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3.6 Clinical finding of rabbits experimentally infected
with C. perfringens type A.

The most clinical findings in experimentally
infected rabbits with C. perferingens type A. were
depression, ruffled fur anorexia, slight swollen belly,
watery brownish to yellowish diarrhea, decrease feed
intake and sometimes, faeces admixed with mucus
material. The mortalities of experimentally infected
rabbits begin 5 days post infection with an incidence
percentage Of 25% . The most sever symptoms were
observed in experimentally rabbits aged 8-10 weeks —
old.

3.6.2. Post-mortem findings of rabbits experimentally
infected with C. perfringens type A.

The main gross lesions were congestion of
liver, spleen, heart and engorgement of subcutaneous
blood vessels. fully distended stomach with fluids
and gases, also small intestine and ceacum was
distended with watery to mucoid contents and gases.
Catarrhal enteritis in ceacum in some cases. Fig.
(1&2).

3.6.3. Reisolation trial of C. perfringens type A from
experimentally infected rabbits.

Reisolation of C. perfringens type A was
performed in cocked meat medium containing 1.0
gm/liter streptomycin.

Table (4) Shows result of morbidity and mortality percentage of in experimentally infected rabbits.

Group Inoculums -
number Age Morbidity M Mortality
NO Percentage NOx|  Percentage
la C. perfringens type A{ wks4-6 86/ 75.% 2/8 25 25%
1b -ve wks4-6 3 3/8 37. 37.5% | 0/8 0%
2a C. perfringens type A 8-10 wks 6/8 75.% 2 2 25 25%
2b -ve 8-10 wks /83 37 375%| 0/ O 0%

Fig, (1): Caecum of rabbit experimentally infected orally with C. perfringens type A at 4-6 weeks —old
showing ceacum filled with watery mucoid material and gases, distention in the jejunum and ileum
with watery fluid content and congestion of liver. (sacrificed experimental case 7d after infection).
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Fig, (2) showing intestine of rabbit experimentally infected orally with C. perfringens type A at 4-6 weeks —
old with presences of desquamated epithelium. (sacrificed 7 days after infection

3.6.4. Histopathological results of experimentally
infected rabbits.

Intestinal lumen of rabbit inoculated with C.
peferingens type A had excess mucus casts mixed
with a few leukocytes with villous destruction and
sever inflammatory reaction, mainly macrophages
and lymphocytes in both mucosa and submucosa Fig.

(3). Other rabbits that infected with C. peferingens
type A revealed proliferation of intestinal glands,
submucosal edema and leukocytic infiltration with
regeneration attempts in the surface epithelium Fig
(4). On the other hand the intestinal coats of non
infected rabbits revealed normal intestinal coats Fig.

().

Fig. (3). Small intestine of rabbit infected with C.perferingens type A, showing mucus casts with a few
leukocytes (arrow) inside intestinal lumen. H&E x 1200.
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Fig. (4). Large intestine of rabbit infected with C.perferingens type A showing proliferation of surface and
glandular epithelium. H&E x 1200 .

Fig. (5). Small intestine of rabbit showing normal intestinal coats H&E x 300.

4. Discussion: al.,, (2003). In the present study, isolation and
Rabbit farming enterprises in Egypt have experienced characterization of some anaerobic pathogens causing
serious losses in  weaned animals due to Mucoid enteropathy in rabbits was carried out.
gastrointestinal ~ problems.  Investigations  had Mucoid enteropathy syndrome (MES) or Epizootic
confirmed that these animals suffered from Mucoid rabbit enteropathy (ERE) have emerged and
enteropathy caused by C. perfringens type A Diab et disseminated in different farms causing great
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economic losses during the past years all over the
world including Egypt. Enteric diseases are
responsible for high morbidity characterized by
growth depression, poor food conversion rate or
mortality specially in young rabbits_Licois., (2004).
In this study samples from liver, spleen, caeci and
intestine were collected from rabbits either showing
signs of diarrhea or freshly dead rabbits suffering
diarrhea from different localities at sharkia and
Dakhalia governorates. The isolated anaerobes were
clostridia and identified from intestinal samples were
73.33% . The high incidence of clostridia infection at
2-3 month - old rabbits (78.4%) these means that the
bacterial isolates were more common at the weaning
age rather than suckling age. This results agreed with
Mcpherson., (2000) who  recorded  that
enterotoxaemia disease most commonly seen in
weaning rabbits. Moreover, Patton et al. (1978) and
Carman and Borriello (1984) recorded that the
predisposition of rabbits to anaerobic infections is
increased by stress factors, bacterial infection,
parasitic infection, dietetic disorder and excessive
antibiotic administration. The biochemical finding
suggested that all isolates of Clostridia recovered
from intestinal samples of examined rabbits were
Clostridia perfringens. This result was confirmed by
multiplex PCR. This result agreed with Ali et al.,
(1994) who isolated C. Perfringens (81%) from total
of 120 rabbit samples and types toxigenic strains (22
strains) into type A, D and E. The type A was the
most predominant one (16 strains). In addition
Cocchi et al., (2008) showed that C. Perfringens type
A was most commonly recorded type from ceacum of
diseased rabbits and represented by 99.33 % which
agree with our results. PCR was used for
identification and confirmation of the causative
agents, PCR is very sensitive and specific technique
for detection of genes encoding alpha, beta, epsilon
and iota exotoxins of C. perfringens (Nillo., 1980:
Titball et al., 1989: Daube et al., 1994 and Yoo et al.,
1997). In the present study, multiplex PCR was very
sensitive test for genotyping of C. perfringens
isolates. The recorded results revealed that the tested
strains were identified and typed as eight C.
perfringens according to presence of alpha toxin gene
and give a

Characteristic band at 402 bp. This result
was agreed with results obtained by Yoo et al.,
(1997) who developed multiplex PCR assay for
determination the toxin genes of C. perfringens that
give similar characteristic band. Experimentally
infected rabbits, aged 6-8 weeks and 8-10 weeks-old,
with C. perfringens type A showed depression,
ruffled fur, anorexia slight swollen belly, watery
brownish to yellowish diarrhea staining hind quarter
decrease feed intake and sometimes, faeces admixed
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with mucus material. Mortality reach was the same,
as it reach to 25. The main gross lesions were
congestion of liver, spleen, heart and fully distended
stomach with fluid and gasses, catarrhal enteritis,
ceacum and colon were distended with watery
mucoid contents and gases. Histopathological
findings revealed that the intestine of rabbits infected
with C. perfringens type A had excess mucous, casts
mixed with a few leucocytes with villous destruction
and sever inflammatory reaction, mainly
macrophages and lymphocytes in both mucosa and
submucosa. Intestine of other rabbits infected with C.
perfringens type A revealed proliferation of intestinal
glands, submucosal odema and leucocytic infiltration
with regeneration attempts in the surface epithelium.
Similar findings were recorded by Percy et al., (1993)
and Wilber., (1999).
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Abstract: Sunflower crop has an evolutionary benefit of being able to maintain high level of viability in a variety of
environments. Field experiments, one each in spring and autumn were executed at Pir Mehr Ali Shah, Arid
Agriculture University Rawalpindi, Pakistan for two years (2007& 08) to document the effect of growing degree
days on performance of sunflower hybrids. Four Sunflower hybrids, Alisson-RM, Parasio-24, MG-2 and S-278 were
planted in Randomized Complete Block Design with four replications during spring and autumn. The data on yield
and yield attributes of sunflower like number of achenes per head, hundred achenes weight, biological and achene
yield along with achene oil content was recorded. All parameters were influenced by prevailing temperature.
Amongst hybrids, MG-2 produced the maximum values for all parameters during both the seasons (spring &
autumn). Overall, spring planted crop exhibited significantly higher values for achenes per head, biological yield,
achene yield and oil content in comparison with autumn planting, which may be attributed to accumulation of more
growing degree days during the season.
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1. Introduction Environmental disparity alters morphological,
Temperature is a basic factor that affects the physiological, quantitative and qualitative expressions
course of life, specifically the physiological time. of sunflower which are affected by extreme growing

Thermal time gives a measure of physiological time as conditions.  All  physio-morphic  developments
it relates to many poikilothermic species of plants occurring in plant are markedly influenced by
(Trudgill et al. 2005). Most crop species are adapted to temperature as the primary factor governing the growth
particular temperature ranges which is major (Chan et al., 1998). Having wide adaptability, different
environmental factor influencing their distribution sunflower hybrids require different total number of
(Atkinson and Porter, 1996), but a key factor which cumulative degree-days or growing degree days for
influences plant growth, development and productivity growth, development and maturity (Qadir et al., 2007).
(Kaleem et al., 2009). Expression of different yield and The most common temperature index used to estimate
yield attributes under varying seasons is considered due plant development is growing degree days (GDD). A

to the different climatic conditions those are based on linear relationship between GDD and rate of plant
temperature prevailing during the crop life cycle (Killi development has been reported by Lu et al. (2001).
and Altanbay, 2005). GDD can be used to classify plants for their flowering,

Although sunflower is a temperate zone crop estimate maturity/harvest and to predict the duration
but it can perform well under various climatic and soil between two stages (Bonhomme, 2000). Sur and
conditions. A number of plant’s developmental, Sharma (1999) recorded that the total growing degree

morphological and physiological adaptations to the days decreased from 1731 to 1621 with delay in
environment, influence sunflower yield and oil (Hassan planting, as the late sown crop experienced lower
et al., 2005). World wide cultivation under very hot temperature during the seed filling period. However,
and cold conditions might have developed the unique Kaleem, et al., (2009) concluded that lower vyield
properties of sunflower tolerance to both low and high associated with late planting in sunflower was due to
temperature (Khalifa et al., 2000). Sunflower is a C, warmer temperature during the early growth period,
plant having higher physiological activity but is which accelerated stem growth and early switching
sensitive to cold temperatures and called as warm over from vegetative to reproductive stage.

season plant as compared to C; plants (Brouder et al., Reproductive phase of sunflower crop is more
2008). sensitive to cold condition resulting in floral abortion,

73



Nature and Science, 2011;9(2)

http://www.sciencepub.net/nature

infertile pollens, poor seed set and empty seeds with
reduced seed size that affects the total output (Clarke
and Siddique, 2004). Autumn sowing with high
temperatures and low relative humidity at the time of
pollination, affects pollen health and vigor, causing
poor pollination, produces less weight, empty and
sterile achenes, thus influencing sunflower head
fertility and achene vyield (Miralles et al., 1997).
Sunflower biomass production is positively correlated
with temperature and photoperiod. Biological and
achene vyield was affected at maturity due to
temperature and photoperiod during development
under different seasons as higher biomass and seed
yield was recorded in spring sowing than in autumn
sowing (Villalobos et al., 1996). Spring and autumn
sowings of sunflower performed differently. Seed yield
along with growth and development was significantly
affected with delayed sowing because of lesser
efficiency of components contributing in sunflower
yield (Kaleem et al., 2009).

Planting sunflower crop in different seasons
causes temperature variations in the field, thus crop
will grow in different environmental variables like
temperature, sunshine, rainfall and relative humidity.
Sowing in two season (spring & autumn) created
difference in temperature for growth, development and
maturity, thus a wide range of temperature may be
encountered from sowing till maturity during both the
seasons. The present investigation was thus
contemplated to investigate relationship of growing
degree days with yield and yield components of

sunflower crop sown during spring and autumn seasons.

2. Materials and methods

Field experiments were conducted at Pir Mehr
Ali Shah, Arid Agriculture University, Rawalpindi,
Pakistan, located at 33° and 38° N and 73° and 04° E,

during 2007 and 2008 (spring and autumn in each year).

The soil of experimental site was loam type in texture
having sand 43%, silt 46% and clay 11%, pH 7.4 and
EC 0.66 m S cm™. Available NPK status in the soil
before sowing was 300, 5.00 and 140 mg kg *
respectively. The particular experimental site was
winter fallow prepared for sowing by giving one soil
inverting plough, thereafter, ploughed thrice with
tractor mounted cultivator and planked with last
ploughing. Recommended dose of fertilizer of 80 kg
Nitrogen and 60 kg P,Os per hectare was applied in the
form of Urea and DAP at the time of last ploughing.
Spring crop was sown on 18" March for each year
while autumn crop was sown on 18" August for each
year. Four sunflower hybrids (Alisson-RM, Parasio-24,
MG-2 and S-278 were sown by using seed @ 5kgs / ha.
Seeds were sown with dibbler by putting two seeds at
each pre-marked spot. Plant to plant distance was
maintained 25 cm and row to row 75 ¢cm in net plot size
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of 5x3 m? After complete emergence, one plant was
maintained per hill. Weeds were kept under control by
hand weeding through out crop life cycle.

The cumulative growing degree days from
emergence till maturity were calculated from
meteorological data obtained from Meteorology
Department located near experimental site (Table I)
through out crop life cycle by the equation of Dwyer
and Stewart (1986).

CHU= 2t [(T maxt Tmin)/2-8]
where [(Tmax*Tmin)/2-8]>0

Tmaxt Tmin Were daily maximum and minimum air
temperatures in degree centigrade and t; and t, were the
time intervals. Base temperature for sunflower
development is 8°C (Sadras & Hali, 1988).

To record the data for number of achenes
head™, ten heads were taken at random from each plot.
The number of achenes were counted and the average
was worked out. Similarly, to record HAW (hundred
achenes weight), five samples of hundred achene were
taken randomly from the total seed lot of each plot,
then weighed using digital electronic balance and
average was worked out. Two central rows of 5m
length were harvested after complete maturity from the
each plot for biological yield (on 8.7.2007, 5.7.2008
during spring and 14.11.2007, 21.11.2008 during
autumn. Harvested plants were sundried for 15 days
during autumn, 9 days during spring season and
weighed with the help of spring balance to obtain
biological yield per plot and then per hectare yield was
computed. For achene yield, plants already harvested
from two central rows and then sundried for different
days according to season were threshed manually.
Achene vyield per plot was recorded which was
converted into kg ha™. Similarly, achene oil
concentration was determined by using the NMR
(Nuclear Magnetic Resonance system), Model MQA-
7005, Oxford Institute, USA, as described by Granland
and Zimmerman, (1975). The equipment was
standarderized with six different oil contents having the
samples previously analyzed.

2.1 STATISTICAL ANALYSIS

The collected data were subjected to statistical
analysis by applying MSTATC, separately for both the
years (Freed and Eisensmith, 1986). Analysis of
Variance Techniques were employed to test the
significance of data. Least Significant Difference Test
at 5% probability was used to compare the means
(Montgomery, 2001).

3. RESULTS
3.1 Number of Achenes Head™

Hybrids under evaluation exhibited statistically
significant differences for yield and yield components
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during both the seasons. As regards number of achenes
head™, the hybrids differed significantly during spring
& autumn seasons (Table 3). The hybrid MG-2
produced the maximum (1182.50, 641.37) number of
achenes head™ during both seasons respectively. The
least number of achenes head™ were observed from
Parasio-24 (761.62, 452.12) which was statistically (p<
0.05) at par with hybrid Alisson-RM (801.75).
Comparison of years showed non significant
differences during spring while statistically significant
differences were achieved during autumn (Table 3).
The interaction of hybrids x years was statistically
significant. The maximum (1326.50) number of
achenes head™ were produced by the hybrid MG-2
during spring 2007 and autumn 2008 (715.00) while
Parasio-24 gave the minimum (742.25) number of
achenes head™ during spring 2007 and 387.50 number
of achenes head™ during autumn 2007.

3.2 Hundred Achenes Weight

The differences among hybrids for HAW
showed statistically non significant differences during
the both (spring and autumn) seasons. Comparison of
years and interaction of hybrids x years were also
statistically non significant (Table 4).

3.3 Biological Yield

Non significant differences among hybrids for
biological yield was observed during spring season
(Table 5). However, during autumn hybrids exhibited
statistically significant differences. The hybrid MG-2
produced the highest (10162.25 kg ha™) biological
yield which was statistically (p<0.05) significant from
rest of the hybrids, whereas, the lowest (5842.75 kg ha’
1) biological yield was recorded from hybrid Parasio-24
during autumn. Comparison of years for biological
yield exhibited statistically non significant differences
during spring while statistically significant differences
during autumn season (Table 5). The interaction of
hybrids x years were statistically significant for both
the seasons (spring and autumn). The maximum
biological yield (14752.75 kg ha™) was obtained from
MG-2 during spring 2007 and biological yield of
10604.50 kg ha® was recorded from same hybrid
during autumn 2008 while Parasio-24 gave the
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minimum biological yield (10710.00 kg ha™) during
spring 2007 and 5463.00 kg ha™ during autumn 2007
was observed from same hybrid.

3.4 Achene yield

Similarly, statistical differences among hybrids
for achene yield were recorded during spring & autumn
(Table 6). The highest achene yield (4360.72, 1984.00
kg ha™) was obtained from the hybrid MG-2 during
two seasons respectively. The lowest achene vyield
(3303.25, 1311.55 kg ha™) produced by Parasio-24
during both the seasons respectively. Comparison of
the years showed statistically significant differences
during both, spring and autumn seasons (Table 6). The
interaction of hybrids x years were statistically
significant for both the seasons (spring and autumn).
The maximum achene yield (4725.25 kg ha™) was
recorded from MG-2 during spring 2007 while achene
yield of 2171.72 kg ha™ was recorded from same
hybrid during autumn 2008. The hybrid Parasio-24
gave the minimum achene vyields of 2199.45 kg ha®
and 1059.90 kg ha™ during spring 2008 and autumn
2007 respectively.

3.5 Oil contents

In present study, statistical differences among
hybrids for oil contents were recorded during the both
spring and autumn seasons (Table 7). The maximum
oil content (48.39, 46.46 %) was exhibited by hybrid
MG-2 during spring and autumn, respectively.
Comparison of the years showed statistically non
significant differences during spring while significant
differences were exhibited during autumn season
(Table 7). Oil content recorded during autumn 2008
was 3.10 % higher as compared to those observed
during autumn 2007. The interaction of hybrids x years
was statistically significant for both the seasons (spring
and autumn). The maximum (49.2, 47.2 %) oil content
was recorded from the hybrid Parasio-24 during spring
2007 and from MG-2 during autumn 2007, respectively,
while the minimum (39.18, 38.20 %) was recorded
from Alisson-RM during spring 2008 and autumn 2007,
respectively.



Nature and Science, 2011;9(2) http://www.sciencepub.net/nature

Table 1: Meteorological data of two years, Spring, Autumn 2007 and Spring, Autumn 2008

SPRING 2007 SPRING 2008
Temperature Rain RH (%) Sun Temperature Rain RH (%) | Sun
MONTH (°C) fall (Mean) shine (°C) fall ( Mean) | shine
Max Min. (mm) (Hours) Max. Min. ('mm) (Hours)
(Mean) (Mean) (Mean) (Mean) (Mean) (Mean)
March 231 9.0 143.2 47.0 7.4 29.7 11.8 19.1 57.0 7.9
April 34.0 15.9 18.0 44.0 10.7 29.7 15.8 92.9 59.3 7.7
May 37.0 19.8 80.6 42.0 10.0 37.2 20.8 10.1 40.0 9.9
June 37.6 23.0 22.3 51.0 9.5 35.6 22.3 225.0 62.4 75
July 35.2 215 262.5 68.0 9.3 35.0 22.8 4325 69.6 74
AUTUMN 2007 AUTUMN 2008
Aug 34.2 21.8 485.0 72.0 8.3 333 23.0 221.0 66.6 75
Sep 32.9 194 201.0 68.0 7.8 323 19.7 66.0 51.8 8.1
Oct 315 12.6 0.00 54.0 9.6 31.0 154 24.0 438 7.9
Nov 26.0 8.2 10.0 71.0 7.0 25.2 8.1 18.0 50.5 85
Dec - - - - - 20.8 55 1.7 55.9 6.4

Table 2: GDD accumulated during spring and autumn seasons (Means of two years)

Growth GDD accumulated GDD accumulated
S# Weeks (Spring Season) (Autumn Season)
during the | Total GDD during the | Total GDD
week week
1 1 67.60 67.60 116.95 116.95
2 2 92.45 160.05 137.25 254.2
3 3 90.65 250.7 125.00 379.2
4 4 112.25 362.95 139.00 518.2
5 5 132.35 495.30 134.00 652.2
6 6 128.25 623.55 116.3 768.5
7 7 143.00 766.55 104.6 873.1
8 8 140.60 907.15 93.5 966.6
9 9 150.25 1057.4 106.15 1072.75
10 10 125.50 1182.9 101.22 1173.97
11 11 149.70 1332.6 88.15 1262.12
12 12 162.35 1494.95 77.65 1339.77
13 13 163.90 1658.85 47.86 1387.63
14 14 151.80 1810.65 - -
15 15 142.11 1969.7 - -
16 16 159.05 2128.75 - -
Grand
Total GDD 2128.75 1387.63
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Table 3: Number of Achenes Head ™ of sunflower hybrids during two seasons of 2007 and 2008

Spring Autumn
Hybrids 2007 2008 Mean 2007 2008 Mean
Alisson-RM | 756.50 ¢ 847.00 ¢ 801.75B 44250 c 647.50 a 545.00 B
Parasio-24 742.25¢ 781.00 ¢ 761.62 B 387.50 ¢ 516.75 b 452.12C
MG-2 1326.50 a 1039.00 b 1182.50 A 567.75b 715.00 a 641.37 A
S- 278 1269.00 a 873.00 bc 1071.00 A 387.75¢ 653.75 a 520.75 BC
Mean 1023.56 884.81 446.37 B 633.25 A

*Any two means not sharing a letter in common differ significantly at 5% probability level

Table 4: Hundred Achene weight (HAW) (g) of sunflower hybrids during two seasons of 2007 and 2008
Spring Autumn

Hybrids 2007 2008 Mean 2007 2008 Mean
Alisson-RM | 5.39 NS 5.25 5.32 NS 4.60 NS 4.88 4.74 NS
Parasio-24 5.63 5.30 5.47 4.98 5.04 5.01
MG-2 5.42 5.24 5.33 4.96 5.08 5.02
S- 278 5.46 5.20 5.33 4.89 4.96 4.92
Mean 5.47 5.24 4.85 4.99

*Any two means not sharing a letter in common differ significantly at 5% probability level

Table 5:  Biological yield (kg ha™) of sunflower hybrids during two seasons of 2007 and 2008
Spring Autumn
Hybrids 2007 2008 Mean 2007 2008 Mean
Alisson-RM 12720.50 ab 12885.00 ab | 12802.75 6099.00 c 9185.00 b 7642.00 B
Parasio-24 10710.00 b 11505.00ab | 11107.50 5463.00 c 6222.00 c 5842.75 C
MG-2 14752.75 a 13980.00 ab | 14366.37 9720.00 b 10604.50a | 10162.25 A
S- 278 1417250 a 13012.50ab | 13592.50 6540.00 c 9275.00 b 7907.50 B
Mean 13088.93 12845.62 6955.50 B 8821.75 A
*Any two means not sharing a letter in common differ significantly at 5% probability Level
Table 6:  Achene yield of sunflower hybrids during two seasons of 2007 and
2008
Spring Autumn
Hybrids 2007 2008 Mean 2007 2008 Mean
Alisson-RM 3419.05cd | 3487.10cd | 3453.07 BC | 1260.00 de 1928.50 ab | 1594.25 AB
Parasio-24 3207.00d | 3399.50cd | 3303.25C 1059.9 e 1563.20 bcd | 1311.55 B
MG-2 4725.25a | 3996.20 bc | 4360.72 A 1796.10 abc 2171.72 a 1984.00 A
S- 278 4215.75ab | 3718.05 bcd | 3966.90 AB | 1387.80 cde 2050.72 a 1719.26 AB
Mean 3891.76 A | 3650.21B 1375.98 B 1928.53 A

7

*Any two means not sharing a letter in common differ significantly at 5% probability Level
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Table 7:  Achene oil contents (%0) of sunflower hybrids during two seasons of 2007 and 2008
Seasons
Hybrids Spring Autumn
Years Years
2007 2008 Mean 2007 2008 Mean
Alisson- 44.25 ab 39.18b 41.71C 38.20 f 41.70 de 39.95B
RM
Parasio- 49.20 a 46.74 a 47.97B 44.52 be 45.22 ab 44.87 A
24
47.90 a 48.88 a 48.39A 47.22 a 45.70 ab 46.46 A
MG-2
S- 278 47.07 a 46.94 a 47.00B 40.00 ef 42.60 cd 41.30B
Mean 47.10 45.43 42.48 B 43.80 A
*Any two means not sharing a letter in common differ significantly at 5% probability level
4500 7
4000 A
T 3500
c
(=2]
< 3000 -
T
[<H)
< 1 y =3.4573x - 3390.4
> 2500 R? = 0.9967
c
2
S 2000
<
1500
1000 T T T )
1200 1500 1800 2100 2400
Growing Degree Days
Fig. 1: Relationship between growing degree days and achene yield (Means of two years)
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4. DISCUSSION

Sunflower productivity largely depends on
the prevailing weather conditions throughout the life
cycle of the crop. The primary factor governing crop
growth rate is temperature (Baydar and Erbas, 2005).
Temperature is a major environmental factor that
determines the rate of plant growth and development
(Qadir et al. 2007). Higher GDD accumulated for
spring planting during both the years (Table 2)
provided the clue that the best sowing time of a
particular crop is spring planting to have good vyield
(Kaleem et al. 2010a). Environmental factors,
especially temperature during the period of achene
development and maturity, might have affected achene
yield, yield attributes and oil content (Kaleem et al.
2010b). The accumulation of GDD determines the
maturity of crop, yield and yield components. Sur and
Sharma (1999) observed that the total GDD decreased
from 1731 to 1621 with delay in planting, as the late
sown crop experienced lower temperature during the
seed filling period. In present study, 2128.75 GDD
during spring and 1387.63 during autumn were
accumulated during two seasons those may have
caused the differences in out put of different
parameters. Linear relationship between GDD and
yield components have been reported by Lu et al.
(2001), Agele (2003), Clarke and Siddique (2004) and
Qadir et al. (2007).

Results presented in table 5 exhibited higher
biological yield for hybrids during spring than that
from autumn season. The differences among the
hybrids for biological and achene yield may be due to
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genetic potential of the hybrids which showed its
results under prevailing environmental conditions,
accumulating more GDD during spring than during
autumn induced higher yield out put in spring. Lower
temperature at reproductive stage of the crop during
autumn might have depressed assimilate utilization and
greater restriction on biomass production and reduction
in the duration of seed filling resulted reduced
assimilate partitioned to seeds, thus lesser yield from
autumn crop. The results of present study are in
agreement with the findings of Villalbos et al. (1996)
who concluded that sunflower biomass production was
positively co-related with accumulated heat units.
Baydar and Erbas (2005) also concluded that higher
achene production is attributed to interaction of
environmental factors, those partitioned photosynthates
in achenes. These results are in conformity with those
of Sumangala and Giriraj (2003) who concluded that
favorable growing conditions during flowering and
seed setting period characterized by optimum
temperature and more sunshine hours for spring crop
resulted in maximum achene yield. Kumar et al. (2008)
also found that higher prevailing temperatures
contribute the positive correlation with the seed yield
regarding oil seed crop. Linear relationship (Fig. 1)
between GDD and achene vyield during both the
seasons i.e. spring and autumn are in line with above
findings.

Differences among hybrids for achene oil content
in varying seasons may be attributed to their genetic
potential as well as interactive effects of environmental
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variables during achene development and crop
physiological maturity. More heat units accumulation
along with long sunshine hours during spring,
increased oil content than during autumn. Our results
are in line with those of Demurin et al. (2000) who
found an increase in achene oil content with increase in
temperature during flowering to maturity in sunflower
and reported that 1°C increase in temperature increased
achene oil content by 1% in sunflower. Similarly,
Weiss, (2000) concluded that crops maturing at higher
temperature would accumulate higher oil content.
Qadir et al. (2006) concluded that temperature is a
major environmental factor that determines the rate of
development as well as oil accumulation in sunflower
and recorded higher achene oil content from spring
sunflower crop which matured at higher temperature,
ultimately accumulating more heat units. Linear
relationship (Fig. 2) between GDD and achene oil
content during both the seasons i.e. spring and autumn
is also supportive to the above findings.

5. CONCLUSION

It is concluded from present results that
economically successful sunflower crop should be
planted during spring. However, autumn crop can be
sown in case of failure of any summer crop (July-
August) as an alternate crop with half of recommended
inputs.
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Abstract: In this study, removal of silver, cobalt and cesium from aqueous solutions under different experimental
conditions using a prepared porous resin blend (Epoxy/Polyvinyl alcohol) was investigated. Blending of Epoxy with
PVA and thereafter foaming in a viscous state were carried out to attain the optimum hydrophilicity. Gamma rays
were used in the preparation process to control the granular size and the compatibility of the blend. Characterization
of the blend after milling was reported using thermogravimetric analysis (TGA), Fourier transform infra red (FTIR)
and scan electron microscopy (SEM). The adsorption of Ag(I), Co(Il) and Cs(I) ions from aqueous solution by the
prepared porous resin blend was examined by batch equilibration technique. The effects of initial ion concentration,
temperature, pH and shaking time on the adsorption of metal ions were investigated. The adsorption amount of ions
increased with the increase of shaking time, temperature, metal ion concentration and pH of the media. The results
showed that metal ion adsorption followed the order Ag™>Co ">Cs". The amount of metal ion adsorbed at
equilibrium for Ag”, Co™ and Cs" at pH 5 was 9.8, 9.4 and 9.1 mg/g. It was found that the adsorption isotherm of
the ions fitted Langmuir isotherms. [Nature and Science 2011;9(2):82-89]. (ISSN: 1545-0740).

Key Wards; Blend, y- irradiation, metal ion, porous resin, adsorption, contaminated water

1. Introduction:

Heavy metals are often problematic
environmental pollutants, with well-known toxic
effects on living systems. Nevertheless, because of
certain useful physical and chemical properties, some
heavy metals, including silver, cobalt, and cadmium
are intentionally added to certain consumer and
industrial products such as batteries, electroplating.
Cobalt was once widely used in pharmaceutical
products and agricultural chemicals while cesium has
taken more importance after nuclear reactor
construction has been expanded."” Large amount of
any of them may cause acute or chronic toxicity.®™
Heavy metals in human body tend to bioaccumulate,
which may result in damaged or reduced mental and
central nervous function, and damage to blood
composition, lungs, kidneys and liver. Notably, it has
been declared that the regulatory levels of health
metals in drinking water level often not exceed 10
ng/LE®

The removal of heavy metal ions from
aqueous solutions, either for pollution control or for
raw material recovery, has been taking on increasing
importance in recent years. Different treatment
techniques, such as chemical precipitation,
coagulation—precipitation, adsorption and ion
exchange, have been progressively developed to
remove heavy metals from contaminated water “'".
Coagulation—flocculation and chemical precipitation
are perhaps the most widely used, however, they both
have the drawbacks of difficult sludge disposal and
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more importantly the diminished effectiveness when
treating water with low heavy metal levels"'?.
Membrane filtration and reverse osmosis

were also reported "¥. However, these methods

usually involve expensive materials and high
operation costs. Other methods, such as
electrodialysis, =~ membrane  electrolysis  and
electrochemical precipitation, have also been

investigated, however, their applications have been
limited due to the high energy consumption ¥ On
the other hand, as a cost effective method, ion
exchange process normally involves low-cost
materials and convenient operations, and they have
been proved to be very effective for removing
contaminants from water such as ammonia and heavy
metals °>"'”. Moreover, ion exchange is particularly
effective for treating water with low concentration of
heavy metals which is very common in practice ‘¥
The development of potential low-cost adsorbents
with high exchanging levels is essential to facilitate
the application of ion exchange processes for heavy
metal removal. Various materials, including natural
and synthetic zeolites and polymeric resins, have
been studied for this purpose ).

The aim of the present work 1is the
preparation and characterization of cationic porous
resin by blending a functional polymer, namely
polyvinyl alcohol with epoxy, acting as carrier. Batch
technique was used to study the sorption of Ag", Co"™"
and Cs’. Different parameters, such as temperature,

http://www.sciencepub.net/nature
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pH of the solution, different concentrations of metal
ion and effect of shaking time were manifested.

2. Experimental Approach:
2.1. Materials

The samples were prepared using propyl
epoxy commercial grade and partially hydrolyzed
polyvinyl alcohol and a commercial hydrogen gas
was used in foaming the blend purchased from
Optco, Egypt. The PVA powder was dissolved into
magnetically stirred distilled water for 3 hours at 80
°C getting a solution with the concentration of 20 %.
Cobalt chloride, silver chloride and cesium chloride
were used as a simulated waste; all salts employed
were of analytical grade purchased from Merck Co.
bidistilled water was used for the simulated waste
solutions: 200 ppm, 100 ppm, 50 ppm and 25 ppm.

2.2. Scientific Equipments

A Fourier transform infrared (FTIR)
spectrophotometer from Mattson 1000, Pye-Unicam,
England was used to analyze the chemical and/or
physical interactions in the wave number range 400—
4000 cm—1. The concentrations of the metal ions
were measured with an Ati Unicom (Model 929)
atomic absorption spectrophotometer. The pH values
of the buffer solutions were determined with a ©@50
pH meter (Beckman, Beckman Instrument). TGA -
50, Japan was used to characterize the polymer resin
thermally. Atomic absorption Spectrophotometer
(Perkin-Elmer 2380) using lamps for Ag, Co and Cs
were used for measuring all adsorption process.
Merck atomic absorption standard solutions of these
metals were used for calibration process.

2.3. Methods of preparation

PVA/Epoxy was mixed to realize the
optimum ratio which has good structure and best
hydrophilic character: 5%, 10%, 20% and 30 % by
weigh of PVA were mixed with Epoxy. Heating of
the mixture to reach the maximum compatibility and
then reduce the temperature of the mixture blend till
reach a very viscous state. Foaming of the blend was
for more than 5 hours till solid form performed to
achieve a highly porous blend. Irradiation of different
doses; 5, 10, 20 and 2 KGy by Gamma cell (“°Co)
was carried out to attain better porosity and best
hydrophilicity. Milling of the solid porous blend
using agate mortar and pestle was performed to
obtain small bead with different diameter.

2.4. Water uptake

Water uptake/swelling behavior of different
resins formed was studied in water as a function of
the applied dose for different composition. Swollen
polymers were wiped off with tissue paper to remove
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surface water and then weighed immediately to know
the percent swelling/ percent water uptake, which
was calculated as:

Water uptake % = [(W-W()/W,]x100 (1)

Where, W, Wo are the weight of swollen blend resin
and dry blend resin, respectively.

2.5. Adsorption experiments

Adsorption experiments were carried out
using a batch wise method. Dried samples (0.1 g
each) of blend resin were added into 100 cm’
Erlenmeyer containing volume of 30 ¢cm’ of each
metal ion solution (50 ppm) and adjusted to desired
pH. The mixture solution was stirred at 25 °C. After
filtration of the solution, the ion concentration of the
filtrates was analyzed with an atomic adsorption
spectrophotometer. The amount of metal ions
adsorbed on the adsorbent at adsorption equilibrium,
de (mg/g) was calculated according to the following
equation
Q. =(Co- CHV/IW 2)
Where C, and C, are the initial and equilibrium metal
ion concentration (mg/l), respectively, V is the
volume of solution (1), and W is the weight of the
resin (g).

2.6. Desorption experiments

The elution of heavy metals is the most
common elimination method of the exhausted
sorbent, allowing both recovery of metal ions at
higher concentration and recycling of the sorbent for
subsequent uses. For an effective recycling process,
adsorbed metal ions should be easily desorbed
without destroying the adsorbent materials under the
suitable conditions. The adsorption was performed
with the same procedure mentioned above. On the
other hand, desorption was examined as follows: 1 g
of the blend resin loaded by Ag(I), Co(Il) and Cs(I)
from the previous metal adsorption study was put into
a 250 ml Erlenmeyer flask containing 100 ml (0.1 N
HCI). The mixture was then shaken with the shaker at
100 rpm at room temperature. Samples of the
solution were taken every 5 min until steady state
(about 30 min) was achieved. The metal
concentration was then determined by the Atomic
absorption Spectrophotometer (Perkin-Elmer 2380).
The adsorption and desorption processes were
repeated for three cycles using the same adsorbent to
evaluate the effect of regeneration on the capacity of
re-adsorption of Ag(I), Co(ll) and Cs(I) on the
prepared epoxy blend resin.
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3. Results and Discussion:

3.1. Characterizations of the resin
3.11FTIR

Evidence of blending and network formation
has been provided by the characterization of the
synthesized porous resin. The use of IR spectroscopy
is a well-known method for the identification of the
chemical groups. The IR spectra of the synthesized
porous resin, prepared by blending propyl epoxy,
commercial grade, with partially hydrolyzed
polyvinyl alcohol, are given in Fig. 1.
Polyvinylalcohol is produced by the reaction of
polyvinylacetate with methanol. The spectrum should
be a fairly simple combination of methylene and
hydroxyl vibrational peaks. The resulting hydrogen
bonding between hydroxyl groups produces a wide
hydroxyl stretch at 3400 cm™. Three successive peaks
at 670, 1300 and 1650 cm” were recorded which

manifest the presence of epoxy.
The C-O stretch appears at 1095 cm™, is
typical for secondary alcohols. Sometimes

polyvinylacetate peaks are seen at 1739 and 1239 cm’
" when hydrolysis is not complete. Thus bands at
1746 and 1246 cm’ due to methyl acetate by-
products are sometimes discernable.

{[x]

Intensity

Wave number cm-!
Figure (1) FTIE of EpcaePV A blend resin

3.1.2TGA

Temperature at which the loss in weight
occurs is considered to be the thermal resistance of
polymer " *» An improvement in the thermal
characteristics was detected as a result of blending
PVA with epoxy. The blend showed high thermal
resistance up to 360 °C above which loss of weight
could be detected while complete decay was noticed
close to 400 °C. From ambient to 350°C, a gradual
weight decrease was reported, this loss of weight
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does not exceed 10% evidencing the evaporation of
non bounded water. Meanwhile, the abrupt change in
weight, was recorded within the 55%, temperature
range 350 - 400 °C. The third division, as shown in
Fig.2 exhibits the change in weight (loss of 17%)
over the temperature raise up to 580 °C. No step peak
has been seen manifesting the polymer-polymer
compatiblization (foam component) all over the
applied range of temperature from ambient to 580 °C.

120

100 A

Weight loss %

T T T T T
0 100 200 300 400 500 600

Temperature °C
Figure (2): Thermogravimetic analysis of porous resin blend (Epoxy/PVA)

3.1.3. SEM

Scan electron microscopy was applied to
distinguish between primary textures due to the
synthesis process and those due to subsequent
treatment of surface, ®. Figure 3 showed scattered
gaps as a result of foaming the blend, forming large
cavities distributed in a regular manner. This may
provide an evidence of forming homogenously
distributed porous resin upon synthesis.

3.2. Water uptake

Water uptake of the porous blend resin was
studied as a function of composition and gamma
irradiation. 20 % PVA blend showed maximum water
uptake, as shown in Fig. 4. It was found that a dose of
10 KGy was the proper dose for at most water uptake
as obviously demonstrated by Fig. 5. Foaming of
blend remarkably improved water uptake. This may
be accounted for an increase in pore number, pore
size and/or increase in dimensions of the formed
foam, i.e. increase in the allowed surface area of the
net matrix.
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3.3. Adsorption of metal ion
3.3.1 Effect of metal ion concentration:

The adsorption of metal ion by the
synthesized porous resin blend was conducted in
different initial concentrations ranging from 25 ppm to
200 ppm. Figure 6 shows the relationship between the
initial concentration of metal ion and the adsorption
amount. It is clear from the figure that, the adsorption
amount of metal ion increased with increasing initial
ion concentration untill reached a plateau value at a
concentration of ~100 ppm. This is attributed to the
chelating sites capacity of the prepared (Epoxy/PVA)
porous resin blend which becomes saturated as
concentration nearly reached 100 ppm. The removal
percent can be arranged in the following manner
Ag™>Co"">Cs", which can be largely accounted for the
ionic radius and charge of the metal ion.
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Fgure (6): Effect of metal ion concentration (mg/l)

on the removal of silver, cobalt and cesium from

their aqueous solution using porous resin blend
(Epoxy/PVA); pH6; 30 °C; 2h.

3.3.2. Effect of temperature

The effect of the temperature on the
adsorption amount of ion onto the prepared porous
resin blend was studied within the range 25-60 °C,
where the initial concentration being kept at 50 ppm
at pH 5, the results are shown in Fig. 7. From this
figure it is clear that with increasing temperature, the
adsorption amount of metal ion slightly increased.
This may be either due to accelerating of some
originally very slow adsorption steps or due to
creation of some new active sites on the surface of
adsorbent . Also, it is quite possible that a diffusion
process takes place and is partly contributing to the
rate of adsorption ),
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3.3.3. Effect of pH

The effect of the initial pH value on metal
ion removal by the prepared porous resin was
investigated within the pH range 2-6 taking into
account the precipitation pH value of metal ions **7.
At different pH values, the protonation and
deprotonation behaviors of acidic and basic groups
would be influenced. The surface structure of the
porous resin blend and the metal ions would exist in
different forms. The experimental results for the
effect of pH on the non-competitive adsorption of
metal ions are shown in Fig. 8. It can be seen that
adsorption significantly increased with the increase of
pH (within pH 3-5), reaching a value of 9.8, 9.4 and
9.1 mg/g, for Ag(I), Co(Il) and Cs(I), respectively. At
low pH values, the high hydrogen ion concentration
at the interface electrostatically repels the positively
charged metal ions and prevents their approach to the
resin blend surface ®®.

3.3.4. Effect of contact time

Removal of Ag(I), Co(Il) and Cs(I) from
their aqueous solutions by Epoxy/PVA resin blend
with time was carried out at pH 5 and the effect of
contact time on the sorption of these metal ions are
presented in Fig. 9. As may be seen from Fig. 9, the
binding of Ag(I), Co(II) and Cs(I) on Epoxy/PVA
resin blend from the solution increases very rapidly
with agitation time. The investigations indicated that
the binding of Ag(I), Co(Il) and Cs(I) was found to
be about 7.3, 6.6 and 6.2 mg/g, respectively within
the initial 15 min. Later, the percentage sorption of
Ag(1), Co(Il) and Cs(I) reached about 9.8, 9.4 and 9.1
mg/g respectively and attained equilibrium by the end
of a contact period of 60 min. The increase of contact
time further from 60 to 120 min had no significant
effect on the percentage sorption of all metal ions.

naturesciencej@gmail.com

Therefore, a contact time of 60 min was applied for
all other subsequent experiments. Initial rapid
binding of Ag(I), Co(Il) and Cs(I) occurs initially due
to easily available exchangeable sites located on
surface of the Epoxy/PVA resin blend. The
subsequent slow process suggests that intrapore
diffusion was also involved in the sorption process. It
was previously stated that the plateau portion of the
curve corresponds to pore diffusion where as the
linear portion of the curve reflects surface layer
diffusion *.
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Figure (8): Effect of pHon the adsorption
amount of Ag(l), Co(ll) and Cs(l) from aquous
waste using porous resin blend (Epoxy/PVA);
metal ion conen. 100 ppm; t=2h; temp. 30 °C.
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Fgure (9): Effect of shaking time on the
adsorption amount of Ag(l), Co(ll) and Cs(l) from
aquous solution usings porous resin blend
(Epoxy/PVA); metal ion conc. 100 ppm; pH 5; 30 °C

3.4.5. Adsorption Kkinetics
The equilibrium adsorption isotherm is
fundamental in describing the interactive behavior
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between solute and adsorbent. The popularly used
Langmuir isotherm is expressed by the linear
Equation 3 ©%3":

Ce/qe = C/Q, +1/bQ,

where g, is the amount of metal ion adsorbed per unit
mass of adsorbent (mg/g), C. is the equilibrium
concentration of metal ions(mg/l), Q, is a measure of
adsorption capacity of adsorbent (mg/g) and b is the
Langmuir isotherm constant (I/mg) related to the
energy of adsorption. A plot of C./q. versus C.
exhibits a straight line of slope 1/ Q, and intercept
1/bQ, as shown in Figure 10

1000
y =8.8245x +122.41 e Ag (I)
y =8.7075x + 85.135 m Co(ll)
800 | Y =84067x +56.416 A Cs(l) .9
Ry
oA
§ 600 -
vﬂ)
g«v
O 400
200 -
o
o] 20 40 60 80 100

C. (mg/l)
Figure (10): Linearized Langmuir for
the adsorption of metal ions (Ag*, Co**
and Cs*) using Epoxy/PVA blend resin

From the value of the Langmuir constant
and the coefficient obtained, it can be concluded that
the Langmuir equation gives better fit to the
experimental data. The theoretical Langmuir
isotherms of Ag’, Co'" and Cs' on porous resin are
depicted in Figure 10. The q, values calculated from
Langmuir model are fairly close to the experimental
results.

3.4.6. Desorption experiment

Table 1 shows the Ag(l), Co(ll) and Cs(I)
adsorption and desorption of intact blend resin
compared with regenerated blend resin adsorbent.
The adsorption capacity of regenerated blend resin
decreased with increasing cycle times. This may be
explained by the fact that esopores of adsorbent
prevent metal ions from desorption which results in
reduction in the number of active sites and
consequently in the adsorption capacity.

Table 1. Adsorption and desorption of Ag(l), Co(ll) and Cs(l) per mass of Epoxy/PVA blend resin at each

cycle of regeneration

Cycle Ag(D) Co(II) Cs(I)

number Adsorbed Leached (mg/g)  Adsorbed Leached Adsorbed Leached
(mg/g) (mg/g) (mg/g) (mg/g) (mg/g)

1? 9.8 9.1 9.4 8.5 9.1 8.1

2 9.4 8.5 8.7 7.7 8.5 7.4

3 8.9 8.0 8.3 7.2 7.9 6.8

4 8.2 7.1 7.7 6.5 7.4 6.3

1* Intact blend resin adsorbent was used in cycles number 1 whereas regenerated blend resin adsorbent was used in

cycle number 2, 3, and 4 consecutively.

4. Conclusions:

A porous resin blend (Epoxy/Polyvinyl alcohol) was
synthesized with PVA at different weight ratios for
removing Ag(I), Co(II) and Cs(I) ions from aqueous
solutions. The FTIR spectra reveal the hydrogen
bonding between hydroxyl groups represented by a
wide hydroxyl stretch at 3400 cm™. Three successive
peaks at 670, 1300 and 1650 cm” were recorded
which manifest the presence of epoxy. All the
adsorption processes tended toward equilibrium after
a contact time of 60 min and the percentage sorption
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of Cs(I), Co(Il) and Ag(I) reached 9.1, 9.4 and 9.8
mg/g, respectively. The adsorption increased
significantly with the increase of pH (within pH 3-5),
reaching the values 9.8, 9.4 and 9.1 mg/g, for Ag(l),
Co(Il) and Cs(I), respectively. By increasing
adsorption temperature, the adsorption amount of
metal ion slightly increased. Furtherly, adsorption
amount of metal ion increased with increasing initial
ion concentration and reached a plateau value at a
concentration of~100 ppm.
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ABSTRACT: Interest in new methods of potentiating the immune response against vaccine antigens has increased
considerably over the past decade for improving existing vaccines. The present study was designed to evaluate the
immunostimulant effect of oils, n-hexane and methanol fractions of Nigella sativa L. seeds in combination with
vitamin E and selenium as new adjuvant compared with aluminum hydroxide (alum) as established adjuvant against
rabies vaccine in male Swiss albino mice. Inoculation was done intraperitoneally in the form of two doses, two
weeks apart. Five samples of sera were collected for every two weeks beginning from two weeks after the last
vaccination till the 12" week and the antibody were detected using indirect ELISA technique. Our results revealed
that both methanol and volatile oil fractions of Nigella sativa L. seeds can improve the immune response against
rabies vaccine save and suggested that they could be used as an alternative adjuvant to alum in rabies vaccine.
[Abeer A.H. Boseilaand Afaf A.H. Messalam. Immunostimulant Effect of Different Fractions of Nigella sativa
L. Seeds against Rabies Vaccine. Nature and Science 2011;9(2):90-96]. (ISSN: 1545-0740).
http://www.sciencepub.net.

Key words: rabies vaccine; adjuvant; immunostimulant effect; Nigella sativa L. seeds; vitamin E and selenium.

INTRODUCTION Nigella sativa Linn. (a dicotyledon of
Vaccines were designed to protect against Ranunculaceae family), commonly known as black
diseases by inducing  specific  immunity. seed or black cumin, is a grassy plant grows in
Immunization is a proven tool for controlling and temperate and cold climate areas and has green to
even eradicating diseases. The densely populated blue flowers and small black seeds. It is an annual
countries especially in Africa and Asia, the rabies is herbaceous plant native to Asia, and cultivated and
endemic and remains a major health problem. Rabies naturalized in Europe and North Africa. In Egypt,
is a viral disease of mammals and is most commonly Nigella sativa has been steadily increasing for the
transmitted through the bite of a rabid animal. Rabies strong demand to volatile oils for pharmaceutical
disease is caused by a neurotropic virus belonging to purpose (Tohamy et al., 2010). It has been
the family Rhabdoviridae. Rabies is one of the oldest traditionally used for culinary and medicinal purposes
and most devastating viral diseases affecting humans as a natural remedy for a number of illnesses and
and animals. It was recognized in Egypt before 2300 conditions that include diuretic, appetitive,
B.C. and was described by Aristotle in ancient hemorrhagic and anti-dandruff therapy, asthma,
Greece. It is the most lethal of all infectious diseases hypertension,  diabetes, inflammation, cough,
and has the widest host range of any virus (Fenner bronchitis, headache, eczema, fever, dizziness, and
and White, 1994). Globally, according to WHO Fact influenza a carminative, lactagogue, and vermifuge,
Sheet, an estimation of 10 million people receive post as well as in food as a spice or condiment (Baytop,
exposure antiserum treatment each year, after being 1999; Ali and Blunden, 2003; Isik et al. 2010).
exposed to rabies-suspect animal (Goémez et al. The general chemical composition of the
2010). Nigella sativa seeds is fats (31-35.5%w/w), proteins
Adjuvants are highly valuable additions to (16-19.9%w/w), carbohydrates (33.9%), fibers (4.5-
vaccines. Adjuvants may modulate the quality and 6.5%) and moisture (5-7%) (Ansari and Sadiy,
quantity of the immune response following 1989). The fatty component of the seed consists
vaccination. Most of the cell culture rabies vaccines mainly of fixed oil and volatile oil. The fixed oil
commercially produced for animals and sometimes consists of high percentage of unsaturated fatty acids
for human was adjuvanted principally with aluminum (74.4-82.5%), including arachidonic and
salts (alum), which held the antigen at its site of eicosadienoic acids, while saturated fatty acids are
deposition, delaying its adsorption and subsequently only 14.9-17.3%. Steam distillation of the whole oil
released antigen in a deduced secondary response yields 1.4-1.9% volatile oils based on the weight of
(Glenny et al. 1931 and Nakashima et al. 1981). total oil extracted (Rathee et al. 1982). This is

equivalent to 0.40-0.45% wi/w of the weight of the
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seeds used to extract the oil (Juknevicience et al.
1977). This oil is also rich in fatty acids (oleic,
linoleic and linolenic acid) and carotene (Al-Jassir,
1992). The active constituent of the volatile oil,
nigellone was first isolated by Mahfouz and El
Dakhakhny (1960) and thymoquinone which was
then isolated. When thymoquinone exposed to air,
dimerization occurs with the formation of
dithymoquinone (ElI Dakhakhny, 1965). El Alfy et
al. (1975) isolated a white crystalline compound
identified as thymohydroquinone, which is probably
a reduction product of thymoquinone. Also, Nigella
sativa seeds contain monotropens such as p-cymene
and a-pinene (El-Dakhakhny, 1965), nigellidine
(Atta and Malik, 1993), nigellimine (Atta and
Malik, 1985) and a saponine (Ansari and Sadiy,
1989). The chemical composition of the plant was
summarized in a recent review (Labib, 2005).
Consequently, the present study was aimed to
evaluate the effect of different fractions of Nigella
sativa seeds on the immune response against rabies
vaccine in Swiss albino mice.

MATERIALS AND METHODS
Plant material:

Dried seeds of Nigella sativa L. (black seed)
were purchased from a local market, and
authenticated by botanists from faculty of Science,
Cairo University.

Nigella sativa fixed oil:

Nigella sativa fixed oil, the natural oil of the
black seed, was purchased from the local market. It
was intra-peritoneally injected in a dose of 2.06
mg/Kg body weight (Zaoui, et al. 2002).

E-SELEN:

E-SELEN, a mixture of vitamin E acetate
150 mg/ml and sodium selenite 1.67 mg/ml,
produced by MAM Egypt, M.O.H.Reg. No.:
2597/2005 was diluted depending upon their LDs, of
sodium selenite in mice (0.9 mg/Kg body weight)
according to (Toxic Report Series, 1994) and
vitamin E acetate (100 mg/kg body weight) according
to (Toutain et al. 1992) was mixed with the
inactivated rabies vaccine in a ratio of 1:1 to make a
homogenous mixture.

Extraction of volatile oils from Nigella sativa L.
seeds:

According to Samsam-Shariat and
Moatar, (1996), 500 grams of crushed seeds of
Nigella sativa seeds were placed in a rounded flask of
a quick fit steam distillation apparatus in which steam
was passed from steam generator and sufficient water
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was added. A 30 ml of glycerin was added to the
content of the flask to raise the boiling point. The
content of the flask were boiled gently until all the
volatile oil has been distilled, saving guard against
any charring of the material in the flask. The oil
fraction (F1), being lighter than water, was separated
by a separating funnel, dried over anhydrous sodium
sulphate and kept in a dark away from light and
moisture.
Extraction of n-hexane and methanol fractions
from Nigella sativa L. seeds:

According to Boskabady et al. (2008), 300
ml of n-hexane was added to 500 grams of the
chopped, dried Nigella sativa L. seeds and the
solution was kept at room temperature for 48 hours.
The solution was decanted and the solvent was
evaporated and this represented the
n-hexane fraction (F2). Methanol was added to the
remaining powder and the mixture was allowed to
remain at room temperature for 48 hours. The
solution was then decanted and the solvent was
evaporated and this represented the methanol fraction
(F3) of the Nigella sativa seeds.

Rabies vaccine:

Aluminum salts have become the reference
preparations for evaluation of new adjuvants for
human vaccines. Therefore, it is important that
aluminum adjuvants be used optimally to allow
correct evaluation of the experimental adjuvant
(Gupta and Siber, 1995). Therefore, two types of
Rabies vaccines for human vaccination against rabies
virus infection were used:

1) Inactivated, purified and adsorbed rabies vaccine
prepared on VERO cells and adsorbed onto
aluminum hydroxide salts was used as control
(VC).

2) Inactivated and purified rabies vaccine prepared
on VERO cells and produced by Sanofi Pasteur,
France. According to the method described by
Madbouly et al (2006), this inactivated rabies
vaccine was mixed with the new adjuvants as
follows: Four parts of the water phase (vaccine
and vitamin E and selenium combination
is mixed thouroughly with 1% tween 20) was
mixed with one part of the oil phase (one part of
span 80 was thouroughly mixed with 9 parts of
the Nigella sativa fraction).

Animals:

Male Swiss albino mice weighing 20-25
gram were supplied by National Organization for
Drug Control and Research (NODCAR). Animals
were kept under standard laboratory conditions of
light/dark cycle (12/12h.), temperature (25 + 2°C)



Nature and Science, 2011;9(2)

http://www.sciencepub.net/nature

and fed on normal laboratory diet and water ad
libidum. They were acclimatized for a week in the
new environment before initiation of experiment.

Experimental Design:

A total of 150 mice were assigned into 6
groups (each containing 25 animals). Each group was
intraperitoneally vaccinated by 0.5 ml per mice
contained different Rabies vaccine adjuvants in the
form of two doses, two weeks apart as follows:
Group 1: Rabies vaccine mixed with aluminum
hydroxide salts (VC- group).

Group 2: Rabies vaccine adjuvanted with E-SELEN
(VE- group)

Group 3: Rabies vaccine adjuvanted with a mixture
of E-SELEN and Nigella sativa fixed oil (VEFO-
group).

Group 4: Rabies vaccine adjuvanted with a mixture
of E-SELEN and volatile oils fraction of Nigella
sativa seeds (VEF1- group).

Group 5: Rabies vaccine adjuvanted with a mixture
of E-SELEN and n-hexane fraction of Nigella sativa
seeds (VEF2- group).

Group 6: Rabies vaccine adjuvanted with a mixture
of E-SELEN and methanol fraction of Nigella sativa
seeds (VEF3- group).

Blood samples were collected every two
weeks beginning from two weeks after the first
vaccination dose and continue for 3 months. Then the
antibody titres in the serum were evaluated using
ELISA technique.

ELISA Technique:

The indirect enzyme-linked immunosorbent
assay (ELISA) technique, a sensitive and simple
method was used for quantitative determination of
antibodies. The 96-well micortitre plates coated with

inactivated rabies antigen were incubated with diluted
antisera (1:100) followed by incubation with an
enzyme labeled preparation of anti-immunoglobulin.
The color change in each well was estimated
spectrophotometrically at 490/630 nm according to
the method described by Hubschle et al. (1981).

Statistical Analysis:

The data are expressed as means + S.E. The
enhancement effects of the different adjuvants were
statistically analyzed by One-way Analysis of
Variance (ANOVA) followed by Dunnet's tests for
multiple comparisons with the level of significance
accepted at P<0.05.

RESULTS

The use of an adjuvant to enhance antibody
titer is an attractive option to improve the
performance of an existing vaccine. Figure 1
illustrates the results of the indirect ELISA for the
measurement of antibodies using inactivated rabies
antigen coated plates with antisera collected from
different vaccinated groups. After the second doses,
the result showed that there is no significant
difference between the immune response of rabies
vaccine adjuvanted with alum (VC) and mixture of E-
SELEN (VE). While, significant (P<0.001) increase
specific immune response and was observed in the
groups (3-6) which received the formulation with the
novel adjuvant systems; all Nigella sativa fractions
were generally effective in increasing the antibody
against the rabies vaccine. Among the Nigella sativa
seed fractions, the highest antibody was detected in
the group treated with rabies vaccine adjuvanted with
a mixture of E-SELEN and methanol fraction (VEF3)
followed by VEF1, VEF2 and VEFO groups,
respectively.

Table (1) : The results of the optical density (O.D.) for (1:100) dilution of the collected sera of the inoculated

groups measured at wave length of 490/630 nm .

Group 4™ week 6™ week 8™ week 10™ week 12™ week
name

VC 0.462 0.809 0.621 0.569 0.465

VE 0.471 0.828 0.655 0.575 0.483
VEFO 0.733 0.908 0.923 0.896 0.596
VEF1 0.913 1.244 1.040 0.995 0.735
VEF2 0.815 0.956 0.951 0.920 0.733
VEF3 1.014 1.340 1.247 1.115 0.960
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Table (2): The standard errors and the significance and non-significance (ns) between groups.

Absorbance at 490/630 nm

Group name 4™ week 6™ week 8™ week 10™ week 12" week
VC 0.462 +£0.002 | 0.809+£0.005 | 0.621+0.005 | 0.569+0.004 | 0.465+0.010
VE 0471+ 0.828 + 0.655 + 0.575 % 0.483 +
0.004ns 0.003ns 0.005ns 0.005ns 0.008ns
VEFO 0.733 0.908 + 0.923 + 0.896 * 0.596 +
0.002*** 0.002*** 0.006*** 0.003*** 0.006***
VEF1 0.913 + 1.244 + 1.040 = 0.995 + 0.735 +
0.004*** 0.003*** 0.004%*** 0.004*** 0.005***
VEF2 0.815+ 0.956 + 0.951 0.920 = 0.733 £
0.002*** 0.006*** 0.006*** 0.004*** 0.006***
VEF3 1.014 + 1.340 = 1.247 + 1115+ 0.960 +
0.003*** 0.009*** 0.007*** 0.002*** 0.005***
1.400 ¥ Ve
. = VE
1.200 VEFO
= VEF1
m VEF2
1.000 O VEF3

0.800

0.600

0.400

0.200

0.000

8

weeks

Figure 1 the mean immune response of different groups against rabies vaccine detected by indirect ELISA

technique

DISCUSSION

Vaccines  require  optimal  adjuvants
including immuno-stimulants and delivery systems to
offer long term protection from infectious diseases in
animals and man. The current study was aimed to
investigate the immunostimulant effect of different
fractions of Nigella sativa L. seeds against rabies
vaccine.

The ideal method for controlling rabies virus
in both man and animals is by using active
immunization through injecting either live attenuated
or inactivated rabies vaccines. The WHO's experts
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(WHO, 1973) recommended that "No vaccines
containing living virus could be used in man". The
U.S. authorities recommended the use of inactivated
vaccines in animals (CDC, 1978) because of the
residual neuro-virulence of the virus which is very
dangerous due to its auto-interference phenomena
which could occur at non detectable level and the
undesirable effect in case of using the living
attenuated viral wvaccines in immune-suppressed
animals where it may act as avirulent strain
(Wachendorfer, 1976).
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Although the inactivated cell culture rabies
vaccines cause no or fewer reactions than the nervous
tissue or the chicken embryo derived vaccines, they
are relatively free from aggregates that could contain
ineffective virus particles, but the virus titre obtained
requires further concentration (Sokol, 1973). Thus
choose of natural immune-stimulants as adjuvant in
this study based upon:

1) Its effective stimulation of the immune cells like
macrophage (Basil and Erwa, 1993) and T-
lymphocyte (El-Kadi et al. 1990) as shown in
Nigella sativa adjuvant vaccines (Madbouly et
al. 2006). Moreover, the Nigella sativa oil has
shown potent antioxidant and anti-inflammatory
effects in several inflammation-based models,
including  experimental  encephalomyelitis,
colitis, peritonitis, edema, and arthritis, through
suppression of the inflammatory mediators'
prostaglandins and leukotrienes. Also, the oil and
certain active ingredients showed beneficial
immunomodulatory properties, augmenting T-
cell and natural Kkiller cell-mediated immune
responses (Salem, 2005; Terzi et al. 2010).

2) The powerful role of the combination of vitamin
E and selenium as antioxidant protecting the
sensitive rapidly proliferating cells of the
immune system from oxidation damage, an
immunopotentiating agent (Yasunaga et al.
1982), increasing cell-cell interaction by
membrane alteration (Tengerdy and Lacetera
1991) and significant enhancement for the
formation of IgM & IgG in contrast to alum
(Inagaki et al. 1984). Nigella sativa oil is so
beneficial due to its content of over 100
components (such as aromatic oils, trace
elements, vitamins, and enzymes) and contains
about 58% of essential fatty acids, including
omega-6 and omega-3. These are necessary for
the formation of prostaglandin E1 that balances
and strengthens the immune system, enabling it
to prevent infections and allergies and control
chronic illnesses (Terzi et al. 2010).

3) To overcome the disadvantage that associated
with the aluminum hydroxide salts (alum) in
rabies vaccines. Redhead et al. (1992) reported
a transient rise in the level of brain tissue
aluminum that peaks around the second and third
day after intraperitoneally injection of alum
adsorbed vaccines into mice that not observed in
saline control group and with vaccine not
containing aluminum salt. Also Jefferson et al.
(2004) noticed that alum adsorbed vaccine
associated with local pain lasting up to 14 days
in older children administered such vaccines.
Moreover, Verdier et al. (2005) observed
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histopathological lesions similar to the

Macrophagic Myofascitis (MMF) described in

humans, and was still present 3 months after

aluminum phosphate and 12 months after
aluminum  hydroxide adjuvanted vaccine
administration.

Throughout history, black seed has been one of
the most revered medicinal seeds. The Islamic
Prophet, Muhammad (Sal Allahu Alayhi Wasallam)
recommended its use over 1400 years ago. Regarding
to the previous studies that revealed that Nigella
sativa oil and seeds are scientific techniques, a
number of pharmacological actions of Nigella sativa
have been investigated including immunostimulant,
anti-inflammatory, antioxidant (Labib, 2005). Black
seed oil and its derivatives inhibit eicosanoid
generation in leukocytes and membrane lipid
peroxidation (El-Dakhakhny et al., 2002). Besides,
the seeds contain eight essential amino acids that
improve natural immune system activity (Omar et
al., 1999).

In the current study, fixed oil, volatile oils,
n-hexane and methanolic fractions of Nigella sativa
L. seeds were studied as new adjuvants to the rabies
vaccine in the presence of vitamin E and selenium.
As compared with control group (VC), there was a
significant (P<0.001) increase in the antibodies
against rabies antigen in all vaccines adjuvanted with
Nigella sativa fractions. The most superior effect of
the used adjuvants on the immune response of mice
against rabies vaccine was belonged to the groups
vaccinated with the methanol and volatile oils
fractions, respectively. Our results are in agreement
with that of Kanter et al., (2005) who showed that
the thymoquinone which is the major active principle
of Nigella sativa has immuno-potentiating activities
via increasing neutrophil percentage and hence
increasing the defense mechanism of the body against
infection. Concerning the first and second groups the
first group was vaccinated with the alum (VC) and
the second one (VE) was vaccinated with vitamin E
and selenium (E-SELEN) adsorbed rabies vaccine,
we noticed that the immune response in both groups
were quite similar. But regarding to the side effect of
the alum reported by Verdier et al. (2005), the use of
both vitamin E and selenium is safer than alum. This
result is in agreement with that obtained by
Madbouly et al. (2006). Also the immune stimulant
effect of the methanol fraction to rabies antigen was
showed to be more potent than that of the n-hexane
fraction and whole oils which means that lipid
soluble ingredients of the Nigella sativa. seeds are
mainly responsible for their immunostimulant effect.
Our results indicate that the new formulations were
safe, well-tolerated, and immunogenic and promote
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more rapid and prolonged protection against rabies
infection.

CONCLUSION

The use of an adjuvant to enhance antibody
production is an attractive option to increase the
vaccine efficacy. A potent immunostimulant effect of
mainly methanol and volatile oil fractions of Nigella
sativa L. seeds in combination with vitamin E and
selenium allow them to be used as new adjuvants for
rabies vaccine. More studies are still needed in order
to isolate and identify the effective compounds in the
Nigella sativa L. seeds that responsible for the
immunostimulant effect.
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Abstract: The present experiments were carried out during two successive winter seasons
(2008/2009 and 2009/2010) in the green house of the Botany Department, National Research Centre
of Egypt. The present study aimed to improve the growth and productivity of fennel plant under
physiological stress of the herbicide pendimethalin. A three hour-pre-sowing seed treatment in
methionine, tryptophan and pyrimidine derivative substance (SG93) each at 100 and 500mg/l was
applied. Whereas, the herbicide pendiemthalin (8.5ml/l) was supplied as pre-sowing soil corporation.
The results indicated that the herbicide caused significant reduction in growth parameters of the
fennel plant estimated as shoot length (cm) and fresh and dry weight per plant at the age of 84 and
119 days. The stress of the pendiemthalin herbicide was reflected in the significant decreases in the
photosynthetic pigment contents of fennel leaves at both stages and in the content of total protein.
Significant increases in total phenolic and free amino acids were recorded as well. The herbicide
exposure, however, had led to a decline in plant productivity in the measured yield components. But
oil percentage or quality were not influenced. Noticeable counteraction effects on growth and
productive capacity of fennel were achieved by the pre-sowing-seed soaking treatment in the amino
acids methionine and tryptophan each at 100mg/l and in the pyrimidine derivative SG93 at 500mg/I.
Interestingly better performance was obtained in case of the dual treatments, i.e. with the seed
treatment under the exposure to the herbicide as pre-emergence soil application.

[M. E. EI-Awadi and Esmat A. Hassan. Improving Growth and Productivity of Fennel Plant
Exposed to Pendimethalin Herbicide: Stress—Recovery Treatments. Nature and Science 2011;
9(2):97-108]. (ISSN: 1545-0740). http://www.sciencepub.net.
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1. Introduction: Pendimethalin (stomp) is a

Fennel (Foeniculum wvulgare Mill. dinitroaniline herbicide; applied as pre-
Apiaceae) is a perennial hemicryptophyte emergence soil corporation; is generally used
plant inhabits the Mediterranean basin. It is for selective weed control in different
known as a medicinal aromatic herb as its economic crops. It acts on cell division by
fruit is used in the remedy against digestive blocking mitotic division and causing
disorders. Bitter fennel is used as food flavor, accumulation of abnormal microtubular
in liqueurs and in the perfumery industry structures (Fennell et al., 2006). It is known to
(Tanira, et al., 1996). The major volatile be persistant in soil with different crops up to
(essential) oil constituents of the plant are 75 day after sowing (Asha and Tomar, 2008).
anethole and fenchone (Simandi, et al., 1999). In this respect, it has been found that
Fennel extracts proved to have anti- the inhibitory stress effects of several
inflammatory, antispasmodic, carminative, herbicides on crop plants during weed control
diuretic, expectorant, laxative, analgesic, could be minimized and / or alleviated
stimulant of gastrointestinal mobility and are through exogenous application of some
used in treatment of nervous disturbances growth agents (Hassan et al., 1996). In other
(Choi and Hwang, 2004). Anand et al. (2008) cases, nutrient elements (Nalewaja and
reported the anticancer activity of anethole of Matysiak, 1991), amino acids, pryimidine and
fennel seeds. purine bases exerted similar protective effects
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(Hassan and Gad, 2003; Hassan et al., 2006;
El-Awadi, 2007).

The application of these substances act,
however, as protectants to crop plants against
herbicide damage without reducing activity on
the target weed species as explained by
Davies (2001). Davies et al. (1998) reported
that these protectants acted through increased
activities of cytochrome Pgso, glutathione-s-
transfereases (GSTSs) or via raising glutathione
levels

In this connection, the adverse effects of
the dinitroaniline herbicide (butralin) on
chromosomes of both somatic and germ cells
of mice were reversed by using thiola (N- (2-
mercaptopropionyl) glycine) prior to the
herbicide treatment (Abd EI-Aziz and Hassan,
1994). Forgacs et al. (2000) pointed that the
amino acids arginine, histidine, lysine,
ornithine, phenylalanine and tryptphan bind to
2, 4-D and the binding process is of a
saturation character. More recently, in his
study, EI-Awadi (2007) proved the stress-
recovery actions of the amino acids
tryptophan and methionine on the damagable
effects of butralin and pendimethalin on both
physiological and cytological levels in faba
bean and wheat. Meanwile, the pyrimidine
derivative substance SG93 was found to
modulate plant growth response of different
plant species under other abiotic stress
conditions (Hassasn et al., 2006)

In the present study we aimed to test the
stress-recovery actions of the amino acids
methionine and tryptophan in addition to the
pyrimidine derivative substance SG93 as
protectants to the medicinal plant
(Foeniculum vulgare Mill.) under the
exposure to the dinitroaniline herbicide
pendimethalin. In this, a pre-sowing seed
soaking treatment is applied. Our objective is
to improve growth and productivity of fennel
plant under the stress of such an herbicide.

2. Materials and Methods

Pot experiment was carried out during
two successive winter seasons (2008-09-2009-
10) in the wire house of Botany Department in
the National Research Centre of Egypt.

I-Cultivation and treatments:

Fennel seeds were selected, sterilized
in sodium hypochlorite solution (1%) for 15
minutes, washed thoroughly with distilled
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water, and then soaked in the following
solutions for 3 hours:

1- Distilled water (control).

2- In methionine

3- In tryptophan and

4-In the pyrimidine derivative (SG93- Fig.1,
constructed by the  Department of
Pharmaceutical Industry of the National
Research Centre).

All at 100 and 500mg/l. The pots
contained equal amounts (about 12Kg) of
sieved soil (clay and sand; 2: 1 v/v) and were
divided into 14 groups. The soil was pre-plant
incorporated in seven groups in case of
pendimethalin. At 2cm depth, each 10 seeds
were sown in each pots (30-cm diameter) at
the 17" of Nov. Stomp (pendimethalin) was
applied as soil application (pre-emergence) at
the day of sowing. Treatment was carried out
in the early morning. The amount of the
herbicide stomp applied per pot was
calculated according to the surface area as
related to the area of a feddan (4200m?).
Standard agricultural practices were carried
out as recommended. Each treatment included
5 replicates = 50 plant. The pots / treatments
were distributed following a complete
randomized design of distribution.

OH
T%(
J\N/ NH,

Figure 1: Chemical formula of SG93

II- Growth and yield measurements:

Plant samples were taken at the
juvenile (age - 84 days) and at the fruiting
(age- 119 days) from sowing. Plant height,
number of leaves, number of branches, fresh
and dry weight of the shoots were recorded at
both stages.

Yield of fennel plant was recorded as
the number of umbels per plant, the number of
seeds per umbel and weight of seeds per
umbel and per plant at the end of experiment.

I11- Biochemical analyses:

Photosynthetic pigments were
estimated in fresh tissues of fennel leaves
according to (Wettstein, 1957). Protein
percentage was determined according to
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A.O.A.C. (1990). Total Free amino acids were
determined using the ninhydrin colorimetric
method defined by Plummer (1978).
Following the method reported by Snell and
Snell (1952), total phenolic contents were
estimated.

Seed fixed oil content, was
determined as reported in the (A.O.A.C.,
1990) with Soxhelt apparatus using petroleum
ether (40-60°C).

The essential oil was extracted from
the dry seeds and estimated referring to the
British Pharmacopoeia (1980), dehydrated
over anhydrous sodium sulfate and then kept
at refrigerators (-4°c) till GC analysis.

Essential oil of fennel seeds was
analyzed by GC wusing an Agilent
Technologies, (6890N Network GC system,
U.S.A.) using capillary column HP 5% (30 m
x 320 Um), 0.25um film thickness. Oven
temperature was programmed at 70°C for 2
min. from 700°.190°C at rate of 4 ml/min. and
finally 250°C (15 min) with N2: H2: Air at
30:30:300 ml/min. The temperature of the
detector (FID) was maintained at 280°C.
Identification of the oil components was based
on the comparison of the Rts of the separated
compounds with those of standard compounds
that injected under the same conditions and
confirmed for the major compounds by their
relative retention indices.

I'V- Statistical analysis:

A complete experimental randomized
block design with 5 replicates was adopted.
Combined results” analysis of the average
values of the two seasons was carried out and
the values of LSD were calculated as
described by Snedecor and Cochran (1980).

3. Results:
a. Effect of pendimethalin, amino acids and
pyrimidine derivative on fennel growth

Table (1) show that pre-sowing
application of pendimethalin caused a
significant decrease in the length of shoots,
number of leaves, number of branches per
plant and in fresh and dry weight (g) of
shoots of fennel plants, at both growth stages
of 84 and 119 days as compared to the
control.

Pre-soaking fennel seeds in the low
concentration (100mg/l) of methionine or
tryptophan and the high concentration

naturesciencej@gmail.com

99

(500mg/l) of pyrimidine derivative (SG93)
significantly increased the length of shoots,
number of leaves and number of branches per
plant and fresh and dry weight (g) of shoots
as compared to control at both growth stages.
Other treatments appeared no considerable
influence on growth promotion.

Application of pendimethalin
herbicide in interaction with the pre-sowing
growth factor seed treatments, i.e. methionine,
tryptophan and  pyrimidine  derivative
substance SG93 significantly improved
growth parameters of the fennel plant (Table
1). Significant increases in shoot length,
number of leaves and number of branches per
plant and fresh and dry weight (g) of shoots
were recorded as compared to sole treatments
of the growth substances. In this respect,
maximum effect was recorded in response to
the lower concentration treatment methionine
in combination with the pendimethalin.

b. Effect of pendimethalin, amino acids and
the pyrimidine derivative on fennel yield:
Data presented in Table (2) indicated
the inhibitory action of the pendimethalin
herbicide on fennel plant productivity.
Significant reduction in number of umbels per
plant, number of seeds per umbel and in the
weight of seeds per umbel and per plant were
recorded as compared to the control. The
productive capacity was, however, restored
under the influence of the pre-sowing seed
treatment. Thus, at the low concentration of
methionine and tryptophan, and with the high
concentration of  pyrimidine  derivative
substance SG93 significant increases in the
number of seeds per umbel and weight of
seeds per umbel and per plant were obtained.
Additive  augmentation  of  the
productivity was achieved in respect to the
dual interaction treatments, i.e under exposure
to the herbicide in combination with the
growth factors™ seed treatments. Therefore,
number of umbels per plant, number of seeds
per umbel and in weight of seeds per umbel
and per plant increased significantly in
comparison to sole growth factor treatments
(Table 2). From the results, the amino acid
methionine treatment showed the most
prominent positive effects on productivity of
the fennel plant, followed by that of
tryptophan and pyrimidine derivative SG93.
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Table 1: Effect of soil application of pendimethalin, amino acids and pyrimidine derivative on

the growth of fennel at 84 and 119 day-old plants.

Shoot length No. of leaves No. of Shoot Shoot
(cm) branches FW (g) DW (g)
mg/1 A B A B A B A B A B

Control 0 51.45 64 8.09 | 20.31 | 5.09 8.76 | 11.96 | 16.49 | 1.56 3.3

Pendimethalin 8.5ml/l | 43.44 | 5764 | 6.74 | 17.25 | 4.26 7.32 | 10.03 | 1461 | 1.32 2.83

.. 100 56.83 | 79.93 | 10.11 | 25.37 | 5.88 | 11.16 | 13.22 | 22.20 | 1.72 4.44

Methionine

500 5429 | 71.97 | 8.66 | 2234 | 519 | 10.12 | 12.63 | 18.89 | 1.64 3.79

Tryptophan 100 55.17 | 71.3 891 | 2236 | 537 | 10.52 | 12.83 | 19.76 | 1.67 3.95

500 5448 | 69.85 | 8.45 | 21.21 | 5.15 958 | 1267 | 1746 | 1.64 3.51

Pyrimidine 100 53.89 | 66.12 | 8.97 | 22.52 | 6.26 12.7 | 1253 | 1792 | 1.63 3.58

derivative 500 55.65 | 71.31 | 9.09 | 22.81 | 549 | 10.81 | 1294 | 19.80 | 1.68 3.96

Methionine + 100 59.07 | 82.17 | 11.22 | 28.17 | 573 | 11.36 | 13.94 | 23.61 | 1.81 472

Pendimethalin 500 5549 | 724 9.0 2259 | 541 | 10.00 | 1290 | 1993 | 1.68 3.99

Tryptophan + 100 56.11 | 73.16 | 9.52 | 23.90 | 6.26 12.7 | 13.05 | 20.92 | 1.69 419

Pendimethalin 500 55.31 | 71.36 | 8.86 | 22.25 | 549 | 10.81 | 12.86 | 18.44 | 1.67 3.69

Pyrimidine 100 5491 | 7293 | 9.22 | 23.14 | 559 | 10.36 | 12.81 | 18.62 | 1.66 3.72

deriv.ative + ) 500 57.06 | 75.20 | 9.74 | 2453 | 6.09 | 1157 | 13.28 | 21.61 | 1.72 4.32
Pendimethalin

1% 2.51 3.99 0.61 2.09 0.48 1.11 0.85 1.87 0.11 0.38

L.S.D 5% 1.78 2.82 0.43 1.48 0.34 0.78 0.60 1.32 0.08 0.27

Table 2: Effect of soil application of pendimethalin, amino acids and pyrimidine derivative on

the yield of fennel.
No. of No. of Wt. of Wt. of seeds
umbels/ seeds/ seeds/umbel /plant
mg/l plant umbel P

Control 0 9.68 114.33 1.43 13.89
Pendimethalin 8.5ml/1 8.34 85.33 0.93 7.78

100 10.38 129.46 1.85 19.28
Methionine

500 9.97 119.74 1.59 15.88

100 10.13 122.36 1.68 17.05
Tryptophan

500 9.69 116.37 1.52 14.8

100 9.90 118.33 1.56 15.47
Pyrimidine derivative

500 10.25 127.86 1.78 18.41
Methionine + 100 11.43 147.6 2.35 26.85
Pendimethalin 500 10.38 125.85 1.75 18.31
Tryptophan + 100 11.03 139.95 1.67 21.78
Pendimethalin 500 10.15 118.58 1.92 16.62
Pyrimidine derivative + 100 10.20 124.09 1.68 17.23
Pendimethalin 500 10.73 136.92 1.99 21.32

1% 0.95 15.23 0.21 3.70
L.S.D

5% 0.67 10.77 0.15 2.62
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c. Effect of pendimethalin, amino acids and
pyrimidine derivative on the some
biochemical constituents of fennel
1-Photosynthetic pigment contents:

The results indicated in Table (3)
show that the pre-emergence application of
the herbicide pendimethalin caused significant
reduction in the photosynthetic pigment
contents of fennel leaves, throughout the
duration of the experiment. Such inhibitory
effect under the stress of the herbicide was
significantly counteracted via the seed
exposure  treatments.  However,  low
concentration with the amino acids and the
high concentration of SG93 had resulted in
significant increases in leaf chlorophyll a, b
and cartonoids. In this respect, the maximum
increase was detected with the amino acid
methionine. On the other hand, seed exposure
to higher concentrations of the amino acids
and the low concentration of pyrimidine
derivative as well showed an insignificant
effect.

From the same table, the combined
treatments of the amino acids and the
pyrimidine derivative under the exposure of
the herbicide pendimethalin induced extra
elevation of the photosynthetic fennel leaf
pigmentation.  Therefore, the estimated
chlorophylls a, b, and carotenoid contents had
exceeded that in the corresponding levels
under the single treatments with either the
amino acids or the pyrimidine derivative
substance as well. This trend was observed at
both growth stages of the plant, i.e. 84 and
119 age-days. Seed exposure to the low
concentration of each of the amino acids and
the high concentration of the pyrimidine
derivative substance (SG93) had favored other
treatments (Table 3).

2-Total phenolic content:

As shown in Table (3), soil
application  of  pendimethalin  caused
significant increase in total phenolic contents
in fennel plants, as compared to the untreated
control. Similarly sole treatments with both
concentrations of the amino acid tryptophan,
pyrimidine derivative SG93 and high
concentration of the amino acid methionine
induced significant increases in total phenolic
contents. On the contrary, low concentration
of the amino acid methionine caused non-
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significant effect in the contents of total
phenolic contents.

The combined treatments of pre-
sowing seed-soaking in both concentrations of
the amino acid methionine and in the
pyrimidine derivative substance under the
exposure to the pendimethalin herbicide
resulted in an increase in the total phenolic
contents as compared to the control (Table
3).0n the other side, combined treatment with
the amino acids tryptophan at both
concentrations showed insignificant effect on
the total content phenolic contents.

3-Total free amino acid content:

Soil corporation of the dinitroaniline
herbicide pendimethalin caused significant
increase of total free amino acids content in
the fennel plant as compared to the control.
Except with the pyrimidine seed treatment at
500mg/I1, the estimated total free amino acid
contents were elevated over the control in
response to the single amino acids and to the
pyrimidine substance SG93 seed treatments as
well.

On the other hand, dual treatments
with both the amino acids and the pyrimidine
derivative in interaction with the herbicide
pendimethalin resulted in high total free
amino acids than that estimated in the control,
with an exception of the amino acid
methionine at its low concentration 100mg/I
(Table 3).

4. Total protein content:

As shown in Table (3), total protein
content was significantly reduced in fennel
plant due to the exposure to the pendimethalin
herbicide in comparison to the control. Such
inhibitory effect was reversed via the pre-
sowing seed-soaking treatment in the growth
factors under test. This was true at all of their
concentrations except that of the tryptophan at
its high one (500 mg/l). In comparison to the
control, the latter resulted in significant
reduction in the total protein content of fennel
as compared to the control.

The combined treatments of pre-
sowing fennel seed soaking treatment with
both concentrations of the growth substances;
methionine, tryptophan and pyrimidine
derivative with soil corporation of the
pendimethalin ~ herbicide  showed an
enhancement effect on total protein
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accumulation in fennel plant as compared to

the control (Table 3).

Table 3: Effect of soil application pendimethalin, amino acids and pyrimidine derivative on

photosynthetic pigment contents, total phenolic content, total free amino acids content
and total protein content of fennel plants.

Ch. A Ch.B Cart. Total Total
(mg/gf.wt) | (mg/gf. wt) | (mg/gf. wt.) . free Total
phenolic . .
content am}no protein
A B A B A B | (mggd. | 2¢ids | (mg/gd.
mg/I (mg/g d. wt.)
wt.)
wt.)
Control 0 0.659 | 0.791 | 0.198 | 0.233 | 0.302 | 0.415 | 33.07 32.38 13.44
Pendimethalin | 8.5ml/L | 0.484 | 0.699 | 0.175 | 0.203 | 0.261 | 0.367 | 47.03 35.91 11.88
100 | 0.706 | 0.794 | 0.242 | 0.259 | 0.342 | 0.453 | 31.49 48.97 15.83
Methionine
500 | 0.679 | 0.821 | 0.205 | 0.238 | 0.32 | 0.425 | 36.65 36.56 18.13
Tryptophan 100 | 0.698 | 0.842 | 0.226 | 0.249 | 0.326 | 0.438 | 39.87 48.30 18.33
500 | 0.663 | 0.791 | 0.208 | 0.242 | 0.315 | 0.408 | 39.17 47.60 7.50
Pyrimidine 100 | 0.667 | 0.824 | 0.204 | 0.235 | 0.315 | 0.418 | 47.03 37.98 20.00
derivative 500 | 0.688 | 0.824 | 0.232 | 0.248 | 0.333 | 0438 | 36.10 27.85 15.21
Methionine + 100 | 0.768 | 0.907 | 0.262 | 0.304 | 0.381 | 0.515 | 41.87 28.68 15.42
Pendimethalin 500 | 0.723 | 0.873 | 0.223 | 0.259 | 0.340 | 0.434 | 40.96 53.07 16.67
Tryptophan + 100 | 0.725 | 0.896 | 0.233 | 0.280 | 0.351 | 0.477 | 34.82 53.56 14.58
Pendimethalin 500 | 0.701 | 0.829 | 0.215 | 0.250 | 0.325 | 0.427 | 33.78 41.42 15.21
Pyrimidine 100 0.683 | 0.843 | 0.223 | 0.263 | 0.326 | 0.425 40.91 37.10 15.00
derivative +
Pendimethalin 500 | 0.737 | 0.862 | 0.238 | 0.270 | 0.355 | 0.441 | 40.01 36.83 16.56
q 1% | 0.026 | 0.053 | 0.020 | 0.022 | 0.028 | 0.027 3.18 1.56 0.80
L.S.D
5% | 0.018 | 0.036 | 0.014 | 0.015 | 0.019 | 0.019 2.25 1.11 0.56

A- Juvenile growth stage 84 days

5- Effect of pendimethalin, amino acids and
pyrimidine derivative on the oil content
and composition:

From the data presented in Table (4),

the exposure to the pendimethalin herbicide
resulted in significant increase in the fixed oil
percentage of the yielded fennel seeds as
compared to the control. Whereas methionines
at both its concentration- seed treatments and
the pyrimidine substance at its low one caused

significant

decreases

in the

fixed oil

percentage. Tryptophan at 100 and 500mg/I,

and

pyrimidine

derivative

(500mg/l)

treatments tended to elevate the fixed oil

percentage to high significant
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B- Fruiting growth stage 119days

comparison to other treatments (Table 4).
From the same table, the pendimethalin
herbicide combination treatments with either
methionine at both its concentrations or with
the prymidine derivative substance at its
higher one increased significantly the fixed oil
percentage in the yielded fennel seeds as
compared to the control. The effect of the
other treatments was more or less proximal
with the control.

The essential oil of the produced
fennel seeds in all treatments were subjected
to fractionation using gas chromatography
(GC). Anethol, 1, 8 cineol and fenchone are
recorded as the main components of the
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essential oil of fennel seeds (Table 4). As
compared to the control, anethole percentage
ranged from 85.61 to 87.58 % while 1, 8
cineol and fenchone ranged from 3.70 to
572% and 3.7% to4.47 respectively. The
highest percentage of anethole was obtained
in the treatment 100mg/l methionine-seed—
treated plants. Whereas, a considerable
increase in the percentage of 1.8 cineol was
recorded in response to the pyrimidine
derivative material-seed-treatment (Table 4).
On the contrary, the application of tryptophan
and pyrimidine substance (SG93) both at the
500mg/1 concentration resulted in remarkable

decreases in the percentage of fenchone
(Table 4).

In  the dual treatments with
pendimethalin herbicide combined with the
growth factors™ seed-soaking treatments, the
absence of estragol was recorded. The main
component of the analyzed essential oil was
also anethole (85.6%-90.60%), 1,8cineol
(4.86%-6.73%) and fenchone (3.62-7.73).
Both concentrations of methionine and
tryprophan seed treatments had induced the
highest percentage of anethole, whereas the
methionine produced the essential oil with a
high percentage of 1, 8 cineol in the yielded
seed of fennel plant (Table 4).

Table 4: Effect of soil application pendimethalin, amino acids and pyrimidine derivative on

fennel oil content and composition.

° Major essential oil constituents (%)
= X
2 —
= 5 2 | 2 — S £
£ | 3 |8 S | 2 g E T8 E Z
S = | Re |0 S g F<E 2 E
215 |5 51% |& |< |2°§9% |5
mg/l
Control 0 0.79 | 582 |0.37| 0.07 5.09 4.13 86.11 0.05 418 95.82
Pendimethalin 8.5 mll 1.09 | 7.78 | 0.40 - 6.51 3.93 89.14 - 99.58 0.42
100 0.89 | 480 | 0.36 | 0.02 493 413 87.58 0.53 97.55 2.45
Methionine
500 095 | 546 [0.39| 0.11 450 412 85.61 0.84 95.57 4.43
100 0.78 | 6.05 | 0.23 | 0.11 5.72 410 87.53 0.18 97.87 2.13
Tryptophan
500 1.09 | 649 | 0.33| 0.13 6.22 3.70 87.14 0.23 97.75 2.25
Pyrimidine 100 1.03| 528 0.34 | 0.09 3.97 4.47 86.22 0.73 96.63 3.37
derivative
500 106! 668 0.48 | 0.17 4.38 3.80 86.77 0.67 96.27 3.73
Methinione + 100 110 | 7.00 050 | 0.21 6.10 3.62 89.44 - 99.37 0.63
Pendimethalin
500 0.94 | 6.70 060 | 0.21 6.73 4.60 87.86 - 99.40 0.60
Tryptophan + 100 097 | 539 0.42 | 0.16 4.86 477 87.9 - 97.69 2.31
pendimethalin )
500 126 | 592 0.48 | 0.17 5.87 71.73 85.6 99.37 0.63
Pyrimidine 100 1.08 | 5.86 0.35 - 5.35 3.73 90.60 - 99.68 0.32
derivative + : :
Pendimethalin 500 125 | 6.70 0.36 - 5.33 3.78 90.51 - 99.62 0.32
1% 0.04 - - - - - - - -
L.S.D 0.33
5% 0.03 | 0.24 - - - - - - - -
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4. Discussion:
Effect of the single application of the
herbicide pendimethalin on fennel:

In the present result, the adverse
effects of the dinitroaniline herbicide
pendimethalin on the growth of fennel plant
were detected in the reduction of shoot length,
number of leaves per plant, number of
branches per plant and fresh and dry matter
accumulation. These results are supported
with those obtained by Meena and Mehta
(2009). Similar observations were previously
mentioned on garlic by Adam et al. (1996).

The growth-induced inhibition of the
herbicide was, however reflected on the
productivity as yield component

characteristics which were markedly declined.
Similar to the present observations ; Kothari
(2002) and Meena and Mehta 2009 had
reported that pendimethalin reduced vyield
components, i.e. the number of umbels/plant
number of umbellate/lumbel, number of
seed/umbellate seeds and straw yields of
fennel. In this respect, one may attribute the
decline in fennel yield in response to the
exposure to the herbicide pendimithilin to the
disturbance effects on the photosynthetic
process due to the suppression of the
biosyntheses of the photosynthetic pigments
(Shabana et al., 2001).

Starratt and Lazarovits (1999)
recorded an increase in free amino acids in
melon seedlings in response to exposure to
dinitroaniline herbicides. In the present
results, similar observations are noted on the
fennel plant. This may explain the significant
reduction observed in total protein content. In

this  connection, another dinitroaniline
herbicide  butralin  caused remarkable
reduction in protein, carbohydrate,

leghaemoglobin and ureide in the nodule
fraction of soybean (Mahmoud et al., 1996).
In contradiction to these results are those
reported by Panneerselvam et al. (1998) on
soybean, as a result of pendimethalin
application.

It is reported herein that soil
application of pendimethalin which caused
significant increase in the total phenolic
contents over the control; could be compared
with those obtained by Abd EI Wahed et al.
(2003) due to the herbicide thiobencarb
influences on rice.
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In the yielded fennel seeds, while
significant increases in essential and in fixed
oil percentages were recorded as compared to
the control, no changes in the fractions were
obtained in response to the herbicide. These
percentages were 89.14% anethol, 6.51 - 1, 8
cineol and 3.93 fenchone, but with the
absence of estrigol and D lominene. These
results are supported by the findings of
Chaudhary (2000) and Kothari, et al. (2002)
on fennel and on rose-scented geranium. They
also reported that pendimethalin herbicide had
not impaired the quality of essential oil.

Herbicide stress-recovery via pre-sowing
seed-soaking treatments:

In the present study, seed amino acid
treatments induced noticeable counteraction
of the pendimethalin-induced-growth
inhibition in fennel. Thus, shoot elongation,
total number of leaves and branches, as well
as fresh and dry matter accumulation were
significantly enhanced, particularly at low
concentrations of methionine and tryptophan
as well as at the high concentration of the
pyrimidine substance SG93. In case of the
dual treatments with the herbicide, such
influence was sustained reaching higher level
of growth promotiom. Such growth promotion
led to an improvement in yield components of
the fennel plant. Such observations are in
agreement with the alleviation of the adverse
effects of herbicides due to amino acid
treatments (Devine and Preston, 2000) and to
a pyrimidine derivative substance (Hassan and
Gad, 2003).

The positive significant protecting
effects of the pre-sowing seed-soaking
treatments with the growth factors under
investigation on leaf photosynthetic pigments
content either as sole treatment or under
exposure of pendimethalin are proved herein.
The lower concentration treatments of the
amino acids and the higher one of the
pyrimidine substance SG93 exerted the best
resultsmin this respect. Similar trends were
obtained on the total phenolic content, total
free amino acids and protein content. On the
other hand, a synergistic effect had resulted in
the interaction treatments, i.e. with growth
factors™ application under the exposure to the
herbicide pendimethalin. Thus revealed extra
elevations in total phenolic, total free amino
acid and in total protein content, as compared
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to those of sole treatments. Similarly an
enhancement effect of the growth factors in
interaction with herbicide exposure was
obtained in the estimated percentage of the
fixed and essential oil percentages in the
yielded fennel seeds. This implicated the
results obtained by EI-Awadi and Hassan
(2010) on fennel and by Talaat (2005) on
Pelargonium graveolens L. In addition to
their role in protein synthesis, amino acids
are the basic molecules in biosynthesis of
primary and secondary metabolites in plants
(Coruzzi and Last, 2000).Therefore, their
exogenous application might compensate the
metabolic stress process achieved by a given
herbicide, mainly through rendering higher
availability of energy resources. In the present
work, the amino acids methionine and
tryptophan applied as pre-sowing seed
soaking treatment had achieved a stress-
recovery action against the dinitroaniline
herbicide pendimethalin.

This herbicide is found to act as a
mitotic inhibitor (Fennell et al., 2006).

Thus methionine counteraction effect
could be either via its functions in the process
of mRNA translation to begin protein
synthesis (Lodish et al., 2000) or as a
regulatory molecule in the form of S-
adenosylmethionine  (SAM) (Hesse and
Hoefgen, 2003). Also methionine enhanced
the polyamine accumulation which are
controlled by stress signaling (Panicot et al.,
2002), furnishing aspartate levels (Hesse et
al., 2004) and linking with growth hormones
such as cytokinins, auxins and
brassinosteroids (Maxwell and Kieber, 2004),
which interfere with cell division.

The amino acid tryptophan is known
to participate in pathways relevant to
biosynthesis of auxins and other natural
products. In this connection its application
was reported to enhanced growth rates,
photosynthetic pigment, total sugars and free
amino acid contents in geranium plants
(Talaat (2005). This effect was attributed to its
action as a precursor for IAA biosynthis
(Normanly et al., 2004).

In the present results a stress-recovery
action of the pyrimidine derivative substance
SG93 against the induced-inhibitory effect of
the pendimethalin herbicide was achieved.
This could be interpreted in the light that
pyrimidines are playing variable roles in
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biological processes in plants. They are the
building blocks for nucleic acid synthesis,
energy sources, synthesis of sucrose,
polysaccharides as well as production of
important secondary metabolites (Stasolla et
al., 2003).
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Influence of Magnesium and Copper Foliar Application on Wheat Yield and Quality of Grains under Sandy
Soil Conditions

El-Saady A. M™.; F.E.Abdalla*; A.E. EL-Metwally?; S.A.Safina?and Sara, S. El-Sawyi’.
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ABSTRACT: Two field experiments were conducted during the winter seasons of 2007/2008 and 2008/2009 at
Ismailia Experimental Station, Agriculture Research Center, Ismailia Governorate, to study the influence of foliar
feeding with magnesium , copper either as single nutrient or in combination on yield ;yield components and grains
quality of wheat (Triticum aestivum L.) cv. Sakha 94. Nine treatments were applied: two levels of Mg, two levels of
Cu and four combined treatments (Mg + Cu), in addition to control treatment. Results showed that positive
significant effect on plant height (cm), tillers number/m?, spike number/m?, spike length (cm), spike weight (g),
grains number/spike, grains weight /spike (g), 1000-grain weight (g), grains yield/fed. and straw yield/fed. were
achieved by spraying the of copper and magnesium treatments. However, the highest significant increment in grain
yield was obtained by spraying the highest Cu level (1.68 kg Cu/fed.), while spraying the lowest Cu level (0.84 kg
Cu/fed.) gave the highest straw yield. On the other hand, combination treatment (6.72 kg Mg + 1.68 kg Cu/fed.)
showed the highest values for protein, N, Mg, Cu and Zn contents. However, spraying wheat plants with low Cu
level (0.84 kg Cu/fed.) gave the highest value of grain carbohydrate percentage.
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Copper Foliar Application on Wheat Yield and Quality of Grains under Sandy Soil Conditions. Nature and
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1. Introduction

Wheat (Triticum aesitivum L.) is cultivated
worldwide primarily as a food commodity. Because of
its importance in the Egyptian diet. Wheat is
considered a strategic commodity. Calderini and Slafer
(1998) noticed that only 3 of 21 countries (Egypt,
Germany and India) exhibited a clear continuous
increase in wheat yield (per unit area) during the last
decade. Cropping intensity in Egypt accompanied with
shortage in fertilization led to a serious depletion of
both macro- and micronutrients from soil, especially
sandy soil.

Magnesium has major physiological and molecular
roles in plants, such as being a component of the
chlorophyll molecule, a cofactor for many enzymatic
processes associated with phosphorylation,
dephosphorylation, and the hydrolysis of various
compounds, and as a structural stabilizer for various
nucleotides. Studies indicated that 15 to 30% of the
total magnesium in plants is associated with the
chlorophyll molecule. Magnesium has functions in
protein synthesis that can affect the size, structure, and
function of chloroplasts (Marschner 1995). Hanna and
Abdel Mottaleb (1998) concluded that the magnesium
fertilization as foliar application tended to increase
grain, straw yield and 1000-kernel weight, number of
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grains/spike and grain content of Mg, P, K, and crude
protein. EI-Amry et al. (2001) reported that maximum
grain yield and chemical composition (protein, ash, oil,
fiber, total carbohydrate, and phytic acid) of wheat
were obtained by application of Mg with 5 or 10 kg
[feddan.

Copper is an essential micronutrient for higher
plants that required for the functioning of more than 30
enzymes, all of which are either redox catalysts (e.g.,
cytochrome oxidase, nitrate reductase) or dioxygen
carriers (e.g., haemocyanin). Consequently, their
importance is pronounced on the health and diseases of
plants, animals, and human being, as they are
dependent on trace elements needed from food
(Mohamed and Taha, 2003). Dobermann and Fairhurst
(2000) found that copper affected metabolic processes
like photosynthesis and respiration reduction in pollen
viability and increase in spikelet sterility and many
unfilled grains. EI-Magid et al. (2000) reported that the
application of Fe, Cu, Zn and Mn increased grain and
straw yields of wheat. Zeidan and Nofal (2003) showed
that application of micronutrients only (iron,
manganese, zinc and copper) or with adding 1% urea
on growth and vyield of wheat caused significant
increases in wheat grain protein content, yield and
quality of wheat. El-Maghraby (2004) found that
application of micronutrients in wheat plants had
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highly significant effects on the uptake of
macronutrients (N and K) and micronutrients (Fe, Mn,
Zn and Cu) by straw and had highly significant effects
on the uptake of macronutrients (N, P an K) and
micronutrients (Fe, Mn and Zn) by grains. Karamanos
et al. (2004) reported that maximum grain yield of
wheat was obtained by foliar Cu application.

The purpose of this study was to explore the
response of wheat to magnesium and copper levels
either alone or in combination to acheive the highest
values of yield and its components as well as grains
quality under sandy soil condition.

2. Material and Methods

Two field experiments were carried out in Ismailia
Experimental Farm, Agricultural Research Center,
Ismailia governorate, during the 2007/2008 and
2008/2009 growing seasons to study the influence of
copper, magnesium and their interaction on yield and
its components and quality of grain. The experimental
design was randomize complete block (RCBD) with
six replicates and nine treatments.

Treatments
The experiment
treatments as follows:

contained nine foliar spray

1- control (water spray)

2- 3.36 kg Mg/feddan

3-  6.72 kg Mg/feddan

4- 0.84 kg Cu/feddan

5- 1.68 kg Cu/feddan

6- 3.36 kg Mg + 0.84 kg Cu/feddan
7- 3.36 kg Mg + 1.68 kg Cu/feddan

8-
9-

6.72 kg Mg + 0.84 kg Cu/feddan
6.72 kg Mg + 1.68 kg Cu/feddan

Wheat plants were sprayed with the aforementioned
treatments two times, the first was 45 and the second
was 60 days after planting. The sprayed solution
volume was 350 and 400 L/fed. in the first and second
spray, respectively.

Soil was ploughed using a chisel plough and
divided into experimental units, 2.0 m long and 3.0 m
wide. Every plot contained 15 rows each of 20 cm
width. Wheat grains were sown on November 22 " and
13 ™ in 2007/2008 and 2008/2009 seasons; respectively
at the rate of 60 kg/feddan by hand drilling in rows.

Soil Analysis:
Representative soil samples were taken after soil
preparation and before fertilization from the

experimental sites (0-30 cm depth) for physico-
chemical characteristics (Table 1).

Nitrogen, phosphorus and potassium were added at
rate of 106 kg N/fed, 37 kg P,Os/fed., and 24 kg
K,O/fed.. Nitrogen was applied as ammonium sulfate
(20.6 % N) in three equal splits (at planting, 30 and 50
days after sowing) in both seasons. Phosphorus was
applied as a single super phosphate (15.5 % P,0s)
during soil preparation. Potassium was applied as
Potassium sulphate (50 % K,O) at 30 days after
sowing. The whole experimental plots were also
sprayed with mixed iron, manganese and zinc in EDTA
form two times (45 and 60 days after planting) at rate
of 0.5 g/L. from each nutrient.

Table 1: Physico-chemical characteristics of soil (0 — 30 cm) in 2007/2008 and 2008/2009 seasons.

Characteristics 2007/2008 2008/2009

Physical Properties

Sand (%) 88.4 90

Silt (%) 4.0 3.2

Clay (%) 7.6 6.8

Texture Sand Sand

E.C dS/m 0.20* 0.35*

pH 8.95**** 9.15****
Chemical Properties

CaCO; % 1.20* 1.84*

Organic Matter % 0.54* 0.09*

Exchangeable macronutrients (mg/ 100 g soil)

P 0.36* 0.62*

K 7.6* 4.24*

Na 18.0* 41.4%**
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Ca 240 308

Mg 9.0* 3.64*
Determined micronutrients (ppm)

Fe 3.7* 3.83*

Mn 2.8* 1.13*

Zn 0.22* 0.15*

Cu 0.1* 0.25*

*=low ** = Adequate ***=High ****=Very high

Data of soil analysis was evaluated according to Ankerman and Large (1974); texture according to Bauyoucos
(1954); pH & E.C according to Jackson (1973); CaCOj; according to Black (1965); Organic matter according to
Walkely and Black (1934) ;K, Na, Ca & Mg according to Jackson (1973); P according to Olsen et al. (1954) and Fe,
Mn, Zn & Cu Lindsay and Norvell (1978)

Plants were irrigated at 6 days interval using sprinkler system.Weeds were controlled by hoeing.

Plant sampling

Wheat grains after harvest were taken to determine macro- and micronutrients, protein and carbohydrate. Grains
were washed in sequence with tap water, 0.01 N HCI- acidified distilled water and distilled water, and then dried in
a ventilated oven at 70 °C till constant weight was obtained.

Yield and its components:

At maturity, i.e. 160 days after planting the plants were harvested. Samples from wheat were taken to determine
the following characteristics: Plant height (cm), tillers number/m?, number of spikes per m2, number of grains per
spike, spike length, in (cm), 1000 grains weight (g), Grain yield [ardab /fedden, (one Ardab = 150 kg.)] and straw
yield (tons /feddan). Grain and straw yields were determined in one m? then, converted to feddan.

Measurements and determinations:

Nitrogen was determined using Micro — Kjelahl method (Markaham, 1942), using boric acid modification as
described by Ma and Zuazage (1942), and distillation was done using Gerhardt apparatus. Phosphorus was
photometrical determined using the molybdate-vanadate method Jackson (1973). Potassium, sodium and calcium
were measured using Dr. Lang -M8D Flame-photometer. Magnesium, Fe, Mn, Zn and Cu were determined using the
Atomic Absorption Spectrophotometer (Perkin-Elmer 100 B). Protein calculated as (N %) x 6.25. Carbohydrate
percentage in grains was determined according to the method adapted by Shaffer and Hartmann (1921).

Statistical analysis:

Collected data were subjected to the proper statistical analysis with the methods described by Snedecor and
Cochoran (1967). Since the data in both seasons took similar trends and variances were homogeneous according to
Bartllets test, the combined analysis of both seasons was done. LSD test was applied at 5 % level for comparing the
numerical averages Waller and Duncan (1969).

3. Results and Discussion
Yield and its components:

Foliar application with the applied magnesium and/or copper had a significant effect on plant height (cm), tillers
number/m?, spike number/m?, spike length (cm), spike weight (g), grains number/spike, grains weight /spike (g),
1000-grain weight (g), grains yield ardab/fed. and straw yield ton/fed. (Table 2). Spraying wheat plants with 3.36 kg
Mg + 0.84 kg Cu /fed. produced the greatest increase for tillers number/m?, spike length and spike weight as
compared with control and other treatments. While, the highest values for grains number/spike, grains weight /spike
and 1000-grain weight were determined by the magnesium and copper application of 6.72 kg Mg + 0.84 kg Cu /fed.
Moreover, foliar application with 6.72 kg Mg/fed. and 1.68 kg Cu/fed. gave the highest value for plant height.
Moreover, high level of copper (1.68 kg/fed.) produced the greatest increase for grains yield, while the lowest level
of Cu (0.84 kg/fed.) gave the highest value for straw yield but, the differences between treatments did not reach to
the level significance. The lowest values of grain and straw yields and yield components were resulted from the
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untreated treatment (control). Such effects of foliar application with Mg and/or Cu might be due to their critical role
in crop growth, involving in photosynthesis processes, respiration and other biochemical and physiological activates
and thus, their importance in achieving higher yields. These results are similar to those obtained with copper
application on wheat plants by El-Badry (1995), Negm (1998), Zeidan and Nofal (2003), EI-Maghraby (2004) and
Kumar et al. (2009). On the other hand, Hanna and Abdel Mottaleb (1998), EI-Amry et al. (2001), and Hussain et al.
(2005) showed that grains yield of wheat plants was affected positively by application of magnesium.

Grain chemical compositions:

Chemical composition of grains i. e, N, Mg, Cu and Zn concentrations showed significant response to
magnesium and copper foliar application treatments (Table 3). Foliar application with high level of magnesium
(6.72 kg/fed.) mixed with high level of copper (1.68 kg/fed.) gave the highest value of wheat grains N, Mg, Cu and
Zn concentration compared with other treatments and control. This might be in part attributed to the favorable effect
of copper and magnesium to form vegetative plant materials which in turn increase N, Mg, Cu and Zn uptake by
plants (Marschner, 1995). In this respect, Hanna and Abdel Mottaleb (1998) concluded that magnesium fertilization
as a foliar application tended to increase grain content of Mg, P and K. Also, Negm (1998) showed that N and Cu
contents of wheat grains were significantly increased by foliar application of copper at 100 ppm, while Zn grain
content was not affected by copper treatments.

Table( 2 ): Plant height (cm), tillers number, yield and yield components of wheat plant as affected by copper
and magnesium foliar applications (combined analysis of 2007/2008 and 2008/2009 seasons)

> ;
©
E o N E| 3| X X | E =y P £
& a o [<5) c
Parameters | = £ £ - | E & 2 | E = 3 S
< =] o = [=2] =~ — (=2 %] = =
= 'S k=]
2 p < 2] e | 5123|533 s | 5
= 2 = =
f. 2 = © @ 2 % 2 > 2 >
Treatments c = % Qo X ‘= = i = =
3 = Z = 1 o 2 | @ S c ©
T 5| o | 6| 5|6 S | &
) @ O S o )
G} o

Control (water foliar | ¢, o4 | 6933 | 58130 | 7.72 | 1.67 | 22.33 | 0.77 | 2805 | 30.63 | 7.86 | 2.63

spray)

3.36 kg Mg /fed. 88.00 | 690.7 | 621.30 | 8.77 | 2.33 | 3150 | 1.15 | 3635 | 32.97 | 10.16 | 4.35
6.72 kg Mg /fed. 80.33 | 734.0 | 68050 | 9.17 | 2.45 | 3350 | 1.27 | 384.4 | 36.23 | 10.77 | 459
0.84 kg Cu /fed. 87.67 | 767.3 | 733.30 | 9.03 | 2.30 | 29.83 | 1.18 | 467.9 | 39.10 | 13.09 | 5.01
1.68 kg Cu /fed. 80.50 | 826.7 | 773.30 | 8.80 | 2.53 | 36.50 | 1.25 | 518.3 | 40.38 | 14.51 | 4.45
%33fl;g.Mg +084Kk9 | 9933 | 840.0 | 768.00 | 9.13 | 3.02 | 35.67 | 1.40 | 469.7 | 37.02 | 13.15 | 4.70
%3%‘;3'\"9 *168Kg | 9983 | 778.3 | 678.00 | 9.13 | 2.60 | 34.83 | 1.13 | 4410 | 37.57 | 12.35 | 4.80
(63'32”‘;%.'\"9 +084Kk9 | g983 | 757.0 | 691.20 | 9.08 | 2.62 | 36.50 | 1.45 | 435.4 | 41.12 | 12.19 | 4.32
?;'Zz}f'é?i'v'g *168K9 | 9183 | 826.7 | 757.30 | 8.90 | 2.58 | 32.67 | 1.25 | 494.3 | 40.93 | 13.83 | 4.78
LSD at 0.05 340 |77.38 | 4893 | 075 | 049 | 3.84 | 020 | 67.3 | 381 | 1.88 | 0.91
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Grain quality:

Quality parameters of wheat grains (protein and carbohydrates) showed significant response to magnesium
and/or copper foliar application treatments (Table 3).

Spraying wheat plants with mixture of magnesium and copper at rate of 6.72 kg Mg + 1.68 kg Cu/feddan
resulted in the highest significant value of grain protein content (16.65 %) compared with other foliar application
treatments. Magnesium has functions in protein synthesis that can affect the size, structure, and function of
chloroplasts (Marschner, 1995). But, magnesium and copper sufficient levels increased protein content indirectly
through its role in nutrients balance in plant tissues. The present results are in the same direction with those reported
by Zeidan and Nofal (2003) with copper application on wheat plants. Moreover, Hanna and Abdel Mottaleb (1998)
and EI-Amry et al. (2001) found that grain protein of wheat increased markedly by Mg application.

Also, the results in Table (3) indicated that 0.84 kg Cu /fed. gave the highest carbohydrate in grains (69.33 %) as
compared with untreated plants and other treatments. This indicates that there is no value to increase copper and
magnesium level more than 0.84 kg Cu and 3.36 kg Mg/fed. for obtaining high carbohydrate content of grains. Even
it is contributed in photosynthesis and enzymes controlling carbohydrate formation, the minimum requirements of
copper and magnesium were enough to accumulate suitable carbohydrate contents. Migahid and Sadek (1994) they
found that carbohydrate content in wheat plants was significantly increased by copper application. Also, EI-Amry et
al. (2001) reported that maximum grain total carbohydrate of wheat was obtained by application of Mg with 5 or 10
kg /feddan.

Table (3): Protein (%), carbohydrate (%), N (%), Mg (%), Cu (ppm) and Zn (ppm) in grains of wheat plant
as affected by copper and magnesium foliar applications (combined analysis of 2007/2008 and 2008/2009
seasons)

Parameters S
X &
z = o S g g
> e] o [=)) o o
1S E z S S c
& 3 © N
Treatments T
@)
Control (water foliar spray) 6.9 61.7 1.1 0.26 3.3 34.8
3.36 kg Mg /fed. 12.8 63.7 2.1 0.27 4.4 39.7
6.72 kg Mg /fed. 13.8 65.3 2.2 0.29 4.5 42.4
0.84 kg Cu /fed. 13.0 69.3 2.0 0.29 5.3 45.8
1.68 kg Cu /fed. 13.8 68.2 2.2 0.29 7.2 48.7
3.36 kg Mg + 0.84 kg Cu /fed. 14.6 67.8 2.3 0.32 5.4 46.9
3.36 kg Mg + 1.68 kg Cu /fed. 15.2 67.3 2.4 0.33 7.5 48.3
6.72 kg Mg + 0.84 kg Cu /fed. 16.2 67.2 2.6 0.35 5.6 50.9
6.72 kg Mg + 1.68 kg Cu /fed. 16.7 67.3 2.7 0.35 7.9 54.4
LSD at 0.05 0.5 0.8 0.2 0.01 1.0 3.6

It could be concluded that under sandy soil
condition foliar application of magnesium and copper
with 6.72 kg Mg/feddan and 1.68 or 0.84 kg Cu/feddan
could be used to obtain high yield and vyield
components of wheat plants. Also, to obtained wheat
grains with high N, Mg, Cu, Zn and cured protein
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percentage, magnesium and copper application should
be applied at 6.72 kg Mg/feddan in combination with
1.68 kg Cul/feddan as foliar application. While, to
obtained wheat grains with high carbohydrate
percentage copper application should be applied in 0.84
kg Cu/feddan as foliar application.
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