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The Effect of Dry Salting Process on the Chemical
Composition and some Physical properties of Goat meat
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Abstract:
His study was conducted the aim of the research was to
study the effect of dry salting and wet salting in the chemical
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composition, nutritional value and physical properties of
mountain goat meat available in the local market of Aleppo,
where the study was conducted on the long dorsal muscle, where
it is found from the results obtained It has a significant increase
in the percentage of moisture in the control sample, at a
significant level, at the level of significance P <0.05 compared to
salted samples, as it turns out that the salting process resulted in
a decrease in the total protein percentage due to the exit of a
portion of the simple nitrogenous substances during the salting
process, it was found through the study that salting It leads to a
significant decrease in the percentage of loss during the boiling
process, as it was noted that salting increases the ability of meat
to bind to water and that this increase was significant compared
to the witness, because the salting process increases the ability of
proteins to bind water, and it was found that salting improves the
strength of the meat and increases Its hardness and tenacity
compared to the witness, it was also noted that salting improves
the sensory qualities of meat and makes it more acceptable to the
consumer compared to unsalted meat..

Key words: Goat meat, salting, Longissimus Doris, boiling
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ABSTRACT:

The study were conducted during two consecutive
seasons of 2018 and 2019 in a private farm at Marsa Matrouh
Governorate which located in on Egypt northwest Mediterranean
coast (latitude 31° 21° N, longitude 27° 14’ E) to evaluate the
effects of Kaolin (Aluminum phyllosilicate [Al,Si,O5 (OH)4]),
Bentonite ~ (Calcium  aluminosilicate  [Al,03SiO,H,0]),
Atabouglite  (Magnesium aluminosilicate  [Al,Mg304gSig])
products as well as chloropyrophose pesticide as foliar spraying
and potassium fertilizers as soil additives on cabbage growth,
yield, quality and pests control. Although foliar spray treatments
did not have any significant effect on growth characters,
chemical insecticide treatment produced the highest average
head weight and highest yield compared with other foliar spray
treatments. High rate of potassium supply as 75 kg gave the best
value of growth and yield as well as quality characters followed
by 50 kg then 25 kg compared with control treatment which
produced the lowest values. Cabbage plants treated as foliar
spraying with atabouglite, kaoline formulations exhibited high
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decrease of aphid population compared with bentonite
application which gave the least potential towards adult of aphid
insects. Also, atabouglite had a superior effect on average
cumulative cotton leaf worm Spodoptera littoralis (Boisd)
infestations of leaves and larvae followed by Kaolin. Bentonite
had the lowest effect. While, chloropyrophos (chemical
treatment) reduced the infestations in highly effect compared
with all treatments.

Kay wards: Cabbage, Kaolin, bentonite, atabouglite, potassium
application, growth and yield, cotton leaf worm and aphid .

INTRODUCTION:

White cabbage is considered the most important leafy
vegetable crop in Egypt (total area for cabbage and other
brassicas is about17250 ha and total production is about 525410
ton, FAO, 2018). It considered a rich source of vitamin C and
has high fiber and calcium content which reduces the risk of
colon cancer. Moreover, contains phosphorus, which is helpful
in utilization of calcium and assimilation of carbohydrates and
fats in human body (Mohammadullah et al., 2020).

The environmental problems caused by excessive use of
pesticides have been the matter of concern for most researchers.
The reasons for this referred to toxicity, non-biodegradable
properties and the residues of pesticides in the soil, water
resources pollution which in turn effect on human health (Koul,
et al., 2008). Thus, the current global scenario firmly emphasizes
the need to adopt eco-friendly agricultural practices for
sustainable food production because the problems associated
with the use of hazardous chemicals for crop protection, weed
control and soil fertility increasing worldwide (Abou-Hussein,
2001; Ferrari et al., 2008; Gomaa, 2008). Natural products are
promise and excellent alternative to synthetic pesticides as a
means to reduce negative impacts to human health and the
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environment (Isman and Machial, 2006). In this respect, the
encouragement of products from natural resources and even the
extremely biodegradable synthetic and semisynthetic products in
pest management, has been considered to constitute the umbrella
of green pesticides (Koul et al., 2003; Dhaliwal and Koul,
2007; Koul, 2008).

Kaolin (Aluminum phyllosilicate), Bentonite (Calcium
aluminosilicate) are naturally occurring industrial rock,
characterized by the property of absorbing water and by capacity
for base exchange. But bentonite properties are significantly
greater than that of kaolin (Kutlic et al., 2012). Both of them as
well as Atabulit (Magnesium aluminosilicate) considered a clay
minerals which have chemical inert over a wide range of pH and
a low exchangeable captain capacity (1-16 meg/100g) (Brown et
al., 2010). Recently many researchers used this clay minerals as
a natural products which creates a protective mechanical barrier
against plant pathogenic diseases and pests when sprayed on the
plant surface as particle film (Lamb et al., 2002; Liang and
Liu, 2002; Reitz et al., 2008 and Crooks and Prentice, 2011).
Moreover, its effect on leaf temperature and photosynthetic rate
(Gindaba and Wand, 2007), increased leaf water potential and
decreased stomatal conductance (Glenn et al., 2010) and
consequently may decrease growth and yield of some plants
when sprayed with high concentrate (Javan et al., 2013) or
increase growth and yield of others when sprayed with moderate
concentrates (Mohadeseh et al., 2013). These eco-friendly
material must be combine with the good agricultural practices
especially mineral nutrients which plays a critical role in plant
stress resistance (Cakmak, 2005; Amtmann et al., 2008 and
Rombheld, and Kirkby 2012).

Out of all the mineral nutrients, potassium plays a
particularly critical role in plant growth and metabolism, and it
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contributes greatly to the survival of plants that are under various
biotic and abiotic stresses (Wang et al., 2013). Potassium is also
essential for the loading and transport of the sugar produced to
developing fruits and roots. Its also enhancing crop resistance to
stresses including insects, pests and various diseases, as well as
drought and frost and is beneficial in extending the keeping
quality of crops (Cakmak, 2005 and Srivastava et al., 2018).
Moreover, potassium is one of the essential elements in the plant
and one the three that is generally needs to supplied as fertilizers.
It has been clearly that, plants need to high amounts of potassium
for high yield with improve its quality. The application of
potassium at the rate of 100 kg k,0 /ha is necessary to obtain
high yield of cabbage, (Wijewardena and Amarasiri, 1997),
224 kg/ha (Cutcliffe, 1984) or 60 kg k.0 / he. (Khan, et al.,
2002), depending on initial potassium content of the soil, where,
the actual soil concentrations of this element ranging from 0.04
to 3 per cent (Chaitanya, et al., 2019) depends on the type of
parent material and degree of mineral weathering (Sparks and
Huang, 1985). Thus, with increasing level of potassium, yield
and quality parameters of cabbage increasing (Chaitanya, et al.,
2019). Supplying potassium abundantly absorbed luxuriously
without affecting the cabbage-head vyield, compared with
nitrogen and phosphorus which reduce the cabbage-head yield
when supplied abundantly (Hara, and Sonoda a (1979).
Although, phosphorus supply until cabbage head initiation is
enough for the normal development of a cabbage-head,
potassium supply is necessary at the later as well as early growth
stages (Hara and Sonoda b, 1979). In addition that its role on
growth and vyield, potassium plays important roles in enzyme
activation, protein synthesis, photosynthesis, osmoregulation,
stomatal movement, energy transfer, phloem transport, cation-
anion balance and stress resistance (Marschner, 2012), which
in turn reflect on quality and pest resistance of produce. The aim
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of this work was to evaluate the effect of some natural
substances such as Kaoline, Bentonite and Atabouglite as foliar
spray as well as soil potassium supplies on cabbage growth,
yield and control of some cabbage pests.

MATERIALS AND METHODS: The study were
conducted during two consecutive seasons of 2018 and 2019 in a
private farm at Marsa Matrouh Governorate which located in on
Egypt northwest Mediterranean coast (latitude 31° 21° N,
longitude 27° 14’ E) to evaluate the effects of Kaolin (Aluminum
phyllosilicate  [Al,Si;05 (OH)4)), Bentonite  (Calcium
aluminosilicate [Al,05SiO,H,0]), Atabouglite (Magnesium
aluminosilicate  [Al,Mg;0.¢Sig]) products as well as
chloropyrophose pesticide as foliar spraying and Potassium
fertilizers as soil additives on cabbage growth, yield and quality.
Two factors were tested, the first included five foliar treatments,
control (tap water), kaolin at concentration of 2%, bentonite at 2
% and atabouglite at 2% and chloropyrophose at 2 cm /liter.
While the second factor included, potassium sulfate at 150, 100
and 50 kg /fed as well as control (without addition). Traditional
agricultural practices of cabbage baladi cv. has done.
Recommended dose of mineral fertilizers (90 and 60) units of N
and P during growing seasons were added. the experimental plot
contain one line 1 m width and 10.5 m length and every plot
contain 17 plants. The foliar spraying was applied after 20 days
from transplanting and repeated every 20 days (four times) while
fertilizer amounts were applied at the same time as 20%, 20%,
30% and 30% of treatment weight.

Data Recorded/Growth Characters:

After 60 days from transplanting, five plants were
randomly taken from each experimental plot to record growth
characters i.e. plant height, leaves number, fresh and dry weight
(9) of plant.

R o
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Yield and its component:

At harvest (90 days after transplanting), cabbage plants
which formed marketable heads were counted, weighted then,
diameter and compactness index were measured. Early yield was
determined then other characters weakly repeated fourth.
Chemical component:

potassium content and dry matter percent were

determined in leaves according to AOAC (1990).
Insect observations: Samplings of cabbage leaves with three
replicates were arranged in a split plot design. Samples of 25
leaves from each replicate representing different levels and
directions of the plants were randomly collected to investigate
cabbage insects that attacking plants (Sharaby et al. 2015). For
all treatments, samples of infested leaves were collected
immediately before spraying as index of pre — treatment count,
and every 20 days after the successive sprays to determine the
level of infestation. The collected samples were kept in paper
bags in a refrigerator till examined by the use of a binocular
microscope. They were separated, identified and counted. The
percentage of reduction in infestation was calculated according
to the formula (Topps and Wain, 1957).

R%zcc'—_TXloo

Where:

C: Number of insects recorded in the control samples.
T: Number of insects recorded in treatment samples.
Experimental design and statistical analysis:

Split plot design with three replicates was used, where,
foliar spray treatments were placed in main plot, while potassium
application treatments occupied sub-plots. Data were subjected
to statistical analysis according to Thomas and Hills (1975).
The differences among means were performed using least
significant difference (LSD) at 5% level.
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RESULTS AND DISCUSSION:

Growth characters: The effect of natural products foliar
spray treatments, potassium supply and interaction between them
on plant height, leaves number and plant fresh weight are shown
in table (1). All foliar spray treatments did not have any
significant effect on growth characters, except plant height in the
first season, where, insecticide treatment produced the highest
plants compared with other treatments. Both insecticide and
control treatments had a slight increasing of plant fresh weight
compared with other treatments, but this increasing was not
significant in both seasons. On the contrary, control treatment
(without potassium supply) compared with other potassium
treatments produced the lowest values of plant height, leaves
number and plant fresh weight in both seasons. In this respect,
high rate of potassium supply as 75 50 kg gave the best value
followed by 50 kg then 25 kg. Regarding interaction effects, all
interaction effects were significant in both seasons. The most
pronounced effect was increasing plant height and plant fresh
weight when cabbage plants treated with high concentrates of
potassium with pesticide or control treatments compared with
without potassium treatment with all foliar spray treatments in
both seasons. Relatively decreasing of growth when natural
products used may be due to that, used of clay minerals as a
natural products which creates a protective mechanical barrier
when sprayed on the plant surface as particle film have strongly
effect on leaf temperature and photosynthetic rate Gindaba and
Wand (2007), increased leaf water potential and decreased
stomatal conductance Glenn et al., (2010) and consequently may
decrease growth and yield plants Javan et al., (2013). On the
other hand increasing growth characters with increasing
potassium supply was expected and agree with (Wijewardena
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and Amarasiri, 1997; Cutcliffe, 1984; Khan, et al., 2002 and
Chaitanya, et al., 2019).
yield and its component:

Data presented in table (2) showed that, number of
marketable heads, average head weight and total yield per plot
significantly affected by foliar spray treatments, potassium
supply and interaction between them in both seasons. Insecticide
treatment produced the highest number of marketable heads and
total yield per plot followed by kaolin treatment then other
natural products, while, foliar spay control treatment gave the
lowest number of marketable heads and lowest total yield per
plot in both seasons. Also, insecticide treatment gave the highest
average head weight compared with other foliar spray treatments
in both seasons. Concerning potassium supply treatments, both
75 and 50 kg gave the highest value of marketable heads
number, average head weight and total yield followed by 25 kg
treatment compared with control (without potassium supply)
which gave the lowest value in this respect in both seasons.
Moreover, high potassium rates 75 and 50 kg with insecticide
foliar spray treatment gave the highest values compared with
control and 25kg of potassium especially with atapolite and
bentonite foliar spray treatments.

The superiority of natural products on yield may be attributes for
its effect on cabbage pest control which consequently reflected
on number of marketable units per plot and total yield. many
researchers reported that, clay minerals creates a protective
mechanical barrier against plant pathogenic diseases and pests
when sprayed on the plant surface as particle film (Lamb et al.,
2002; Liang and Liu, 2002; Reitz et al., 2008 and Crooks and
Prentice, 2011). These eco-friendly material must be combine
with the good agricultural practices especially mineral nutrients
which plays a critical role in plant stress resistance (Cakmak,
2005; Amtmann et al., 2008 and Romheld, and Kirkby 2012).
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Table (1): Effect of natural products foliar spray and
potassium supply on plant height, leaves number and plant
fresh weight sixty days after transplanting

Characters Plant helght Leaves no. Plant
(cm) F.w.(g)
Seasons 1¢ pnd gt ond g st ond
Foliar spray
Atabouglite 4249 4465 17.08 17.99 817.4 826.7
Bentonite 4226 4505 17.23 18.14 816.2 807.1
Kaolin 4219 4539 17.09 18.13 807.2 816.2
Insecticide 46.29 46.29 17.11 18.18 838.0 828.4
Control 4295 46.29 17.01 18.13 838.8 863.3
LSD at 0.05 104 NS NS NS NS NS
Potassium
75 kg k20 45.60 48.41 1836 19.24 840.4 852.0
50 kg k0 4520 46.99 1835 18.80 844.0 841.6
25 kg ko0 43.42 4631 17.04 18.74 8489 849.3
Control 38.73 4043 1467 15.68 760.9 770.4
LSD at 0.05 078 1.02 039 041 224 211
Interaction
75 kg
o0 45.66 47.36 18.26 19.24 832.3 846.3
50 kg
Atabouglite  kso 4435 46.00 18.30 18.81 821.1 839.3
Zi;g 4343 4594 1712 1860 8539 865.1
Control 36.53 39.28 14.65 1531 762.4 756.0
7?;9 4523 4736 18.76 19.00 829.9 832.3
2
. S0K9 4497 4669 1854 18.68 8325 8312
Bentonite k>0
Zﬁ‘gg 42.08 4594 16.96 19.07 845.2 831.8
2
Control 36.77 40.22 14.65 15.81 757.1 733.1

Eesssssssssssss————e )
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7?;9 4523 4871 18.39 1934 8255 848.8
2
. S0K9 4496 4673 1862 18.72 8221 832.6
Kaolin k.o
25 kg
°K9 4208 4594 1670 18.66 8206 8159
2
Control 3649 4010 14.65 1581 760.8 7675
7?;9 45.64 4893 18.26 19.31 856.7 849.6
2
. S0Kg 4593 4750 1812 1913 888.8 865.9
Insecticide k.0
2&1;9 4654 47.09 17.06 18.69 837.5 8358
2
Control 47.05 41.63 1502 1561 769.1 7625
7?;9 4624 4969 18.11 19.24 857.5 882.9
2
S0K9 4578 4800 1819 18.80 8554 839.2
Control k.0
Zﬁlgg 42.06 46.61 17.34 18.74 887.3 898.0
2

Control 36.83 40.85 14.40 15.68 755.1 832.9
LSD at 0.05 1.75 228 087 092 501 471

Moreover, potassium supply enhanced cabbage growth and
yield. This referred to its important roles in enzyme activation,
protein synthesis, photosynthesis, osmoregulation, stomatal
movement, energy transfer, phloem transport, cation-anion
balance and stress resistance (Marschner,2012), which in turn
reflect on quality and pest resistance of produce. So, the
application of potassium produced high yield of cabbage,
(Wijewardena and Amarasiri, 1997; Cutcliffe, 1984; Khan, et
al., 2002). (Chaitanya, et al., 2019).
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Table (2): Effect of natural products foliar spray and
potassium supply on number of marketable heads, average
head weight and total yield per plot

No. of Average Total yield
Characters marketable head Iplot (kg)
heads weight (g) P g
Seasons 1¢ pnd g oMd gt ond
Foliar spray
Atabouglite 1450 13.33 4035 4208 58.65 56.17
Bentonite 1458 13.25 4010 4171 58.50 55.39
Kaolin 15.00 14.00 4030 4214 60.55 59.14
Insecticide 16.08 16.08 4146 4347 67.03 70.11
Control 13.58 12.75 4019 4137 54.75 52.84
LSD at 0.05 0.97 0.77 80 85 456 3.62
Potassium
75 kg k0 15.20 14.60 4175 4290 57.31 62.72
50 kg ko0 15.24 14.60 4225 4332 60.81 63.36
25 kg k0 15.33 1453 4032 4199 57.45 61.10
Control 13.27 11.80 3760 4040 43.43 47.73
LSD at 0.05 0.52 0.47 54 61 243 2.04
Interaction
5K 1500 1400 4139 4216 6211 59.00
K0 . . . :
50 kg
Atabouglite Ky0 14.67 13.67 4187 4293 61.44 58.64
Zi:;g 1500 14.33 4034 4214 60.60 60.42
Control 13.33 11.33 3780 4111 50.46 46.62
7i2‘;9 1467 1433 4133 4284 60.64 61.39
. 50 kg
Bentonite k.0 14.33 14.00 4221 4231 60.50 59.24
Zﬁ;;g 15.33 13.33 3932 4168 60.31 55.59

EesssssssssssS———— ) )
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Control 14.00 11.33 3753 3999 5254 45.35

7?;9 1533 14.33 4154 4299 63.72 61.60
2
. S0Kg 1567 1500 4203 4362 65.86 65.42
Kaolin k.o
Zi‘gg 1500 15.00 3998 4183 59.97 62.69
2
Control 14.00 1167 3765 4013 52.65 46.84
7?;9 17.67 17.33 4255 4425 73.77 76.69
2
. S0K9 1700 17.33 4274 4488 72.66 76.30
Insecticide k.0
zﬁ‘gg 16.33 16.67 4278 4334 7132 72.25
2

Control 13.67 13.33 3778 4140 50.36 55.21

7?;9 13.33 13.00 4194 4225 57.31 54.93
2

S0kg 1400 1333 4242 4288 6081 57.21
Control k20

Zi'gg 14.00 13.33 3917 4096 57.45 54.56

2

Control 13.33 11.33 3724 3940 43.43 44.65
LSD at 0.05 117 1.05 120 137 544 455

Quiality characters:

The effect of natural products foliar spray, potassium
supply treatments and their interactions on compactness index,
dry matter percent and potassium content were shown in table
(3) . foliar spray treatments had not significant effects on this
characters, except dry matter percent and potassium content in
first season, where, insecticide and control treatments increased
both characters compared with other foliar spray treatments.
Regarding potassium supply treatments effect, high rates 75 and
50kg gave the highest value of compactness index followed by
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25 kg treatment, while control of potassium treatments gave the
lowest value. All potassium treatments gave the highest dry
matter percent and potassium content compared with control
which gave the lowest values in both seasons. Moreover,
interaction effects were significant on compactness index, dry
matter percent and potassium content. High potassium rates with
insecticide foliar spray treatment gave the highest values, while
without potassium treatment (control) with all foliar spray
treatments gave the lowest values in both seasons. Increasing of
compactness index because, potassium supply improved average
head weight, while the average head diameter was relatively
constant which reflected on compactness value. Also, dry matter
and potassium content increasing with increasing of potassium
supply which in turn enhancement head cabbage quality and
resistance for pests. Similar results were found by (Hara and
Sonoda a (1979); Cakmak, 2005; Amtmann et al., 2008 and
Rombheld, and Kirkby, 2012 and Marschner, 2012).
Table (3): Effect of natural products foliar spray and
potassium supply on compactness index, dry matter percent
and potassium content

Compactness Dry Lea\{es
Characters . potassium
index matter %
content
Seasons 18 oM o ond g oM
Foliar spray
Atabouglite 121.6 1275 1220 12.71 3.17 3.42
Bentonite 1227 1265 12.16 12.75 3.18 341
Kaolin 121.8 1248 12.12 1272 3.26 3.44
Insecticide 1254 128.2 12.83 13.21 3.39 3.52
Control 118.3 1254 1295 13.01 3.33 3.45
LSD at 0.05 N.S NS 023 NS 011 N.S
Potassium
75 kg k,0 129.4 133.3 1284 1337 350 3.61
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50 kg kz0 1274 1320 12.77 1333 347 356
25 kg ko0 1219 1262 12.82 1329 337 3.60
Control 1091 1144 1137 1154 2.72 3.02
LSD at 0.05 27 27 017 022 008 011
Interaction
7&‘;9 1259 131.8 1263 1343 341 357
2
50 kg
Atbouglite ko, 1302 1304 1235 1203 334 356
Zﬁz‘;g 122.9 1329 12.37 13.05 3.18 354

Control 1075 1148 1144 1144 276 3.00

7?;9 1284 1329 1241 1337 336 3.53
2
. S0Kg 1315 1328 1232 1315 346 351
Bentonite k.0
Zﬁ‘gg 1248 1260 12.66 1314 3.26 357
2

Control 1065 1146 1126 11.34 2.65 3.03

7?;9 1325 1327 1248 1307 356 3.56
2

. S0K9 1561 1310 1241 1341 342 3.62
Kaolin k.0

Zizg 1207 122.8 1232 1321 338 3.67
2

Control 1082 1126 1129 1117 2.66 2.90

7?;9 1338 1353 1342 13.60 3.65 3.82
2

N S0Kg 1559 1362 1332 13.69 361 3.60
Insecticide k>0
25 kg

°X0 1229 1252 1330 1373 356 359
2

Control 1191 1163 1127 11.84 273 2.99

Control 7?;9 126.6 133.6 1328 1338 353 3.56
2
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5&‘;9 1238 129.8 1345 1348 354 3.44
2
Zi‘ég 1184 1241 1345 1329 3.49 3.61
2

Control 104.4 1140 1161 1154 277 3.17
LSD at 0.05 6.1 6.0 038 049 0.18 0.25
Effect of ataboglite, kaolin and bentonite against some
cabbage pests:
1. Treatments on cotton leaf worm Spodoptera littoralis (Boisd).
The obtained data in Table (4) indicated that infestation was
significantly lower in the treated plants than untreated ones. The
results in Table (4) cleared that the atabouglite was the superior
effect on average cumulative cotton leaf worm Spodoptera
littoralis (Boisd) infestations of leaves and larvae. Kaolin was
the second potential effect after atabouglite . Bentonite was
lowest effect . These results agreed with Ali (2016) who found
that kaolin and bentonite product in different concentrations
suppressed olive fruit fly infestations. Particle film technology
has emerged as a new method for controlling arthropod pests and
diseases of agricultural crops Glenn et al. (1999).
Table (4): Effect of foliar treatments on cotton leaf worm
Spodoptera littoralis (Boisd) on cabbage

Tr:a(i::]aern ts Infestations
Leaves Larvae
Mean R% Mean R%

Control 8.3 9.6

Atabouglite 2.4 71.1% 1.9 80.2%
Kaoline 2.8 66.3% 2.7 71.8%
Bentonite 5.2 37.3% 5.7 40.6%

Chloropyrophose 0.2 97.5 0.1 99.0

R % = Reduction percentage
2- Effect of foliar spraying on aphid (Aphis crassivora)

. | O
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The data illustrated in table (5) presented that, the foliar
spraying revealed significantly lower infestation of aphid insects
in the treated plants than untreated ones. The evaluation of aphid
infestation on cabbage plants implemented prior to natural
products atabouglite, kaoline and bentonite treatments which
gave acceptance effects against adults of aphid population on the
final results across the treatments. The cabbage plants treated as
foliar spraying with atabouglite, kaoline formulations exhibited
high decrease of aphid population that was statistically similar to
the infestation prior to the treatment that produced the greatest
reduction in the leaves and adult infestations. The bentonite
application was the least potential towards adult of aphid insects.
The chloropyrophos reduced the infestations in highly effect. On
the other hand, the untreated control recorded higher infestations
of mealy bug insects. These results were in agreement with those
obtained by Marko et al. (2008), who mentioned that kaolin
treatment reduced the population density of Aphis pomi,
Anthonomus pomorum, and Empoasca vitis, and the number of
communal caterpillar webs. Also the results can be similar with
Soubeih et al. (2017) cleared that and kaolin as foliar spraying
were the superior effect at 5% concentration on cumulative
leafminer, aphid infestations and early blight disease incidence
and severity.

Table (5): Effect of foliar spraying on aphid (Aphis
crassivora) on Cabbage

Trtla:a(ilrkaern s Infestations
Leaves Adult
Mean R% Mean R%
Control 12.5 15.4
Atabouglite 1.8 85.6% 1.8 88.3
Kaoline 2.4 80.8% 2.3 84.1%
Bentonite 6.5 48.0% 6.3 59.0%
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| Chloropyrophose | 03 | 976 | 01 | 994 |
R % = Reduction percentage
CONCLUSION:

Potassium application as soil fertilizers at 75 or 50 kg k,0
enhanced cabbage growth, increased number of marketable
heads and consequently increased cabbage yield. Also, using
natural clay compounds as alternative of chemical treatments
increased number of marketable heads and increased cabbage
yield compared with control. Spraying with atabouglite, kaoline
formulations exhibited high decrease of aphid and cotton leaf
worm population compared with bentonite application which
gave the least potential. While, chloropyrophos (chemical
treatment) reduced the infestations in highly effect compared
with all treatments.
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Effect of Soil Solarization and Bio-fertilization on
Strawberry Production and pathogenic Fungi under Siwa
Oases Conditions
BY
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Abstract:

The present study was carried out during the two
successive seasons of 2017-2018 and 2018-2019 in the
experimental station, desert research center at Siwa oasis, Marsa
Matrouh Governorate to evaluate the effect of soil solarization
and bio-fertilization on soil borne microorganisms, weed
characters, growth, yield and quality of strawberry. The
experiment included two solarization treatments (solarize and
non-solarize) and five bio-fertilizers treatments (Bio-fertilizers
alone, bio-fertilizers + 0.25 mineral fertilizers, bio-fertilizers +
0.5 mineral fertilizers, bio-fertilizers + 0.75 mineral fertilizers as
well as the traditional treatment as a control. The results
indicated that, soil solarization increased average soil
temperature and eradicated most annual broad and narrow-
leaved weeds, increased microorganisms population and reduced
rotted fruit caused by pythium or phytophthora as well as
increasing of strawberry growth early vyield and vyield.
Traditional treatment produced the highest yield followed by
bio-fertilizers treatments with 0.75, 0.50 and 0.25 percent of
chemical fertilizers compared with bio-fertilzers alone. On the
other hand, bio- fertilizers produced the highest fruit quality and
gave the lowest values of rotted fruits.

Kay wards: Solarization, bio-fertilization, pathogen fungi, total
bacteria, pythium and phytophthora.
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INTRODUCTION

Strawberry (Fragaria x ananassa Duch.) has been widely
cultivated in Egypt. It is one of the most important vegetable
crops for local consumption and exportation (planted area is
about 11072 hectar and total production about 407240 Ton,
FAO, 2017). Cultivated area in Egypt has been increasing in
recent years especially due to the mediterranean climate, fertile
soils, and geographic location which support high production,
early and profitability of such a specialty crop (Abd-Elgawad,
2019).

Soil-borne diseases cause heavy losses to strawberry production
I.e. Macrophomina phaseolina and Fusarium spp. (Benlioglu et
al. 2014), Phytophthora cactorum , P. citricola and Verticillium
dahlia (Hartz et al., 1993), Pythium and Rhizoctonia,
(Camprubi et al.,2007). Also, Embaby, 2007; Khafagi, 1982;
Tadrous, 1991 and Tarek, 2004 under Egyptian conditions
found that, Alternaria spp., Aspergillus spp., Botrytis cinerea,
Rhizopus stolonifer, Rhizoctonia solani, Phytophthora cactorum,
Fusarium spp., Penicillium spp. And Sclerotinia sclerotiorum
are the most fungal isolates causing strawberry fruit rots.

Soil solarization is a nonchemical soil disinfestation method
which harnesses solar energy for heating the soil. It involves
hydro-chemical processes leading to physical, chemical and
biological changes in the soil, which take place during and even
after the termination of solarization, Katan (1998). Solarization
is a potential alternative practice for soil fumigation which has
been phased out due to its environmental risks, where,
solarization controlled a wide range of fungal pathogens and
weed pests (Himelrick and Dozier, 1991; Katan, 1981; Katan
and DeVay, 1991; Pullman et al., 1981; Stapleton and DeVay,
1986 and Gomaa, 2008). In this respect, De vay (1991) reported
that, solarization commonly targets mesophyllic organisms,
which include most plant pathogens and pests, without destroyed
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the beneficial mycorrhizal fungi and the growth promoting
(Bacillus spp.). So, the lethal effects are most pronounced on
microorganisms which have not good soil competitors and many
plant pathogens fall in to this group, since they tend to have
specialized physiological requirements which are more adapted
to co-existence with the host plant (Stapleton, 1991). Soil
solarization is an effective soil disinfestation technique for most
vegetable crops (Candido et al.,2008), especially strawberry
production (Hartz et al., 1993; Camprubi et al., 2007 and
Dominguez et al., 2014).

In the last twenty years, ecological farms have been used
environmentally friendly agricultural practices to improve plants
yield and fruit quality. A real challenge in ecological fruit
production and agricultural sustainability is the reduction of
chemical fertilization and chemical treatments for pests and
disease control. In this direction, scientists actively search for
good agricultural practices and compounds of natural origin that
are natural adaptors and do not disturb plants ecological balance
(Vasil’eva et al., 2005, Caulet et al., 2013 and Gomaa, et al.,
2016).

Bio-fertilization has been widely used, especially with vegetable
crops vs lettuce (El Massiry, 2009), globe artichoke (Ibrahim,
2009), Jerusalem artichoke (Hafez, 2013) and thyme (Attia et
al., 2006) and strawberry (EI-Miniawy et al., 2014 and Gomaa
et al., 2016). On potato, Gomaa, (2008) found that organic and
bio-fertilization improve yield and enhance the efficacy of
solarization and unfortunately beneficial microorganisms (bio-
fertilizers) which needed to add after solrization.

It could be a particularly attractive practice for strawberry
production in Siwa oasis area which located in the northern part
of the western desert of Egypt, where's strawberry crop is grown
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as an annual, with a very warm summer fallow period (ideal
conditions for solarization) followed by a fall planting through
October and November. So, this study was undertaken to
document the ability of soil solarization to control annual weeds
and soil borne pathogens and its effect on productivity of
strawberry plants treated with bio-fertilizers in the warmer
planting area of Egypt.

MATERIALS AND METHODS

The present study was carried out during the two successive
seasons of 2017-2018 and 2018-2019 in the experimental station,
desert research center at Siwa oasis, Marsa Matrouh Governorate
to evaluate the effect of soil solarization and bio-fertilization on
soil borne microorganisms, weed characters, growth, yield and
quality of strawberry.

Experimental design:

During July, soil experiment was ploughed and divided into
rows, each one have 1.m width and 10.5m length. Organic
fertilizers, rock phosphate and rock potassium (Felsibar) were
applied for all plots except the traditional treatment plots
(control) where contain organic fertilizers, calcium super
phosphate, ammonium sulphate and potassium sulphate as
recommended, then fertilizers were incorporated in rows and
levelled before trickle irrigation lines were installed.

Soil experiment irrigated abundantly then the trickle lines were
removed and soil covered with clear poly ethylene traps of 60
micron thickness for about 6 weeks during August and
September, while an untreated soil was used as a control. Soil
temperatures were measured weekly during 6 weeks of
solarization, then the polyethylene traps were removed and
directly soil samples has taken from 0-15 cm depth to determine
the densities of microorganisms (total counts of bacteria, fungi,
and pathogen fungi). Fresh strawberry transplants cv. Festival
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were hand transplanted in 4 rows and 30 cm apart on the med. of
October in two seasons, then bio-fertilizers which purchased
from the general authority of agricultural funds and equalization,
namely Biogen (a symbiotic nitrogen fixing bacteria),
Phosphorin (phosphate solubilizing bacteria) and Potassumage
(potassium solubilizing bacteria) were applied directly after
transplanting and monthly during growth stages for all
experiment except the traditional treatment plots.

The experimental design was split plot with 5 replicates. The
plot area was 10.5 m? included 140 plants. Soil solarization was
assessed in main plot while bio-fertilizers were assessed in sub
plot. The experiment includes 10 treatments which were the
combination between two solarization treatments (solarize and
non-solarize) and five bio-fertilizers treatments (Bio-fertilizers
alone, bio-fertilizers + 0.25 mineral fertilizers, bio-fertilizers
+0.5 mineral fertilizers, bio- fertilizers + 0.75 mineral fertilizers
as well as the traditional treatment as a control. The traditional
treatment plots received 300 kg calcium super phosphate (15.5 %
P,Os) applied during soil preparation then 300 kg ammonium
nitrate (33.5 %), 50 kg phosphoric acid (85% P,0s) and 250 kg
potassium sulfate (48.5 % K,0) / feddan were divided into 10
equal parts and applied weekly through fertigation system during
the growing season starting fifteen days transplanting later.
Fertigation occurred four times every week and the bio
treatments bio 4 (0.75%) , bio 3 (50%), bio 2 (0.25%) received
the fertigation 3, 2, and 1 time every week respectively as well as
no received for bio 1.

Soil temperature: during solarization period, soil temperatures
at 0, 5, 10 and 15cm were recorded weekly during day hours at 8
am to 8 pm.

Soil microorganisms: soil samples were taken before and after
solarization to determine total microbial counts using nutrient
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agar medium, PDA-Rose Bengal medium and PDA-PCNB
medium to culture bacteria, total fungi and pathogen fungi,
respectively. Samples were examined for total fungi and
pathogen fungi using the dilution method (Talyour, 1962) and
Plate count technique (Johnson et al., 1959). Martine medium
Martine (1950) and Nash and Synder (1962) were used to
determine fungi and pathogen fungi respectively. Total bacteria
was determined by using method of Holt et al., (1994).

Weed measurements: during the second season broad and
narrow-leaved were taken from a randomly quadratic meter after
4 and 8 weeks from transplanting to determine average number
and total fresh weight.

Growth characters: Two weeks after transplanting, strawberry
plants per plot were counted then survival ration were calculated.
Six weeks after transplanting, randomly samples of 5 plants from
each plot were taken to determine shoot high, shoot fresh weight
and leaves number per plant.

Yield components: Strawberry fruits were harvested two times
weekly during the growing seasons, counted, and weighed to
calculate average fruit number and weight. The early yield per
plant was determined as weights of all harvested fruits during the
first five harvesting times. Total yield per plant was calculated.

Fruit quality: Twenty five fruits were randomly collected from
each treatment in the middle of the growing seasons and fruit
firmness was measured using Shatillon penetrometer. Soluble
solid content (SSC) was determined by using digital
refractometer (Abbe Leica model) and L ascorbic acid content
was determined according to the methods described by A.O.A.C.
(2005).

Disease incidence Disease incidence was assessed as a total

number of rotted fruits as compared with total fruits number
from beginning to the end of harvesting time in all treatments.
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The diseases of fruits were separated according to different
symptoms: gray mold (Botrytis cinerea) and dry rot (Rhizoctonia
solani). Number of fruits in each group were counted and total
fruit rot numbers was counted, then the lost yield was calculated.
Statistical analysis: Data were subjected to statistical analysis
by M-STAT C (Russell, 1991). The differences among means
were performed using least significant difference (LSD) at 5%
level.
RESULTS AND SISCUSSION

Soil temperatures: Temperature reading daily recorded every
two hours at day time (8 am to 6 pm) ones every week during
solarization period at four depths 0, 5, 10, and 15 cm (Fig 1). An
increasing in the temperature of solarized soil was observed up
to a maximum of 63.8 and 60.2 c® at 2 pm for soil surface
compared to 60.2 and 56.6 c¢° for non-solarized soil surface in
first and second seasons respectively. High temperatures at 5 cm
depth were 57.2 and 55.8 at 4 pm in solarized plots compared
with 49.0 and 49.2 for non-solarized at the same time and depth
in two seasons respectively. At 10 and 15 cm depths solarized
soil plots recorded (55.5, 54.2) and (52.4, 50.4) at 4 pm in the
first and second season, while temperatures in non-solarize
treatment recorded (44.2, 41.5) and (41.2, 40.0 c° for first and
second season respectively. From the previous data, it was
clearly that, covering soil with transparent plastic traps raised the
average absolute soil temperatures at the four depths with an
increment values (3.6, 8.2, 11.3 and 11.2 ¢°) and (3.6, 6.6, 12.7
and 10.4) compared with bare soil in the first and second seasons
respectively. Although maximum soil temperature decreased
with increasing soil depth at all, the deferent between solarize
treatments increased with increasing soil depth (Fig. 1). These
results are similar with results obtained by other investigators
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(Bicici et al.,2000; Campiglia et al.,2000; Shukla et al., 2000;
Peachey et al., 2001; Rieger et al.,2001).

Soil microorganisms: Data presented in Table (1) showed, total
fungi, total bacteria and pathogen fungi before and justly after
solarization treatment. Population of microbes at 15 cm of soil
depth drastically reduced with solarize treatments compared with
non-solarize. The reduction percentages were 72.37, 87.08 and
92.66 percent for total fungi, total bacteria and pathogen fungi
respectively. Similar results were found by Triki et al., (2001);
Hamada, (2002); El-Sheshtawy (2006) and Gomaa, (2008).
Regarding bio-fertilization effect and development of total fungi,
total bacteria and pathogen fungi counts throughout planting
season, data presented in table (2) showed that, population of all
microorganisms was relatively higher at end of season (April)
compared with it at transplanting (October). Also, its counts with
non-solarize treatment was higher than solarize. The most
pronounced effect was pathogen fungi count, which increased on
April compared with  October and drastically decreased with
solarization compared with non-solarization. Total count of
bacteria sharply increased with solarization on April samples
compared with October samples. It may be worth to mention
that, most increment of bacteria population with solarization
belonged to bio-fertilizers supplied which considered a
beneficial organisms. From the previous data, we notice that,
decreasing of soil microorganisms after solarization may be due
to chemical and microbial activities, which led to generation of
toxic compounds in vapor and liquid phases and consequently
accumulate under plastic mulch especially near soil surface
which in turn become more effective against soil flora (Gamliel
et al., 2000). The effect of solarization was most pronounced on
mesophyllic group which include most plant pathogens and pests
(Abu-Gharbieh, 1998). While most beneficial organisms

—i'_
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belonged to thermophyllic group which can be survive and even
flourish under solarization (De Vay and Stapleton 1998).

Effect of soil solarization on soil temperatures at 0, 5,
10 15 cm depths during 2017 70

20

e £ 0 L VY, e Yo, un Ao
m=ffl==Solarize At 0 cm e NON-sol. At 0 cm =={ll==Solarize At 5 cm
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Effect of soil solarization on soil
temperatures at 0, 5, 10, and 15 cm
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Figure (1) Effect of solarization on soil temperatures at soil
surface, 5 cm, 10 cm and 15 cm depth during 2017 and 2018
seasons.
Table (1): Effect of soil solarization on total count of fungi,
bacteria and pathogen fungi (CFU/ g dry) pre and post
solarization treatment (on July and September) at 15 cm

depth.
Total Total
Fungi Bacteria FZ?]thio(gleorl)
(10%) (10°) g
Before (July) 188.35 YYo,AR 12.64
sl After (September  o¢,0Y £¢,v0 VY
YA, 10 TYY, Y VY, YA
Non- Before (July)
Solarize  After (September Y4V,¥) Yev, v YARY

Table (2): Effect of soil solarization, bio-fertilization and
interaction on total count of fungi, bacteria and pathogen
fungi (CFU, g dry) on October and April.

October

(at transplanting) April (end of season)

Total Total Pathoge Total Total Pagr]]o
Solarization fungi bacteria nfungi fungi bacteria fSn i
(10" @0® (@o% (@0hH (0% (m%

Biol 535 4318 1.61 475 26822 4.36

Bio2 483  44.42 1.64 455 26115 3.38

Solarize Bio3 475 4451 2.11 443 25557 3.68
Bio4 46.3 46.41 1.34 46.6 21438 3.92

Bio5 457 4513 1.67 52.4 86.47 6.18

Non- Biol 188.3 32741 1641 1745 338.14 2214
Solarize Bio2 1854 33518 1432 177.3 347.65 24.35



Yord iy (9) call—aul oY ot ducly M) oplalt Gy alt bl

Bio3 1783 31208 16.42 178.6 365.15 24.22
Bio4 1856 31421 17.17 1786 34481 2235
Bio5 1884 31542 1654 2145 31745 26.15

LSDat00s for 5, 165 16 511 4446 1.3

solarization
L.S.Dat00s for o Ng NS 327 1681 134
fertilization
L.s.Dat005for o g NS 462 2377 NS
Interaction

Weeds control: The effect of soil solarization, bio-fertilization
and their interaction on broad and narrow leaved numbers and
fresh weight after four and eight weeks during 2017 growing
season are presented in Table (3). Solarization significantly
decreased broad-leaved and narrow-leaved numbers and fresh
weight compared with non-solarize treatment. On other hand,
fertilization treatment and interaction did not have significant
effect except broad and narrow-leaved fresh weight after eight
weeks from transplanting. Conventional fertilizer treatment
produced heaviest, followed by bio 4, bio 3 and bio 2 treatments
for broad-leaved or bio 4 and bio 3 for narrow-leaved as
compared with bio 1 or bio 1 and bio 2 for broad and narrow-
leaved respectively. Concerning interaction effect, conventional
fertilizer treatment with non-solarize produced the heaviest
broad and narrow-leaved fresh weight after eight weeks
compared with other treatments. The most pronounced decreased
weeds weight obtained when soil solarized with all fertilizer
treatments or with bio 1 and bio 2 for broad and narrow-leaved
respectively. Our results indicated that, soil solarization with
clear poly ethylene has strong effect on weed germination, as
well as fresh weight of broad and narrow-leaved weed after four
and eight weeks (Table 3). The reducing of weed number and
weight attributed to raising the temperature of soil to lethal levels
for weed seed germination (De Vay and stapleton, 1998) or
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attributed to chemical, physical and biological changes which
caused in the soil that provide effective management of weed
control (Abu-Gharbieh, 1998). Moreover, we noticed that,
increasing narrow- leaved weed numbers compared with broad-
leaved after four and eight weeks as well as increasing number
and weight of total weeds in general after eight weeks compared
with four weeks. These results may be due to that, narrow-leaved
seed weed is more tolerant and adapted to lethal effect of high
temperature and relatively removing solarisation effect after
eight weeks as compared with four weeks. Similar results were
obtained by (Hamada, 2002 and El-Sheshtawy, 20006).
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Table: (3) Effect of soil solarization and bio-fertilization on
number and fresh weight of broad-leaved and narrow-leaved

at 4 and 8 weeks after transplanting, 2018 season).

Characters

Seasons

Solarize
Non-solarize
LSD at 0.05

Bio-1
Bio-2
Bio-3
Bio-4
Bio-5
LSD at 0.05

Solarize

Non-solarize

LSD at 0.05
Characters

Seasons

Solarize
Non-solarize
LSD at 0.05

Broad-leaved

weeds No
4 8
weeks  weeks
1.80 &,vy
13.02 Ya.
1.20 Vo
Y, oY 20.46
Y,y 22.62
V,0¢ 22.69
Y,y 22.33
v,¢0 21.45
N.S N.S
\INAY 4.50
),41 4.75
V,AY 5.34
YA 4.62
V,1¢ 4.38
YY,YY 36.41
YV, Y4 40.49
VY, Yo 40.05
VY, 40.03
\Y,Ye 38.51
N.S N.S
Broad-leaved
weeds No
4 8
weeks  weeks
1.80 £,vY
13.02 ¥a,).
1.20 AR

Narrow-leaved

weeds No

4 8
weeks weeks

Solarization
¢, v, EY
£Y,Y 19,4
.Y AV
Bio-fertilization
21.85 35.30
22.74 37.60
24.18 42.00
23.10 39.61
22.03 38.84
N.S N.S

Interaction
3.49 7.04
471 7.64
4.38 7.38
4.49 7.49
4.22 7.60
40.20 63.55
40.77 67.55
43.98 76.62
41.72 71.73
39.83 70.08
N.S N.S
Narrow-leaved

weeds No

4 8
weeks weeks

Solarization
£,Y1 V,EY
£Y,Y 14,4

v, Y1 RV,Y’V

Broad-leaved
weeds fresh weight

4 8 weeks
weeks
1YY, 4 YYY,AE
ovYY,TY  YTAA,VY
0,V ray,y.
327.36 724.80
356.01 880.94
351.01 986.49
345.23 989.38
344.80 1219.80

N.S VY EY
114.83 211.66
127.40 223.25
119.17 250.98
117.43 217.30
106.60 206.02
539.88 1237.94
584.61 1538.62
582.85 1722.01
573.03 1761.47
583.00 2233.58

N.S Yio,vY

Broad-leaved
weeds fresh weight

4 8 weeks
weeks
VYV, 4 YYY,AE
ovYY,TY  YT4A,VY
o,V ravy,y.

Narrow-leaved
weeds fresh weight

4 8 weeks
weeks
£7,A¢ 1YY,.4
FYY,TR Y g,
AY, 6 94,Y)
200.11 317.66
209.36 338.37
221.97 629.98
212.42 665.91
202.46 943.57
N.S oV,
38.39 63.39
51.81 68.79
48.14 110.65
49.39 112.35
46.46 205.29
361.83 571.92
366.90 607.95
395.79  1149.30
37545 1219.47
358.47 1681.84
N.S AYYA

Narrow-leaved
weeds fresh weight

4 8 weeks
weeks
£1,A¢ 1YY, 4
YY1 YN
AY, €Y q4,Y)
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Bio-fertilization

Bio-1 Y, Y 20.46 21.85 35.30 327.36 724.80 200.11
Bio-2 Y,y 22.62 22.74 37.60 356.01 880.94 209.36
Bio-3 v,ot 22.69 24.18 42.00 351.01 986.49 221.97
Bio-4 Y, ey 22.33 23.10 39.61 345.23 989.38 212.42
Bio-5 v,¢0 21.45 22.03 38.84 344,80 1219.80 202.46
LSD at 0.05 N.S N.S N.S N.S N.S VY, eV N.S
Interaction
Solarize y,vY 4.50 3.49 7.04 114.83 211.66 38.39
),41 4,75 4,71 7.64 127.40 223.25 51.81
VLAY 5.34 4.38 7.38 119.17 250.98 48.14
V,A)N 4.62 4.49 7.49 117.43 217.30 49.39
V,¢ 4.38 4.22 7.60 106.60 206.02 46.46
Non-solarize YY,YY 36.41 40.20 63.55 539.88 123794  361.83
VY, ¥4 40.49 40.77 67.55 584.61 1538.62 366.90
\Y,Ye 40.05 43.98 76.62 582.85 1722.01  395.79
VY, 40.03 41.72 71.73 573.03 1761.47 375.45
\Y,Yo 38.51 39.83 70.08 583.00 2233.58  358.47
LSD at 0.05 N.S N.S N.S N.S N.S Yéo vy N.S

Vegetative growth: Effect of soil solarization, ferttization
treatments and their interaction on transplant survival ratio,
leaves number, plant height and plant fresh weight are presented
in Table (4). Transplant survival ratio significantly affected by
solarization treatment compared with non-solarize treatment,
while fertilization treatments or interactions effects were not
significant in both seasons.

Concerning vegetative growth characters, data in table 4 showed
that, soil solarization affected positively on strawberry plant
height and plant fresh weight compared with non- solarize
treatment. While its effects on leaves number was not
significant. All vegetative growth characters significantly
affected by fertilization treatments. Conventional fertilizer
produced the highest leaves number, highest plant height and
weightiest plants followed by bio 4 treatment compared with bio
1 which produced the lowest values in this respect, followed by
bio 2 and bio 3 in both seasons. Regarding to interaction, data

EEsssssssssssSST————— L\

317.66
338.37
629.98
665.91
943.57
oV, ¢

63.39
68.79
110.65
112.35
205.29
571.92
607.95
1149.30
1219.47
1681.84
AYV,VA
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showed non-significant effects on vegetative growth characters
except plant fresh weight character, since conventional fertilizer
treatment with solarization gave the heaviest plant fresh weight
compared with bio 1 fertilizer with non-solarize treatment in
both seasons.

Table: (4) Effect of soil solarization and bio-fertilization on
plants survival ratio, average leaves number, plant height
and fresh weight of strawberry plants, 8 weeks after
transplanting.



Do0i:10.21608/asajs.2021.143516

Characters

Seasons

Solarize
Non-solarize
LSD at 0.05

Bio-1
Bio-2
Bio-3
Bio-4
Bio-5
LSD at 0.05

Solarized

Non-
solarized

LSD at 0.05
Characters

Seasons

Solarize
Non-solarize
LSD at 0.05

Bio-1
Bio-2
Bio-3
Bio-4

Emessssssssssssssss———— £ /\

Survival ratio

1St 2nd
Season Season
¥,y qY,1y
YA, £ VLY E
\, 6N \, YA
85.12 84.05
86.38 84.40
85.36 84.40
85.95 83.33
85.92 86.07
N.S N.S
91.67 93.81
93.00 92.38
93.33 93.33
94.05 90.00
93.10 93.81
78.57 74.29
79.76 76.43
77.38 75.48
77.86 76.67
78.74 78.33
N.S N.S
Survival ratio
lSt 2nd
Season Season
¥,y 9Y,1v
YA, £ V,Y§
Y\, €A VL, YA
85.12 84.05
86.38 84.40
85.36 84.40
85.95 83.33

Leaves No.
1St 2nd
Season  Season

Solarization
AN A0
A, YY AN o
N.S N.S
Bio-fertilization
7.41 7.04
7.87 17.77
8.37 8.47
9.28 9.03
9.36 9.42
0.48 oYY

Interaction
7.73 7.11
8.07 8.00
8.55 8.62
9.55 9.31
9.59 9.66
7.09 6.98
7.67 7.54
8.18 8.32
9.01 8.74
9.13 9.17
N.S N.S

Leaves No.
1St 2nd
Season  Season

Solarization
AN A0
A YY A Yo
N.S N.S
Bio-fertilization
7.41 7.04
7.87 7.77
8.37 8.47
9.28 9.03

Gomaa; Ali and Salah

Plant height (cm)

1St 2nd
Season  Season
yo,YY Yo,V
1Y¥,01 YE,)
1,¥1 GAA
13.16 13.16
13.52 13.64
14.72 15.04
15.32 15.37
15.24 15.73
0.62 0.76
14.10 13.90
14.39 14.35
15.41 15.40
16.21 15.75
16.00 15.97
12.23 12.41
12.64 12.93
14.03 14.67
14.42 14.98
14.48 15.48
N.S N.S
Plant height (cm)
1St 2nd
Season  Season
yo,YY Yo,y
1¥,01 YE,)
1,%1 GAA
13.16 13.16
13.52 13.64
14.72 15.04
15.32 15.37

Plant fresh
weight (g)
1St 2nd
Season  Season
Yo, . ¥v,¢0
YA, Ve 32.73
\,VY 1,8V
27.20 30.71
28.63 33.56
33.66 34.72
34.61 36.49
35.53 37.47
1.05 AA
31.44 34.06
33.32 35.44
35.47 36.16
36.95 37.94
38.33 38.66
22.96 27.36
23.93 31.69
31.85 33.29
32.27 35.03
32.73 36.28
Y,44 \,v¢
Plant fresh
weight (g)
15[ 2nd
Season  Season
0, . .60
YA, Vo 32.73
\,VY 1,8V
27.20 30.71
28.63 33.56
33.66 34.72
34.61 36.49
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Bio-5
LSD at 0.05

Solarized

Non-
solarized

LSD at 0.05
Characters

Seasons

Solarize
Non-solarize
LSD at 0.05

Bio-1
Bio-2
Bio-3
Bio-4
Bio-5
LSD at 0.05

Solarized

Non-
solarized

85.92 86.07
N.S N.S
91.67 93.81
93.00 92.38
93.33 93.33
94.05 90.00
93.10 93.81
78.57 74.29
79.76 76.43
77.38 75.48
77.86 76.67
78.74 78.33
N.S N.S
Survival ratio
lSt 2nd
Season Season
9y, . ¥ qy,1y
YA, €T va,Y ¢
YV, €A \, YA
85.12 84.05
86.38 84.40
85.36 84.40
85.95 83.33
85.92 86.07
N.S N.S
91.67 93.81
93.00 92.38
93.33 93.33
94.05 90.00
93.10 93.81
78.57 74.29
79.76 76.43
77.38 75.48
77.86 76.67

9.36 9.42 15.24 15.73
0.48 oYY 0.62 0.76
Interaction
7.73 7.11 14.10 13.90
8.07 8.00 14.39 14.35
8.55 8.62 15.41 15.40
9.55 9.31 16.21 15.75
9.59 9.66 16.00 15.97
7.09 6.98 12.23 12.41
7.67 7.54 12.64 12.93
8.18 8.32 14.03 14.67
9.01 8.74 14.42 14.98
9.13 9.17 14.48 15.48
N.S N.S N.S N.S
Leaves No. Plant height (cm)
lSt 2nd 1St 2nd
Season Season Season  Season
Solarization
ALY A,0¢ yo,YY Yo, Y
AYY A, Yo VY, 01 YE,)
N.S N.S Vv OAA
Bio-fertilization
7.41 7.04 13.16 13.16
7.87 1.77 13.52 13.64
8.37 8.47 14.72 15.04
9.28 9.03 15.32 15.37
9.36 9.42 15.24 15.73
0.48 oYY 0.62 0.76
Interaction
7.73 7.11 14.10 13.90
8.07 8.00 14.39 14.35
8.55 8.62 15.41 15.40
9.55 9.31 16.21 15.75
9.59 9.66 16.00 15.97
7.09 6.98 12.23 12.41
7.67 7.54 12.64 12.93
8.18 8.32 14.03 14.67
9.01 8.74 14.42 14.98
9

35.53 37.47
1.05 AN
31.44 34.06
33.32 35.44
35.47 36.16
36.95 37.94
38.33 38.66
22.96 27.36
23.93 31.69
31.85 33.29
32.27 35.03
32.73 36.28
),44 \,v¢
Plant fresh
weight (g)
1St 2nd
Season  Season
70, .60
YA, Yo 32.73
\,VY y,4Yv
27.20 30.71
28.63 33.56
33.66 34.72
34.61 36.49
35.53 37.47
1.05 AN
31.44 34.06
33.32 35.44
35.47 36.16
36.95 37.94
38.33 38.66
22.96 27.36
23.93 31.69
31.85 33.29
32.27 35.03
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78.74 78.33 9.13 9.17 14.48 15.48 32.73 36.28
LSD at 0.05 N.S N.S N.S N.S N.S N.S ),¢4 \,v¢
SRS Survival ratio Leaves No. Plant height (cm) Pvlvaeril;hir(e;)h
SeaSOﬂS 1St 2nd 1St 2nd 1St 2nd 1St 2nd
Season Season Season Season Season Season  Season  Season
Solarization
Solarize 9y, .Y qy,1y ALY A,0¢ yo,YY Yo,y Yo\ ¥4, ¢0
Non-solarize YA, ¢ Ya,Y¢ AYY A Vo \Y,01 Ve,V YA,Yo 32.73
LSD at 0.05 V, €A VL, YA N.S N.S \,v1 YA \,VY V,4Yv
Bio-fertilization
Bio-1 85.12 84.05 7.41 7.04 13.16 13.16 27.20 30.71
Bio-2 86.38 84.40 7.87 7.77 13.52 13.64 28.63 33.56
Bio-3 85.36 84.40 8.37 8.47 14.72 15.04 33.66 34.72
Bio-4 85.95 83.33 9.28 9.03 15.32 15.37 34.61 36.49
Bio-5 85.92 86.07 9.36 9.42 15.24 15.73 35.53 37.47
LSD at 0.05 N.S N.S 0.48 oYY 0.62 0.76 1.05 AN
Interaction
91.67 93.81 7.73 7.11 14.10 13.90 31.44 34.06
93.00 92.38 8.07 8.00 14.39 14.35 33.32 35.44
Solarized 93.33 93.33 8.55 8.62 15.41 15.40 35.47 36.16
94.05 90.00 9.55 9.31 16.21 15.75 36.95 37.94
93.10 93.81 9.59 9.66 16.00 15.97 38.33 38.66
78.57 74.29 7.09 6.98 12.23 12.41 22.96 27.36
Non- 79.76 76.43 7.67 7.54 12.64 12.93 23.93 31.69
solarized 77.38 75.48 8.18 8.32 14.03 14.67 31.85 33.29
77.86 76.67 9.01 8.74 14.42 14.98 32.27 35.03
78.74 78.33 9.13 9.17 14.48 15.48 32.73 36.28
LSD at 0.05 N.S N.S N.S N.S N.S N.S V,64 \,¥¢

These results indicated that, the changes in soil properties
due to solarization may have positive effect vegetative growth
characters of strawberry plants, in addition that, soil temperature
effects, soil microorganisms and weed control revealed,
solarization caused beneficial conditions such as enhancement of
soil physiology properties, availability of nutrients, weed
eradication, inhibition of pathogens and stimulation of beneficial
microorganisms which were add as a bio-fertilizers (Stapleton,

e
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1991; Hartz et al., 1993; Camprubi et al., 2007). However,
conventional treatment produced the vigorous plants compared
with other treatments especially bio-1 and bio-2 which received
least amount of chemical fertilizers and consequently gave
lowest vegetative growth. Similar results were found by (El-
Miniawy et al., 2014 and Gomaa et al., 2016).

Yield and its component:

Data presented in Table (5) showed that, soil solarization
and bio-fertilization significantly affected on early yield per
plant, total yield per plant, total yield per plot and average fruit
weight in both season, while interaction effects were not
significant except early yield character in both seasons. Soil
solarization increased early yield, total yield per plant, total yield
per plot and average fruit weight as compared with non-solarize
treatment in both seasons. Conventional fertilization and bio-4
treatments gave the highest early and total yield per plant
followed by bio-3 compared with bio-1 treatment, which gave
the lowest values in this respect. Also, conventional treatment
significantly increased total yield per plot and average fruit
weight followed by bio-4 then bio-3 treatment compared with
bio-1 which gave the lowest values followed by bio-2 in both
seasons. Regarding interaction effect on early yield,
conventional and bio-4 with solarization produced the highest
significant early yield compared with bio-1 with solarize or non-
solarize in both seasons. Generally, solarization enhanced
strawberry vyield characters and the increment was most
pronounced with increasing chemical fertilizer rate by one
hundred percent and three quarter. Also, solarization superiority
was evident on total yield per plot compared with other
characters may be due to it’s a positive effects on plants survival
ratio, fruits rot percent and weeds growth suppression and
consequently absent the competition especially at the early
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growing stage. In order to that, strawberry plants had advantage
to increasing growth compared with non-solarize treatment.
These results indicated that, the changing in soil properties
resulted from solarization may have a positive effect on
transplants standing and improve its survival which resulted
more plants per unit area (Candido et al.,2008), improvement
vegetative growth (Porras et al., 2007). Our previus data on soil
temperatures, soil microorganisms and weed control (Tables
1,2,3 and 4) revealed that, solarization caused a good conditions
such as improving chemical and physical properties and
availability of nutrients, eradication of annual weeds as well as
inhibition of pathogens and stimulation of beneficial
microorganisms. This conditions led  stimulate strawberry
growth especially at early stages and consequently increased
growth, early yield and total yield of strawberry (Dominguez et
al., 2014 and Ozyilmaz et al., 2016). Moreover, adding bio
fertilizers relatively enhanced soil population of microorganism
at end of season compared with transplanting time, where, the
most counts of microorganisms in solarized plots belonged to
beneficial groups (Stapleton, 1991). So, adding bio-fertilizers
enhance the efficacy of solarization and gave unfortunately for
beneficial microorganisms (bio-fertilizers) to living and flourish
(Gomaa, (2008). Increasing strawberry growth

and yield and enhancement of its fruit quality were reported by
many researchers (EIl-Miniawy et al., 2014 and Gomaa et al.,
2016).
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Table: (5) Effect of soil solarization and bio-fertilization on
average fruit weight, early yield/plant, total yield/plant and
total yield/plot of strawberry plants.

Characters Average fruit Early Total Total yield/plot
weight (g) yield/plant (g) yield/plant (g) (kg)
SeaSOﬂS 1St 2nd 1St 2nd 1St 2nd 1St 2nd
Season Season Season Season Season Season Season Season
Solarization
Solarize 1Y,Y4 VY, EY YYe,9 YYo,1 £Y1,1 £YY,Y 0%, 4 o, vy
Non- YOAY LY. IVEY YAY,A L FV.E FAEe YAy vae.
solarize
LSD at0.05 +,Vo¢ 6y 1Y, V¢,% YA Yo,4 Y,AY Y,Ye
Bio-fertilization
Bio-1 9.67 9.79 152.8 172.5 324.7 336.7 38.58 38.51
Bio-2 10.86 11.16 187.8 203.2 367.5 377.9 44.20 44.32
Bio-3 11.81 12.06 196.7 208.3 391.7 405.0 46.48 47.41
Bio-4 12.28 12.61 208.4 215.0 427.5 439.8 50.80 50.43
Bio-5 13.19 13.42 216.6 224.7 456.1 457.1 53.87 53.91
LSD at 0.05 0.48 Y 8.6 1Y,e VE,¢ 24.9 2.27 Y,av
Interaction

10.50 10.16 1553 1753 3418 3411 43.67 44.63

11.63 1196 2069 2244  386.6  393.7 50.12 50.63
Solarize 12.51 12.68 2186 2353 4176 4309 54.30 56.00
13.20 13.53 2331 2431 4492 4605 58.84 57.56
13.63 13.76 2404  250.3 488.0 4844 63.09 62.84
8.84 9.41 150.3 169.9 307.6 3323 33.49 32.40
10.09 10.35  168.8 1822 3484 3621 38.29 38.01
11.11 1144 1747 1814 3658 379.1 38.66 38.83
11.36 11.69  183.6 186.9 4058  419.0 42.75 43.29
12.75 13.08  192.9 199.6 42411  429.8 44.65 44.99

LSDat0.05 N.S N.S 12.1 'V, N.S N.S N.S N.S
Fruits quality:

The effect of soil solarization, bio-fertilization and interaction
on strawberry fruit firmness, T.S.S and L. Ascorbic acid content are
presented in Table, (6). Solarization significantly enhanced fruit
firmness compared with non-solarize treatment, while the same
treatment had not have significant effect on strawberry fruit T.S.S or
L. Ascorbic acid content in both seasons.

Non-
solarize

. O
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Concerning of bio-fertilization effect, data in Table (6) showed that,
fruit firmness, T.S.S and L. Ascorbic acid content significantly
affected by bio-fertilization treatments. Bio-3 in first season, bio-3
with bio-2 in the second gave the highest fruit firmness followed by
other bio-fertilizer treatments as compared with conventional
treatment which produced the lowest fruit firmness in both seasons.
Bio-3 alone or bio-3 and bio-2 gave the highest T.S.S values in first
and second seasons respectively compared with conventional
treatment which gave the lowest value. Moreover, Highest L.
Ascorbic acid content obtained with bio-3 or bio-3 and bio-4 in the
first and second seasons respectively compared with bio-1 and
conventional treatments which produced the lowest fruit L. Ascorbic
acid content in both seasons. All interactions effect on the tree
characters were not significant in both seasons.
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Table: (6) Effect of soil solarization and bio-fertilization on Fruit
firmness, T.S.S content and L. Ascorbic acid (mg/100g F.W.) in
2017 and 2018 seasons.

Charact L 2 L. Ascorbic acid
ers Fruit firmness (g/cm®) T.S.S content (Mg/100g F.W.)
Seasons  ystgoocon nd 1% 2nd 1% 2nd
Season Season Season Season Season
Solarization
Solarize $EVY $oY,Y AYA A, £y T¢,AA TY,AS
Non- £Y1,A £Y¢ 1 AYY ANY 17,0 ne v
solarize
LSD at
0.05 16,4 AR N.S N.S N.S N.S
Bio-fertilization
Bio-1 445.7 447.9 8.37 8.37 61.50 62.60
Bio-2 451.3 468.5 8.46 8.52 63.18 63.37
Bio-3 466.4 462.6 8.61 8.55 69.12 68.23
Bio-4 424.1 406.6 8.18 8.40 64.83 66.95
Bio-5 379.9 406.2 7.93 7.94 62.37 62.15
LSD at VY 9,9 Y AR ,8A YN
0.05
Interaction
450.9 469.2 8.41 8.47 61.86 60.67
455.7 473.7 8.55 8.56 63.32 63.18
Solarize 472.4 476.8 8.77 8.71 68.75 68.36
442.3 420.9 8.23 8.52 66.08 66.66
379.5 420.2 7.97 8.12 64.41 60.58
440.4 426.7 8.33 8.27 61.15 64.53
Non- 446.9 463.3 8.36 8.49 63.04 63.56
solarize 460.4 448.3 8.45 8.39 69.48 68.10
405.8 392.2 8.12 8.29 63.58 67.24
380.3 392.3 7.89 7.76 60.32 63.72
LSD at
0.05 N.S N.S N.S N.S N.S N.S
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Fruit rot and absent yield: Data in Table, 7 showed that, soil
solarization significantly decreased rotted fruits even gray mold
rot caused by Botrytis cinerea or dry rot caused by Phytophthora
cactorum compared with non-solarize treatments in both
seasons. This resulted in more lost fruit yield especially in the
first season. Also, rotted fruits significantly affected by bio
fertilizer treatments, where the rotted fruits increased with
increasing chemical fertilizers ratio and bio 1 treatment (without
chemical fertilzer) produced the lowest value compared with
other treatments. On the other hand, control treatment
(traditional) gave the highest number of rotted fruits in both
seasons. Regarding lost yield per plot, data showed the same
trend, where, control treatment produced the highest value
compared with bio-fertilozers treatments and the lost yield was
increased with increasing chemical fertilizer ratio in both
seasons.

Decreasing of disease incidence due to solarization may be
attributed to the production of NH3 and an increase in soil
microbial activity, which can help control soilborne pathogens
through competition, antibiosis, parasitism/predation, etc.
(Nunez-Zofio et al. 2011; Martinez et al. 2011). Most
pathogens affected was Verticillium dahliae (Daugovish et al.
2011), P. cactorum (Porras, et al., 2007). Microbiological
changes in soil environment have also been documented as a
mechanism of pathogen suppression and resulting improved crop
productivity (Mazzola, 2011).
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Table: (7) Effect of soil solarization and bio-fertilization on
Total rotted fruit/ plot, Botrytis gray mold rot, Dry rot and
Absent yield in 2017 and 2018 seasons.

Characters Total rotted Botrytis gray .
fruit/ plot mold rot Dlsy 703 Absent yield
SeaSOﬂS 1St 2nd 1St 2nd 1St 2nd 1St 2nd
Season Season Season Season Season Season Season  Season
Solarization
Solarize Y¢,rY Y4,y 14,0A Y¥, ¢4 ¢,Ve Y YY1 419.7
Non- AY,Y7 VLYY AT,LY 40,74 V,Y¢ VAT YRAA) Y YeA,Y
solarize
LSD at V,0. Y,4¢ v,Y4 Y,ovV a8 1,00 1YY, €Y,
0.05
Bio-fertilization
Bio-1 29.22 36.11 29.68 27.05 8.35 9.06 273.9 348.6
Bio-2 37.55 42.95 48.61 36.15 6.25 6.81 438.4 506.6
Bio-3 57.22 61.04 86.54 55.73 4.18 5.32 618.2 802.6
Bio-4 76.56 88.18 123.19 81.89 5.23 6.29 892.9 1072.4
Bio-5 93.44 103.17 142.09 97.14 5.96 6.03 1309.4 1464.5
ngsat v,a¥ 0,14 Y, 0¥ o, ¥ LI \,vY 72.6 VY, Y

Interaction
18.76 22.42 12.05 15.38 6.71 7.04 196.7 228.21
19.45 23.57 13.98 18.36 5.47 5.21 226.1 281.97
Solarize 22.43 25.76 19.53 22.24 2.90 3.53 259.7 370.35
23.44 31.36 19.48 25.64 3.96 5.72 309.6 459.02
37.55 43.18 32.87 35.84 4.68 7.34 520.7 759.03
39.67 49.79 29.68 38.71 9.99 11.08 351.2 469.04
55.65 62.33 48.61 53.94 7.04 8.40 650.7 731.32

SO'\I'::}'ZE 92.00 9632 8654 8922 546 710 9768  1234.89
12968 14501 12319 13814  6.49 6.87 14762 1685.77
14932 163.16 142.09 15844  7.23 472 20981 2169.96
ngsat 0,0¢ V,¥¢ £,4A V,\ N.S \,VvY 102.6 Vo¥,0

Conclusion: the present results indicate that soil solarization has the
potential for nonchemical management of soilborne diseases of
strawberry and it may be possible to grow strawberries at Siwa oasis
with soil solarization and without chemical fertilizers or with limited
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amounts of fertilizers. Although the highest yield was obtained by soil
solarization with adding recommended chemical fertilizers, we can
achieve a proper strawberry yield with application of bio-
fertilizers combine with half or one-fourth of recommended
doses. Moreover, soil solarization with bio-fertilizers produced
the highest fruits quality as well as lowest rotted fruits ratio.
Finally, solarization has potential as a component in an
integrated pest management program of fruit rot diseases in
strawberry production, particularly at areas have hot summer like
Siwa oasis.
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Introduction

Vaccine is the magic solution for saving the life in
humans and animals. The mechanisms of different prepared
vaccines immunity against different pathogens are illustrated in
figure 1. The different vaccine platforms have their advantages
and disadvantages. Live-attenuated platforms offer higher
immunogenicity in spite of pose safety concerns due to retained
pathogenicity of pathogens. The killed vaccines elicit moderate
levels of immunogenicity and higher levels of safety compared
to the live attenuated vaccine platforms ™!
To combat Covid 19 vaccine, the behavioral and therapeutic
strategies are essential but they must be accompanied with the
long-term goal of a preventative vaccine virus. In the case of
COVID-19, the pathogen is the virus SARS-CoV-2, a vaccine
can use. A virus that has been modified to be safe or a molecule
that resembles a part of the virus. Once antibodies are
eliminated, if the vaccinated person is exposed later to the virus,
their body will produce those antibodies again, increasing their
chances of fighting off infection .Today, there are more than
150 COVID-19 vaccines in the race to mollify the virus.
Researchers develop a vaccine candidate similar to that target
that will induce production of antibodies effective against the
virus. The vaccine candidate is then moved through phases of

development, assessment, and approvals (figure. 2) [
10
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Figure (2). The vaccine development process almost takes 10
to 15 years under routine timeline. Several regulatory
pathways, e.g. Emergency Use Authorization, can be applied
to produce fast COVID-19 market vaccine

As of May 15, 2020, there are more than 110 COVID-19
vaccines in development globally; of those, at least three are
being developed in the United States with federal funding. These
three use different mechanisms to prompt the body to produce
antibodies (fig. 3). Consecutive testing of several vaccine
mechanisms able to improve the chances for effective
development of a successful vaccine faster. One to three these
vaccines have already reached Phase 111 clinical trials in less
than a year; an unprecedented time &l
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Figure (3) Vaccine candidates for production of covid19
vaccines
Trials of vaccine candidates
1. Inactivated vaccines

Since the 1880s, inactivated vaccines have been used. The
viruses in these vaccines had inactivated by chemical treatment,
as with SARS-CoV-2 candidate vaccines, or by physical
treatment. B-propiolactone inactivated aluminum-adjuvanted
whole-virion SARS-CoV-2 vaccine developed by Wuhan
Institute of Biological Products 'The immune system in these
cases encounters the virus in its entirety. It can mount a defense
when it detects the viral spike protein (spicule or S-protein),
envelope and nucleoprotein. Currently, seven inactivated vaccine
candidates are being tested in humans. Of these, three are in
Phase 3 clinical trials. Unlike Phase 1 and Phase 2, which are
used to evaluate a vaccine’s tolerability, safety and ability to
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induce an immune response, a Phase 3 clinical trial allows
scientists to test its efficacy ™!

Once the sequencing of SARS-CoV-2 gnome becomes available,
several nucleic acid based vaccine candidates start proposing for
preparation depends on S protein coding sequence. The different
mechanisms developed by vaccine candidates are illustrated in
figure (4).

lmRNA codmg g ¢
, SARS-CoV-2 gene Viral
protein

: l Recombinant SARS-CoV-2
surface protem /
7 i Formation of
-~ P>l Viral antibodies
B Viral vector packagmg against
SARSCoV2gene ~ PEM SARSCoV2

Source: GAQ. | GAO-20-5835P

Figure (4). Vaccine candidates use different mechanisms, to
prompt the body to produce antibodies against SARS-CoV-2
2. Bioengineered vaccines.

2.1. m-RNA vaccines

The first candidate, established by National Institute of Allergy
and Infectious Diseases scientists and their collaborators, uses a
molecule called mRNA specifically coded to generate proteins
that will induce an immune response. This is a newer method of
vaccine development that has shown promise in animals during
the preclinical phase.

2.1.1.The BioNTech technology for the BNT162b2 vaccine
candidate is based on use of messenger RNA (mMRNA) which


https://en.wikipedia.org/wiki/Messenger_RNA
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encodes part of the spike protein found on the surface of
the SARS-CoV-2 coronavirus (COVID-19), triggering
an immune response against infection by the virus protein. The
MRNA is encapsulated in lipid nanoparticles. The mutated
version of the spike protein contains two proline substitutions
(designated "2P") that cause it to adopt a shape that stimulates
neutralizing antibodies ' In December 2020, this vaccine was
administered in USA and approved to be used in united Kingsom
2.1.2. Moderna' m-RNA-1273 is a synthetic messenger RNA
strand which encodes the prefusion-stabilized viral spike protein.
When administered I/M, it produce antiviral immunity
specifically to SARS-CoV-2 Spike protein inside muscle cells.
Which reaches peak levels for 24 to 48 hours and can last for a
few more days.

Besides, unlike conventional vaccines, which are either made
from inactivated pathogen or small subunits of live pathogen,
synthesis of the lipid nanoparticle-encapsulated mRNA vaccine
does not require the virus. Therefore, it is relatively safe and
ready to be tested. If mMRNA-1273 proves to be safe for humans
and pass the phase | trial, successive evaluation of its efficacy
will be carried out immediately. !

2.2. DNA vaccine

2.2.1. INO-4800 is a DNA vaccine candidate created by Inovio
Pharmaceuticals. It is also a genetic vaccine that can be brought
to human cells and translated into proteins to produce immune
responses. Compared to traditional vaccines, genetic vaccines
require lower costs of production and easier way of purification.
The simple structure of nucleic acids also obviates the risk of
incorrect folding, which could occur in recombinant protein-
based vaccines. However, the amount of plasmid delivered and
the adequate interval and route of administration are the factors
that may influence the immunogenicity of genetic vaccines 1!

—V'_
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2.2.2. Covigenix Vaccine

Unlike traditional vaccines, a DNA-based vaccine involves the
direct introduction of a plasmid encoding the antigen(s) against
which an immune response is sought and relies on the production
of the target antigen in the patient’s own cells. This approach
offers a number of potential advantages over traditional
approaches, including the stimulation of B- and T-cell responses,
ease of large-scale manufacture, improved vaccine stability, and
the absence of any infectious agent. Until recently, medicines
capable of effectively delivering DNA have faced significant
challenges in their development. Covigenix Vaccine, Entos’
Fusogenix Platform, is a proteo-lipid vehicle (PLV) that uses a
novel fusion mechanism to deliver its genetic payload directly
inside cells. Entos has developed unique formulations to
effectively deliver a wide range of genetic therapies, including
plasmid DNA. The use of plasmid DNA in a vaccine will allow
Entos to design an optimized payload encoding multiple protein
epitopes from key immunogenic SARS-COV-2 proteins. These
protein epitopes will stimulate the body’s natural antibody
production and protective immune response to prevent COVID-
19 disease M

2.3. Viral vector vaccines

2.3.1. Viral replicating vector vaccines

This approach is based on using a virus that is non-pathogenic or
of little danger to humans. In the case of the 12 vaccine
candidates of this type currently being studied in humans, the
viral vectors are mostly adenoviruses. They have a large group
of viruses which usually cause colds and conjunctivitis, among
other manifestations.

The candidate uses a virus—adenovirus 26, or Ad26—but
researchers have removed its infectious aspects, making it safe as
a “vector” to deliver a piece of SARS-CoV-2 to trigger a
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protective immune response. This method is also in clinical trials
against HIV and Ebola. The process for developing a new
vaccine as outlined by the Food and Drug Administration (FDA)
is well established. In the exploratory phase, the target and
candidate vaccine are identified. In the preclinical phase,
researchers use cells and animals to assess safety and produce
evidence of clinical promise, evaluated by the candidate’s ability
to elicit a protective immune response.

2.3.1.1. The Sputnik V vaccine

It made by the Gamaleya Center for Epidemiology and
Microbiology in Moscow, uses adenovirus (Ad) “vectors” to
deliver a gene that codes for the surface protein, spike, of SARS-
CoV-2, the virus that causes COVID-19. The two-dose scheme
begins with an Ad26-spike vaccine and is followed by a booster
shot 21 days later that contains Ad5 spike. Gamaleya chose two
different adenoviruses because of concerns that immune
responses to the same vector could lower the impact of the
booster shot. Joining the flood of press releases announcing
positive results from COVID-19 vaccine trials, developers of
Russia’s Sputnik V vaccine today reported 91.4% efficacy from
a second interim analysis of more than 18,000 people, bolstering
a claim the team made on 11 November 2020 with scant
evidence. Whereas the initial report rested on a mere 20 cases of
COVID-19, with no details on how they were split between
vaccinated and placebo groups, the new analysis is based on 39
cases total, eight among the vaccinated group versus 31 in the
much smaller placebo arm. “This is great news not just for
Russia, but the world,” Kirill Dmitriev, CEO of the Russian
Direct Investment Fund that is bankrolling the development of
the candidate One adenovirus benefit vaccines is stored in
standard refrigerators, rather than needing freezers 12
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2.3.1.2.Gam-COVID-Vac is a viral two-vector vaccine based on
the human adenovirus — a common cold virus — fused with
the spike protein of SARS-CoV-2to stimulate an immune
response. The Gam-COVID-Vac vaccine candidate was
developed by a government organization that worked on
previous coronavirus vaccine candidates.
The recombinant adenovirus type-5 (Ad5) and adenovirus type-
26 (Ad26) are both used as vectors in the vaccine. The Ad26
based vaccine is used on the first day and the Ad5 vaccine is
used on the 21st day to boost response. The liquid form of the
vaccine must be stored at —18 °C (0 °F), and a freeze-dried form
is currently being tested that would allow storage at the standard
temperature of 2-8 °C (36-46 °F)1**

2.3.2. Non-replicating viral vector vaccines

2.3.21. The ChAdOx1 nCoV-19 vaccine (AZD1222)
AstraZeneca's vaccine

It consists of the replication-deficient simian adenovirus vector
ChAdOx1, containing the full-length structural surface
glycoprotein (spike protein) of SARS-CoV-2, with a tissue
plasminogen activator leader sequence. ChAdOx1 nCoV-19
expresses a codon-optimized coding sequence for the spike
protein (GenBank accession number MN908947).This vaccine,
developed by the University of Oxford, has entered a phase /11
clinical trial (NCT04324606). The non-replicating nature of
adenovirus in the host makes it relatively safe in children and
individuals with underlying diseases. Besides, the adenovirus-
based vectors are characterized by a broad range of tissue
tropism that covers both respiratory and gastrointestinal
epithelium, the two main sites that express the ACE-2 receptor
of SARS-CoV-2. However, the possibility of dominant
immunogenicity toward the wvector genes rather than the
transgenes should always be considered 4!,
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2.4. Recombinant proteins

The second candidate uses a recombinant protein, which is
produced by genetically engineering bacteria or other cells to
produce a protein that mimics part of the spike protein found on
the surface of the SARS-CoV-2 virus. The spike protein alone
does not cause an infection but may be sufficient to produce an
immune response. Recombinant protein vaccines are already
being used successfully against other viruses, such as the human
papillomavirus (HPV), which can cause cervical cancer.
Recombinant protein vaccines fall into two categories: subunit
and virus-like particle vaccines. For subunit protein vaccines, a
viral protein is produced in large quantities in a living “factory,”
such as a bacterium, plant, mammalian or insect cell. When the
viral protein is presented to the immune system, it triggers a
reaction.

2.4.1. Subunit vaccines

The University of Queensland (QLD, Australia) is leveraging on
its S-spike vaccine. The candidate has been developed via
molecular clamp technology, which uses a lab-created
polypeptide to pin the spike protein in its tortile position so that
the body’s immune system can target it before the virus has a
chance to activate. Stabilized Subunit Vaccines Enveloped
viruses require fusion of the viral membrane with the host cell
membrane for infection. This process involves the
conformational change of the viral glycoprotein from the pre-
fusion form to the post-fusion form. Although the pre-fusion
glycoproteins are relatively unstable, they are still able to elicit
strong immune responses. Thus, the University of Queensland is
developing a stabilized subunit vaccine based on the molecular
clamp technology, which would allow recombinant viral proteins
to stably remain in their pre-fusion form. Previously applied to
influenza virus and Ebola virus, molecular clamp vaccines have
proved their capacity to induce the production of neutralizing
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antibodies. They were also reported to be potent after two weeks
at 37 »C. Subunit vaccines have highest degree of safety profile
however, have low immunogenicity and requires multiple
booster doses to induce adequate immunity. On the other hand,
subunit vaccines are also limited in their ability to induce cell
mediated immune response ™.

2.4.2. Virus-like particle vaccines

Virus-like particle vaccines are composed of a set of viral
proteins that mimic the shape of the virus. This particle “pseudo-
virus” is an empty shell, devoid of genetic material and non-
infectious, but this does not prevent the immune system from
recognizing it. The 13 subunit vaccine candidates currently in
Phase 1, 2 or 3 clinical trials are composed of either the entire
spike protein or a specific portion of the spike protein called the
‘receptor binding domain’.

2.5.Nano particle-Based Vaccines

Nanoparticle-based platforms represent an alternative strategy to
incorporate antigens. Through encapsulation or covalent
functionalization, nanoparticles can be conjugated with antigenic
epitopes, mimic viruses and provoke antigen-specific
lymphocyte proliferation as well as cytokine production. In
addition, mucosal vaccination through intranasal or oral spray
can not only stimulate immune reactions at the mucosal surface,
but also provoke systemic responses. This demonstrates the
potential of nanoparticle-based vaccines to protect humans
against respiratory viruses that cause systemic symptoms. Nano
vaccines Evoke a strong immune response ,as shown in figure
(5), with advantage of nano-sized range, high antigen load,
accelerate immunogenicity, controlled antigen presentation,
more retention in lymph node , reduce vaccine dose!*®!.
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Figure (5): Activation of adaptive immunity by nano-
Vaccines: uptake and presentation of APCs produce cell and
antibody mediated immune responses leading to Apoptosis of
infected cell and phagocytosis of antibody-pathogen complex
2.5.1. NVX-CoV2373

It is a protein subunit vaccine that contains the spike protein of
the SARS-CoV-2 molecule. In January 2020, Novavax
announced development of a vaccine candidate, named NVX-
CoV2373, to establish immunity to SARS-CoV-2.Novavax; Inc.
Is producing a nanoparticle-based vaccine using antigens derived
from the coronavirus S protein. The protein is stably expressed
in the baculovirus system, and the product is anticipated to enter
phase | trial summer 2020.Novavax entered the final stages of
testing its coronavirus vaccine in the UK. Another large trial was
announced to start by October 2020 in the US 11,

Fast approval and license of Covid 19 vaccines

During clinical trials, more human subjects are added at each
successive phase. Safety, efficacy, proposed doses, schedule of
immunizations, and method of delivery are evaluated. The next
phase is FDA approval and licensure, which includes oversight
of manufacturing and post market surveillance, and may include
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Phase IV trials to monitor safety and efficacy, potency, purity,
and other potential uses. At any phase, the process can be
terminated for various reasons including detection of adverse
events, such as serious side effects. FDA has four programs to
facilitate and expedite the review and approval of new therapies
for the treatment and prevention of serious or life threatening
conditions, such as COVID-19. Fast Track, Breakthrough
Therapy, Accelerated Approval, and Priority Review allow for
expedited processes, such as overlapping vaccine development
phases, to bring vaccines to market more quickly. Vaccine
developers could potentially use any or all of these programs for
vaccine candidates in the United States. FDA can also issue
Emergency Use Authorizations (EUA) for review of vaccine
candidates that have not completed all phases of development if
there is sufficient scientific evidence on the product’s safety,
effectiveness, risks, and benefits 81,
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