein 10.96b 10.45 0.696a 0.767a 1.66b 2.01b
A-mycorrhizal 11.38a 10.84 0.615b 0.672b 1.99a 2.34a
L.S.D. (0.05) 0.85 ns 0.070 0.080 0.14 0.16
Interations
AxB ns ns ns ns ns ns
AxC ns ns ns ns ns ns
BxC ns ns ns ns ns ns
AxBxC ns ns ns ns ns ns
Means with the each letter (s) within each column are not significant differences at 0.05 level of
probability

ns: not significant
* Significant at 0.05 level of bribability
** Significant at 0.01 level of bribability
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As it turns out the relative decline in marketing margin between the
wholesale price and the product of the banana crop, municipal, as well as the
relative low marketing margin between the price of retail, wholesale, and catalog
the relative margin between the retail price and the product of the banana crop
farmyard.

Reduced marketing efficiency has been shown during the period (2000-
2014) with an average efficiency of about 39.8%.While marketing costs of the
banana crop, rose an annual average of about 1941.51 pounds per ton reached
during the search, and may be due to the high retail price. And A study of
consumer pounds distributed to harvest bananas Municipal lower product share by
estimated at 8.2% , as well as the decline in the share of wholesale rate estimated
at 907.9 % , while the share increased both retail share and share brokers by
estimated at 77.4 % , 13.8 %, respectively during the research period .
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The seasonal impact on the production and marketing of bananas
in Alexandria Governorate

Amal Ahmed Fouad Gamela and Lamis Fawzy EL-Bahenasy
Agricultural Economics Research Institute( Alexandria Branch),ARC

ABSTRACT: The fruit crops consider from the most important of agricultural
crops , both nutritionally or export , therefore , the promotion of the production of
fruit crops is essential and vital to cope with the increase in domestic demand , and
is the marketing of agricultural products in Egypt, one of the key agricultural activity
operations. And the research problem consisted that the balady banana crop of
horticultural crops , which are grown throughout the year , but the production is
characterized by seasonality , given the close correlation between the supply of
bananas and prices throughout the year , it usually results in an imbalance of
economic balances occurring between supply and demand.

And targeted research to identify the seasonal producing the effect, and
marketing of bananas Municipal Alexandria governorate as one of the most
important fruit crops market Nozha province Alexandra. through the use of both
descriptive analysis method of averages and tabular presentation in addition to the
analysis method of quantitative where they were estimating equations direction
timetable year and rates of economic variables annual growth under study using
growth function (growth function) and marketing margins account, and efficiency of
marketing and account seasonal directory using the method of the average
percentages of the quantities and prices of banana crop contained market Nozha
to trade vegetables and fruits in Alexandria. Search results found that municipal
banana crop came in first in the market structure of the wholesale market Nozha
rate was estimated at 11.83%, it turns out that the fruit harvest bananas space in
Alexandria Governorate annual decrease rate was estimated at 16.4% at the moral
level of 1%. As well as the decline in banana production in Alexandria annual
decrease rate was estimated at 12.9% at the moral level of 1% during the period
(2000-2014).

The guide calculates seasonal changes monthly amounts received during
the same period was observed that it had reached a maximum during the month of
July at about 136.1%, and below during the month of December by about 44.2%.
And calculates the monthly guide to seasonal changes in prices for bananas
municipal noted that it has reached its peak during the month of June by about
118.3%.And below during the month of September by about 85.4%. This is due to
fluctuations in supply that have already referred to, or to the existence of quantities
of bananas imported contained market promenade. As shown by the results to
predict the monthly municipal contained banana market Nozha 2018 prices, they
are increasing, an increase of approximately 48.3% of the average banana prices
of municipal sold in the market in 2015.
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show any effect on fruit weight. Also, results showed that the interaction between
500 mg/L potassium and 20 mg/L boron gave the highest result with all vegetative
growth parameters, fruit setting, number of fruits and TSS. Regarding yield
parameter (yield/plant and yield/area unit), data revealed that, 500 mg/L potassium
treatment as well as all boron treatments gave the highest results. As fruit weight,
all interaction treatments between potassium and boron resulted significant effects
comparing with control except o potassium and 10 mg/L boron treatment.

Key words: potassium, boron, Fragaria ananassa Duch, Festival
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EFFECT OF FOLIAR APPLICATION OF POTASSIUM AND BORON
ON GROWTH AND YIELD OF STRAWBERRY
(Fragaria ananassa Duch) cv. Festival

RAAD AHMED MEDAN
University of Kirkuk - College of Agriculture

ABSTRACT: This experiment was carried out in unwarming plastic house in
Agricultural and Experimental Research Station- Faculty of Agriculture- Karkouk
University through 2015-2016 growing season to study the effects of foliar
application of potassium at three concentrations (0, 250, 500 mg/L) and boron at
three concentrations (0, 10, 20 mg/L) on vegetative growth and flowering
parameters and yield of Fragaria ananassa Duch plant, Festival cv., in factorial
experiment with three replicates and six seedlings in each experimental unit. The
results showed that, potassium and boron gave significantly results in most of
characters understudy (leaf area, number of leaves, chlorophyll, fresh and dry
weight of vegetative growth, fruit setting, TSS, fruit number, yield/plant, yield/area
unit). 500 mg/L potassium and 20 mg/L boron gave the superior results for all
parameters understudy comparing with other concentrations. The average number
of flowering character did not affected as results of interaction between potassium
and boron treatments. As for fruit weight, it was found that potassium at 250 and
500 mg/L treatments gave the highest results, while all boron treatments did not
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years, (38.3%) are between (30 < 35) and (38.4%) of the them are (40) and
above,the majority of respondent, (78.3%) are of rural upbringing and (21.7%)
were of urban upbringing,the majority of them live in rural areas (86.7%) and
(13.3%) live in urban, the majority of workers (80%) are married and (20%) are
not, more than half, (53.3%), have university degree and post-, more than half
of them, (58.4%) are of non- extensional specialties, low percentage (25%) are
under the title of extension worker, the majority of workers (76.7%) have farm
experience between (3-13)years, the majority of them, (86.7%) have experience
in agricultural extension between (3-13) years, and all (100%) did not receive
training courses before starting work,the majority of them (85%) had high
degree of sources of information.

Second: Social, economic and communication characteristics of farmers:
the results showed that (20%) of the farmers were (30 < 40) years, (40%) of
them were between (40 < 50) years and that (40%) were (50) years and more,
the them had different educational levels: (25.3%) finished high school, the
majority (70.7%) had family capacity of (5-10) capita, majority of the farmers,
(88%) are in the (1-5) members group, majority of them (89.3%) have land
between less than (1-3) acres, the majority of the them, (60%) were
sspecialized in farming and that (40%) of the total farmers had other
occupations, majority of the farmers, (90%) are of low and medium income with
means (5000-40.000) Libyan dinars, all of them (100%) depend on foreign
farming labor, and 48% have more than (5) workers, majority of the farmers
(96%) have medium and high information sources.

Third: extension activities and services provided by extension system: the
results showed that the major extension activitiesof workers were: presenting
administrative problems facing farmers: enforcing agricultural laws, executing
extension programs, the results showed that the main extension activities of
farmers were; participating in radio extension shows, participating in extension
TV shows, undertaking agricultural pests control programs.

Forth: correlation and regression relationships between independent
variables and dependent variable: the research results showed that there
were four independent variables count for (59%) of the total variance in
agricultural extension workers' degree of practice of agricultural extension
services and activities, the research results showed that there were four
independent variables count for (62%) of total variance in farmers' degree of
utilizing agricultural extension activities and services.

fifth: obstacles of extension work of extension workers and farmers: the
main obstacles of workers were; continuous change of labor, lack of sufficient
training, lack of bonus and agricultural service to encourage farmers to adopt
modern farming practices, the main obstacles of farmers were; lack of
agricultural service that encourage farmers to adopt modern ideas and
methods, lack of agricultural extension workers, difficulty of transportation in the
area.
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The Current Status of Agricultural Extension System and Its
Activities in Eljabal Elakhdar Area in Libya

Abo Zaid Mohamed Mohamed El — Habbal, Souzan Ibrahim EIl — Sayed
El — Sharbatly and Amal Ateayah Alsharef Mohamed
Dept . of Agricyltural Economic , Faculty of Agriculture (Saba Basha) Alexandria
University

ABSTRACT: The research aimed to study the current status of agricultural
extension system and its activities in Eljabal Elakhdar area in Libya, the data
were collected through personal interview questionnaire to both extension
workers and respondent framers. this research population included all extension
workers, (n= 60), and all the farmers, (n= 1500). a systematic random sample
was taken as (10%) of the population, it was (150), the statistical methods were;
percentages, frequencies, means, standard deviation, simple correlation
coefficient, chi square test multiple regression, and (T) test, (F) test, the main
results were as follows:

First: Social, economic and communication characteristics of extension
workers: the results showed that (3.3%) of workers are between (25 < 30)
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