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ARTICLE Abstract: The experiment was conducted to assess the sensitivity of potato yield to dif-
HISTORY ferent irrigation levels at different growth stages. Irrigation levels were determined as
Received: percentages (WI 100% as readily available water to the crop (RAW)), and for the rest of
21 Februa.ry 2022 the treatments (W1l 75%, WIII 50%), as they were applied separately to all four stages of
Accepted: crop growth i.e., vegetative (SI), tuber initiation (SII), tuber bulking SllI, and tuber matu-
19 October 2022  ration (SIV). The design of complete random sectors was adopted to perform the experi-
ments. The results revealed that all the studied parameters: plant height (cm), vegetation
Keywords: plant weight (g), number of tubers per plant, tuber weight (g), tuber yield (ton/ha), and
Potato, crop water productivity (kg/m®) varied among irrigation water levels at different stages of
\[/)Va}t_er_ growth. It was found that the two stages, SII and SllI in potato crops, were more sensitive
V\Fatlgrlt’Stress to deficit irrigation compared to other stages. According to the obtained results, in the
Water Use case of water abundance conditions, the treatment WII Sl can be applied to obtain the
Efficiency, highest water crop productivity. In conditions of water scarcity, it becomes necessary to
Ig:rrggu\é\t/?\}% apply the treatment W11 SlI to obtain the highest crop water productivity.
(Solanum tuberosum L) bl dalide sai Jala die Alal) Jaal)
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tares (FAO, 2014). There has been a dramatic
INTRODUCTION increa(se in potatg production and demand in
Potato (Solanum tuberosum L.) is the fourth crop Asia, Africa, and Latin America, where the yield
produced worldwide after rice, wheat, and corn, rose from less than 30 million tons in the early
with a total global production of 365 million tons 1960s to more than 381 million tons in 2014 (Po-
in 2012 and a cultivated area of 18.6 million hec tatoPro, 2014). Potato is a water-stress-sensitive
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crop. Potato plants are more productive and pro-
duce higher tuber quality when watered precisely
using soil water tension than if they are under or
over irrigated (Hashem et al., 2016; Rosen et al.,
2014). Also, potato is sensitive to deficit irriga-
tion throughout various growth stages, especially
in tuber formation up to harvest (Badr et al.,
2022; Bahramloo & Nasseri, 2009; Shock, 2004;
Thornton, 2002) found the sensitivity of potatoes
to water stress was more remarkable when water
was applied at individual growth stages than at
different severities of water stress. Potato devel-
opment is differentiated into four growth stages,
namely: sprout growth, tuber initiation, tuber
bulking, and tuber maturation (Struik &
Wiersema, 1999). The period of these growth
stages is controlled by the environmental and
management factors related to locations as well
as the plant variety (Doorenbos & Pruitt, 1977;
Warsito & Van de Fliert, 2006). All these devel-
opmental stages can be identified on early, mid,
and late cultivars and are like those suggested by
(Van Loon, 1981).

The vegetative growth stage begins from the
planting date and extends to the stolon’s for-
mation. The duration of the vegetative growth
stage ranges from 30 to 70 days and depends on
varieties, cultural practices, and environmental
conditions (Patil & Sundaresha, 2016). The tuber
initiation stage takes around 20 to 30 days
(Cowan, 1986). According to (Kang et al.,
2004), the tuberization stage begins when the
stolon tip starts to swell and the tuber begins to
develop, which lasts from 10 to 14 days. Alt-
hough additional stolons may continue to form
during later stages of plant growth, marketable
tubers are formed during this stage. The tuber
bulking growth stage extends from the time
when tubers are about one-half inch in diameter
to the beginning of canopy senescence with a
duration of 60 to 120 days. This wide variation is
deeply dependent upon variety, nutrient availa-
bility, and environmental conditions (Kang et al.,
2004). As indicated by the International Potato
Center (CIP, 1984), potato tuber swelling has a
period of 60 to more than 120 days, contingent
upon the length of the developing season and
presence of pathogens. Tuber maturation begins

with canopy senescence. The growth of the tuber
shows a lower rate during maturation than during
the tuber bulking stage (Ojala et al., 1990). The
tuber bulking period is the time between tuber
initiation and duration of foliage, while tuber
bulking growth can be depicted by the slant of a
straight bend, with the expansion in tuber mass
after some time (Ojala et al., 1990). Tubers’
weight may reach up to 300 g each. Generally,
they differ in size and shape (FAO, 2008).

Water stress during the vegetative growth stage
reduces leaf area, root expansion, and plant
height and delays canopy development. There is
an agreement among agricultural specialists in-
cluding (Braue et al., 1983; Ojala et al., 1990 ;
Kempen,2012), upon the fact that water stress
during the maturation stage would be accompa-
nied by a decline in photosynthesis rate, regres-
sion in the tuber development rate, and the vine
dieback. The impact of water deficit through the
different growth stages should be known before
implementing a stress irrigation program. It is
necessary to know crop yield responses to water
stress (Kirda & Kanber, 1999) at different stages.

This study aimed to assess the sensitivity of po-
tato yield to different irrigation levels at different
growth stages in the Jordan Valley.

MATERIALS AND METHODS

Experimental site and weather conditions:
The study was carried out at the Agricultural
Experimental Station of Jordan University in the
Jordan Valley. The Station is located at 32°50' N
and 35°34'E. The altitude is 370 m below sea
level. Climate is warm in winter and hot in
summer. The average minimum temperature is
18.5 C and maximum temperature is 30 C, with
annual rainfall ranging from 100 to 150 mm.

Land preparation and soil data collectio: The
field was tilled by disc plough to approximately
30 cm depth. The field was divided into plots
and then it was completely flooded by water. For
determining the required physical and chemical
characteristics, three composite samples (2kg)
were collected from each soil layer (0-20, 20-40,
and 40 — 60 cm). According to (Ababsa, 2013),

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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the soil of the experimental site was classified as
Hyperthermic, Typic Torriorfluents. Different
soil properties were measured including field
capacity and permanent wilting point which was
determined using ceramic plate (Cassel &
Nielsen, 1986). The bulk density of soil was de-
termined by the core method with a soil volume
of 63 cm® (Blake & Hartge, 1986). The soil tex-
ture was performed using the pipette method
(Gee et al., 1986). Calcium carbonate in soil was
estimated by the sodium hydroxide method

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

(Nelson, 1982). Electrical conductivity and pH
of the soil were determined in (1:1) soil extract
(McLean, 1982). Phosphorus was determined
according to (Olsen, 1982). The Kjeldahl diges-
tion-distillation method was used to estimate the
nitrogen content in the soil (Bremner &
Mulvaney, 1982). Potassium was extracted by
acetic acid and measured by a flame photometer
system (Knudsen et al., 1983). Some physical
and chemical properties of the soil are presented
for the different soil layers in Table (1).

Soil depth (cm) 0-20

Texture Sandy clay loam
Bulk density (gm/cm?) 1.43

FC (cm®/cm?) 0.293

PWP (cm®cm?®) 0.139

EC (dS/m) 0.467

pH 7.4

CaCO; (%) 24.9

Total N (%) 0.45

P (ppm) 60.7

K (ppm) 62.4

20-40 40-60
Sandy clay loam Sandy clay loam
1.47 1.42
0.285 0.298
0.129 0.136
0.627 0.473
8.01 8.1
25.6 24.7
0.51 0.49
40.6 42
56.1 52.1

Growth stages: The length of the growing
stages of potatoes depends on planting date,
soil temperature, climate, location, and other
environmental factors (Doorenbos & Pruitt,
1977; Lisinska & Leszczynski, 1989) In this
study, the potato (Solanum tuberosum L.) cul-
tivar” Spunta“was grown under three different
irrigation treatments, which were initiated at
each growth stage to the end of the growing
season. The length of potato growing stages
was determined based on visual observations
and recognizing their characteristics as men-
tioned by Johnson (2008) as follows:

Stage 1(SI): Vegetative growth. It extended
up to 48 days after planting tubers (DAP).
Stolon's formation started when plant height
wasl7 cm;

Stage 2 (SII): Tuber initiation. It took 20 days
after stage | and depended on stolon's devel-
opment. The swelling of tubers reached to
less than one inch.

Stage 3 (SIII): Tuber bulking. It took 33 days
after stage Il and tubers were about one-half
of its final of this stage.

Stage 4 (SIV): Tuber maturation. It took 18
days after stage Ill depending on the chloro-
phyll percentage in leaves. Table (2) depicts
the cauterization of potato growth stages.

Experimental Design: The experiment con-
sisted of 12 treatments that resulted from the
combination of three different irrigation
treatments (factor 1) and four growth stages
(factor 2) with three replications using a fac-
torial arrangement in Randomized Complete
Block Design (RCBD). The size of each unit
plot was 8 m in length with a width of 5 m;
plants were spaced at 0.40 m within rows and
0.80 m between rows. Each plot contained
100 plants. Plots were separated by 2 m from
each other within the plot and 3 m between
replicates. Tubers were manually planted on
Dec 20" 2015 with a density of 3.125
plant/m?,

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table (2). Characterization of plant growth stages

Growth stages of potato Stages(S) Date Number of days
Planting 20/12/2015 0

Vegetative Sl 05/02/2016 48

Tuber initiation Sl 25/02/2016 20

Tuber bulking Sl 29/03/2016 33

Tuber maturation SIvV 16/04/2016 18

Total number of days 119

Plant harvesting: The potato tubers were har-
vested on 16™ April 2016 and the harvested
plot’s size was 11.52 m? (three rows at the center
of each plot (4.80 mx 2.40 m). At the physiologi-
cal maturity stage, vegetation weight, tubers
weight, tuber number, and potato yield per
treatment and hectare were measured. Mean
measured values were taken per plant for tubers’
weight and plant height.

Estimation of irrigation supply: The three irri-
gation treatments were 100, 75, and 50% of the
readily available water (RAW). They were irri-
gated on the same dates with different durations
for each treatment when the measured volumet-
ric soil water content of 100% reaches the criti-
cal value. The management allowable depletion
was taken as 40% of total available water. Soil
water content was monitored in each plot using
calibrated time domain reflectometer (TDR).
The soil water content was measured for each
0.2 m soil layer before and after each irrigation
using an access tube with a diameter of 5.5 cm
holes. A drip irrigation system was used with
one irrigation source line and drippers spaced 0.4
m with an average discharge of 4 Lh™.

The distribution efficiency of emitters was eval-
uated by the discharge of the three emitters per
line and showed a flow difference of 9.5%. De-
tecting irrigation treatments were considered at
the following four developmental stages. Table
(3) depict the irrigation treatments and their de-
tails.

Fertilizer application: All treatments were sup-
plied with the recommended amount of fertilizer
(255 kg N (ammonium sulfate 21%) ha™, phos-
phorus 70 kg of P ha® (20- 20 -20-Trace ele-
ments), and 132 kg of K ha™ (12 -12 -36 +total
elements) through the irrigation water in all

treatments. According to (Demelash, 2013), fer-
tilizer requirements are 80 to 120 kg ha™* N, 50 to
80 kg ha™ P and 120 to 160 kg ha™ K, depending
on soil analysis and irrigated crop.

Table (3). Irrigation treatments and their details

Irrigation

treatment Details

100% of RAW: Irrigation amount for all

wi stages (SI, SlI, Sl and SIV).

75% of RAW at Sl and 100% of RAW
stwil during SlI, Sl and SIV.

50% of RAW at Sl and 100% of RAW
stwi during SlI, Sl and SIV.

75% of RAW at SlI and 100% of RAW
Shwii during SI, SllI and SIV.

50% of RAW at SlI and 100% % of
Shwiil RAW during SI, Sl and SIV.

75% of RAW at Sl and 100% of RAW
stw during SI, Sll and SIV.

50% of RAW at Sl and 100% of RAW
Stiwii during, Sl, Sll and SIV

75% of RAW at SIV and 100% of RAW
stvwil during S, Sll and SlII.

50% of RAW at SIV and 100% % of
SIVWIII

RAW during SI, Sl and SlII.

Water management: Irrigation water was man-
aged in relation to the soil moisture level. The
first treatment (100%) was effected by applying
all the moisture extracted from effective root zo-
on (ERZ) when the depletion percentage (Dp)
reaches 40% of RAW. The volumetric soil water
content was performed by using TDR for the dif-
ferent layers of ERZ at different depths i.e., O-
20, 20-40, and 40-60 cm. The second treatment
was planned for 75 % of full irrigation, and the
third level by the application of 50% only.
Through this low-discharge emitters irrigation
system there will be no runoff and consequently,

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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this term had been neglected in the water balance
equation. Deep percolation has been minimized
through the low rate of application and checked
by the measurement of the moisture content be-
low the root zone (60-90 cm) before planting and
after harvest. Irrigation scheduling was based on
the soil moisture balance measurement, includ-
ing the amount of each application and timing
(Gheysari et al., 2009).

NRD = i ,(6pc — Osp)D; (1)

Where, NRD refers to the net irrigation depth
(mm) which was applied at irrigation time. Ogc
refers to soil water content at field capacity
(cm3cm’®), D; refers to the thickness of each soil
layer (mm), Oy, refers to soil water content be-
fore irrigation time (cm3cm®) at 40% of RAW.

Therefore, consumed water (CW) was calculated
by applying the water balance equation to the
(ERZ) 60 cm.

ET=1-(R+D,)+Ad 2)

Where, ET refers to evapotranspiration (mm), |
refers to the amount of applied irrigation water
(mm), R refers to the surface runoff (mm) which
is negligible, Dp refers to the deep percolation
(mm), and A6 refers to the change in the soil wa-
ter storage prior to planting and after harvesting
of the soil profile above 60 cm depth (mm)
(Watson & Burnett, 1995). (Pereira & Shock,
2006) showed that ET of potato crop in duration
120 to 150 days was 500 to 700 mm, depending
on atmosphere conditions.

Crop water productivity and water use effi-
ciency: The concepts of water use efficiency
(WUE) and water productivity of crops are im-
portant indicators for evaluating the water con-
sumption of crops (Ekhmaj & Almuntaser,
2016). The term water use efficiency is used in
different ways by agronomists and physiologists
depending upon the emphasis that one wishes to
place on certain aspects of the problem. Agron-
omists define this term as crop yield per unit of
water use (Sinclair et al., 1984). The total water
lost by evapotranspiration and transpiration is
often used for this purpose. As 99% of the water

consumed by crops in the field is transpired from
crop leaves and evaporated from the soil surface,
water use efficiency in effect, is the reciprocal of
evapotranspiration. Physiologists define the
WUE concept in terms of the process of photo-
synthesis, expressing it in milligrams of CO, per
gram of water (Kramer, 2012).

Water productivity (WP) can be defined as the
ratio of the economic yield of a crop to the total
water supply diverted to irrigate the crop
(Alghariani, 2006) Both diverted and consumed
water include the sum of the total water flow in
addition to the net flow and water depleted by
the crop (Molden, 1997; Molden &
Sakthivadivel, 1999). Thus, in agricultural sys-
tems, and in terms of water consumed by the
crop, crop water productivity is considered to be
a measure of the output of that system. However,
to reach the goal of determining the crop water
productivity for the whole agricultural system,
this must be done in time and space (Gichuki et
al., 2006).

In this study, two indicators were adopted to as-
sess water consumption, which are the water
productivity of crops at the field level (WP) or
the production yield per unit volume of irrigation
water and water use efficiency (WUE). The fol-
lowing equations show the mathematical formu-
las for these indicators:

3)
WUE = — (4)

Where Y refers to potato yield for each treatment
(kg/ha), (1) is applied irrigation water for each
treatment (m%ha) and ET. is potato evapotran-
spiration (m*/ha)

Statistical analysis: Data collected from the
field experiment was statistically analyzed using
SAS program version 8. Analysis of variance
(ANOVA) was used to estimate the significance
of irrigation treatments and stages. Means
showed significant differences were separated by
the least significant difference (LSD) test at
P<0.05.
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RESULTS AND DISCUSSIONS

Water balance of the root zone: Initial, final,
and the change of soil water depths within the
root zone of potatoes during entire growth stages
and water treatments are depicted in figure (1). It
was found that the initial soil water depths (at the
beginning of the experiment) were uniform with-
in the root zone at 80 mm. The final soil water
depths (at harvesting the crop) were between 58
mm (during the SIV with WIII) and 78 mm (dur-
ing the SHI with WI). The changes in soil water
depth were determined as a difference between
initial soil water depths and final water depths.
The changes in soil water depths were between 2
mm (during the SIII with WI) and 23 mm (dur-
ing the SI with WI). The changes in soil water
depths were used to determine the water balance
of potato cultivation.

=]
=]

Imhal soll water depth  ®Final sol vater depth  ® The change of sol water depth

o
(=R =T=-1

Soil water depth {(mm)
=]

[ S T R ST - )
= -1 =]

=

. y y y . . y
Wi ‘ Wil ‘WIII Wi ‘ Wil ‘WIH Wi ‘ Wil ‘WIII Wi ‘ Wil ‘WHI

sl s s

Growth stages and water treatments

SV

Figure (1). Potato crop evapotranspiration for the different
treatments.

Table (4) shows the water balance for the differ-
ent treatments. Essentially, the water supply was
based on irrigation and soil water content since
there was no precipitation occurring throughout
the whole four growth stages. The deep percola-
tion was noted to be in small amounts, and the
runoff was ignored as no runoff was noticed. The
maximum and the minimum of evapotranspira-
tion were 711 and 561 mm, for SIWI and SllI
WIII, respectively.

Deficient irrigation treatments led to a reduction
in evapotranspiration at different rates according

to the plant growth stages. It showed differences
among irrigation treatments, as well. The maxi-
mum decrease in evapotranspiration, 8.1% and
18.8%, were noticed during tuber bulking stage
in the second and third irrigation treatments, re-
spectively. The reason for this, is that the quanti-
ties of irrigation water added to the full irrigation
treatment were higher than the incomplete irriga-
tion treatments, which led to an increase in the
processes of transpiration by the plant and evap-
oration from the soil surface. In addition, it was
also found that the highest evapotranspiration
was at the vegetative growth stage, the tuber
emergence stage, and tuber formation. However,
these results are similar to the literature data
(Onder et al., 2005; Sadiq, 2013).

Plant height: Results, as shown in Figure (2),
explained that irrigation water during all growth
stages has no significant effect between water
levels, while there was a significant effect be-
tween stages under the significant level of (0.05).
The average plant height tends to increase under
the irrigation treatment of WII at the S, at which
the highest height of 51 cm was recorded. The
deficit irrigation treatment of WIII gave the least
average height at the SIV, recording 41 cm tall,
and did not show any difference in all treatments
of water at SIl and SlII. It might be due to the fact
that the crop encountered favorable soil moisture
conditions, which enhanced the availability of nutri-
ents essentially required for the enlargement and
elongation of plant cells. However, as it was indi-
cated by (Zrust, 1995), that plant height was ini-
tially water sensitive for plant height, with a 20%
reduction rate for full irrigation treatment, which
was consistent, as well, with (Kang et al., 2004;
Kashyap & Panda, 2003).
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Table: (4). Water balance for the different treatments.

Stage Treatment ET (mm) I (mm) P (mm) R(I(nmmn)l) Dp (mm) 5 (;jn)

sl wi 702 692 0 0 3 13

Wil 677 670 0 0 3 9

Wil 662 648 0 0 6 20
sl wi 701 692 0 0 3 12

Wil 665 651 0 0 3 17

Wil 624 609 0 0 5 20
sl Wi 691 692 0 0 3 2

wil 635 619 0 0 2 18

Wil 561 545 0 0 5 21
SIv wi 702 692 0 0 3 13

Wil 681 665 0 0 2 18

Wil 654 637 0 0 5 23
Vegetation plant weight: The results showed 60
the significant effect of irrigation treatments F 50 T e e
on vegetation plant weight at growth stages of =40 | | - |
SlI, SllI, and SIV. On the other, irrigation B3 | | . L 00%W
treatment in SI has no significant difference in %20 1 1 |
the average weight of vegetation plants which é 10 | | _ RN
reached 607, 600, and 595g, respectively, in ol _ _ _ S0%w
irrigation treatment WII, WI, and WIII, as Sl Sl Sl .
indicated in figure (3). SIl showed no signifi-
cant difference between WII and WIII, show- Development tage

ing that the lowest weights of plants of 400
and 382 g were respectively related to irriga-
tion treatments of Wil and WIII.

Number of tubers per plant: The effect of
deficit irrigation treatments on the average
number of tubers is different during all
growth stages (Figure 4). While the number
of tubers showed a significant effect at SlI, it
was obvious that the greatest number of tu-
bers was recorded at SI WII with 10 tubers
per plant. At the SIlI WIII stage, the average
number of tubers was six because the deficit
irrigation met the critical stage of tubers for-
mation showing a clear negative effect on
both physiological activity and produced me-
tabolites.

Figure (2). Effect of deficit irrigation treatments on the
final heights of plant. LSD (P<0.05).

700
600 600260/ qg52
500 57

408223
400
300
200

100

S

0 L

Sl Sl Sl SIv

Vegetation Plant weight{ gm)

Developments Stage
BW1100% MW275% mwW350%

Figure (3). Effect of deficit irrigation on plant weight
at growth stages. LSD (P<0.05).
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Figure (4). Effect of deficit irrigation treatments on the
average tubers number per plant. LSD (P<0.05).

As indicated by (Zrust, 1995), that plant
height was initially water sensitive for plant
height, with a 20% reduction rate for full irri-
gation treatment, which was consistent with
(Kang et al., 2004; Kashyap & Panda, 2003).

Tubers weight: The effect of water treat-
ments and interaction between (water levels
and growth stages) on the weight of tubers
was insignificant except at growth stages of
Sl and SIII.

Figure (5) showed that the deficit irrigation
treatment WII has a clear effect on tuber
weight during both SI and SIV stages (1573
and 1432 g, respectively). The least average
tubers weight of the deficit irrigation treat-
ment under the irrigation level of WIII was
1105 g in SlI of the growth and 1163 g in the
Sl stage. The shortage in irrigation water
during the tubers’ formation and cell devel-
opment stages tends to reduce tubers’ growth.
(Chang, 1968) also indicated that the mois-
ture-sensitive stages of potatoes were from
stolonization to the beginning of tuberization.
So, any deficit in irrigation, if accompanied
with high temperature, will break the dorman-
cy of the recently formed tubers which will
start to grow up in soil, and if the soil mois-
ture increases, tubers will give a secondary
small growth causing the low weight of tu-
bers. These results agreed with (Bailey &
Groves, 1992; Fabeiro et al.,, 2001; Sadiq,
2013).

1800
1600 —1313° 1qgge  1321° 1518°

1400 +—f
1200 +—
1000 -
800
600 -
400 -

| m0xw

| | B75% W

Tuber weight {(gm)

H50%W

200 -

sl sl Slil 5

Development Stage

vV

Figure (5). Effect of deficit irrigation treatment on
average tubers weight per plant at various growth stag-
es. LSD (P<0.05).

Tubers yield: The potato yield of the deficit
irrigation treatments is shown in Figure (6).
There was no significant difference between
deficit irrigation treatments except for the Slli
growth stage, which had a significant differ-
ence. The interaction between deficit irriga-
tion and growth stages was seen in SllI. SllI
has less effect than SlII in all treatments of
deficit irrigation. While the effect of treat-
ments of deficit irrigation at the same stage
was insignificant, the treatment 75% (WII) at
S| gave more yield than treatment 100%
(W1), while WI produced fewer yields. The
lowest yield was found in treatment WIII with
SlI, and the highest yield was in treatment
WII with SI. Other researchers as (Fabeiro et
al., 2001), reported that 597 mm irrigation
water was required to obtain a tuber yield of
45.18 t hal. In another study, it was resulting
that deficit irrigation should be avoided dur-
ing tubers formation and at the middle of the
maturity stage of potatoes to reach acceptable
quality and quantity productivity (Kiziloglu et
al., 2006). Water deficit has decreased the
evapotranspiration and tuber yield of potatoes
according to (Kiziloglu et al., 2006). These
results of deficit irrigation showed that deficit
irrigation had significant impact on yield. The
amount of irrigation water was reduced as
yield significantly decreased.
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Figure (6). Tubers yield as affected by deficit irriga-
tion treatment at different growth stages LSD (P<0.05).

Crop Water Consumption: Table (5) pre-
sents the results of water productivity (WP)
and water use efficiency (WUE) for the dif-
ferent irrigation levels. The results showed
that the best treatment in WP was recorded at
deficit irrigation of WIII in SHI producing
6.231 kg/m®, while the lowest yield value of
4.238 kg/m® was related to SII under deficit
irrigation of W1I, whereas the treatment W1 at
stages, Sl, SlI, Slll, and SIV gave 5.353,
5.187, 5.291 and 5.220 kg/m® respectively.
Although the yield was 37589 kg ha-1 in the
treatment of the irrigation deficit of WII at
stage Sl its water productivity was 5.6 kg/m®.
(Rashidi & Gholami, 2008) illustrated that
WP of potato in Iran ranged from 1.92 to 5.25
kg m™.Deficit irrigation had an effect on the
yield and yield components at different levels
of irrigation. Deficit irrigation had significant
impact on yield and yield components at Sll,
which were obtained from levels WIII and
WII which have the lowest. These results
agreed with the research conducted by (Onder

et al., 2005). Many irrigation studies indicated
that a reduction in yield is a cause of deficit
irrigation at different growth stages of the po-
tato (Hassan et al., 2002).

The results of this study generally agree with
the observation that an increase in water level
100% irrigation level leads to decreased WP
(Erdem et al., 2006; Norwood, 2000; Shani &
Dudley, 2001). The results of water use effi-
ciency (kg/m°) calculated from equation (4),
showed that the maximum water use efficien-
cy was 6.05 kg/m?® at stage 111 and under irri-
gation treatment of WIII. On the other hand,
the lowest value of WUE 4.15 (kg/m®) was
noted at stage Il under irrigation treatment of
WIIl. WUE follow the same trend as WP.
Stage Il had the best values as compared with
other stages. Like WP, the best values of
WUE were also noted in WIII. The compari-
son between the values of the water produc-
tivity of crops and the efficiency of water use,
both in units (kg/m®), shows the loss of small
quantities of water that the crop does not ben-
efit from, which indicates the high efficiency
of the irrigation systems used and the adop-
tion of guided agricultural practices.However,
by examining table (5), obtaining the largest
possible crop yield regardless of the amounts
of water added can be archived by adopting
the WIISI treatment. Such intervention can be
applied in cases of water abundance. On the
other hand, regarding water scarcity, it is ad-
vised to apply the WIII Sl treatment to ob-
tain the highest crop water productivity.

Table (5). Water productivity and water use efficiency for different stages and irrigation treatments.

Stages Irrigation (level Crop Yield Applied irrigation ET WP WUE
irrigation) (kg/ ha) amount (m°/ha) mm kg /m3 kg /m3

Si WI 37061 6923 702 5.35 5.28
WII 37589 6703 677 5.6 5.55
WIII 36150 6484 662 5.57 5.46

Sl WI 35910 6923 701 5.18 5.12
WII 27576 6507 665 4.23 4.15
WIII 27227 6087 624 4.47 4.36

S wi 36632 6923 691 5.29 5.3
WII 34055 6191 635 55 5.36
WIII 33966 5451 561 6.23 6.05

SVi WI 36141 6923 702 5.22 5.15
WII 35890 6646 681 5.4 5.27
WIII 35586 6366 654 5.59 5.44
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CONCLUSION

The results of this study found that the two
stages SII (tuber initiation) and Sl (tuber
bulking) in potato crop were the highest sensi-
tivity to deficit irrigation compared to other
stages. Thus, to obtain the best yield and yield
components (number of tubers per plant, tuber
weight, and plant weight of potato), Irrigation
should be scheduled carefully during tuber
formation. Based on the results obtained it
can be recommended to avoid any reduction
in the amount of irrigation water at the stage
of tubers formation in order to obtain the
highest tuber yield and better economic gains.
Many similar studies must be conducted in
different regions of Jordan since the soil and
climate are different from one site to another.

Duality of interest: The authors declare that
they have no duality of interest associated
with this manuscript.

Author contributions: Taleb did the field
study and collected data, also contributed of
analysis, Suleiman and Abu-Rayyan designed
the research framework and performed the
analytic calculations. Both Ekhmaj and Ben-
zaghta contributed to the final version of the
manuscript. Suleiman and Abu-Rayyan su-
pervised the project.

Funding: No funding
REFERENCES

Ababsa, M. (2013). Atlas of Jordan. History,
Territories and Society. Atlas al
Urdunn.  Al-tarikh, al-ardh, al-
mujtama: IFPO, Beyrouth.

Alghariani, S. A. (2006). Reducing Agricul-
trual Water Demand In Libya Through
Improving Water Use Efficinecy And
Crop Water Productivity. AARINENA
Water Use Efficiency Network, 118.

Badr, M., El-Tohamy, W., Salman, S., &
Gruda, N. (2022). Yield and Water

Use Relationships of Potato Under
Different Timing and Severity of Wa-
ter Stress. Available at SSRN
4080970.

Bahramloo, R., & Nasseri, A. (2009). Opti-
mum irrigation events for potato culti-
var Agria. International Journal of
Agriculture and Biology, 11(6), 712-
716.

Bailey, R., & Groves, S. (1992). effect of irri-
gation on the yield and nitrogen ferti-
liser response of potatoes. Aspects of
applied biology.

Blake, G. R., & Hartge, K. (1986). Bulk den-
sity by core method. Method of soll
analysis (Arnold Klute et.), Agronomy,
9, 364-366.

Braue, C., Wample, R., Kolattukudy, P., &
Dean, B. (1983). Relationship of pota-
to tuber periderm resistance to plant
water status. American potato journal,
60(11), 827-837.

Bremner, J., & Mulvaney, C. (1982). Nitro-
gen-total. In ‘Methods of soil analysis.
Part 2. Chemical and microbiological
properties’.(Eds AL Page, RH Miller,
DR Keeney) pp. 595-624. Soil Sci-
ence Society of America: Madison,
WI, USA.

Cassel, D., & Nielsen, D. (1986). Field capac-
ity and available water capacity.
Methods of soil analysis: Part 1 Phys-
ical and mineralogical methods, 5,
901-926.

CIP, I. P. C. (1984). Potatoes for the develop-
ing world: a collaborative experience.
Intern. Potato Center.

Cowan, D. (1986) Measure and manage: Inte-
grated Pest Management for Potatoes in
the Western United States, Publication

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.



Al-Mukhtar Journal of Sciences 37 (4): 316-328, 2022

3316, Division of Agriculture and Natu-
ral Resources, University of California.
Plant Physiology 46: 93-98.

Demelash, N. (2013). Deficit irrigation
scheduling for potato production in
North Gondar, Ethiopia. African Jour-
nal of Agricultural Research, 8(11),
1144-1154.

Doorenbos, J., & Pruitt, W. (1977). Guide-
lines for predicting crop water. Re-
quirements, FAO Irrigation and
drainage paper, 24.

Ekhmaj, A. I., & Almuntaser, J. E. (2016).
Water consumption indicators for
some crops in Northwest of Libya.
The Libyan Journal of Agriculture,
20(1-2).

Erdem, Y., Sehirali, S., Erdem, T., & Kenar,
D. (2006). Determination of crop wa-
ter stress index for irrigation schedul-
ing of bean (Phaseolus vulgaris L.).
Turkish Journal of Agriculture and
Forestry, 30(3), 195-202.

Fabeiro, C., de Santa Olalla, F. M., & De
Juan, J. (2001). Yield and size of defi-
cit irrigated potatoes. Agricultural
Water Management, 48(3), 255-266.

FAO. (2014). Food and Agriculture Organiza-
tion Corporate Statistical Database
FAOSTAT. Rome, Italy: FAO.

FAO. (2008). The International Year of Pota-
to. The Global Crop Diversity Trust
and FAQO’s Plant Production and Pro-
tection Division. Rome, Italy: Food
and Agriculture Organization.

Gee, G., Bauder, J., & Klute, A. (1986). Parti-
cle-Size Analysis, Methods of Soil
Analysis, Part 1. Physical and Miner-
alogical Methods, Soil Since Society
of America. Inc., Madison, WIS, USA.

Gheysari, M., Mirlatifi, S. M., Bannayan, M.,
Homaee, M., & Hoogenboom, G.
(2009). Interaction of water and nitro-
gen on maize grown for silage. Agri-
cultural Water Management, 96(5),
809-821.

Gichuki, F., Cook, S., & Turral, H. (2006).
Agricultural water productivity: Is-
sues, concepts and approaches Basin
Focal Project Working Paper no. 2a.
Spatial & Economic Analysis for Poli-
cy and Decision Support in Agricul-
ture and Environment, 109.

Hashem, F. A., Taha, N. M., & Abd-
Elrahman, S. H. (2016). Effect of
phosphate and potassium fertilizer
rates on potato plants grown under
water stress conditions. Int. J. Plant
Soil Sci, 13, 1-13.

Hassan, A., Sarkar, A., Ali, M., & Karim, N.
(2002). Effect of deficit irrigation at
different growth stages on the yield of
potato. Pakistan Journal of Biological
Sciences, 5(2), 128-134.

Kang, Y., Wang, F.-X., Liu, H.-J., & Yuan,
B.-Z. (2004). Potato evapotranspira-
tion and yields under different drip ir-
rigation regimes. 2004 ASAE Annual
Meeting,

Kashyap, P., & Panda, R. (2003). Effect of
irrigation scheduling on potato crop
parameters under water stressed con-
ditions. Agricultural Water Manage-
ment, 59(1), 49-66.

Kempen. (2012). The relationship between
internal brown spot and the calcium
content of tubers. Retrieved 7 27,
2016, from http://www.potatoes.co.za.

Johnson, D.A. (2008). Potato Health Man-
agement. Plant Health Management
Series. American Phytopathological

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.


http://www.potatoes.co.za/

Al-Mukhtar Journal of Sciences 37 (4): 316-328, 2022

Society, St Paul, Minnesota, USA. Se-
cond Edition. pp 259.

Kirda, C., & Kanber, R. (1999). Water, no
longer a plentiful resource, should be
used sparingly in irrigated agriculture
(Vol. 1). Kluwer academic publishers
Dordrecht, The Netherlands.

Kiziloglu, F. M., Sahin, U., Tunc, T., & Diler,
S. (2006). The Effect of Deficit Irriga-
tion on Potato Evapotranspiration and.
Journal of Agronomy, 5(2), 284-288.

Knudsen, D., Peterson, G., & Pratt, P. (1983).
Lithium, sodium, and potassium.
Methods of Soil Analysis: Part 2
Chemical and Microbiological Prop-
erties, 9, 225-246.

Kramer. ,J.P. (2012). Water Relations of
Plants. Academic Press: New York.
USA.

Lamaddalena N. , Shatanawi M. , Todorovic
M, Bogliotti C. and Albrizio R. Water
use efficiency and water productivity:
Wasamed project. Bari: Ciheam,
(2007). 294 p. (Options Méditerra-
néennes : Série B. Etudes et Re-
cherches; n. 57). 4. Wasamed (Water
Saving in Mediterranean agriculture)
Workshop,  2005/09/30-2005/10/04,
Amman (Jordan).
http://om.ciheam.org/om/pdf/b57/b5

Lisinska, G., & Leszczynski, W. (1989). Po-
tato science and technology. Springer
Science & Business Media.

McLean, E. (1982). Soil pH and requirement.
Methods of soil analysis. Part 2.
Chemical and microbiological proper-
ties: Agronomy.

Molden, D. (1997). Accounting for water use
and productivity-SWIM Paper 1.

Molden, D., & Sakthivadivel, R. (1999). Wa-
ter accounting to assess use and
productivity of water. International
Journal of Water Resources Develop-
ment, 15(1-2), 55-71.

Nelson, R. (1982). Carbonate and gypsum. p.
181-197. AL Page et al.(ed.) Methods
of soil analysis. Part 2. Agron.
Monogr. 9. ASA and SSSA, Madison,
WI. Carbonate and gypsum. p. 181-
197. In AL Page et al.(ed.) Methods of
soil analysis. Part 2. 2nd ed. Agron.
Monogr. 9. ASA and SSSA, Madison,
WI., -.

Norwood, C. A. (2000). Water use and yield
of limited-irrigated and dryland corn.
Soil Science Society of America Jour-
nal, 64(1), 365-370.

Ojala, J., Stark, J., & Kleinkopf, G. (1990).
Influence of irrigation and nitrogen
management on potato vyield and
quality. American potato journal,
67(1), 29-43.

Olsen, S. (1982). Sommers. LE (1982). Phos-
phorus. Methods of soil analysis. Part,
2, 403-430.

Onder, S., Caliskan, M. E., Onder, D., & Cal-
iskan, S. (2005). Different irrigation
methods and water stress effects on
potato yield and yield components.
Agricultural Water  Management,
73(1), 73-86.

Patil, V., & Sundaresha, S. (2016). Biology of
Solanum tuberosum (Potato): Not
Available.

Pereira, A., & Shock, C. (2006). Development
of irrigation best management practic-
es for potato from a research perspec-
tive in the United States. Sakia. org e-
publish, 1(1), 1-20.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.



Al-Mukhtar Journal of Sciences 37 (4): 316-328, 2022

Rashidi, M., & Gholami, M. (2008). Review
of crop water productivity values for
tomato, potato, melon, watermelon
and cantaloupe in Iran. International
Journal of Agriculture and Biology,
10(4), 432-436.

Rosen, C. J., Kelling, K. A., Stark, J. C., &
Porter, G. A. (2014). Optimizing
phosphorus fertilizer management in
potato production. American Journal
of Potato Research, 91(2), 145-160.

Sadig, M. H. (2013). Effect of deficit irriga-
tion on water consumption in growth
and yield of potato and holds Solanum
tuberosum L. Euphrates Journal of
Agriculture Science, 5(4).

Shani, U., & Dudley, L. (2001). Field studies
of crop response to water and salt
stress. Soil Science Society of America
Journal, 65(5), 1522-1528.

Shock, C. (2004). Efficient irrigation schedul-
ing. Malheur Experiment Station, Or-
egon State University, Oregon, USA.

Sinclair, T. R., Tanner, C., & Bennett, J.
(1984). Water-use efficiency in crop
production. Bioscience, 34(1), 36-40.

Struik, P., & Wiersema, S. (1999). Production
of pre-basic seed. Seed Potato Tech-
nology. Wageningen Pers, 173-216.

Thornton, M. (2002). Effects of heat and wa-
ter stress on the physiology of pota-
toes. Idaho Potato Conference, Idaho,

Van Loon, C. (1981). The effect of water
stress on potato growth, development,
and yield. American potato journal,
58(1), 51-69.

Warsito, T., & Van de Fliert, E. (2006). All
about potatoes An Ecological Guide to

Potato Integrated Crop Management.
Thailand, 90p.

Watson, I., & Burnett, A. (1995). Hydrogeol-
ogy. An environmental approach:
CRC Press, Boca Raton, Florida, 702.

Zrust, J. (1995). The effect of drought on the
potato leaf area. Scientia Agriculturae
Bohemica.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.



Al-Mukhtar Journal of Sciences 37 (4): 329-344, 2022

ISSN: online 2617-2186 print 2617-2178
Journal Homepage https://omu.edu.ly/journals/index.php/mjsc/index
Doi: https://doi.org/10.54172/mjsc.v37i4.910

Some Extensions and Generalizations of Kimmer's Third
Summation Theorem Shecktr

Mohammad. 1. Qureshi’, Ghazi S. Khammash?', Aarif. H. Bhat" and Javid Majid*

'Department of Applied Sciences and Humanities Faculty of Engineering and Technology
Jamia Millia Islamia (A Central University), New Delhi-110025, India.
2Department of Mathematics, Al-Agsa University, Gaza, Gaza Strip, Palestine.

ARTICLE HISTORY Abstract: The motive of this research paper is to obtain explicit forms of certain

Received: extensions an_d generalization_s of KL_]mmer's third s_,ummation theo_rem, which

21 May 2022 have not previously appeared in the literature, by using the summation theorem
given by Rakha and Rathie (2011). The results derived in this paper are interest-

Accepted: ing and may be beneficial.

22 September 2022

Keywords:
Hypergeometric func-
tions;

Kummer's third summa-
tion theorem;
Hypergeometric summa-
tion theorems.

e St AU apanl] 4y et Cilaganl) g cla)aiaY) (any

Gsdll J)sall ¢ Laalidall) cilalsl) )
S asaxilly BT Gany Ay pem JSE e Jgaanll b Cundl 138 il g aliial)

Gadl 138 (e Badiceal) bl Ails clilge 2 ek o Al Rathie () s Rakha (1s)

[ZEWRLTY
¢ o sS1 A paenil] &y jlas
i il gaandl il

sented by (Clausen, 1828; Goursat, 1883),

INTRODUCTION and PRELIMINAR- respectively.

IES
e A natural generalization of the Gaussian hy-

The theory of hypergeometric functions is pergeometric series ,F[a, f;y7; z]is ac-
rapidly developing with a large number of
applications in the real world. The major de-
velopment was given (although Euler and
Pfaff had found many important results) by

complished by introducing any arbitrary
number of numerator and denominator pa-
rameters. Thus, the resulting series:

Gauss énd Kimmer on the s_eries ,F and | F (@,); Q0,0
respectively and the other higher order hyper- = o .
geometric functions such as ,F, and ,F, pre- P P

(B,); BBy By
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N H?:l(aj)n Z
Py szl(ﬁj)n n!
is known as the generalized hypergeometric
series, or simply, the generalized hypergeo-
metric function. Here p and ¢ are positive in-
tegers or zero, and we assume that the varia-

ble z , the numerator parameters

ay,,,...a, and the denominator parameters

B, By, B, take on complex values, provided
that
B; #0,-1,-2,...; ] =12,.q. 2.2

Supposing that none of the numerator and de-
nominator parameters is zero or a negative
integer, we note that the | F, series defined by
equation (1.1):

(i) Convergence for |z|<oo,

@1

if p<q;

(i) Convergence for |z|<1,if p<q+1;

(iii) Divergence forall z,z #1,if p >q+1;

(iv)  Convergence absolutely for |z|=1, if
p=g+1 and [ (w)>0;

(v)  Converges conditionally for |z|=1

(z #))if p=q+1 and
1< W) <0;

(vi)  Divergence for [z]|=1, if p=q+1 and
0(w)<-1.

Where, by convention, a product over an
empty set is interpreted as 1 and

w ::Zq_:ﬂi —iai. @.3)

In this paper, we shall use the following
standard notations:

0 ={,23.}0=0,0{0}
Z,;=2"{0}={0,-1,-2,..}. The symbols
0,0,0,0,0%and0 " denote the sets of

complex numbers, real numbers, natural
numbers, integers, positive and negative real
numbers, respectively.

e The Pochhammer symbol (@),

[(Rainville, 1971), p.(22), Eq.(1), Q. N.(8)
and Q. N.(9), see also (Srivastava &

Manocha, 1984), p.(23), Eq.(22) and
Eq.(23)] is defined by:
_T(a+p)
@ =)
1 ;(p=0aell \{0}),
ala+1)..(a+n-1) (p=nell;aell),

H(a=-n;p=k;n,k ell ;0<k <n),

0 J(a=-n;p=k;nk ell ;;k >n),

k
(-1 [(p=-k;k el;ael\D),

it being wunderstood conventionally that
(0), =1and assumed tacitly that the Gamma

quotient exists (see, for details, [(Srivastava &
Manocha, 1984), p.21 et seq.]). Here, we aim
at the extensions and generalizations of
Kimmer's third summation theorem involving
the summation theorems given by Rakha and
Rathie. Here, for the purpose of the present
investigation, we would like to recall the fol-
lowing summation formula which is due to
(Kummer, 1836).

e Kimmer’s third summation theorem

[(Kummer, 1836). p.134]:

a,l-a;
27°rE)r/2)  (1.4)

G
o))
(c+a) (l+c aj

where ¢ elJ \[J

In the literature, the above summation formu-
la is also known as "Bailey's summation theo-

rem-.

ZFl

(1.5)

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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e Summation theorem given by (Rakha &
Rathie, 2011), p.828, Theorem (6)):

al-a+m;
2 Fl A

B
2" Iz T@+m)I(B)

i r(a)r(ﬁ;‘)‘}r(ﬂ_;‘”j i

N F(/B’—a+n)
XZ (_1)n (m 2

[

(1.6)
where o, f,f-a,a-mell\, and
mell,.

Motivated by the work collected in the beauti-
ful monographs of (Andrews et al., 1999;
Bailey, 1953; Carlson, 1977; Erdélyi et al.,
1955; Prudnikov et al., 1986; Slater, 1966;
Srivastava & Choi, 2011) and the papers of
(Arora & Singh, 2008; Kim et al., 2010; Kim
et al., 2013; Miller, 2005; Qureshi & Baboo,
2016; Qureshi & Khan, 2020), and others
(Awad et al., 2021; Koepf et al., 2019), we
are interested in giving some summation for-

mulas for ,F,[1/2]in Section 2. In Section 3

and 4, we have given some summation formu-
las for ,F,[1/2]and F,[1/2] respectively.

The detailed proof of summation formulas has
been provided by using the summation theo-
rem given by Rakha-Rathie and the series re-
arrangement technique.

Any values of the numerator and denomina-
tor parameters in sections 2, 3, and 4, leading
to results which do not make sense are tacitly
excluded.

2- Summation formulas for ,F,[1/2]

Theorem 2.1. The following summation theo-
rem holds true:

a,l-a+p,c+1
3F2 A
b,c;
~ 2270 [z T(b)

el
a?)- )

(b+a+r Zp)
2
N (-a+p)f@a-p-1

c
F(b —a+rj
2

i ((P+2
er:c; (_1)[ r Jr(b+a+r—2p—2) !

I'a- p)Z

2
(2.1
where a,b,c,b-a,a-pel\], and
pel,.
Proof of Theorem (2.1): In order to establish

the result, we proceed as follows:
a,l-a+p,c+]

:F | T
b,c;

_ i(a)r(l—a+ p), (c+1), (1/2)
= (). (). r!

_ . (a)r(l_a+ p)r(:l'/z)r L
"2 o {“c}

r=0

Z“: ), (- a+p 1/2)r+£‘” @),(-a+p),1/2)
b),(r-1)!
(2.2)

r=0 C r=1

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Replacing r by r +1in the second term on
the right hand side of the equation (2.2), we
get:

a,l-a+p,c+1
1

b,c;

i ) (- a+P) (1/2)r+}i Juall-a+p),,(1/2)"
o= (0) 1!

r=0

_ i(a)r(l_a_i_p)r(llz)r_i_

=0 (), r!
aa a+p)<(1+a),(2-a+p), (1/2)
2bc ;% (L+b),r!
al-a+p;
1
=,k > +
b;
l1+a,2—-a+p
al—-a+p) 1
2bc  *! 2

1+b;

(2.3) Applying summation theorem (1.6) in
equation (2.3) , we get
a,l-a+p,c+1

aF P
b,c;
22z T)r(@-p)

_war(b;ajr(b—;+ljx

: p(f-a+r
3 (1Y(SJF((£+3frj)pj

. 2" (1—a+p)Jzr T)(@a-p-1) .
cF@)F(b;a)F(b_;+lj

+

i b-a+r
er (”(?rZJFQF+aErLZ)1p+aj

p+2

2

(2.4) On simplifying further, we arrive at the
result(2.1).

Theorem 2.2. The following summation theo-
rem holds true:

al-a+p,c+2
3F2 Py
b, c;
B 21+p7b \/; F(b)

- r@)r(b;ajr(b—;+ljx
b-a+r
oo |ea |

(b+a+r—2pj ’
2

+2a—a+mF@—p—Dx

C
b-a+r
[P+ i
x; (—)( r jr(b+a+r—2p—2]

2

N (1—a+p)(2—a+p)I“(a—p—2)><
c(c+l)

5 (—nr(p+4J ( F(b_2+r]

rr b+a+r—2p—4j

2

(2.5)
where  a,b,c,b-a,a-pel\], and
pel,.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Theorem 2.3. The following summation theo- Theorem2.4. The following formula holds

rem holds true: true:

a,l-a+p,c+3 a,l-a+p,c+4

1

3F2 ? 3F2 ?
b,c;

b, c;
_ 21+p7b\/; F(b) y _ 21+p7b\/; F(b) y
F(a)l“(b ;ajr(b —;+1) F(a)(b;a}l“(b_gﬂl

= fo-err
x| Ha- p)z (1)[ ] b+a+2r -2p * F(a—p)z L [p] b+a+r 2p
r=0 1—*( j r=0
2
4(1 a+p)'a-p 1)
L 3@-a+p)f@a-p-1) c
c 1_ b- a+r
b-a+r ik (p+2
x’f (1) p+2 F( 2 j N XZ::; (_1)[ r j b+a+r—2p 2
ot r F(b+a+r—2p—2j
2 6(1 a+p)2- a+p)F(a p-— 2)
,30-a+p)2-a+p)r@a-p-2) clc+1)
cc+1) b a+r
b-a+r IRAy (p+4
sz“:‘ 1)y p+4 F( 2 j N X; (_1)[ r JF b+a+r—2p 4
—~ r F(b+a+r—2p—4j
2 ,A0-a+p)2-a+p)@3- a+p)F(a p 3)
cc+D(c+2)
+(1—a+p)(2—a+p)1(3—a42rp)l“(a—p—3)x 06 (p+6 r(b—zﬂ)
ce+he+2) X; (_1)[ r j b+a+r-2p-6
p(b-a+r F( 2 j
53 (—1)f(p+6j 2
= f r[b+a”‘2p‘6) | L (-a+p)2-a+p)3-a+p)d-a+p@a-p-4)
2 cc+)(c+2c+3)
(2.6) 8 l,(b—a+r)
. < p+8 2
where a,b,c,b-a,a-pel\0, and Xy (—l)r[r] brair_2p 8 ,(2.7)
pEDO. = F[ 2 j

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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where a,b,c,b-a,a-p e\, and
pell,.

The proof of theorems (2.2)-(2.4), would run
parallel to theorem (2.1) with the help of
summation theorem (1.6) and the series rear-
rangement technique. The involved details are
omitted.

3- Summation formulas for ,F, {%}

Theorem3.1. The following summation theo-
rem holds true:
a,l-a+p,c+1,d +1,;

b,c,d;
B 21+p7b\/; F(b)

- Tﬁnf(b_aJF(b_a+lj
2 2
F(b—a+rj
([P 2
) [r}r(b+a+r—2p) "
2

N l-a+p)l+c+d)'(a-p-21) y

cd
F(b—a+r)
2

g2 (p+2
-1
X; ( )( r r(b+a+r—2p—2)

re-pY

2
+(1—a+ p)(2-a+p)l'(a-p —2)><

cd
(b—a+rj
2

R p+4
-1
X; ( )( r ]F(b+a+r—2p—4j ’

2
(3.1)
where a,b,c,d,b-a,a-pel\0J, and
pel,.

Proof of the Theorem (3.1):

In order to establish the result, we proceed as
follows.

a,l-a+p,c+1d +1;

F 2=
2
b,c,d;
— i(a)r(l_a+ p)r(c +1)r(d +1)(1/2)r
= (b), (), @), r!

), (L-a+ p ), 112 {1+ (1+c+d)r .\ r(r —1)}
cd cd

Z(a) (1 a-+ p) @r’2)’ (1+c +d)><
o (b), r! cd
(@),d-a+p) (/2
O Ty TR
1 $@)d-a+p) @/2)
w0 (b), (r - 2)!
Replacing r by r +1in the second term and

r by r+2in the third term on the right hand
side of the equation (3.2), we get

I}
s

(3.2)

al-a+p,c+1,d+1;

1
F P =
47 3 2
b,c,d;
i [(d-a+p), 1/2) (1+c+d)><
= (©),r! cd
3 @eal-arp), @/
©),.r!
ii(a)r+2(1_a+ p)r+2(:|'/2)r+2
b),,,r!

i (- a+p) 1/2)f s (1+c +d)a(1—a+p)X
r=0 2bcd
y (1+a)r(2—a+ p),(@/2)
Z (L+b), r! i
N a@+D)(l-a+p)2—a+p) §
4b (b +1)cd

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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xi (2+a)r(3_a+ p)r(1/2)
r=0 (2+b)rr!
al-a+p;
1 . (@+c+d)a(l-a+ p)><

-.F
2t 2 2bcd

b;
l+a,2—-a+p;

><2F1 71 +
1+b;
+a(a +D)(1-a+p)(2-a+p) 8
4b (b +1)cd

2+a,3-a+p;
x,F — . (3.3)

2+b;

Now applying the summation theorem (1.6)
in the equation (3.3), we get
a,l-a+p,c+1,d +1

b,c,d;
2z T)(a-p)

- F(a)l“(b —ajr(b —a+1j
2 2

: r(b—g+r}
X,Z::; =) (r) ((b+a+rj j
M= —]-p
2
2470 (1—a+p)(l+c +d Wr T()@-p-1) )

cd F(a)l“(b_ajl“(b —a+1j
2 2

F(b—a+rj
2

p+2 2
. (—1)('“+ ]
= r F[(b+a+r+2j_(p+2):

p

+

+

2
2 (1-a+p)2-a+prTO)@-p-2)

od r(a)r(b'ajr(b "a”j
2 2

F(b—a+rj
2

5 )|

2

(3.4) On simplifying further, we arrive at the
result(3.1) .

Theorem3.2. The following summation theo-
rem holds true:
a,l-a+p,c+1,d +2;

4F3 o
b,c,d;
B 21+p7b\/; F(b)

- F(a)l“(b —ajr(b —a+l]
2 2

r(b—a+rj
) (_1)r[fj [b+a+2r—2pj ’
r=0 1’*
2

N l-a+p)2+2c+d)'(a-p-1) y

cd
F(b—a+r]
A (P+2 2
; (_1)( r Jr(b+a+r2p2j
2
+(1—a+ p)(2-a+p)(4+c+2d)'(@a-p-2) y
cd(d +1)
F(b—a+r}
prd (p+4 2
Xg; -1 ( r JF[b+a+r—2p—4j
2
+(1—a+p)(2—a+p)(3—a+p)1“(a—p—3)x
cd(d +1)

X

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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F(b—a+r)
A p+6 2

_1r

XZ; ( )( r jr(b+a+r—2p—6) ’

2

(3.5)
where a,b,c,d,b-aa-pell\ll, and
pel,.

Theorem3.3. The following summation the-
orem holds true:
al-a+p,c+2,d+2;

b,c,d;
2l+pfb \/; F(b)

F@)r b—a)r(b—a+1j
2 2

F(b—a+rj
: ([P 2
x r(a—p); (-1) [rjr(b+a+r2pj N

2
_Fa—a+p)M+20+2dﬂKa—p—D y

cd
b-a+r

| (oo 25
X; (—)( r Jr(b+a+r—2p—2j

2

+(1—a+p)(2—a+p)I“(a—p—2)><
c(c+1)

y (14+cz+d2+4cd+9c+9d)><
d(d +1)

5 (—1)('““‘} 5
|

+
P r b+a+r—2p—4j
2

N (l-a+p)(2-a+p)(B3-a+p) y
c(c+1)

x@+m+anr@—p—$x

d(d +1)
b-a+r
p+6 F( 2 )

p+6
Xz; 04)( r jr(b+a+r2p6J !
2
+_a—a+¢n(2—a+¢n(3—a+p)x
c(c+)
XM—a+mrm—p—®x
d( +1)

r b-a+r
p+8 . p+8 2
-1
X;% - [ r F(b+a+r—2p—8)

2

(3.6)
where a,b,c,d,b-a,a-p e\, and
pel,.

Theorem3.4. The following summation the-
orem holds true:
al-a+p,c+1,d+3;

4F3 Py
b,c,d;
~ 21+p—b \/; F(b)

_F(a)r(b;ajr(b—gﬂjx

F(b—a+rj
x|ra-p)y (—1)f[p] 2
r

+
— r (b+a+r—2pj
2

4_(3+3c+d)(1—a+p)I“(a—p—1)X

cd
F(b—a+rj
2

g2 [(p+2
-1
X;; ( )[ r r(b+a+r—2p—2)

-

2
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+(9+3c+3d)(1—a+ p)(2-a+ p)l“(a—p—2)X
cd(d +1)

F(b—a+r)
LR p+4 2

_1r

X; ( )[ r ]r(b+a+r2p4j

2

N (l-a+p)(2-a+p)(3-a+p)(9+c +3d)r(a—p—3)X
cdd+)d+2)

b-a+r
p+6 1“( 2 J

X,Z::; (_l)r( r Jr(b+a+r—2p—6j *

p+

2

N (l-a+p)2-a+p)(3-a+p)4-a+p)I(a-p —4)X
cd(d+1) (d+2)

- b-a+r

p+8 , p+8 2
-1

szz;‘ ( )[ r 1ﬂ(b+a+r—2p—8j

2

(3.7)
where ab,c,d,b-a,a-pel\l, and
pell,.
The proof of theorems (3.2)-(3.4) would be
accomplished by following the lines of that of

theorem (3.1) with the aid of summation theo-
rem (1.6). The involved details are omitted.

4- Summation formulas for . F, [%}

and  F, B}

Theorem4.1. The following summation theo-
rem holds true:
a,l-a+p,c+1,d+1 g +1

5F4 Py

b,c,d, g;

_ 21+p—b\/; F(b) y
F(a)r(b—ajr(b—aﬂj
2 2

F(b—a+r)
«|r@-p)Y (—1)'["] 2
r

e~ r [b+a+r—2pj "
2

N (l+c+d +g +cd +cg +dg)><
cdg
x(l-a+p)f'@a-p-1)x

r b-a+r
p+2 ] p+2 2
-1
x; ( )[ r F(b+a+r—2p—2j

2

. (B+c+d +g)1l-a+p)(2-a+ p)l“(a—p—2)X
cdg

- b-a+r
g+ (p+4 2
-1
X; ( )[ r r(b+a+r—2p—4}
2

N (l-a+p)(2-a+p)B-a+p)I'(@a-p —3)X
cdg

b-a+r
F( j
p+6
X (-1’ (p+6 2

—~ r jr(b+a+r2p6j

N

-

2
(4.)
where a,b,c,d,g,b-a,a-pel\l, and
pel,

Proof of Theorem 4.1.: In order to establish
the result, we proceed as follows.

al-a+p,c+1,d+1 g+1;

sFy _1
2
b,c,d,g;
— i (a)r(l_a+ p)r (C +1)r(d +1)r >
o (b). (). @),

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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g +1), @as2)y
(g),r!
= (@), A—-a+p), (1/2)
Z; (b), r!
x{1+ (L+c+d +g +cd +og +dg)r |
cdg

+(3+c+d +9) r(
cdg

+ ir(r—l)(r—2) }
cdg

r-1)+

_ N (a)r(l_a+ p)r(llz)r
2 o
+(1+c +d +g +cd +cg +dg) y
cdg
c (a)r(l_a+ p)r(ll Z)r
0 R
(3+c+d +9) Z(a) [(l-a+p), @/2) N
cdg = () (r-2)!
(@), @-a+p) (1/2)
ey (4

Replacing r by r +1 in the second term, r
by r+2 in the third term, and r by r +3 in
the fourth term on the right hand side of the
equation (4.2), we get

al-a+p,c+1,d+1 g+1;

5F4 "
b,c,d,q;

_§ @eul-arp) U/
®) 1!
+(1+c +d +g +cd +cg +dg)X
cdg

0 r+l
XZ(a)r+1(1_a+ p)r+1(1/2) +
(b), ,r!
+(1+c +d +g +cd +cg +dg) y
cdg

0 _ r+l
+ (3+C+d +g) Z(a)r+2(1 a+ p)r+2(1/ 2) +

cdg = b),,,r!
Z (@),.o-a+p),,2/2)"°
Cdg (b)r+3 r!

= (@), l-a+p), @/2)
=2 ©), 1! '

+(1+c +d +g+cd +cg +dgla(l—a+ p)><

2bcdg
Xi (1+a),(2-a+p),(1/2) N
r=0 (1+b)rr!

N (3+c+d +gla(l+a)(l-a+p)(2—a+p) y

4b (b +1)cdg
y > (2+a),(3-a+p), (1/2)

Z (2+b), r! "
+a(1+a)(1—a+ p)(2-a+p)B-a+p) y
8b(b +1) (b +2)cdg
y = (3+a),(4—-a+p), (1/2)

; (3+b), r!
a,l-a+p;

+(1+c +d +g +cd +cg +dg)la(l-a+ p)><

2bcdg
1+a,2—-a+p;
1
2F1 ? +
1+b;

N (3+c+d +g)a(l+a)l-a+p)(2—-a+p) y

4b (b +1)cdg
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2+a,3-a+p;
1
:2Fl ? +
2+b;
+a(l+a)(1—a+p)(2—a+p)(3—a+p)x
8b(b +1) (b +2)cdg
3+a,4—-a+p;
1
=_F S 4.3
F > (4.3)
3+b;

Now applying the summation theorem (1.6)
in equation (4.3), we get
a,l-a+p,c+1,d+1 g +1

5F4 A
b,c,d, g;
_ 2 Jr TO)T@-p)

- F(a)l“(b —ajr(b —a+1j
2 2

p , F(b—2+rj
XZ (—1)r[ j— +
r=0 r

r (b+a+r)_p
2

_+?W*a—a+ma+c+d+g+w4£g+mnx

cdg I'(@)

Nrr®)r@a-p-1
F(b—ajr(b—a+lJ
2 2
F(b—a+rj
p+2 2 2
XZ (_1)r(p+

— r ]F((b+a;r+2j(p+zg

+2“"‘*’(1—a+p)(2—a+p)(3+c+d+g)><

b-a
Wgrwﬂ(zj

+

XJE re)r@-p-2)
[b—a+1j
r
2
b-a+r
sz” (—1)’[ID+4 F( 2 j

r jr{(b+a+r+4J(p+®] ’

2

1+p-b _ _
+2 @ a+p¥2 a+p)><
cngKaﬂ“( ;a)

(8-a-p)F@a-p-3Jr= ')
(b—a+1)
T
2
F[b—a+rj
2

p+6 6
xY (—Df(p+ j .
~ r r((b+a;r+6j_(p+68

On simplifying further, we arrive at the result
4.2).

Theorem 4.2. The following summation theo-
rem holds true:

al-a+p,c+l,d+1,g+2
5F4 A
b,c,d, g;
B 21+p7b\/; F(b)

- r(a)r(b —ajr(b —a+1j
2 2

F(b—a+r)
{ T@-p)Y; {0 m 2

+
r(b+a+r—2p)

2
N (dg +cg +2cd +2c+2d +g +2) y
cdg
x(l-a+p)l@a-p-1)x
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F(b—a+r)
p+2 . p+2 2
XZ; G{)( r Jr(b+a+r2p2)
2
N (l-a+p)(2-a+p) y
cdg (g +1)
x(10+cd +2dg +2cg +g°+4c +4d +7g)x

F(b—a+rj
2

ik p+4
fa-p- 22& [ r jr(b+a+r2p4j ’

2
N l-a+p)2-a+p)B-a+p) 5
cd
8 (7+c+d +2g)I'(a—p —3)><
9(9 +1)

r b-a+r
g (pee) U
1
g rz_:;( )L r r(b+a+r—2p—6j "

2

+(1—a+ p)(2-a+p)3-a+p)d-a+p)la-p-4) y
cdg(g+l)

F[b—a+rj

&3 [(p+8 2
-1

x; ( )( r Jr(b+a—|—r—2p—8}

2

(4.4)
where a,b,c,d,g,b-a,a-p e\, and
pel,.

The proof of theorem (4.2) would run parallel
to the theorem (4.1) with the help of summa-

tion theorem (1.6). The details are omitted.
Theorem 4.3. The following summation theo-

rem holds true:
a,l-a+p,c+1,d +1, g +1,h+1

1

F _

6" 5 2
b,c,d,g,h;

_ 2" 7 T)

"Fm)r(b—ajr(b—a+1j
2 2

F(b—a+rj
xﬂap)Z(l)[] 2

+
F(b+a+r—2p)

2
s (l-a+p)(@a-p-1@+cdg +cdh +cgh +dgh +
cd
+cd +cg +ch+dg +dh+gh+c+d +g +h) y
gh

F(b—a+rj
2

g2 p+2
-1
X,Z:;‘ ( )[ r ]F(b+a+r2p2]

2

N (I-a+p)(2—a+p)(7+cd +cg +ch +dg +

cd
+dh+gh+3c+3d +3g +3h)I'(a—p —2)><

gh
b-a+r
1" - -
p+4 , p+4 ( 2 j
XZ; 04)( r jr(b+a+r2p4j
2
><(6+c +d+g+h)l-a+p)(2-a+p)(3-a+p) y

cdgh
[b—a+r)
2

Rt p+6
Ha-p- 321 ( r jr[b+a+r2p6j ’
2
. (l-a+p)(2-a+p)(3-a+p)d-a+p)(a-p-4) y
cdgh

F(b—a+rj
ALY p+8 2

_1r

X; ( )[ r ]F(b+a+r—2p—8j ’

2

(4.5) where
a,b,c,d,g,h,b-a,a-pell\l and
pel,.

Proof of Theorem 4.3.: In order to establish
the result, we proceed as follows.
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al-a+p,c+Ld+1 g+1Lh+1;

(2]

b,c,d,g,h;

_ OO (a)r (1_
_; (b), (). d),

L(g+D, (h+1), @/2)
(9).(h), r!
i(a)r(l_a+p)r(1/2)r %
0 (b),r!
X{1+ (L+cdg +cdh +cgh +dgh +cd +cg +
cd
+ch +dg +dh +gh+c+d +g +h) -
gh
+(7+cd +cg +ch +dg +dh +gh +
cd
+3c +3d +3g +3h)r(r
gh
. (6+c+d +g+h) ,
cdgh

1
+@r(r—1)(r—2)(r—3)} (4.6)

:i(a)r(l_a+ p)r (1/2)I’ +
r=0 (b)rr'
N (1+cdg +cdh +cgh +dgh +cd +cg +
cd
+ch +dg +dh +gh+c+d +g +h)><
gh
3@ -arp). W)
= (), (r-1!
N (7+cd +cg +ch +dg +d h +
cd
+gh +3c +3d +3g +3h)><
gh
S @x0-arp). 019",
= () (r-2)!
+(6+c +d +¢ +h)i (@), 1-a+p), (1/2) .
cd gh r=3 (b)r(r_B)l

-1+

(r=D(r-2)+

a+p), ©+1),(d +1),

1 C (a)r(l_a+ p)r (1/ 2)r
+cdgh; (b), (r-4)! (47)

Replacing r by r +1in the second term, r
by r+2 in the third term, r by r +3 in the
fourth term, and r by r +4 in the fifth term
on the right hand side of the equation (4.7),
we get

al-a+p,c+1,d+1 g+1Lh+1;

6F5 A
b,c,d,g,h;

_y @ l-arp). @2y,
(b),r!
N (+cdg +cdh +cgh +dgh +cd +cg +
cd
+ch+dg +dh+gh+c+d +g +h)x
gh
xa(l-a+p) < (1+a),(2-a+p), 1/2)
TR (L+b) ! "
N (7+cd +cg +ch +dg +dh +gh +3c +3d +
cdgh
+3g +3h)a(@+l)(l-a+p)(2-a- p)x
4b (b +1)
><2(2+a)r(3—a+ p), @/2)" N
! (2+b),r!
N a@+)@+2)1-a+p)(2-a+p) 8
8b(b+1) (b +2)
5 (3-a+p)(6+Cc+d +g+h) y
cdgh
><i(?,+a),(4—a+ p), @/2)f .
= (3+b), r!
. a@+)@+2)@+3)(l-a+p)(2-a+p) y
16b(b +) (b +2)(b +3)
y (3-a+p)(@d-a+p) Z“‘:(4+a),(5—a+ p), @/2)
cd gh Py (4+D), r!
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N (1+cdg +cdh +cgh +dgh +cd +cg +ch +
2cd

+cg +ch +dg +dh +gh +c +d +g +h) y
2bgh
l+a,2-a+p;

xa(l-a+b),F ?1 +
1+b;

+(7+cd +cg +ch +dg +dh +gh +
cd

+3c+3d +3g +3h)a(@a+l) (1-a+p) y
4b (b +1)gh
y a@+l)(l-a+p)(2-a+ p)><
4b(b +1)
2+a, 3—a+p,;

x(2—-a+p),F ?1 +

2+b;
N a@+D@+2)1-a+p)(2—a+p) 5
8b(b+1) (b +2)
><(3—a+ p)(6+c+d +g +h)><
cdgh
3+a,4-a+p;

x .k > +
3+b;
N a@+h@+2)(@+3)(l-a+p)(2-a+p) y
16b(b +1) (b +2)(b+3)
4+a, 5-a+p;
y (3-a+p)(4-a+p) F 1 (4.8)
cdgh 2
4+4h;

Applying the summation theorem (1.6)in
equation (4.8), we get
a,l-a+p,c+1,d+1 g+1 h+1;

b,c,d,g,h;
2 Jzr()r(@-p)

B b-a)_(b-a+1)
F(a)r( . jr( : )

p ) r(b—zﬂj
X; (_1)r(r] [(b+a+rj j
I -p

2
2"PP (—a+p)WrTO)@-p-1) .

r(a)r(b —ajr(b —a+1j
2 2
y (l+cdg +cdh +cgh +dgh +cd +cg +

cd
+ch+dg +dh+gh+c+d +g +h)><

gh
b-a+r
p+2 F( 2 j

r Jr[(b +a;r+2j_(p+2)]

2P (1—a+p)(2-a+p) y

+
F(a)r(b —a)r(b —a+1)
2 2

y (7+cd +cg +ch +dg +dh +gh +3c +

+

+

) (—1>f[

cd
+3d +3g +3h)V7 T(b)T(a- p-2)
gh
. e F(b—zﬂj
xg(; (-1) ( r ]r((b+a;r+4)_(p+4)J +
Jrzl*p*b (l-a+p)(2-a+p)@B-a+p) y

cdgh F(a)l“(b;aj
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(6+c+d+g+h) F@a-p-3)b).r .
(b—a+1)
T
2
b-a+r
%)

6
xS (—1)f[IO+ j +
~ r F[(b+a+r+6j_(p+6£

2
N 2" (l—a+p)(2-a+p)(B-a+p) y

cdgh r(a)r[b;aj

(4-a+pr@-p-Hroywz
(b—a+1}
I
2
b-a+r
i

p+8 8
Y (—nf(p+ ] .
e r F([b+a;r+8j_(p+88

On simplifying further, we arrive at the result
(4.5).

p+6

CONCLUSION

In our present investigation, we have given
certain extensions and generalizations of
Kimmer’s third summation Theorem (1.5) in

the form of ,F,[1/2], ,F,[1/2], (F,[1/2]
and (F;[1/2]where some numerator and de-

nominator parameters differ by a positive in-
teger, as claimed in the above theorems. We
conclude this paper with the remark that many
other summation theorems can be derived in
an analogous manner. Moreover, the results
deduced above are expected to lead to some
potential applications in several fields of ap-
plied mathematics, statistics, and engineering
sciences.
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ARTICLE Abstract: The aim of the study is to produce tomatoes seedlings with good characteris-
HISTORY tics for summer and fall seedlings seasons in field nurseries by investigating three plant
sl distances (10, 15, 20 cm), inaddition to scatteringand two levels of seed rate (100 and
29 May 2022 150% of the recommended rates).The experiment was carried out using completely ran-

dom plots using split plot designs in three replications, and the levels of each factor were
Accepted: randomly distributed within the plots withcultivation of two seedbeds. Planting tomato

04 October 2022 seedlings at a 20 cm distance can improve tomato seedlings' growth in open field nurse-
ries. Finally, more researches are needed to determine the optimal seed rates as well as

Keywords: planting distances in open field nurseries production under Al-Jabal Al-Khader condi-

Planting dis- tions.

tances;

Seed rates;

Quality;

Dry weight;

Density.
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INTRODUCTION Between 2000 and 2019, the global produc-
tion of vegetables increased more quickly,
rising by 65 percent. Tomatoes are the most
abundant of the five major vegetable species,

Tomatoes  (Solanumlycopersicum)  have
grown to be one of the world's most popular
and extensively cultivated vegetable. In terms making up between 42 and 45 percent of the
of tOt?I r)}/early W(.)rlld OUtpUti tomato rz_jmks a5 total over the time period, and tomatoes rep-
one of the essential vegetables recognized by resented about 16 percent in 2019 (FAO,

the Food and Agriculture Organization 5059y china is the world's greatest tomato
(FAO). Tomatoes are a very important vege-  4qyer, with 52 million tons, then India, and

table crop _in terms (.)f economics, and they  pjteq States is the third-largest producer,
are farmed in 175 nations (FAO, 2014).
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then Egypt, with 18, 14, and 8 million tons,
respectively (FAO, 2014). Government reve-
nue, smallholder farmers, and foreign ex-
change gains have all benefited from the hor-
ticultural sector of agriculture. Additionally,
the sector contributes significantly to food
security and is a critical supplier of raw mate-
rials for the industrial sector (Irungu, 2011).

Development of profitable tomatoes is a huge
difficulty challenge all over the world. Toma-
toes plants can be grown in the field directly
through plug-mix sowing (Hayslip, 1974), or
by transplanting (Hochmuth, 1988). Tomato
seedlings have a better chance of surviving,
establishing quicker, improving plant uni-
formity, and maturing sooner than immedi-
ately seeded plants (Weston & Zandstra,
1989). Depending on the available planting
space, operational simplicity, and adaptabil-
ity of the approach, seedlings may be raised
in trays, beds, or seedboxes (Lin et al., 2015).
However, even in new and modern trays,
seedlings could root and branch into the tray,
which leads to poor removal and extraction
of the plug, in addition, it is difficult to keep
the seed boxes or trays clean (Balliu et al.,
2017). Brower (1963) explained a functional
balance between roots and shoots as connect-
ed growth, in which changes in shoot growth
rate are reflected in the roots and inversely,
therefore, to prevent these difficulties, it is
preferable to grow tomato seedlings on beds
in a field nursery rather than utilizing con-
tainers like seed-boxes or trays to produce
seedlings. Properly grown transplants have an
impact on vegetable output. Successful vege-
table cultivation depends heavily on healthy
seedlings generated in an expert nursery, es-
pecially for transplanted crops like tomatoes
(Lin et al., 2015). Transplants are considered
good quality when they are free of disease
and pest infections, have the potential to live
in difficult settings after transplanting, have a
good root system, and contain a leaf area
without any visible problems (Weston &
Zandstra, 1989). Air humidity, CO2, culture
techniques, light, Temperature, water availa-
bility, all of which are directly impacted by

the density of seedlings, which is represented
in the number of seeds, including the planting
space between rows, where fragile and weak
seedlings may emerge as a result of shading
and then have an impact on the quality of
transplants (Brazaityté et al., 2010; Juknys et
al., 2011; Lin et al., 2015; Paul & Metzger,
2005).A vegetable nursery is a location or
facility where immature vegetable seedlings
are raised or handled until they are suitable
for more permanent planting (Bharathi &
Ravishankar, 2018; Hassan, 1991), demon-
strates that field nurseries must be in a pest-
free environment so that pests do not attack
seedlings, which are then transported to the
permanent field. To avoid any harm, insecti-
cides must be applied to the nursery site. Ac-
cording to the degree of levelness of the ter-
rain in the field, field nurseries are construct-
ed in the shape of beds with an area of 1 x 1,
2 X 2, or 2 x 3 meters. Planting in lines is ide-
al, as long as the spacing between them is 15-
20 cm and the seeds are planted at a depth of
1.5 to 2 cm. Although heavy soils are not ad-
vised for nurseries, they can be utilized if re-
quired by covering the seeds with a mixture
of sand and gravel. In the other hand, to tack-
le the management issues that nursery farm-
ers encounter, further study is needed.

Nurseries had received no training, and vari-
ous technical issues were discovered, affect-
ing their profitability as well as the quality of
seedlings delivered to farmers. Because the
majority of crop varieties were open-
pollinated, farmers used to generate their own
seedlings for transplanting at a reduced cost.
To boost output, most commercial farmers
are turning to intensive vegetable growing
with high-yielding F1 hybrids. Because these
hybrid seeds are so expensive, it's critical to
turn each seed into a healthy seedling, which
necessitates meticulous nursery care. In most
progressing nations, vegetable seedling pro-
duction is done by specialist farmers or com-
panies (Bharathi & Ravishankar, 2018).

Seeding rate and plant density, based to
(Yucel, 2013), are major factors impacting
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vegetable crop output and quality. Increased
sowing rates, according to the same scientist,
may improve agricultural competitiveness.
Crop profitability, on the other hand, may or
may not improve as a result of the high seed
cost. However, there were no significant im-
pacts of plant densities on pea plant height
and other examined attributes, according to
(Barary et al., 1996; Ibrahim et al., 2019). In
Agadir, Morocco, a study was conducted
where three separate plant densities of two
processing tomato varieties (Heinz 1370 and
Rio Grande) were examined over two seasons
in sandy loam soil (Elattir, 2002). The spac-
ing separated between single seed lines and
between seed line clusters were 1.3 meters
and 0.25 meters, respectively. Seedlings were
reduced to one, two, or three plants per clump
at the second true-leaf phase, resulting in
plant densities of 30400, 60800, and 91200
plants.ha™, correspondingly. With increasing
plant density, the number of clusters per m*
grew dramatically, with no differences across
varieties. The maximum plant density en-
hanced yield by 40% as compared to the con-
trol (30400 plants. ha-1), with no significant
variation across cultivars. Under high plant
density, the Rio Grande variety produced a
significant early yield. When the plant densi-
ty rose, the average fruit weight fell. Re-
searches are currently intended to familiarize
tomato producers with effective nursery man-
agement procedures for developing healthy
tomato seedlings and to encourage the use of
healthy seedling preparation strategies to im-
prove tomato yields. So, the aim of this study
is to produce tomatoes seedlings with good
characteristics for summer and fall seedlings
seasons in field nurseries by investigating
three plant distances and two levels of seed
rate in the field nursery at Omar Al-Mukhtar
University, Al-Jabal Al-Khader, Libya.

MATERIALS AND METHODS

The study was conducted at the farm of the
Department of Horticulture, Faculty of Agri-
culture, Omar Al-Mukhtar University, Al-
Jabal Al-Khaderin 2016 to investigate the

impact of seeding rates and planting distances
and the interaction between them on germina-
tion, vegetative growth and quality of tomato
cv. Rio Grande (Syngenta , Cairo, Egypt)
seedlings. Two seed rates of 100 and 150% of
the recommended rates were used as well as
three planting distances (10, 15, 20 cm) be-
tween the lines in addition to the scattering
treatment. The nursery site soil characteris-
tics display in Table 1.

Table: (1). Soil characteristics and properties.

Measurements
0

Particle Size distri- S?nd (%) 14.25
bution Silt (%) 51.15

Clay (%) 34.6
Organic Matter (%) 2.3
E.C (Mmhos/ cm) 1.36
Total Nitrogen (%) 0.21
Soil pH 7.87
CO; % 1.35
P ppm 115

Data collected at the region of the Department of Horticulture,
Faculty of Agriculture, Omar Al-Mukhtar University

Experimental Design: The experiment was
carried out using completely random plots
using split plot designs in three replications,
where the main plots were assigned to the
two seed rates (100 and 150% of the recom-
mended rates), and the sub-plots to the coef-
ficients of planting distances (10, 15, 20 cm)
and addition to scattering. The levels of each
factor were randomly distributed within the
plots with cultivation of two seedbeds, so that
each replicate included 8 factorial treatments
(2 seeding rate * 4 planting distances).

Fieldwork: 3 beds with dimensions of 4x 1m
are well-equipped, and the weight of the
seeds needed for planting in 1 m was pre-
pared and calculated, as well as the weight of
the seeds needed for planting per square me-
ter. Beds were planned according to the stud-
ied planting distances and were distributed
randomly within the experimental units.
Three lines were planted in each experi-
mental unit, and after irrigation, the beds
were covered with plastic strips until germi-
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nation was complete. The service operations
were carried out by irrigation and purification
of weeds. The seedlings were also fertilized
by spraying with urea solution (150 mg
N/L).After 45 days of planting, samples were
taken (5 seedlings always from the middle
line).

Studied Traits: The response of the seed-
lings to the effect of the treatments under
study was estimated on 5 seedlings that were
randomly selected from the middle line of
each treatment in the three replicates, then
the following measurements were recorded as
an average of five representatives: Fresh and
dry weight for seedlings, leaves and stems,
number of days for germination, number of
leaves/ plant, seedlings height, and chloro-
phyll content. Total chlorophyll content of
leaves (100 mg) was determined by extract-
ing chlorophyll by acetone (80%) and quanti-
fied by absorption spectrometry using a
tomographic analyzer at wavelengths (645,
653, 666) nm (Laval-Martin, 1979).

Data Analysis: JMP was used to examine all
of the data (Version 11.0 for Windows; SAS
Institute, Cary, NC). In all cases, Levene's
test was used to determine homogeneity of
variances, and the Shapiro-Wilk test was
used to confirm normality (W> 0.80). By
employing square root or log transformations,
certain data were changed before analysis to
fulfill the requirements of normality and
equality of variance. The LSMeans Student's
test was used to compare treatment means at
0.05.

RESULTS AND DISCUSSION

Fresh and dry weight of seedlings, leaves,
and stems were not significantly affected by
seed rates (100 and 150% of the recommend-
ed rates) investigated in this experiment (Ta-
ble 2).The dry matter weight of seedlings was
significantly higher for the scattering treat-

ment than the other planting distances inves-
tigated in the current study. This outcome
might have been caused by the enhanced
seedling growth at the other broadening
planting distances, which had relatively easy
access to environmental resources such as
water, light and essential minerals than those
in a scattering population. This, in turn, prob-
ably led to higher water content and a lower
accumulation of dry matter and may have
been the cause of the observed results. From
another angle, this finding can be supported
by the hypothesis of dilution (Greenwood et
al., 1990), where increasing planting spacing,
resulted in higher water content and lower
dry matter accumulation.

Number of days for germination was affected
by seed rates as well as planting distances
examined in the current study, where the
treatment of scattering differed from the rest
of the other treatments, as it achieved the
least number of days for germination, as well
as with 150% of the recommended rates
(Figure 1). where the crowding of the seeds
with each other in the scattering treatment
enhances their cooperation with each other in
raising the soil cover and increasing the
speed of their germination more than the
seeds that are less crowded in the other stud-
ied treatments, likewise, number of seeds can
show considerable variation within germina-
tion, since increasing the number of seeds is
often associated with the highest survival.
This finding concurred with that of (Elattir,
2002) in which under high plant density, the
Rio Grande variety produced a significant
early yield, in other words, the maximum
plant density enhanced yield by 40% as com-
pared to the control, and thus, this finding
may be an important consideration for devel-
oping a management plan and addressing the
early tomato production issues at Al-Jabal
Al-Khader area.

Table(:2).Mean fresh and dry weight for the tomato seedlings cv. Rio Grande, leaves and stems, under different
seed rates and different planting distances were used as well as the scattering treatment.
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Seedling Weight?

Weight (g) Seed rate’ scattering 10 cm 15cm 20 cm average
First rate 1.30 a* 1.32a 1.02a 0.96 b 1.04 A
Fresh Second rate 1.00 a 1.04 a 1.10a 1.09a 1.06 A
Average 1.15 A 1.18 A 1.06 A 1.03 A NA
First rate 0.30 a 0.25a 0.29 ab 0.19b 0.25 A
Dry Second rate 0.35a 0.29 ab 0.25 ab 0.31a 0.30 A
Average 0.33A 0.27B 0.27B 0.25 AB NA
LEAVES
Seed rate scattering 10 cm 15 cm 20 cm average
First rate 0.74 a 0.77 a 0.68 a 091a 0.77 A
Fresh Second rate 0.92a 0.54b 0.86 a 0.54b 0.72 A
Average 0.83 A 0.65B 0.76 A 0.72 A NA
First rate 0.24a 0.17 ab 0.25a 0.26 a 0.23 A
Dry Second rate 0.25a 0.26 a 0.14b 0.23a 0.22 A
Average 7.10 A 0.23 A 0.20 A 0.25 A NA
STEM
Seed rate scattering 10 cm 15cm 20 cm average
First rate 0.47 a 0.46 b 0.47 a 0.32 ab 0.33A
Fresh Second rate 0.32 ab 0.34 ab 0.18b 0.19 ab 0.25A
Average 0.40 A 0.20B 0.33A 0.26 AB NA
First rate 0.20 a 0.14 b 0.10b 0.11b 0.14 A
Dry Second rate 0.10b 0.10b 0.12b 0.14 b 0.12 A
Average 0.16 A 0.12 A 0.11 A 0.12 A NA

All data were subjected to analysis of variance using ANOVA in JMP (version 11.0 for Windows; SAS Institute, Cary, NC).

YSeed rates are100% (First rate) and 150% (Second rate) of the recommended rates were used as well as three planting distances (10, 15, 20

c¢m) between the lines in addition to the scattering treatment (control).

*Means followed by the same letter within sampling date are not significantly different at P<0.05.

The main factor seed rates evaluated in this
experiment had no significant effect on the
total number of leaves per seedling (Fig-
ure2). However, it tended to be significantly
different due to the planting distances tested
in the current experiment, wherewith the 20
cm planting distance the total number of
leaves per seedling was greater than the
other distances investigated in this study.
The greater number of leaves per seedling
with 20 cm planting distance evaluated in
the current experiment is likely owing to the
plants in a wider spacing having easier ac-
cess to environmental resources included
water, light, and nutrients than those in a
denser population (Berhane et al., 2016).
There was no significant difference between
seed rates as well

as planting distances tested in this research
for seedlings height (cm) (Figure 3).
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Figure: (1). Number of days for germination tomato
seedlings cv. Rio Grande under different seed rates
and different planting distances were used as well as
the scattering treatment.
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Figure: (2). Number of leaves per plant for tomato
seedlings cv. Rio Grandeunder different seed rates

and different planting distances were used as well as
the scattering treatment.
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Figure: (3). Plant height for tomato seedlings cv.
Rio Grande under different seed rates and different
planting distances were used as well as the scatter-
ing treatment.

This finding is similar to (Barary et al.,
1996; Ibrahim et al., 2019) that found there
were no significant impacts of plant densi-
ties on pea plant height and other examined
attributes. Chlorophyll content for tomato
seedlings examined in this experiment was
not significantly affected by seed rate
treatment, but it was higher for 20 cm plant-
ing distance as compared to the other plant-
ing distances investigated in the current
study (Figure 4). As previously explained is
likely owing to the plants in a wider spacing
having easier access to environmental and
natural resources such as water, light, and
nutrients than those with more population

density (Berhane et al., 2016), suggesting
that chlorophyll content analysis is a sensi-
tive indicator of plant nutrient status, and
maybe a useful and efficient tool to evaluate
tomato seedlings nutrients status.
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Figure: (4). Chlorophyll content for tomato seed-
lings cv. Rio Grandeunder different seed rates and
different planting distances were used as well as the
scattering treatment.

CONCLUSION

This result suggests that planting tomato
seedlings at a 20 cm distance can improve
tomato seedlings' growth in open field
nurseries in the region by enhancing access
to natural and environmental supplies in-
cluding water, sunshine, and nutrition. This
finding may be an important consideration
for developing an annual management plan
and addressing long-term issues for tomato
seedlings production in open nurseries in
Al-Jabal Al-Khader area. Further, results
from the present study indicate that the seed
rates in an open field nursery are not critical
for tomato seedlings production in the re-
gion. As tomato is commonly grown in the
whole world, and demand for tomato seed-
lings is increasing each year in Libya, more
research is needed to determine the optimal
seed rates as well as planting distances in
open field nurseries production under Al-
Jabal Al-Khader conditions.
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Abstract: Food safety is a big challenge that concern all human communities and food
production factories. The information on the bacterial evaluations of fresh natural juices
in the city of Benghazi remained very limited and unclear. This study was carried out to
evaluate the bacterial contamination for two of the most popular selling freshly made
juices, including mango and strawberry juices. The results of screening showed bacterial
growth in 117 (91.41%) out of the total samples 128. The evaluation during the second
season showed a higher bacterial growth rate of 96.55 %. The most predominant bacteria
contaminating the targeted juices was Klebsiella pneumoniae, with an average of
(36.21%), followed by fecal Escherichia coli (31.03%) for both juices. All the contami-
nated juices represented bacteria count out of the accepted value. Gram-negative patho-
gens showed resistance to limited antibiotics, including Amoxicillin, Amikacin, and
Clarithromycin, whereas the Gram-positive bacteria showed higher resistance rates. This
study concluded that, increase in bacterial diversity and bacterial count out of the ac-
cepted standard as well as the presence of fecal E. coli indicating a poor level of hygiene
during the process of preparing juices, leading to the possibility of causing diseases and
exposing people to food poisoning.
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INTRODUCTION production factories. Lack of the food hygiene

Food safety is an important issue alarmingly
concerned by all human communities and food

and food sanitary quality direct of these prod-
ucts to be contaminated with several pathogen-
ic bacteria leading to risk of foodborne illness
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(Gizaw, 2019; Ncama et al., 2021). Natural
juices are among the food products that people
drink a lot specially during the summer, as
they are refreshing and rich in nutrients, how-
ever they are exposed to many pollutants, es-
pecially microbial contamination during the
preparation process. Many of people working
in the field of juices preparation do not have
enough knowledge on the food safety and
some do not follow the safety roles to avoid
potentially severe health hazards, therefore the
possibility of microbial contamination is very
likely to occur (Ho et al., 2020; Ruxton et al.,
2021). Several pathogenic bacteria are more
frequent that combined with the juice contam-
ination including Escherichia coli, Staphylo-
coccus aureus, Cryptosporidium, Listeria
monocytogenes, Campylobacter jejuni, Bacil-
lus cereus, Salmonella sp. and Acinetobacter
sp. (Callejon et al., 2015; Hossen et al., 2020;
Kader et al., 2014; Reddy et al., 2009;
Tambekar et al., 2009).

The information on the microbial evaluations
of fresh natural juices in the City of Benghazi
are remained very limited and unclear. This
project was carried out to evaluate the bacteri-
al contamination into two of the most popular
selling of freshly made juices including mango
juice and strawberry juice in order to encour-
age people to spread awareness on food safety
management and ways to combat foodborne
illness.

MATERIALS AND METHODS

Study area and samples collection: The
study was performed to evaluate the bacterial
contamination of natural juices sold in the city
of Benghazi. The samples collection targeted
the most popular sale points including local
fresh juice shops, cafes and restaurants and for
the most popular sale products including man-
go and strawberry juices. In order to make sure
the study cover the whole city areas, the col-
lection of samples was designed to be includ-
ing North, South, East, and the City Center
within two seasons of collection. The investi-
gation was carried out for 128 of fresh fruit

juice samples served into plastic containers
collected within two seasons as 64 sample of
each. Within each season the microbial isola-
tions were applied for 32 strawberry juice and
32 mango juice samples. After each collection,
the samples were preserved into cold condi-
tions and immediately transported to the la-
boratory for microbiological investigation.

Samples processing and culture conditions:
In order to perform initial isolation and screen-
ing for bacterial contamination, all the fruit
samples were first homogenized and under
aseptic conditions one milliliter from each
sample was introduced on Nutrient agar plate
and MacConkey agar the plates were then in-
cubated aerobically at 37 °C for overnight.
Next day, all the plated were checked for bac-
terial growth and determine the diversity of
bacterial types that involved the contamina-
tion. The bacterial cultures that showed more
than one type of bacteria were processed for
sub-culture step in order to obtain pure micro-
bial cultures. All the well-isolated bacteria
were preserved refrigerated at 4 °C using a
slant Nutrient agar tubes prior bacterial identi-
fication and their susceptibility to the antibiot-
ics.

Determination of the bacterial load and the
most probable number that contaminate the
juice samples: Serial dilutions using a sterile
normal saline were made from each type of
juice to make appropriate juice dilution con-
centrations of (107 up to 107%), one milliliter
from each dilution was introduced and spread
on Nutrient agar plate, the plates were then in-
cubated aerobically at 37 °C for overnight.
Next day, all the plated were checked to de-
termine the bacterial colony forming unite
(cfu/ml) according to the following formula:
Number of bacteria colonies in the original
sample = Number of colonies counted x 1/df x
V (ml). Where: df, Dilution factor; V, Volume
in ml and compared with the standard bacterial
count (Asghar et al.,, 2018). For the MPN
method, the analysis was performed in three
steps including presumptive test, confirmatory
test and completed test.
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Identification of the isolated bacteria: After
bacterial purification, the bacterial cultures
were directed for morphological characteriza-
tion including colonies differences on the agar
plates such as shape, size and color of the col-
onies, lactose fermentation, and blood hemoly-
sis, followed by microscopic morphology ex-
amination to investigate the differences be-
tween bacterial cells by using Gram staining
techniques. Further assessments were used for
bacterial identification including several tradi-
tional biochemical tests by using lactose fer-
mentation, glucose fermentation, sucrose fer-
mentation, gas production and using different
culture media including MacConkey agar,
Blood agar, Eosin methylene blue agar
(EMB), Lactose Broth, Selenite Broth, Salmo-
nella Shigella agar (SS), Triple sugar iron agar
(TSI), Simmon’s citrate agar, Urease agar,
DNase agar and Mannitol salt agar (MSA).

Some enzymatic chemical test also used to de-
termine and differences between microbes in-
cluding oxidase test, catalase test, and coagu-
late test. In order to investigate presence of fe-
cal coliform, the samples that showed presence
of E. coli growth were checked for positivity
to the gas production and then incubated at
44.5 °C for 24-48 hrs. For conformation of the
bacterial identification, Automated Phoenix
100 System for bacterial identification was
used.

Antibiotic susceptibility testing of the bacte-
ria contaminating fresh juices: All the iden-
tified bacteria tested for their sensitivity to the
antibiotics in order to determine the antibio-
gram profile that contributing the multidrug
resistant pathogens. This test was performed
using the Kirby—Bauer disc diffusion method
using Muller Hinton agar (MHA) plates as de-
scribed by Clinical and Laboratory Standards
Institute (CLSI, 2006) as follow: a bacterial
suspension was prepared according to the 0.5
McFarland standard using a sterile normal sa-
line and the turbidity was adjusted such that it
contained approximately 1x10° cfu/ml.

The prepared bacterial suspension was
smeared onto the Muller Hinton agar (MHA)
plates using a sterile cotton swab followed by
selection of known concentration of antibiotic-
disks purchased from (Oxoid) including Ami-
kacin (5 pg), Amoxicillin (10 pg), Cefixime (5
Mg), Cefuroxime (30 pg), Cephalexin (30 pg),
Ciprofloxacin (5 pg), Clarithromycin (15 pg),
Doxycycline (30 pg), Imipenem (10 ug), Oxa-
cillin- (1 pg) and Sulfamethoxazole-
Trimethoprim (25 pg) were placed onto the
plates, after that the plates were incubated aer-
obically at 37 °C for overnight. Next day, the
effect of the antibiotics was evaluated as a
clear inhibition zone formed arrowed the anti-
biotic discs measured in millimeter of diame-
ter.

RESULTS

The assessment was carried out according to
increase the sources and the risk factors that
represent a possible source of contamination
with bacterial pathogens leading to health
problems. The bacterial screening results for
strawberry and mango juices showed that 117
(91.41%) of the total samples were contami-
nated with bacteria, the Gram-negative bacte-
ria were representing the most predominant
110 (94%) out of 117 selected isolates.

The distribution of isolated bacteria according
to the season and time of isolation was show-
ing microbial growth at first isolation 58
(90.62%) out of 64 samples and 56 (96.55%)
out of the 58 samples, were showing Gram-
negative bacteria. During the second season,
the results of bacterial screening showed 59
(92.19%) out of 64 samples were contaminat-
ed with bacteria, as well as 54(91.53%) of the
isolated pathogens were classified belong to
Gram-negative bacteria, figure (1).

Frequency of bacterial contamination ac-
cording to the area: In order to cover the
whole study area, the samples were collected
from the four geographic areas of the City of
Benghazi, including North, South, East and
city Center. Within each geographic area, four
targeted collection areas were included. From
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each collection area, four collection points
were targeted. From each collection point, two
samples were collected during the two sea-
sons.

The results showed high bacterial growth into
the four geographic areas. For the North area,
the bacterial growth was into 93.75% and
100% of the samples during the first and se-
cond seasons respectively. For the South area,
the bacterial growth was into 93.75% and
81.25% of the samples during the first and se-
cond seasons respectively. For the East area,
the bacterial growth was into 100% and
87.50% of the samples during the first and se-
cond seasons respectively. For the City Center
area, the bacterial growth was into 87.50% of
the samples for both the first and the second
seasons, table (1).

O Frist isolation mSccond isolation BTotal

-
[
<

-
=
=

90.62%,92.19%,
60 —

Number ofisolated bacteria
oo
o

) 8.59%
9.37% 7.81%

Growth MNO .Growth
Figure (1): Shows the general bacterial investigation
during the two seasons of collection representing total
bacterial growth.

Diversity of the bacterial pathogens associ-
ated with the four studied areas: In order to
determine the most predominant microbial
contaminant in each geographic studied area,
the isolated bacteria were assessed for identifi-
cation, the results showed that Klebsiella
pneumoniae represented the most predominant
pathogen among all species, where it isolated
from 42 (35.89%) juice sample, followed by
fecal E. coli 36 (30.76 %), Pseudomonas ae-
ruginosa 15 (12.82 %), E. coli 9 (7.69 %), En-
terobacter aerogenes 8 (6.84 %), Staphylococ-
cus aureus 5 (4.27 %) and Staphylococcus
schleiferi 2 (1.71%).

The distribution of the isolated bacteria ac-
cording to the geographical area separately
showed that, in the North area, the most fre-
quent isolated contaminant was fecal E. coli
12 (37.50%) followed by K. pneumoniae 8
(25%). In the South area, P. aeruginosa 10
(31.25 %) represented the most frequent bacte-
ria followed by K. pneumoniae 9 (28.13%). In
the East area, the most frequent isolated con-
taminant was fecal E. coli 12 (37.50%) fol-
lowed by K. pneumoniae 9 (28.13%). In the
City Center area, the most frequent isolated
contaminant was K. pneumoniae 16 (50%) fol-
lowed by fecal E. coli 6 (18.75%), table (2).

Distribution of bacterial species according
to the types of juices: The results showed the
contamination with K. pneumoniae represent-
ed the most predominant microbe contaminat-
ing the mango juice 23 (54.76%) and 19
(45.24%) for strawberry juice. The juice con-
tamination with fecal E. coli showed 22
(61.11%) isolates into the mango juice and 14
(38.89%) isolates for the strawberry juice. The
juice contamination with P. aeruginosa
showed 8 (53.33%) for the strawberry juice
and 7 (46.67%) mango juice. The results also
showed the both juices have contaminated
with some other different microorganisms at
low rate of bacterial percentage as shown in
the figure (2).
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Figure (2): Distribution of the bacterial species accord-
ing to the types of juices
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Direct measurement of microbial growth
through determination of most probable
number: In order to investigate the most
probable number for the bacteria that contrib-
uting the bacterial infection risk factor, a direct
measurement of bacterial count on plate agar
was performed through serial dilutions were
made from the two type of juices; the results
of growth were compared with the standard
bacterial count chart provided by the recom-
mended Gulf standard® that instructed the
mean total viable count (microbial load)
should be in all the freshly prepared fruit juic-
es in the range of 0.1x10° to 1.48x10° cfu/ml,
where the results showed that, P. aeruginosa
revealed the highest rate of bacterial average
count of 1.484x10° cfu/ml, followed by fecal
E. coli that showed average of count of
1.228x10° cfu/ml, K. pneumoniae with an av-
erage of count 9.70x10% cfu/ml, E. aerogenes
showed 5.74x10° cfu/ml, E. coli showed
2.7x10% cfu/ml, and the contamination with S.
aureus and S. schleiferi showed low bacterial
count of 0.7x10% cfu/ml and 0.1x10° cfu/ml,
figure (3).
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Figure (3): Bacterial counts (cfu/ml) into the both fresh
juices

Antibiotic susceptibility testing of the bacte-
ria contaminating fresh juices: Antibiotic
susceptibility testing was performed according
to the Kirby Power disc diffusion method. The
results showed that, fecal E. coli demonstrated

complete resistance to antibiotic Clarithromy-
cin (100%), whereas it was less resistant to
Sulfamethoxazole-Trimethoprim (3.85%) and
sensitive to the rest of tested antibiotics includ-
ing Ciprofloxacin, Imipenem and Oxacillin,
Cefixime and Doxycycline and Cefuroxime
(100%), whereas  Sulfamethoxazole -
trimethoprim (96.15%), followed by Amikacin
(84.6%) and Amoxicillin, Cephalexin (76.9%).
E. coli and E. aerogenes showed resistance to
Clarithromycin and Amoxicillin (100%); alone
E. coli recorded a partial resistant to Amikacin
(89%), whereas E. aerogenes showed a com-
plete resistance to the same antibiotic (100%).
In contrast, the two isolates showed sensitivity
to rest of antibiotics including Ciprofloxacin,
Imipenem and Oxacillin, Cefixime and
Doxycycline, Sulfamethoxazole-trimethoprim
Cefuroxime and Cephalexin with percentage
of sensitivity reached to (100%). K. pneu-
moniae showed resistance to Clarithromycin
and Amoxicillin, Sulfamethoxazole - trime-
thoprim (95%), however, the isolate showed
sensitivity to rest antibiotics including Ciprof-
loxacin, Cefixime, Doxycycline, Cefuroxime,
and Cephalexin (100%), Amikacin (95%),
Imipenem and Oxacillin (90%). P. aeruginosa
has recorded resistance to Imipenem, Amika-
cin and Amoxicillin (100%). In contrast, it
showed sensitivity to rest tested antibiotics in-
cluding Ciprofloxacin, Cefixime and Doxycy-
cline, Clarithromycin, Cefuroxime, and
Cephalexin, Sulfamethoxazole trimethoprim
(100%). Staphylococcus schleiferi showed re-
sistance to Ciprofloxacin and Clarithromycin,
Amikacin, Amoxicillin, Oxacillin, Cefixime
and Cephalexin (100%), however, the contam-
inant showed a partial sensitivity to Sulfa-
methoxazole -trimethoprim and Imipenem
(50%) and complete sensitive to the other test-
ed antibiotics including Doxycycline, Cefurox-
ime (100%). Staphylococcus aureus showed
full resistance to the most tested antibiotics
(100%) with the exception of Imipenem and
Sulfamethoxazole-trimethoprim, Doxycycline,
Cefuroxime showed (50%) of resistance, table

).
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DISCUSSION

Drinking fresh juices are popular with people
all times especially in summer. We often find
juice street sellers. People drink these types of
juices that overlook microbiology as well as
the health standard, therefore high load of dis-
tributors and lack of hygienic practicing, so
people often get sick. In this study, two main
types of juice are used from different area in
the city of Benghazi. Most juice samples
showed high level of bacterial contamination.
The resources of the contamination may be
due to contaminated water or the use of ice to
dilute juices.

It could be because contamination by unsteri-
lized container, place, air, and preparing bare,
hands. Microorganisms can spoil or decom-
pose fruits through damaged surfaces, such as
holes, cuts and cracks that occur during
growth or harvesting (Mahale et al., 2008).
Contamination from raw materials and equip-
ment, additional processing conditions, im-
proper handling, and the spread of unsanitary
conditions contribute significantly to the entry
of bacterial pathogens into juices prepared
from these fruits (Nicolas et al., 2007; Ogodo
et al., 2016; Oliveira et al., 2006).This study
has revealed that, the most predominant mi-
crobes that contaminated the studied juices
were K. pneumoniae and fecal E. coli, accord-
ing to another study performed by (Fatema et
al.,, 2016)on the microbiological quality as-
sessment of hand-made juice in Dhaka City
Street, where they also found that E. coli and
K. pneumoniae have represented the most fre-
quent isolated pathogens. A similar study was
performed by (Berhanu et al., 2020) on the
microbial quality spectrum of fresh and pack-
aged fruit juices (pineapple and mango) Juices
sold in supermarkets and cafes in Gondar city,
Northwest Ethiopia, they have showed that the

bacteria that were the source of juice contami-
nation were included Salmonella sp., Shigella
sp., E. coli, Pseudomonas sp., Klebsiella sp.
and S. aureus; whereas (Wedajo & Kadire,
2019) found less frequent bacterial diversity,

the juice contamination included just of Sal-
monella sp., E. coli, and S. aureus. Plate count
technique was performed in order to determine
the most probable number (MPN) and to esti-
mate the actual bacterial count (cfu/ml) into
the testes juices as a food poisoning risk factor
probability. According to the standard juice
microbial quality, the contamination with fecal
E. coli was max higher than exceeded limit
(Ocfu/ 10 ml and 100 ml) of sample, our re-
sults showed average contamination of fecal E.
coli 1.23x10° cfu/ 100 ml of juice, E. coli
3.7x10* cfu/ 100 ml, E. aerogenes 5.74x10"
cfu/ 100 ml, K. pneumoniae 9.70x10* cfu/100
ml. The contamination with Staphylococcus
sp. was within the acceptable bacterial limita-
tion count (less than 5x10°cfu/10 ml) compare
to the Recommended Gulf Standard. Other
similar results obtained by (Reddy et al.,
2009), they have shown in the first bacterial
isolation from fresh juices a level of bacterial
contamination higher than our results even to
the acceptable bacterial count, where the coli-
forms count reached to 1.4x10° cfu/ 100 ml. In
contrast, (Babiye, 2017) performed another
study demonstrated that, the studied fresh
mango and avocado juice samples were con-
taminated with 150 and 120 coliforms per 100
ml, this is still within the unacceptable bacteri-
al count and probably this conflict with the
level of hygiene safety during the juice prepa-
ration. (Reda et al., 2017) reported that the
presence of thermotolerant fecal coliform can
be attributed to fecal contamination of the wa-
ter used to wash utensils, fruits, or transferred
directly from the vendors, as well as the envi-
ronment in which the juice is prepared, and
leaving food at room temperature, at this case
of these juices, and these can multiply to reach
high concentrations, (Andrés et al., 2004) no-
ticed that presence of coliform in fruit juice is
not permitted by safe food consumption stand-
ard. This result is also in agreement with some
other research works performed by (Ahmed et
al., 2010; Mahale et al., 2008), where they
showed the studied fruit juices were heavily
contaminated by E. coli. A few reports have
shown the prevalence of staphylococci in fruit
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juice samples (Ahmed et al., 2010; Tambekar
et al., 2009) about our study, staphylococci we
isolated seven samples. Consequently con-
firmed the presence of E. coli and Salmonella
sp. (Koneman & Allen, 2008) indicative of re-
cent fecal contamination and unsanitary pro-
cessing (Maturin & Peeler, 2001). An im-
portant task of the diagnostic microbiology is
the performance of antimicrobial susceptibility
testing in order to detect of the significant bac-
terial isolates that accumulate to the drug re-
sistance pattern.

The results of the antimicrobial susceptibility
tests revealed that all the Gram-negative path-
ogens were resistant to Clarithromycin, Amox-
icillin, and Amikacin. For Gram Staphylococ-
cus spp. showed the high rate of resistance to
Ciprofloxacin,  Clarithromycin,  Amikacin,
Amoxicillin,  Oxacillin,  Cefixime, and
Cephalexin. (Uddin et al., 2017) in report on
microbial safety of fruit juices, results from
antibiogram test of the isolated microorgan-
isms were Klebsiella sp. found to be less sensi-
tive against Sulfamethoxazole -trimethoprim
and Ciprofloxacin having 10% and 22% sensi-
tivity, respectively whereas highest suscepti-
bility was found against Nalidixic acid that
was 90%. Most potent fecal coliform, E. coli
showed moderate level of sensitivity against
Sulfamethoxazole trimethoprim (55%). Addi-
tionally, Ampicillin was found to be less effec-
tive against E. coli as it showed about 95% re-
sistance against it. Pathogenic Staphylococcus
sp. showed highest resistance against
Netilmicin (90%) followed by Ampicillin
(84%). Antibiotic sensitivity of K. pneumoniae
and S. aureus were found against Ciprofloxa-
cin, Imipenem, gentamicin, levofloxacin with
the exception of Amoxicillin (Sultana et al.,
2019).
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Table (1): Frequency of bacterial growth according to the areas

G Frist isolation Second isolation
gra:%_ic Qrsgls_ Growth No Growth Growth No Growth
areas lection No. of collection % of No. of collection % of no No. of collection % of No. of collection % of no
points growth points growth points growth points growth

N1 4 100 0 0 4 100 0 0

North N2 4 100 0 0 4 100 0 0
N3 3 75 1 25 4 100 0 0
N4 4 100 0 0 4 100 0 0

Total 4 15 93.75 1 6.25 16 100 0 0
S1 3 75 1 25 4 100 0 0

South S2 4 100 0 0 1 25 3 75
S3 4 100 0 0 4 100 0 0
S4 4 100 0 0 4 100 0 0

Total 4 15 93.75 1 6.25 13 81.25 3 18.75
El 4 100 0 0 4 100 0 0
E2 4 100 0 0 4 100 0 0

East E3 3 75 1 25 4 100 0 0

E4 3 75 1 25 4 100 0 0

Total 4 14 87.50 2 12.50 16 100 0 0
C1 4 100 0 0 4 100 0 0

Center C2 4 100 0 0 3 75 1 25
C3 3 75 1 25 4 100 0 0
C4 3 75 1 25 3 75 1 25

Total 4 14 87.50 2 12.50 14 87.50 2 12.50

Sum 16 58 90.62 6 9.37 59 92.19 5 7.81
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Table (2): Diversity of the bacterial growth at different selected cafes and restaurants in the four studied areas

A fecal E. coli E. coli E. aerogenes K. pneumoniae P. aeruginosa S. schleiferi S. aureus
rea

No. % No. % No. % No. % No. % No. % No. %
N1 4 50 1 12.5 0 0 2 25 1 12.5 0 0 0 0
N2 2 25 2 25 1 12.5 0 0 0 0 0 0 2 25
N3 3 375 0 0 0 0 5 62.5 0 0 0 0 0 0
N4 3 375 1 12.5 1 12.5 1 12.5 0 0 1 12.5 1 12.5
Total 12 375 4 12.5 2 6.25 8 25 1 3.13 1 3.13 3 9.37
S1 2 25 0 0 0 0 2 25 3 375 0 0 0 0
S2 3 375 0 0 1 12.5 1 12.5 0 0 0 0 0 0
S3 1 12.5 0 0 1 12.5 3 375 3 375 0 0 0 0
S4 0 0 1 12.5 0 0 3 375 4 50 0 0 0 0
Total 6 18.75 1 3.13 2 6.25 9 28.13 10 31.25 0 0 0 0
El 5 62.5 1 12.5 1 12.5 1 12.5 0 0 0 0 0 0
E2 2 25 0 0 0 0 4 50 1 12.5 0 0 1 12.5
E3 3 375 2 25 1 12.5 1 12.5 0 0 0 0 0 0
E4 2 25 0 0 0 0 3 375 1 12.5 0 0 1 12.5
Total 12 375 3 9.38 2 6.25 9 28.13 2 6.25 0 0 2 6.25
C1 2 25 1 12.5 0 0 3 375 2 25 0 0 0 0
c2 3 375 0 0 1 12.5 3 375 0 0 0 0 0 0
C3 1 12.5 0 0 0 0 5 62.5 0 0 1 12.5 0 0
C4 0 0 0 0 1 12.5 5 62.5 0 0 0 0 0 0
Total 6 18.75 1 3.15 2 6.25 16 50 2 6.25 1 3.13 0 0
Sum 36 30.76 9 7.69 8 6.84 42 35.89 15 12.82 2 1.71 5 4.27
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Table: (3) Characterization of Antibiotic sensitivity to the isolated bacteria contaminating the natural fresh juices

Antibiotics fecal E. coli E. coli E. aerogenes K. pneumoniae P. aeruginosa S. schleiferi S. aureus
Ba(\:/tSéria R S R S R S R S R S R S R S)
N%  MN%  N% N% N% N% N%  N%  N% N% N% N% (N% (N)%
CIP 0)o 100 0)0 (99100 (0)0  (8)100 0)o (42)100 (0)0  (15)100 (2)100 (0)0 (5)100 (0)0O
CLA  (36)100 (0)0  (9)100 (0)0 (8)100 (0)0 (40)95.2 (2)48  (0)0 (15100 (2)100 (0)0 (5)100 (0)0
IMP 0)0 100 0)0 (9100 (0)0 (8)100  (4)9.5  (38)90.5 (15)100  (0)0 (1)s0  (1)s0  (0)0 (5)100
AK (5)154 (31)84.6 (8)88.8 (1)11.2 (8)100 (0)0 (248 (40952 (15)100 (0)0 (2)100 (0)0 (5)100 (0)O
AX (8)23.1 (28)76.9 (9)100 (0)0 (8)100 (0)0 (40952 ()48 (15)100 (0)0 (2)100 (0)0 (5)100 (0)0
OoX (0)o (36)100 (0)o (9)100 (0)o (42)100 (2)100 (0)0 (5)100 (0)0
CFX (00  (36)100 (0)0  (9)100 (0)0 (8)100 (495 (38)905 (00  (15)100 (2)100 (0)0 (5)100  (0)0
CL (8)23.1 (28)76.9  (0)0 (99100 (0)0  (8)100 0)o (42)100 (0)0  (15)100 (2)100 (0)0 (5)100 (0)0
SXT (1)3.9 (35)96.1 (00  (9)100 (0)0 (8)100 (40952 (2)48  (0)0 (15)100 (1)50 (1)50 (0)0  (5)100
DO (00  (36)100 (00  (9)100 (0)0 (8)100 (00  (42)100  (0)0 (15100 (0)0 (2)100 (0)0 (5)100
CXM 0)0 (36)100 0)0 (99100 (0)0  (8)100 (0)0 (42)100 (0)0 (15)100 (0)0 (2)100 (0)0 (5)100
CONCLUSION

This study has concluded that, most of the
studied fresh juice samples showed bacterial
growth, interestingly, this is revealed increase
the bacterial contamination that indicating risk
factor leading to possibility of illness, there-
fore, control microbial contamination through
the application of the restricted hygiene strate-
gies which needed to be considered in order to
provide the markets with safe fresh juice prod-
ucts. Increase the educational awareness on the
microbial hazards for the people who working
on the juice preparations including food safety
and sanitization which assist them to gain re-
sponsibility for quality control. Routine mi-
crobiological evaluation gives enough infor-
mation on the expected microbial risk factors.
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cess was carried out by low pressure microwave plasma at room temperature. The
effect of microwave plasma power on the corrosion resistance of polymer coatings
was investigated using the potentiodynamic polarization technique. As the micro-
wave plasma power increased, the relative protective efficiency increased. Polymer
coatings on alloy surfaces suppressed both anodic and cathodic reactions. The in-
crement in protective efficiency was due to a higher degree of cross-linking in the
coating. These findings suggest that the toluene polymer coatings provide a consid-
erable protection barrier for aluminum alloys.
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INTRODUCTION hand, are more susceptible to corrosion. This

Aluminum and its alloys have excellent me-
chanical and physical properties for several
applications. Because of the unique combina-
tion of high strength-to-weight ratio, makes it
an ideal material for aerospace applications
where weight reduction is considered (Abd
El-Hameed & Abdel-Aziz, 2021). The alumi-
num alloy (AA2024) is one of the most im-
portant groups of aluminum alloys that wide-
ly used in satellites and space structures(Zuo
et al., 2015). Aluminum alloys, on the other

could limit its usage in aerospace industries,
where harsh service environments are una-
voidable. The most straightforward way to
prevent corrosion is to coat the alloy surface
to keep it from coming into contact with the
environment. For protection, the surface is
clad with Al-1Zn, which may reduce fatigue
strength(Navas et al., 2015). In addition,
Chromate conversion coatingsare commonly
applied to aluminum alloy surface. However,
the major concern with this coating is its tox-
icity(Yan et al., 2009). Polymer coatings
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for corrosion protection of metallic surfaces
and their alloys have attracted considerable
interest in the fields of research and indus-
try(Ates, 2016; Olajire, 2018). Among recent
techniques used to deposit polymer coatings
on material surfaces, plasma enhanced chem-
ical vapor deposition (PECVD) (Ardic &
Gifvars, 2017; Bowen & Cheneler, 2019;
Fermi et al., 2019; Krtous et al., 2021; Mitev
et al., 2016; Zhou et al., 2020). It is a unique
technique for fabricating corrosion-resistant
polymer coating from a variety of organic
materials(Aramaki, 1999; Esbayou et al.,
2018; Grundmeier et al., 2003; Jaritz et al.,
2019; Natishan et al., 1995; Singh-Beemat et
al., 2013; Wang et al., 1996). The obtained
coatings are pinhole-free and highly cross-
linked(Martin, 2009). In the current research,
a polymer toluene coating was successfully
deposited on an aluminum alloy sub-
strate(AA2024) with good corrosion abilities.

The effect of microwave plasma power on the
corrosion resistance of polymerized toluene
coatings, prepared by the PECVD method,
was studied systematically. Microwave plas-
ma with high frequencies (2.45 GHz) was
used to generate a glow discharge to initiate
the plasma polymerization process.

MATERIALS AND METHODS

Polymer coatings were prepared using plas-
ma-enhanced chemical vapor deposition
(PECVD) method. Figure 1 shows a schemat-
ic diagram of the low-pressure plasma reactor
used for PECVD. Plasma polymerization was
carried out in a stainless steel vacuum cham-
ber. The chamber was evacuated from atmos-
pheric air to 10°Torr. Microwave plasma (0-
900 W-2.45 GHz) was used to generate a
glow discharge necessary to initiate the
polymerization process. Aluminum alloy
(AA2024), with dimensions of (1.5x1.5) cm?,
were used to deposit the polymer coatings.

The coating quality is directly impacted by
the substrate conditions. To achieve a homo-
geneous, defect-free deposition, the sub-

strates were cleaned using distilled water and
acetone. Then they were exposed to Ar plas-
ma in situ to create an oxygen-free surface
and improve film adhesion. This process was
carried out at 720 watt of Mw power and
lasted up to 20 min. Toluene monomer was
used as an organic precursor. The PECVD
process was run at 100-800 watt, a deposition
time of 10-25 minutes, and a toluene/argon
ratio of 15%. A spectrometer analyzer was
used to characterize the chemical composi-
tion of aluminum alloy. Potentiodynamic po-
larization measurements were carried out in a
3.5 wt.% NaCl solution at room temperature.
Aluminum samples, both bare and coated
with toluene coating, were connected with an
isolated electric wire and all surfaces were
painted with Lacquer 45, leaving only 1 cm?
exposed to the electrolyte. The electrodes
were immersed in the solution for 3
hours.The electrode's potential was then
swept at 0.166 mV/s from a starting potential
of -400 mV vs. Ecr to a final potential of
1000 mV vs. Ecor. The data acquisition and
data analysis were performed using the ACM
instrument's software (GILLAC-UK).
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Figure: (1). A schematic diagram of micro wave
plasma reactor

RESULTS AND DISCUSSION

The chemical analysis of aluminum alloy,
AA2024, is shown in Table 1. A toluene
coating was deposited on aluminum alloy
surface using low-pressure microwave plas-
ma. All coatings were subjected to the same

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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that the increase in treatment time beyond 30
min led to the formation of a brown powder
on the aluminum surface.

plasma treatment time of 25 min at room
temperature. Ji et al.(Ji et al., 2013)prepared
toluene coatings on the aluminum substrate
using RF discharge plasma. They reported

Table:(1). Chemical analysis of aluminum alloy (AA2024)

Element Al Cu Si Fe

Mn Mg Cr Zn Ti

Wt % 90 3.8 0.5 0.5

0.3 1.6 0.1 0.25 0.15

Figure 2 shows the typical potentiodynamic
polarization behavior of as received alumi-
num alloy, AA2024, in a 3.5 wt. % NaCl
solution. In the potential range investigated,
the polarization curve displays three unique
regions: the active (Tafel) zone, the active-
passive transition region, and the limiting
current region. The protective efficiency
(P1) and corrosion rate can be derived from
the potentiodynamic polarization curve. The
following formula was used to calculate the
protective efficiency (Pi) of the coat-
ing(Enos & Scribner, 1997).

Protective efficiency (Pi)=100 x (l—icor /
ioCOI‘I‘) (1)

Where icor and i°corr represent the corrosion
current densities with and without the de-
posited coatings, respectively. The values
were obtained by extrapolating the cathodic
Tafel lines of the anodic and cathodic
branches of the potentiodynamic
curve(Aramaki, 1999; Nozawa & Aramaki,
1999; Tsuji et al., 2000).The slope of the
cathodic and anodic branches of the polari-
zation curve determines the anodic and ca-
thodic reactions at the metal/coating inter-
face. Higher slope values are associated
withlower anodic and cathodic reaction ve-
locity (Singh-Beemat et al., 2013).The cor-
rosion rate was calculated using the follow-
ing equation:

Corrosion Rate = (WxA) / p (2)

Where w is the mass of material removed, A
is the exposed surface area and p is the ma

terial density. Table 2 shows the corrosion
properties of AA2024 substrate before coat-
ed with toluene coating.

Table:(2). Corrosion properties of as received AA
2024 obtained from potentiodynamic curve

Ecorr (MV) i’orr (LA / cm?)  corrosionrate

(mm/year)

-747 11.6540.050.13

-700

AA2024

=720 -

740 -

Potential (mV)

760 -

-780 1 1 1
1E5 1E-4 1E- 001

Current Density (mfVcn?)

Figure: (2). Potentiodynamic curve of as received
aluminum alloy, AA2024, in 3.5 wt.% NaCl solution

The 1°¢r Value of the bare sample increased
due to the presence of CI™* ions in the im-
mersion solution, resulting in severe local-
ized corrosion on the sample surface. Simi-
lar results have been reported for sol-gel
Ceria coatings on the surface of AA2024
alloy(Zuo et al., 2015).Figure 3 shows the
corrosion behavior of the aluminum alloy
substrates covered with toluene coatings at
different microwave powers. Table 3 sum-
marizes the data obtained from the analysis

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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of each potentiodynamic curve. It clearly
demonstrates that the coated samples exhib-
it a marked improvement in the protective
abilities compared to the uncoated one. The
leorr Values of the coated samples were rela-
tively lower, compared to as received
AA2024 alloy. Both the cathodic and anodic
branches of the polarization curves were
remarkably suppressed by coverage of the
electrodes with the toluene coating. Yu et
al. have reported that the densely packed
toluene films on copper substrate can inhibit
for the copper dissolution caused by diffu-
sion of chloride ions to the copper
surface(Yu et al., 2003).

Table:(3). Corrosion properties of aluminum elec-
trodes covered with toluene coatings with different
m.w. Powers at 15% toluene ratio

Power Ecorr icor(£0.05  Pi% Corrosion
(watt) (mV)  pA/cm?) Rate
(mm/year)
720 -850 4.20 65.00 0.040
540 -737 430 63.00 0.047
360 -742 510 57.50 0.053

2000 Ll v M T P RS TTTTY R
1E-6 1E5 1E4 \\‘ IE-3 0.01 01 1

Ourrenﬂ néi;y (mA/cm?)

Figure: (3). Polarization curves of AA2024 coated
with toluene films as a function of m.w. Power

With an increase in microwave power, the
protective abilities of toluene coatings im-
proved slightly. Highest protective efficien-
cy of 65% was obtained at 720 watt. At a
power of less than 360 w, the deposition
process could not take place. Joo et al.(Joo

et al., 2000) studied the Effects of plasma
power on the properties of low-k polymer-
like organic thin films deposited by PECVD
method using the toluene as the precursor.
Their results showed that when the plasma
power is low enough, it cannot decompose
the benzene ring in the toluene precursor.
Yu et al.(Yu et al., 2003) reported that the
protective abilities of toluene films, pre-
pared by the PECVD method, increased
with increasing RF power.

10 AA2024

60

40

Corrosion rate pm / year

[N
(=]

Microwave power (W)

Figure: (4). Corrosion rate of aluminum alloy elec-
trodes as a function of microwave power

Figure4 shows the corrosion rate calculated
from Table 2 and Table 3. As shown in Fig-
ure4, the corrosion rate decreased in the
presence of toluene coating. The coatings
deposited at a 15% - 720 W showed an ob-
viousreduction in its corrosion rate value,
40um/year. This improvement in corrosion
resistance was attributed totoluene coatings
that inhibit both anodic and cathodic reac-
tions. The toluene coatings were densely
packed and firmly linked, which suppressed
oxygen reduction and diffusion of an elec-
trolyte onto the alloy surface. The presence
of toluene coatings could significantly re-
duce aluminum's susceptibility to environ-
mental corrosion.

CONCLUSION

Plasma polymerized organic coatings were
successfully prepared using plasma en-
hanced chemical vapor deposition method.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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The protective abilities of organic coatings
as a function of microwave power were
characterized by potentiodynamic polariza-
tion test. The presence of organic coatings
suppressed oxygen reduction and diffusion
of an electrolyte onto the alloy surface. The
protective efficiency of the toluene coatings
increased with increasing microwave power.
The highest protective efficiency was 65%
at 720 watts of microwave power. Toluene
coatings with increasing microwave power
had the higher degree of cross-linking, sug-
gesting that better corrosion protection for
AA2024 aluminum alloy.
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Abstract: Urinary tract infections (UTIs) are predominantly caused by Escherichia coli
(E. coli). Increasing E. coli resistance to antibiotics is a major concern worldwide. Since
UTlIs are often treated by trial and error, measuring antimicrobial resistance (AMR) is
important. However, there isn't much information about the rate of antimicrobial re-
sistance to E. coli in the Libyan community. To determine rate of antimicrobial suscepti-
bility patterns of E. coli urine isolates, in Al-Bayda, Libya. A retrospective study, in
which 104 E. coli urine isolates were conducted using the antimicrobial susceptibility
profile (antibiogram) of six different antibiotics against E. coli, isolates, were collected
from several medical laboratories. Out of the 104 E. coli urine isolates, the MDR was
39.4%. The overall frequency of isolates resistant to ceftriaxone was 62.5%, trime-
thoprim-sulfamethoxazole (TMP-SMZ)(54.8%), Amoxicillin-Clavulanic acid (47.11%),
ciprofloxacin (26%), nitrofurantoin (18.26%), and levofloxacin (15.4%). Prevalence of
AMR among Libyan outpatient urine-isolated E. coli was high, with a high incidence of
multidrug-resistance. The knowledge of antibiotic resistance rates in the region helps in-
form empiric treatment of community-onset UTI and highlights the antibiotic resistance
profile to clinicians.
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INTRODUCTION

Urinary tract infections (UTIs) are considered
the most common community-acquired and
nosocomial infections. It has been reported
that 150 million cases of UTI occur each year
worldwide (Medina & Castillo-Pino, 2019).
The prevalence of UTI varies with age and
gender. About 40-60% of women will get an
UTI in their lifetime, which is more than the
12% of men who will get one (Kot, 2019;
Medina & Castillo-Pino, 2019). It is the se-
cond most common infection after respiratory
tract infections (Elsayah et al., 2017).

E. coli accounts for up to 80% of isolated
bacteria causing UTIs (Niranjan & Malini,
2014; van Driel et al., 2019). Additionally, E.
coli is also capable of infecting the lungs,
surgical sites, bloodstream, and meninges
(Forsyth et al., 2018). A local study per-
formed by (Ismail et al. 2018) in Eastern
Libya to determine the incidence of UTIs
found that the most prevalent uropathogen
was E. coli (48%). Another national study
enrolled 1,790 patients with UTIs, E. coli was
the predominant uropathogen, being isolated
at 55.8% (Abujnah et al., 2015). Amongst
bacteria detected in 2209 urine specimens
from patients with UTI in Tripoli, Libya, E.
coli was the major positive isolate (24%) fol-
lowed by Staphylococcus spp. (8%)
(Ghenghesh et al.,, 2003).Uncomplicated
UTlIs are commonly treated by empirical an-
tibiotics without prior antibiotic susceptibility
testing. These include: Nitrofurantoin,
fosfomycin, trometamol, and TMP-SMZ are
recommended as first-line therapy for un-
complicated cystitis. Amoxicillin-clavulanic
acid is recommended as first line-therapy for
mild and moderate pyelonephritis or compli-
cated UTI, as well as alternative empiric
therapy for uncomplicated UTIs. In the
treatment of uncomplicated cystitis, ciprof-
loxacin should not be considered as a first-
line antibiotic, but as an alternative (Kot,
2019).

Many studies have reported that antimicrobi-

al resistance in E. coli has been increasingly
observed and reported worldwide due to sev-
eral factors, such as the use of empirical anti-
biotics to treat UTIs without antibiotic sensi-
tivity testing as the international protocols
recommend (Kot, 2019; Shuaib et al., 2021).
The development of multidrug resistance
(MDR), which is the resistance to one or
more classes of antimicrobials against E. coli
strains, has caused increasing concern over
the empirical treatment options in the case of
UTIls with E. coli. Fluoroquinolones
(levofloxacin and ciprofloxacin), cephalo-
sporins (Cefixime and Ceftriaxone), sulfona-
mides (TMP-SMX), penicillin (Amoxicillin-
Clavulanic acid), and nitrofurantoin are
among the MDR classes reported
(Abduzaimovic et al., 2016). During the
COVID-19 pandemic in May 2021, a WHO
report shows worrying trends, especially in
low- and middle-income countries like Libya,
where more reports are being sent to the
Global Antimicrobial Resistance and Use
Surveillance System (GLASS), which was
the first global effort to standardize AMR
surveillance (WHO, 2021).

The WHO reported over 3 million laboratory-
confirmed bacterial infections resistant to
WHO priority list pathogens in 70 countries.
Although it is too early to link the higher re-
sistance rates to the COVID-19 pandemic.
Resistance rates have increased six-fold since
sites began sharing AMR surveillance data in
2017 (WHO, 2020, 2021). Prior to the
COVID-19 epidemic, the Arab world had al-
ready experienced alarming levels of AMR
(Dandachi et al., 2019) Recognizing the scar-
city of research on the topic, this study stud-
ied the impact of COVID-19 on E.coli AMR
and antimicrobial stewardship (AMS) in
Libya as an Arab League country .

This study aimed to determine the prevalence
of antimicrobial susceptibility profile (Anti-
biogram) of E. coli isolates collected from
urine samples of outpatients suffering from
UTls.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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MATERIALS AND METHODS

Study design and participants: This study
was a retrospective study conducted in the
medical laboratories at Al-Bayda, Libya,
from January 2021 to April 2022. Outpatients
with UTI infections caused by E.coli of all
ages and both sexes were tested for sensitivi-
ty to 5 antibiotics. Excluding incomplete pa-
tient records, comorbid cases, and cases with
a recurrent history of UTIs.

Sample size, and collection techniques

The sample size was calculated using the
Epi-info software program to be 104 urine
samples. The urine specimens and their age
and sex were labeled.

Urine culture; The standard loop method,
which is semi-quantitative, was used to culti-
vate urine. Standard procedures, such as gram
stain, blood agar, MacConkey agar, and API
(Analytical Profile Index) 20E, were used to
identify isolated E. coli

Procedures: The antibiotic sensitivity test
was done on Mueller-Hinton agar by the Kir-
by-Bauer disc diffusion test as per Clinical
and Laboratory Standard Institute (CLSI)
guidelines (Clinical & Institute, 2012). The
following antimicrobial agents were tested
for their resistance and susceptibility: amoxi-
cillin/clavulanic acid (30 pg), TMP/SXT (25
Mg), ciprofloxacin (5 pg), nitrofurantoin (300
Mg), Levofloxacin (5 pg) and ceftriaxone (30
Hg). An isolate was considered an MDR if it
was found resistant to three or more antimi-
crobial classes belonging to different clas-
ses/groups of antimicrobials.

Statistical Analysis: The data was analyzed
using SPSS version 25 (IBM Corp., Armonk,
NY, USA). Differentials were considered sta-
tistically significant at p< 0.05. The qualita-
tive and discrete sociodemographic variables
were presented as frequency and percent. The
Chi-square test was performed to test the re-
lationship between sociodemographic factors
and antibiotic resistance and susceptibility.

The predictors of antibiotic resistance and
susceptibility of E. coli isolates were identi-
fied using multinomial logistic regression
analysis.

RESULTS

The majority of the studied samples were fe-
males 99 (95.5%). Out of the 104 E. coli
urine isolates, Augmentin resistance was 49
(47.1%). The susceptibility patterns of E. coli
strains were significantly (p = 0.03*) affected
by the patient age, especially the age group
18-25y. The OR (95% C.I] was 2.28 (-4.12-
0.44) with p = 0.02* compared to participants
>65 y (Table 1).

ciprofloxacin  resistance was 27 (26.
0%).There was a statistically significant rela-
tionship between it and the age (p = 0.01%),
especially the age group 18-25 y, and >65 y.
The OR (95% C.I1] was 3.18(1.62-56.7) and
2.95(1.9-81.9) in order with p <0.05 com-
pared to participants aged less than 18 y (Ta-
ble 2).

Nitrofurantoin resistance was 19(18.3%).
There was a statistically significant (P value
less than 0.05) relationship between it and the
age and sex of participants. Among males,
the OR (95% C.I] was -2.05 (-3.92/-0.18),
and had significantly lower resistance (p =
0.03). Compared to participants aged more
than 65 years, nitrofurantoin resistance was
significantly lower (p<0.05) among the age
groups of 18-35 years and less than 10 years.
As shown in (Table 3).

Levofloxacin resistance was 16(15.4%).
There was a statistically significant (p< 0.05)
relationship between it and the age and sex of
participants. Among males, the OR (95% C.I]
was 2.29(4.18-0.41), and had significantly
lower resistance (p = 0.02). Compared to par-
ticipants aged more than 65 years, Levoflox-
acin resistance was significantly lower
(p<0.05) among the age groups of 18-<25
years and less than 10 years. (Table 4).

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table (1). Background information, and Frequency, Determinants., and Predictors of Augmentin susceptibility
patterns to E. coli strains urine isolates

Augmentin Predictors of
Age groups Total — - X2 (P) Augmentin re- p
(y) T=104 Sensitive Resistance sistance
55(52.9) F (%)  49(47.1) F (%) OR[95% C.1]
1-<10 - - -
10-<18 19(18.3) 11(20.0) 8(16.3) 1'3?351%')90 011
18-<25 5(4.8) 4(7.3) 1(2.0) -2.37(-4.93-0.19) 0.07
25-<35 14(13.5) 11(20.0) 3(6.1) 15.1 -2.28(-4.12-0.44)  0.02*
35-<45 32(30.8) 19(34.5) 13(26.5) © 0'3*) -1.36(-2.86-0.14) O 08
45-<65 10(9.6) 3(5.5) 7(14.3) ' -0113(-2102-1.76) 0.89
>65 13(12.8) 4(1.3) 9(18.4) -0217(-1:94-1:60) 0:85
11(10.6) 3(5.5) 8(16.3) Reference
Sex
2’;’1‘;' . 5(4.8) 1(1.8) 4(8.2) 2.8 017
99(95.2) 54(98.2) 45(91.8) (0.13) -1.6(0.02-1.93) '
*p <0.05 there was a statistical significant difference
Table (2). Patterns of ciprofloxacin susceptibility of isolated E. coli at different age groups
Age groups Ciprofloxacin X2 Predictors of ciproflox-
) Sensitive Resistance (P) acin resistance P
77(74.0) F (%) 27 (26.0) F (%) OR[95% C.1]
1-<10 17(22.1) 2(7.4) Reference
10-<18 2(2.6) 3(11.1) 2.77(0.5-44.1) 0.11
18-<25 13(16.9) 1(3.7) 3.18(1.62-56.7) 0.02*
25-<35 26(33.8) 6(22.2) 18.1 0.21(0.07-21.6) 0.89
35-<45 7(9.1) 3(11.1) (0.01%) 1.30(0.41-33.5) 0.25
45-<65 7(9.1) 6(22.2) 2.62(1.38-55.9) 0.12
>65 5(6.5) 6(22.2) 2.95(1.9-81.9) 0.03*
Sex
Male 2(2.6) 3(11.1) 3.17 Reference
Female 75(97.4) 24(88.9) (0.08) -1.54(0.03-1.35) 0.10
*p <0.05 there was a statistical significant difference
Table (3). Patterns of Nitrofurantoin susceptibility of isolated E. coli at different age groups
Age groups Nitrofurantoin X2 Predictors of Nitrofu-
) _ i rantoin resistance P
Sensitive Resistance (P) OR[ 95% C.I]
85(81.7) F (%) 19 (18.3) F (%) '
1-<10 17(20.0) 2(10.6) -1.96(-3.84/-0.72) 0.04%
10-<18 4(4.7) 1(5.3) -1.20(-3.69-1.29) O 34
18-<25 14(16.5) 0(0.0) -2.38(-4.74/-0.03) 0 0'47*
25-<35 27(31.8) 5(26.3) 15.9 -2.52(-4.38/-0.67) 0.008*
35-<45 6(7.1) 4(21.1) (0.04%) -2.02(-4.39-0.37) 0 097
45-<65 11(12.9) 2(10.5) -0.63(-2.30/1.04) (546
>65 6(7.1) 5(26.3) Reference '
Sex
Male 2(2.4) 3(15.8) 6.12 -2.05(-3.92/-0.18) 0.03*
Female 83(97.6) 16(84.2) (0.013%) Reference '

*p <0.05 there was a statistical significant difference

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table 4; Patterns of Levofloxacin susceptibility of isolated E. coli at different age groups

Levofloxacin

Predictors of

Age groups .
g g,) P Sensitive Resistance X’ Levofloxacin re- P
88(84.6) 16 (15.4) (P) sistance
F (%) F (%) OR[ 95% C.1]

1-<10 17(19.3) 2(12.6) -1.96(3.84- 0.07) 0.04%
10-<18 4(4.5) 1(6.3) -1.20(3.69-1.29) 0 34
18-<25 13(14.8) 1(6.3) -2.38(2.7-0.03) 0 647
25-<35 30(34.1) 2(12.5) 16.1 -2.53(4.38-0.67) 0 608*
35-<45 9(10.2) 1(6.3) (0.024%*) -2.01(4.39-0.37) 0 097
45-<65 9(10.2) 4(25.0) -0.63(2.30-1.04) 646
>65 6(6.8) 5(31.3) Reference '
Sex

Male 2(2.3) 3(18.8) 8.03 -2.29(4.18-0.41) 0.02%
Female 86(97.7) 13(81.3) (0.005%) Reference '

Ceftriaxone resistance was 65(62.5 %). There
was a statistically significant (p less than
0.05) relationship between Ceftriaxone re-
sistance and the age of participants. Com-
pared to participants aged more than 65 all
age groups except the age group between 45
and less than 65y are significant (p<0.05)
risky to Ceftriaxone resistance (Table 5).

TMP-SMZ resistance was (57,54.8%). There
was a statistically significant (p less than
0.05) relationship between TMP-SMZ re-
sistance and the age and sex of participants.
Among females, the OR (95% C.I) was 17.2
(16.8/-17.9) and had significantly lower re-
sistance (p = 0.00). Compared to participants
aged more than 65 years, nitrofurantoin re-
sistance was significantly lower (p<0.05) The
OR (95% C.I] was 2.35 (4.429-0.42) among
the age groups of 18-<25 years (Table 6).

Table (5). Patterns of ceftriaxone susceptibility of isolated E. coli at different age groups

Ceftriaxone

Age groups

X2 Predictors of ceftri-

Sensitive Resistance axone resistance [3)
v) 39(37.5) 65 (62.5) ) OR[ 95% C.I]
F(%) F(%)

i;ﬂs 10(25.6) 9(13.8) 2.41(4.65-0.16) 0,035+
18.<ot 4(10.3) 1(1.5) 3.69(6.69-0.68) 0,016
ot <oz 8(20.5) 6(9.2) 2.59(4.90-0.28) 0,028

13(33.3) 19(29.2) 1.92(4.09-0.25) '
35-<45 22.12 0.083
45-<65 3(7.7) 7(10.8) (0.002%) 1.45(3.92-1.001) 0.246
~65 0(0.0) 13(20.0) ' 19.9(17.1-20.2) 0'03*
- 1(2.6) 10(15.4) References '
Sex
Male 0(0.0) 5(7.7) 3.15 References
Female 39(100.0) 60(92.3) (0.19) 17.1(16.1-18.9) 0.00%

*p <0.05 there was a statistical significant difference

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table: (6) Patterns of TMP-SMZ susceptibility of isolated E. coli at different age groups

— TMP-SMZ - 2 Predictors of Septrin re-
Sensitive Resistance X sistance p
47(47.2) 57 (54.8) (P) OR[ 95% C.I]
F (%) F (%)

Age groups
Y 4(8.5) 12%56?;;) 0.76(0.88-2.41) 0.37
10-<18 2(4.3) 2(3'5) 0.15(2.23-2.02) 0.89
18-<25 12(25.5) 13(2'2 8) 2.35(4.29-0.42) 0.017*

19(40.4) ; 0.94(2.35-0.46) 0.194
25-<35 7(12.3) 20.65

3(6.4) - 0.29(1.53-2.12) 0.758
35-<45 10(17.5) (0.004%*)

3(6.4) 0.64(1.13-2.43) 0.48
45-<65 4(8.5) 7(12.3) References
>65 '

Sex
Male 0(0.0) 5(8.8) 4.33 Reference 0.00*
Female 47(100.0) 52(91.2) (0.04%) -17.2(16.8/17.9) '

*p <0.05 there was a statistical significant difference
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W Sensitive | Resistance

Figure (1). Antimicrobial susceptibility patterns of
E. coli strains to different antimicrobial agents

All E. coli isolates (104) were tested for
their susceptibility using a panel of antibiot-
ics. The E. coli isolates were resistant most-
ly to the tested antibiotics as follows:
Ceftriaxone (65,62.5%), TMP-SMZ
(57/104; 54.8%), amoxicillin + clavulanic
acid (49/104; 47.11%), and ciprofloxacin
(27/104; 26.8%) were all found to have high
rates of resistance. While the antibiotics of
higher  sensitivity were levofloxacin
(88,84.6%), nitrofurantoin (85.81.7%).

DISCUSSION
Uropathogenic Escherichia coli (UPEC) is

one of the main bacteria causing UTIs. The
rates of UPEC with high resistance to antibi

otics and MDR E. coli have increased dra-
matically in recent years and could compli-
cate the treatment (Ramirez-Castillo et al.,
2018),. This emergence of global concern
poses a major challenge to physicians and
public health worldwide (Paterson, 2000).
The choice of empirical antimicrobial ther-
apy is based on antibiogram patterns that
show resistance trends among pathogens.
Because antibiotic resistance patterns
change over time, it is important for clini-
cians to learn about the information they
have seen (Kumarasamy et al., 2010).

Limited studies show the resistance rate to
antibiotics used in treating UTIs against E.
coli in other areas and cities in Libya during
the COVID-19 pandemic, studies carried
out between 2002 and 2008 reported an in-
crease in E. coli resistance rates to Ciprof-
loxacin and  other  fluoroquinolones
(Ghenghesh et al., 2013). High rates of re-
sistance to TMP-SMZ were also observed
from 1990 to 1999 for E. coli from UTlIs in
Tripoli and Benghazi (Ghenghesh et al.,
2013). AMR patterns of E. coli from pa-
tients with UTIs who attended Zawiya
Teaching Hospital in Zawiya city between
November 2012 and June 2013 were (37%),
(23.1%) and (19.2%) for TMP-SMZ,
Ciprofloxacin, and Levofloxacin. MDR (re-
sistance to 3 antimicrobial groups) was

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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found in (33.2%) (Abujnah et al., 2015).

As regards the sex; According to the find-
ings (95.2 %), between January 2021 and
April 2022 in Al-Bayda, Libya, the E. coli
urine isolates in outpatients were detected
more frequently in women. These findings
are in line with prior research (Deshpande et
al., 2011; Haque et al., 2015; Keah et al.,
2007). Furthermore, male patients' isolates
had higher antimicrobial drug resistance
than female patients' isolates, male infec-
tions may be more difficult to treat since
male strains have higher rates of antibiotic
resistance, which could lead to repeated in-
fections. These findings were consistent
with previous research (Ali et al., 2016;
Tabasi et al., 2015; Wagenlehner et al.,
2007). Isolates should be screened for anti-
biotic susceptibility before deciding on a
treatment.

As regards the MDR; we found the MDR of
the UPEC was 39.4%. This result is similar
to other previous studies that indicated an
increasing resistance to three or more clas-
ses of antibiotics, especially in developing
countries (Sanchez et al., 2014).

As regards the Ceftriaxone resistance;
Ceftriaxone resistance was shown to be the
most common in the current study (62.25
percent). This can be explained by the re-
cent emergence of R-lactam resistance in
nosocomial Enterobacteriaceae, which has
become a severe problem worldwide, nota-
bly the increasing resistance to third-
generation cephalosporins  (Ceftriaxone)
(Pfeifer et al., 2010). Ceftriaxone is there-
fore a less common first-line medication for
UTls, but it is essential for treating more
serious infections (Abernethy et al., 2017).

Different resistance rates have been record-
ed in different geographical courtiers in
studies of ceftriaxone resistance status. Pa-
kistan (90 %) and Ethiopia (73 %) showed
higher ceftriaxone resistance (Gashe et al.,
2018; Kathia et al., 2020). Mexico (27.3%)

and Jordan (55.1%), on the other hand, have
lower resistance patterns for E. coli isolates
against ceftriaxone (Ramirez-Castillo et al.,
2018; Shakhatreh et al., 2019). Others, have
identified lesser resistant E. coli isolates
(20%) in Saudi Arabia (Aabed et al., 2021),
(7.8%) in northern Brazil from 2007 to 2010
(Cunha et al., 2016), and 6.7 percent in
2013 in Zawiya, Libya (Abujnah et al.,
2015; Cunha et al., 2016).

As regards TMP-SMZ; TMP-SMZ re-
sistance was the second most common in
this study (54.8%). It is used in practice a
lot, and (Jancel & Dudas, 2002) say it
should be the first choice for treating a sim-
ple UTI (cystitis).

Susceptibility patterns vary across geo-
graphical regions and alter over time, as
previously mentioned (Prakash & Saxena,
2013). For example, approximately equal
frequencies of UPEC isolates resistant to
TMP-SXT were found (2018) (Algasim et
al., 2018; Cunha et al., 2016; Raeispour &
Ranjbar, 2018). While Mongolia had more
TMP-SMZ resistance in 2017, Mexico had
72.7 percent in 2018, while Jordan had 73.1
percent in 2019 (Munkhdelger et al., 2017;
Ramirez-Castillo et al., 2018; Shakhatreh et
al., 2019). Certain European countries re-
ported a lower frequency of between 14.6
and 60 percent in 2019 (Kot, 2019); Swit-
zerland reported 24.5 percent from 2012 to
2015 (Erb et al., 2018); 37.1 percent in
France in 2016 (Lavigne et al., 2016). In
different Libyan cities, E. coli isolates
showed varying rates of resistance to TMP-
SMZ throughout time, for example, 1994-
1995/Tripoli (45%), 1996/Benghazi (81%),
2002- 005/ Sirte (36%), 2006-2008/ Ben-
ghazi (31%) (Ghenghesh et al., 2003).

According to (Abujnah et al., 2015), re-
sistance to TMP-SMZ was 24.6 percent in
2013. Due to increased resistance to TMP-
SMZ that has recently been documented in
numerous countries, TMP-SMZ should not
be used in empiric UTI treatment and the

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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maximum resistance that can be tolerated is
20% (Bartoletti et al., 2016).

As regards Nitrofurantoin resistance; Be-
cause nitrofurantoin's activity against com-
monplace causes of UTlIs, such as E. coli, is
well-documented, so in this study the re-
sistance was found to be (18.26 percent).
Nitrofurantoin resistance is uncommon in
principle, and many MDR species remain
vulnerable (Sanchez et al.,, 2014) These
findings support the European Association
of Urology (EAU) (Grabe et al., 2015) and
International Clinical Practice Guidelines'
recommendations that nitrofurantoin be
used first-line for the treatment of uncom-
plicated UTIs (Grabe et al., 2015; Rowe &
Juthani-Mehta, 2013).

This result was similar in low rate of re-
sistance to nitrofurantoin as in Mexico
(2013-2017) by (Ramirez-Castillo et al.,
2018), in India was (12.7%). by (Prasada et
al., 2019) and in Saudi Arabia found that
the prevalence of nonsusceptible E. coli to
nitrofurantoin was 15% (Algasim et al.,
2018). While in Tripoli, Libya 2003 was
(25%) (Ghenghesh et al., 2003).

As regards fluoroquinolones resistance;
The fluoroquinolones resistance rates in this
study (ciprofloxacin 26% and levofloxacin
15.4%) suggest that fluoroquinolones anti-
biotics, such as ciprofloxacin and levofloxa-
cin, are recommended for empirical oral an-
timicrobial treatment in uncomplicated
UTIs (pyelonephritis) and are widely used
in clinical practice against UTI pathogens
such as E. coli (Bonkat et al., 2018; Drago
et al., 2001), whereas various countries re-
ported significant levels of fluoroquinolone-
resistant E. coli (Drago et al., 2001). It is
thought that the widespread use of fluoro-
quinolones in outpatients is the reason for
the persistent increase in resistance to this
medication. Thus, the use of ciprofloxacin
as empirical therapy for UTI should be
avoided, and the application of policy that
restricts ciprofloxacin use should be en-

hanced, particularly in developing countries
(Fasugba et al., 2015; Karam et al., 2019).

In agreement with our results, what was
found in previous studies, which showed
that fluoroquinolone resistance rates are al-
ways less than 20%, with a few cases of
much higher resistance rates of 49% to 72%
(Walker et al., 2016). For example, nearly
similar results were found in Benghazi,
Libya between 2006 and 2008; 17% were
resistant to ciprofloxacin (Buzayan et al.,
2010; Ghenghesh et al., 2003); in Switzer-
land, 17.4% were resistant to ciprofloxacin
(Erb et al., 2018); in Brazil, 18.8% were re-
sistant to ciprofloxacin (da Silva et al.,
2017); in Zawiya city between 2012 and
2013; 23.1% were resistant to ciprofloxacin;
and 19.2% to levofloxacin (Abujnah et al.,
2015). In developed countries, the rates
were much lower (5.1% in the USA, 10.5%
in Germany, and 24.8% in France) than in
developing countries (64.6% in Nepal,
58.1% in Mongolia, and 55.5% in Jordan)
(Khatri et al., 2017; Munkhdelger et al.,
2017; Shakhatreh et al., 2019).

While higher frequencies were reported in
Saudi Arabia. 40% was resistance to ciprof-
loxacin (Algasim et al., 2018). In Mexico,
47.3% was resistance to ciprofloxacin and
43.6 to levofloxacin (Ramirez-Castillo et
al., 2018); in Pakistan, 60% was resistance
to ciprofloxacin and 61.4% to levofloxacin
(Ali et al., 2016).

As regards Amoxicillin-Clavulanic acid
resistance; In our study, the percentage of
E. coli resistance to Amoxicillin-Clavulanic
acid was 47.11%. For this reason, amoxicil-
lin-clavulanic acid is not indicated for em-
pirical treatment due to the high prevalence
of bacterial resistance (Bartoletti et al.,
2016). Therefore, its treatment should be
based on the susceptibility results of UPEC
(Kot, 2019).The variance level of E. coli
isolates resistant to amoxicillin-clavulanic
acid among patient groups or geographical
regions is unknown. For example, it was

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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reported higher in Jordan, where 2019 was
83.2% (Shakhatreh et al., 2019), in Paki-
stan, 2016 was 71% (Ali et al., 2016), and
in Saudi Arabia it was 55% (Abernethy et
al., 2017; Algasim et al., 2018; Kot, 2019;
Lavigne et al., 2016; Ramirez-Castillo et al.,
2018) reported low resistance in France
(36.6%), England (30%), Mexico (23.6%),
and Poland (13.9%).

Strength: To best of our knowledge, this is
the first study in Libya that study this topic
during the COVID-19 pandemic, to cover
large period of time more than 18 months
(January 2021 to April 2022) in order to
evaluate the rate of E. coli resistance to the
chosen antimicrobial agents.

Limitations: Being a retrospective study
and record based study may affect the quali-
ty of the collected data, and we cannot cal-
culate the incidence and cannot prove. As a
single city study, may limit the generaliza-
bility of the results. in other Libyan cities.

CONCLUSION

In Libya's Al-Bayda, during the COVID-19
pandemic, the following antibiotics had the
highest antimicrobial resistance patterns:
ceftriaxone, TMP-SMZ, amoxicillin +
clavulanic acid, and ciprofloxacin, in that
order. While levofloxacin and nitrofurantoin
were the antibiotics with the highest sensi-
tivity, age is a significant determinant of
antimicrobial sensitivity patterns in E. coli
urine isolates, while sex is only a significant
determinant of antimicrobial sensitivity pat-
terns in the TMP-SMZ, ceftriaxone, and ni-
trofurantoin  treatments. Antibiotic re-
sistance in UPEC is a severe concern in
Libya that requires immediate attention
from health officials.

RECOMMENDATIONS

1. The results of the current study demon-
strates clearly that the problem of antibiotic
resistance in E. coli treatment in Libya is a

very serious problem that needs urgent at-
tention by the health authorities.

2.For setting up a basis for clinical treat-
ment of E. coli infections, readily available
data (Antibiogram profiling) on antibiotic
resistance patterns from annual reports of
clinical laboratories should be used for the
choice of appropriate antimicrobial therapy
in patients with suspected UTI.
3.Alternatives to the commonly used anti-
microbial for the treatment of UTI in Libya
should be considered, particularly those
with high resistance (ceftriaxone, TMP-
SMZ and Amoxicillin + Clavulanic acid).
Thus, selection of appropriate antibiotics
for the UTIs should start after establishing
monitoring systems based on antibiotic sus-
ceptibility pattern of the causative isolate
obtained (Karam et al.,, 2019; Sifaw
Ghenghesh, 2003).

4.Further multicenter, and prospective re-
search should be conducted either on the E.
coli or other types of bacteria on a regular
basis.
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Abstract: The genetic diversity of wild thyme (Thymus capitatus) which growing in
southern parts of Al-Jabal Al-Akhdar region, Libya was studied by using cluster anal-
ysis of morphological traits (flower measurements). This study was aimed to establish
the phylogenetic relationships based on floral parameters among accessions of thyme
(T.capitatus). The five populations (accessions) of Libyan thyme were assigned into
two clusters (clades) at the critical distance value of 22%. The 1¥cluster contained
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three populations that were included white-flowered, dotted white-flowered and violet-
flowered accession, then the 1* cluster was divided into two sub-clusters by the critical
distance value of 5%, the first sub-cluster contained two populations (white-flowered,
dotted white-flowered accession). While, the second sub-cluster contained one popula-
tion (violet-flowered accession). The 2™ cluster contained two populations which were
purple-flowered and mosaic-flowered accessions. In conclusion, The flower measure-
ments can be a preliminary tool to classify Libyan thyme (T.capitatus), and floral pa-
rameters can be used in the classification of Libyan thyme accessions (populations).

doaslshsal) cliall (e @iiiuall (Thymus capitatus) gusl) sis 5 sl Jabadl

DA aaliza) claldl) . . .
= :3:_)1\ e 3a¥l 25 b gl ¢ (Thymus capitatus)s_d) sie 51 bl sl colall A )3 25 0 palidal)
sl sie (B A5 Slald) dan glsh ) sl laal (g3 gtiall Jilaill aladialy bl b ¢ adl) Jall didaid dysial
el o oxdal WA el al ol oole & LA skl b Blall a0 saad ) dud all sda Cangd
fdun glgh ygall A8l iie dad i (Cpe ) Cpasiic 3 s ull) e ) clal Lauh jilde dwed 23c(T.capitatus).
a3l Glald ol ey il 3Ll 5 ey e Y elaw ciblal) 5 yude  lde 4D Jed V) asiall L %22 aels
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el sml 23 N Y 0y Bl il 38 el Ll s dle L la ) AES ) Je il 5 e s e V) gl s
& Jaaiall jla ) eliay clilal) 5 pde g sl ) eliay cililal) 5 yube L o pde Jad oY1 1o ghic
bl 568 o oS ¢ Al e V) Lsiny Ll 5 ude La g sasly bude e gga) Sl
5 el @l 8 & e 3l clial) alasial (Sag ¢ (T.capitatus) ) sie 5 Cauieal 2450 slaf 5 3
g Gl 5 el
INTRODUCTION overall similarity should reflect genealogy

(Baker et al., 1998; Coombs et al., 1981;

Since the time of Darwin, systematists have
attempted to reconstruct phylogenies by look-
ing at the distributions of character states in
organisms. In general they have assumed that
those organisms with more character states in
common are more closely related and that

Duncan et al., 1980; Hennig, 1966). A major
goal in systematic biology is to examine the
relationships among a group of closely relat-
ed organisms to determine their evolutionary
history (Manos et al., 2001). A phylogenetic
tree, also called an evolutionary tree, is a
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graph showing the evolutionary interrelation-
ships among various entities that are believed
to have a common ancestor. In this graph (a
form of a cladogram), each node with de-
scendants represents the most recent common
ancestor of the descendants, and edge lengths
correspond to time estimates (Ali and Musta-
fa, 2020). Traditional phylogenetic methods
rely on morphological data obtained by
measuring and quantifying the phenotypic
properties of representative organisms
(Lewis, 2001).

Many biologists agree that a phylogenetic
tree of relationships should be the central un-
derpinning of research in many areas of biol-
ogy. Comparisons within or among plant spe-
cies in a phylogenetic context can provide the
most meaningful insights into biology. This
important realization is now apparent to re-
searchers in diverse fields, including ecology,
molecular biology, physiology and evolution
(Crane, 1985; Daly et al., 2001; Doyle &
Donoghue, 1986; Doyle et al., 2008; Hall et
al., 2002; Leht, 2009; Soltis & Soltis, 2000).
One obvious importance is the value of plac-
ing organism in the appropriate phylogenetic
context to obtain a better understanding of
both patterns and processes of evolution. The
most popular and frequently used methods of
phylogenetics tree building is the un-
weighted pair group method with arithmetic
mean (UPGMA). This method is simple, fast
and has been extensively used in many stud-
ies to investigate genetic distance among
populations or accessions determined by
morphological traits (Doyle, 2013; Lewis,
2001 ; Ali and Mustafa; 2020).

Phenotypic characters have been and contin-
ue to be used as essential components in the
final classification of living organisms. Till
today, morphological characters have been
the main descriptive tool characterize a given
collection or germplasm, to identify and dif-
ferentiate wild type populations (Ali et al.,
2019; Daly et al., 2001; Doyle, 2013; Doyle
& Endress, 2000; Doyle & Luckow, 2003;
Ennouri et al., 2017; Schneider et al., 2009;

Soltis & Soltis, 2003). Phylogenetic analyses
based on phenotypic characters have been
used to identify phylogenetic relationships in
various plant species, including ferns
(Kenrick & Crane, 1997), morning glory
(Manos et al., 2001), peonies (Zhi-Qin &
Pankai-Yu, 2003), corallinoidean taxa (Kim
et al.,, 2007). Also, the genetic distance as
well as genetic variation among accessions
can be determined by using cluster analysis
based on phenotypic traits (Hillis & Wiens,
2000; Wiens, 2004).

Thyme(T.capitatus) is a perennial woody
plant, 15 cm tall, with abundant stoloniferous
branches. The inflorescences are composed
of whorls of small, zygomorphic flowers. The
pollination in T.capitatusisentomophilous, as
in most T. species. The main pollinators are
Apismellifera and some species of Bombus.
T.capitatus is gynodioecious, as for most
species of T.(Ali et al., 2019; Gruenwald et
al., 2004). Many reports have shown that
T.capitatus possesses biological properties:
antimicrobial activity (Alves et al., 2000;
Bounatirou et al., 2007; Ebrahimi et al.,
2008), antifungal activity (Grayer &
Harborne, 1994; Kalemba & Kunicka, 2003;
Ricci et al., 2005) and antioxidant activity
(Bounatirou et al., 2007; Ricci et al., 2005 ;
Al-mustafa and Al-thunibat, 2008). Moreo-
ver, the honey from T.capitatus flowers is
largely appreciated for its delicacy
(Figueiredo et al., 2008).

Thymus capitatus is an endemic wild plant in
Al-Jabal Al-khdar area, Libya (SWECO,
1986). T. capitatus growing in southern parts
of Al-Jabal Al-khdar showed flower color
polymorphism which results in five different
phenotypes: white- flowered, dotted white-
flowered, purple-flowered, violet-flowered
and mosaic-flowered accessions (Ali et al.,
2019).

The main objective of this study was to estab-
lish the phylogenetic relationships based on
floral parameters among accessions of thyme
(T.capitatus) which growing in southern parts

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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of Al-Jabal Al-khdar region, Libya.
MATERIALS AND METHODS

T.capitatus growing in south parts of Al-
Jabal Al-khdar region has shown a stable
flower-color polymorphism (Fig. 1). There
are five patterns (five populations or acces-
sions):  white-flowered, dotted  white-
flowered, purple-flowered, violet-flowered
and mosaic-flowered plants (Ali et al.,
2019).In this investigation, 5 accessions
(populations) of T.capitatus representing the
diversity of thyme, were collected during
flowering period (from mid June to the end of
July) from different sites in Al-Jabal Al-
khdar region, Libya . For each population, 10
individual plants were selected randomly. For
each plant, five floral measurements were
made on 5 healthy flowers. The total length
of flower, stamen length, style length, calyx
length were measured using mm scale. The
ratio between the calyx length and the total
length of flower is determined as the percent
value .

Means and standard deviations were calculat-
ed according to standard methods (Manly,
1986 ; Ali and Mustafa; 2020). The data ma-
trix was converted into a matrix of dissimilar-
ity values using standard methods (Coombs
et al., 1981; Lewis, 2001; Wiens, 2004). Un-
weighted pair-group method using an arith-
metic average (UPGMA) cluster analysis was
performed. The standardized mean values of
every floral trait were used to perform the
cluster analysis using appropriate procedures
of the program SPSS (version 14). During
tree construction process, all measurements
of flower for five populations were unordered
and equally weighted, with multi-states inter-
preted as uncertainty.

RESULTS

Name accessions (populations) and means of
floral traits (flower measurements) of Libyan
thyme (T.capitatus) were presented in Table
1. Flower measurements were flower length

(ranged between 6.38 and 3.31 mm), Calyx
length (ranged between 2.40 and 1.08 mm),
Stamen length (ranged between 4.65 and
3.41mm), Style length (ranged between 5.37
and 4.20 mm) and Calyx/ flower length
(ranged between 0.58 and 0.19 %).

Based on average values of floral traits
(flower measurements), the five populations
of Libyan thyme (T.capitatus) were classified
into two clusters (clades) at the critical dis-
tance value of 22%, the 1% cluster (the early
or medium-flowering cluster) and the 2"
cluster (the late flowering cluster). The 1%
cluster (the early or medium-flowering clus-
ter) contained three populations that were:
white-flowered, dotted white-flowered and
violet-flowered accession. Furthermore, the
1% cluster was divided into two sub-clusters
by the critical distance value of 5%, the first
sub-cluster contained two populations (white-
flowered, dotted white-flowered accession)
while the second sub-cluster contained one
population (violet-flowered accession). On
the other hand, the 2" cluster (the late flow-
ering cluster) contained two populations
which were purple-flowered and mosaic-
flowered accessions (Table 1 and Fig. 2).

Results of the present study showed that,
there were a closer relationship between
white-flowered and dotted white-flowered
population than between either of them and
any other populations of T.capitatus. These
two populations first formed their own mon-
ophyletic group, and then together formed a
monophyletic clade with violet-flowered
population. In addition, purple-flowered and
mosaic-flowered formed a monophyletic
group, which was then joined by other
thyme's populations.

In this study, the accessions that have large
flowers size, were grouped into early or me-
dium-blooming cluster, while the accessions
that have small flowers size were clustered
into late or medium- blooming cluster, based
on floral traits cluster analysis.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure: (1).Flower color polymorphism in Libyan
thyme (T.capitatus):

(a) white- flower (b) dotted-white flower (c) purple

flower (d) violet-flower and (e) mosaic-flower.
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Figure: (2).Dendrogram for five accessions of Libyan
thyme (T.capitatus) by floral traits data.

Table:(1). Means of floral traits (flower measurements) of the five accessions Libyan thyme (T.capitatus)

Means of floral measurements

Accessions Blooming
(Populations) time Flower Calyx length  Stamen Style length Calyx / flower
length (mm) (mm) length (mm) (mm) length (%)
White-flowered Early 5.83 1.08 3.41 4.46 .19
Dotted white- Early 5.65 1.26 3.55 4.20 0.22
flowered
Purple-flowered Late 3.31 2.13 4.33 4.86 0.64
Violet-flowered Medium 6.38 1.54 4.56 5.37 0.24
Mosaic-flowered Late 4.15 2.40 4.65 4.53 0.58
Table:(2). Distance matrix of the Libyan thyme (T.capitatus) populations.
Populations
White Dotted white Violet Purple Mosaic
White 0.00 0.33 1.30 23.45 18.31
Dotted white 0.33 0.00 1.67 18.93 14.79
Violet 1.30 1.67 0.00 25.35 17.25
Purple 23.45 18.93 25.35 0.00 2.51
Mosaic 18.31 14.79 17.25 2.51 0.00
DISCUSSION Mustafa, 2020). It is common for morpho-

The current study indicated that flower
measurements (morphological characters)
can generate a well-supported phylogenetic
tree for Libyan thyme (T.capitatus). These
results are in agreement with several stud-
ies, which demonstrated that morphological
characters are informative for phylogenetic
studies (Kenrick & Crane, 1997; Renzaglia
et al., 2007; Schneider et al., 2002 ; Ali and

logical data to be considered less important
than DNA sequence data in phylogenetic
studies (Bowe et al., 2000; Endress &
Igersheim, 2000). However, morphological
characters (such as flower measurements)
differ substantially from DNA sequence
characters in their complexity and their fre-
quency of evolutionary change. Many mor-
phological characters including floral pa-
rameters show a much lower mutational rate

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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than DNA sequence and thus may be less
prone to problems such as saturation
(Cracraft & Donoghue, 2004; Donoghue &
Yang, 2016; Endress & Doyle, 2009; Hillis
& Wiens, 2000). Therefore, some phenotyp-
ic parameters are likely to be ideal phyloge-
netic characters because they allow us to
identify ~ single  evolutionary  events
(Bateman et al., 2006; Lee & Palci, 2015;
Mathews, 2009).

Moreover the results showed that phyloge-
netic analysis using floral parameters is an
easy, inexpensive, useful and powerful ap-
proach in taxonomic purposes. Several pre-
vious studies demonstrated that phenotypic
parameters were reasonable tool to build
phylogenetic tree for many plant species
(Doyle et al., 2008; Giribet, 2015; Hall et
al., 2002; Lewis, 2001 ; Ali and Mustafa,
2020).

In this study, all of the large flower size ac-
cessions (populations) were grouped into
early or medium-blooming cluster, while
the small flower size accessions were
grouped into late blooming cluster, based on
flower measurement cluster analysis. In ad-
dition, the violet-flowered accession was
assigned into unique sub- cluster. It can be
suggested that floral parameter analysis is a
useful tool in studying the difference in eco-
logical type. Therefore, morphological trait
analysis (such as flower measurements) may
be helpful to identify patterns of combina-
tions between the diverse ecological type
variety groups (Ali et al., 2019; Doyle,
2013; Schneider et al., 2009).

The current results indicate that flower
measurements (morphological characters)
can be a preliminary tool to classify Libyan
thyme (T.capitatus).Moreover, the present
research has revealed that floral parameters
can be used in the classification of Libyan
thyme accessions (populations). This result
was confirmed by other researches which
reported that the morphological characters
have an important role in the classification

and identification for many species (Doyle,
2013; Manos et al., 2001; Zhi-Qin &
Pankai-Yu, 2003 ; Ali and Mustafa, 2020).

The result of our cladistic analysis indicates
that The success of a phylogenetic analysis
depends upon the discovery of character
sets that provide accurate information. This
result was confirmed by other researches
which reported that many character sets are
molecular but the value of morphological
data to reconstruct phylogenetic relation-
ships was reasonable tool to build phyloge-
netic tree for many plant species (Davis et
al., 1998; Doyle, 2013; Ennouri et al., 2017;
Hu et al., 2018; Wiens, 2004; Wodniok et
al., 2011 ; Bremer et. al., 2009).

Phylogenetic tree based on morphological
characters was also reported in other plant
species like apple (Forte et al., 2002),
Theaceae (Luna & Ochoterena, 2004), vicia
(Leht, 2009) and olive (Ali and Mustafa,
2020). However, the phylogenetic tree
based on morphological data could not re-
veal the genetic relationship among culti-
vars adequately (Keating et al., 2020;
Lewis, 2001; Soreng et al., 2017). Further-
more, the morphological variation does not
always reflect real genetic variation because
of genotype-environment interaction and the
largely unknown genetic control of polygen-
ic morphological and agronomic traits (Ali
et al., 2019; Ayed et al., 2015; Doyle, 2013;
Wiens, 2004).

CONCLUSION

By using cluster analysis of morphological
traits (flower measurements) for five natural
populations Thymus capitatus (accessions)
were assign into two clusters. The 1stcluster
contained three populations that were white-
flowered, dotted white-flowered and violet-
flowered accession. Furthermore, the 1st
cluster was divided into two sub-clusters
distance value the first sub-cluster contained
two populations (white-flowered, dotted
white-flowered accession) while the second

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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sub-cluster contained one population (vio-
let-flowered accession). On the other hand,
the 2nd cluster contained two populations
which were purple-flowered and mosaic-
flowered accessions
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Abstract: The current study aims at investigating the spatial distribution of pine proces-
sionary moth (PPM) in parts of Al-Jabal Al-Akhdar region in Libya (in Shahat area).
Two Pinus halepensis stands in the area (in Al-Mansurra and the ancient city of Cyrene)
were chosen for field data collection. Growth parameters for pine trees including; tree
height, crown height, diameter at breast height, stand density level, location within the
stand, health condition, in addition to the observed number of PPM nests per tree were
recorded. Pearson correlation coefficient analysis and variance analysis were applied to
assess the relationship between obtained variables, and evaluate growth conditions for
both stands. Results revealed relatively better growth conditions at Al-Mansurra site
compared to Cyrene site. Moreover, PPM nests occurrence was positively correlated
with trees growing isolated or on the stand edge (r = 0.54, P value <.001), and negatively
correlated with tree height (r = - 0.4, P value <.001) emphasizing more dispersal rate
among young pine trees. Crown height, dbh, and tree’s health condition showed no sig-
nificant effect on PPM spread in the area. In-depth investigations of the population dy-
namics of PPM are highly recommended to provide insights into their spatial distribu-
tion in the region.
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INTRODUCTION

The pine processionary moth (PPM)
Thaumetopoea pityocampa (Denis & Schiff-
ermiller)(Lepidoptera, Thaumetopoeidae) is
one of the most harmful pests to conifer spe-
cies in the world (Kesdek et al., 2020; Otsu et
al., 2018; Sevim et al., 2010), and one of the
main pine defoliators in the Mediterranean
region (Camarero et al., 2022; Devkota &
Schmidt, 1990; Régolini et al., 2014; Sangie-
sa-Barreda et al., 2014). PPM distribution is
usually controlled by the significant drop in
temperature during winter seasons (Battisti et
al., 2005). However, evidences were docu-
mented for the expansion of PPM in the up-
per northward of the Mediterranean as a con-
sequence of climate change (Battisti et al.,
2005; Robinet et al., 2007; Rosenzweig et al.,
2007). This pest causes severe damage
throughout the autumn, but especially in the
winter when larvae feed on pine needles
(Castagneyrol et al., 2014). By that time, they
can be easily distinguished on pine trees with
conspicuous white silky nests on the upper
and lower branches that face the sunlight.
They feed mostly during nighttime and hide
in their nests during daytime away from their
natural predators (Huchon & Demolin, 1970).
Even when the percentage of defoliation is
relatively low, PPM outbreak might decrease
the annual growth rate of infected trees in the
short term and interrupt the growth of newly
emerging saplings (Hodar et al., 2003;
Jacquet et al., 2013; Jacquet et al., 2012). The
severe defoliation caused by PPM as well as
other abiotic agents may have a negative im-
pact on the economic value of pine stands
(Sanguesa-Barreda et al., 2014). Furthermore,
it may increase the susceptibility to other
pine pests such as bark and wood boring bee-
tles (Masutti & Battisti, 1990; Zamoum,
2002). In spring, caterpillars make a head-to-
tail procession in which they march down
from the crown of trees to bury themselves
into selected sunny exposed soils for pupa-
tion. They remain buried until the moth’s
emergence in the next summer or for a longer
time in what is known as “semi-voltine cy-

cle” (Martin et al., 2021) where they stay for
prolonged pupal diapause for one or more
years. The emergence of an adult moth oc-
curs in summer, and the life cycle continues
after reproduction when the short-lived fe-
male moth searches for a prospective host
tree for oviposition (Castagneyrol et al.,
2014). Besides the severe defoliation effect,
the urticating hairs “setae” which PPM cater-
pillars release as a defensive mechanism
might lead to serious allergic reactions in
humans and animals such as dermatitis and
anaphylactic reactions (Moneo et al., 2015;
Vega et al., 2003).

As a Mediterranean basin country, the distri-
bution of pine processionary moth in Libya
was briefly described in literature (El
Mokhefi et al., 2016; Kerdelhué et al., 2009;
N Avtzis et al., 2016) with limited sufficient
details regarding their distributional range
and current outbreak status. (Kerdelhué et al.,
2009) classified the PPM found in Cyrenaica
into one of the sub-clades derived from the
ENA clade. The existing similarities between
Greek and Libyan mitochondrial DNA haplo-
types might indicate the original source of
PPM in Greece according to (N Avtzis et al.,
2016).

The scarcity of information about the origin,
distribution, and impact of PPM on pine
trees, in addition to the raised public-health
awareness due to the approximation of pine
plantations to urban areas, were among the
drivers of this work. Therefore, the objectives
of the current study are set to evaluate the
distributional range and patterns of PPM in-
festation on pine trees in Shahat area in Al-
Jabal Al-Akhdar region. Moreover, we exam-
ine whether tree height, size, and location
have an impact on the degree of severity and
spread of PPM in pine trees in the subjected
area of study.

MATERIALS AND METHODS

The Study Site Description: This study was
carried out in two pine plantations in Shahat

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.



Al-Mukhtar Journal of Sciences 37 (4): 394-404, 2022

municipality, Al-Jabal Al-Akhdar region in
eastern Libya (Cyrenaica). The first site is a
pine plantation in Al-Mansurra town (N= 320.
83’ 74”’, E= 210. 84’ 14”’), (Altitude = 405m).
The site was established in 1958 surrounding
Shahat Hospital of Chest and Respiratory Dis-
eases. It is classified as a pure pine plantation
(more than 95% of the basal area is P. halepen-
sis) and covers an area of approximately 13 ha.
The second site is a mixed conifer and broad-
leaf plantation that was established in the early
1940s during the Italian colonization era in the
ancient city of Cyrene (N= 320 49’ 12”’, E=
210 51° 48”°), (Altitude = 620m). P. halepensis
compresses the majority of the stocking area
(around 75% of the total number of species)
followed by Cupressus empervirens, Eucalyp-
tus camaldulensis, and other evergreen species.
The forested area around the ancient city of
Cyrene is estimated to be between 70- 80 ha
and was established mainly to protect the ar-
chaeological ruins and heritage sites in the city.
Both study sites are located in one of the most
humid and cold places in Al-Jabal Al-Akhdar
region with an average annual precipitation of
600 mm and an average temperature of 20 C°
(OMU report, 2005). The predominant soil
types in the study areas are the red Mediterra-
nean soils of Ferrisiallitic Red (Rhodoxeralfs)
and shallow calcareous Rendzinas (Rendolls
Lithic) soils (Mahmoud, 1995).

Sampling and methodology: Field work for
this study took place in April 2022 at the later
instar of larvae phase, right before the proces-
sion started. At each of the study sites, five
quadrate sampling plots (15x15m) were estab-
lished and measurements were recorded for
each pine tree included in the study design. The
parameters measured were as follows; tree
height (using Silva Clinometer at a fixed dis-
tance from the tree trunk) (Avalos et al., 2005;
Wright et al., 1997), crown height (the total
foliar part of the sampled tree using also Silva
Clinometer), Diameter at breast height (dbh)
(using diameter tape at 1.3m), presence of PPM
nests (visual observation), number of total PPM
nests per sampled tree, and notes of the current
health status of the sampled tree and its loca-

tion (inside, on the edge, or away from the
stand centre). Additionally, 3 core samples
were extracted from three different pine trees
within each sampling plot using Pressler's in-
crement borer to estimate the average age of
each site following standard dendrochronologi-
cal procedures (Stokes & Smiley, 1968).
Among the 10 plots sampled, two plots (one on
each plantation) were established in young P.
halepensis stands (less than 10 years old) to
estimate the infestation percentage among
young pine cohorts. The young pine stand in
Al-Mansurra plantation was self-regenerated in
a protected open area on the site, while the an-
cient city of Cyrene site was established in a
reforestation project by the City Coordination
Association (NGO) back in 2013. Data collect-
ed in this project were grouped and extrapolat-
ed to give a better representation of the whole
study area. Descriptive statistics and graphs
were generated to illustrate the current stand
outstanding.

Statistical Analysis:  Variance analysis
(ANOVA) was performed and Pearson correla-
tion coefficients were calculated for nest occur-
rences and stand variables of height, crown
height, dbh, tree location, and health condition
to investigate the relationship between PPM
distribution and these growth parameters. All
statistical analyses were performed using IBM
SPSS Statistics software 28.0.

RESULTS

Current stands condition: As illustrated in
(Table 1, Fig.1), Al-Mansurra pine plantation
expands on an area of 13 ha and is classified as
a pure P. halepensis stand (more than 95% of
basal area). The average number of trees/ha is
estimated at around 506.6 tree/ha. Mean tree
height is 13.2 m, mean crown height is 6.5m,
and mean diameter at breast height is 38.1 cm.
In general, the site is in good condition (argua-
bly better than Cyrene site) in terms of density,
tree height, size, vigour, and health condition.
Emerging seedlings of pines are observed,
more concentrated in low-dense and open areas
since the site is protected against invaders and
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livestock. PPM is considered the only pest af-
fecting pine trees on the site with no evidence
of other disturbing biotic agents.

In the ancient city of Cyrene site, P. halepensis
is the predominant species with 75% of the ba-
sal area and expands on an area of around 75
ha. The density of the plantation is relatively
low compared to Al-Mansurra site with an av-
erage number of trees/ha of 311, mean tree
height is 12.6 m, mean crown height of 5.6 m,
and mean diameter at breast height of 33 cm.
Several biotic and abiotic factors have a deteri-
orative effect on the growth of pine trees on the

site. For instance, the Mediterranean pine en-
graver beetle (Orthotomicus erosus Wollaston)
is responsible for the death of many pine trees,
and combined with PPM outbreak and other
abiotic agents are causing severe damage re-
sulting in the increasing number of fallen and
dead logs on the site. Both stands of Al-
Mansurra and Cyrene are classified as unman-
aged stands, where there are no signs of silvi-
cultural treatments or any sort of management
approaches (thinning, clearcutting, pruning,
etc.) applied since the establishment date.

Table (1): Description of current pine status in both sites in the study area. Younger pine cohorts (less than 10 years

old) in both stands were excluded from the given results

Average

: Percentage of : Stand
Plantation &0 dinates Altitude(m)  P. halepensis No of e Dol health
name inthestand  trees’ha age occurrence level .
condition
per tree
N= 32. 83 High
Al-Mansurra e 400-412 95% 506.6 62 +3 3.22 dense Good
E=2184
stand
N= 3249 Moderate
Cyrene o 560-625 75% 373.3 49+19 3.25 dense low
E=2151
stand
45
40
35
30
25
20
15
10
i ]
. e e

Avg. Height (m)

m Cyrene m Al-Mansurra

Avg. Crown
Height (m)

Avg. dbh (cm) Avg. Nest number Avg. Nest number
inthe main stand inyoung trees

Figure (1): Stand characteristics in both study sites of Cyrene and Al-Mansurra

T. pityocampa distribution: PPM silky white
nests were observed on a large scale in both
plantations (Fig. 3). Descriptive analysis of the
obtained data showed similar distributional pat-
terns in both sites in the number of nests per
pine tree (3.25 and 3.22 for Cyrene and Al-

Mansurra sites, respectively). For younger pine
cohorts, the dispersal of PPM in Cyrene was
significantly higher than that of Al-Mansurra
site (4.42 and 2.61 nests per tree, respectively).
The infection rate of spread differs greatly be-
tween both sites on stand level. In Al-Mansurra
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site, around 38% of pine trees have at least one
observed PPM nest while in Cyrene site, on the
other hand, more than three-quarters of pine
trees (75%) are affected by PPM outbreak.
Moreover, younger pine trees in both sites ex-
hibited more PPM nests spread compared to
older cohorts, with infection percentages of
100% and 85% for both Al-Mansurra and Cy-
rene sites, respectively. Linear regression and
bivariate correlation were applied to investigate
possible relationship between the percentage of
nest existence and stand parameters such as
tree height, crown height, diameter at breast
height, tree location within the stand, and vig-
our condition. The results (Table. 2) suggest a
significant positive correlation between the

presence of PPM nests and the tree location
within the stand (r = 0.54, P value <.001). Pine
trees on the stand edge or in areas where they
are exposed to full sunlight are more vulnerable
to PPM attack, while inside-stand trees have a
better chance of surviving PPM spread. On the
contrary, a significant negative correlation was
found between PPM nest’s presence and the
height of trees (r = - 0.4, P value <.001), which
indicates a high infestation rate among young
and small-size trees compared to dominant and
co-dominant trees in both stands. No signifi-
cant correlations were found among the effect
of crown height, diameter at breast height
(dbh), or vigour condition on nest occurrence
in pine trees as shown in (Table.2, Fig. 2).

Table:(2): Descriptive statistics of some of the trees and stand parameters in correlation with PPM occurrence in the

study area

Trees parameters in relation to

Pearson Correla-

PPM nest occurrence Mean Std. Deviation tion Sig. (2tailed)
Tree height (m) 10.2 4.064 -0.4 <.001
Crown height (m) 4.14 2.762 -0.1 323
Diameter at breast height (cm) 24.42 14.885 -0.18 .069
Tree location 1.616 0.488 0.54 <.001
Vigour condition 3.05 0.896 -0.03 731
Pearson Correlation in response to PPM nest occurance
Vigour conditionl
Diameter at breast height (cm)
Crown heig
Tree height (m)
-0.60 -0.40 -0.20 0.00 0.20 0.40 0.60

Figure (2): Correlation significance between PPM nest occurrence and some of the studied stand variables.
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Figure (3): (A) shows T. pityocampa spread among young P.halepensis trees. (B) shows T. pityocampa nest a few
hours before the procession starts. Both images were taken in Cyrene site, Shahat, Libya.

DISCUSSION

Despite the limited information available re-
garding the origin and distribution of PPM in
Libya, this pest has a history of negatively
affecting the growth of pine trees (mainly P.
halepensis) in many forested areas in the
country, especially in Al-Jabal Al-Akhdar re-
gion, where the species is the most favored in
reforestation projects. The expansion of PPM
toward higher latitudes and altitudes in areas
that previously were unaffected by the pest
(Stastny et al., 2006) as a consequence of cli-
mate change (Battisti et al., 2005; Benigni &
Battisti, 1999; Goussard et al., 1999; Robinet
et al., 2007; Rosenzweig et al., 2007) has led
to more comprehensive studies investigating
population distributional patterns and infesta-
tion mechanisms of the insect. On the contra-
ry, different distributional patterns and surviv-
ing rates were observed in the southern edge
of PPM distribution (in North Africa). Cli-
mate warming may contribute to increasing
mortality rates of the pest’s early life stages in
Tunisia (Bourougaaoui et al., 2021). Moreo-
ver, PPM nests have disappeared from areas

in the far southern-edge range of Tunisia
where it was previously proven to exist. One
of the observed impacts that climate change
has on PPM populations is the change in the
usual timing at which larval procession starts
(Bonsignore et al., 2015). For instance, field
data for this study took place in April right
before the start of the larval procession. Usu-
ally, this process happens much earlier in late
February or early March in the region. How-
ever, the rainy season of this year (2022) last-
ed longer than usual and led to a delay in the
procession time of this pest.

PPM outbreak tends to be higher near the for-
est edge or in isolated trees (Démolin, 1969).
The ideal preference for this best is selecting
taller and edge-located trees for colonization
(Démolin, 1969). The findings of this study
were in parallel with PPM preference, where
the highest and only positive nest occurrence
correlation found was with P.halepensis trees
growing on the stand edge (r = 0.54). Higher
solar radiation and warmer temperatures
might be responsible for such observed spatial
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distributions (Buffo et al., 2007). The density
level of pine trees in Al-Mansurra site (506.7
tree/ha) was relatively higher than that of Cy-
rene site (373.3 tree/ha). This might explain
the higher infestation rate, especially in
younger pine cohorts, in Cyrene Plantation.
These results were in agreement with (Geri et
al., 1985) who found that PPM tent density
declined with increasing density levels in P.
nigra and P. sylvestris, and (Régolini et al.,
2014) who reported similar results with P.
pinaster growing in parts of France. However,
(Lombardero et al., 2012) found no signifi-
cant impact of thinning on PPM density in
young P. pinaster stands in Spain. The distri-
bution of PPM was notably higher in younger
pine trees in both study sites. The percentage
of PPM nest occurrence was negatively corre-
lated with tree height (r =- 0.4). Observations
of PPM nests are common among young pine
trees in the study area as well as in nearby
places since the species is extensively used in
reforestation programs, shelter belts, and
road-sides plantations. These findings were in
contrast with (Régolini et al., 2014) who re-
ported a significant increase in PPM attack
with increasing tree height, and (Dulaurent et
al.,, 2012) who stated that PPM infestation
was not common among young P. pinaster
stands. A long-term outbreak of PPM may
cause a decrease in both height and size of
affected trees compared to healthy unaffected
pine trees (Carus, 2004; Jacquet et al., 2012).

The expansion of PPM in both natural and
artificial pine plantations, more specifically
during the last decade in the study area and
the whole region of Al-Jabal Al-Akhdar, has
raised concerns among researchers regarding
the potentially harmful effect of this pest on
pine populations. Its vast dispersal among
young trees might be the trigger for more cau-
tious approaches to prevent its expansion.
However, scientific works regarding the sub-
ject in the region have not been published so
far, and this study might highlight the im-
portance of more investigation to be carried
on. Proper management approaches might be
a key factor in maintaining stand density at

beneficial levels to help decrease PPM infes-
tation. The outcome of this work can be ap-
plied to all pine plantations in Al-Jabal Al-
Akhdar region since they are homogeneous
and share the same growth and climatic con-
ditions. P.halepensis is an important tree spe-
cies in the region (OMU report, 2005; Al-
sanousi & Ali, 2018), and its ability to survive
drought and the semi-arid harsh environments
(Quézel, 2000) makes it the most favourable
species in afforestation projects (Schiller,
2000). Indeed, the species compresses more
than 60% of Libya’s total plantation basal ar-
ea. Maintaining pine stands in the country at
sustainable and historical levels is essential
for future conservation approaches.

CONCLUSION

T. pityocampa populations were found in
many of the natural and artificial P.halepensis
stands in Al-Jabal Al-Akhdar region, in east-
ern Libya. This pest has a long history of af-
fecting pine trees in the study area, although
no scientific works have documented its dis-
persal and impact on these pine stands. Ecol-
ogists, foresters, and local references declared
that PPM populations had increased rapidly
especially during the last decade. Despite that
the severe defoliation damage of this moth
has not been observed or documented on a
large scale in the region, cautious and protec-
tive measures should be applied since the ma-
jority of pine stands in the area are under
stress either by biotic or abiotic agents. This
study found a high prevalence of PPM nests
among isolated and stand-edge pine trees
compared to inner stand trees. Most of pine
trees in the region are in pure, moderate to
low, dense stands which make them more
susceptible to PPM infestation. Interestingly,
the most alarming finding in this study is the
spread of PPM nest among young pine trees
even those within high-dense stands. This
may negatively affect the growth of these
young pine cohorts and threaten their survival
capability to replace old stands. Practical
management approaches to sustain and pro-
tect these young stands are needed now more
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than ever in order to achieve long-term sus-
tainability of P.halepensis stands in the re-
gion.
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Abstract: The study aimed to know the extent of infection of apple varieties grown in Al-
Jabal Al-Akhdar regions with apple scab disease during the seasons 2018-2019. The re-
sults showed the incidence of the disease was higher in August in Al-Bayda, Shahat, and
Al-Marj, at a rate of 73, 72, and 61.7%, respectively, while it was higher in September in
the regions of Al-Kuf and Qandula, at a rate of 79.6, and 73.2%, respectively. The study
showed the highest infection rate was among the local variety, with a rate of 86% and a

920 fﬁtii:t 2022 severity of 41%, followed by Starking variety, with 77% in 2018 season. As for 2019 sea-
9 son, the Local variety was the most infected, with a rate of 80% and a severity at 43%.
Kevwords: The study showed the relationship between the percentage of the disease and its severity
AF}S,'\:? Scab with the environmental conditions, results showed that the relationship between the inci-
disease: dence of disease and temperature in Al-Bayda was weak (r = 0.15), as well as between the
Venturia,_ . severity of the disease and relative humidity (r = 0.081). We conclude that the cultivars in
ElaJea u;“,g\f. the study area are sensitive to the disease, and Golden Delicious cultivar is more suscepti-
Akhdar- ble to infection.
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Fig. 1. Standard Diagram for assessment of Apple Scab on leaves.
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Abstract: The experiment was carried out in the General Commission for Agricultural
Research, Syria. during the seasons 2019/2020 in order to investigate the effect of
seedling date and plant density on the growth and yield of the local red onions variety and
getting the bulbs directly without going through the stage of bulblets. Onion seeds were
planted on 3 dates, with an interval of two weeks between dates (15/9, 30/9, 15/10). The
seedlings were planted in the field on these dates (30/10, 15/11, 30/11) and with 3 plant
densities (40, 20, 14 plant/m?). The results indicated that the first date had a significant
difference in indicators (height of plants, number of leaves, bulb weight, onion diameter,
productivity (68.69 cm, 7.89 leaf/plant, 199.3 g, 7.87 cm, 2130 kg/m?, respectively). As
for the plant density, the plant density (14 plant/m2) had a significant difference to all
studied indicators (69.15 cm, 7.66 leaf/plant, 238.1 g, 7.74 cm, 1667 kg/m?, respectively).
As for the interaction there was a significant difference of the first planting date with third
plant density, with the possibility of adopting this shared treatment in shortening the life
cycle of onions of the local red variety.
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Means having the same letters in a column were not
significantly different at p<0.05
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Means having the same letters in a column were not
significantly different at p<0.05
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Means having the same letters in a column were no significantly
different at p<0.05
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Means having the same letters in a column were not
significantly different at p<0.05
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Means having the same letters in a column were not significantly
different at p<0.05
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Means having the same letters in a column were not significantly
different at p<0.05
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Means having the same letters in a column were not significantly
different at p<0.01
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Means having the same letters in a column were not
significantly different at p<0.05
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ARTICLE Abstract: The study was conducted to test the effect of aqueous extracts of the leaves of
HISTORY ten medicinal plants growing naturally in Al-Jabal Al-Akhdar region — northeast Libya,
Received: whiqh include: Alhagi (Alhagi camelrum), ngwort .(Artirr.\esia herba-alba), Everlasting
09 July 2(')22 (Helichrysum stoechas), Chamomile (Anthemis noblis), Stinkweed (Peganum harmala),
Nettle (Urtica dioica), Rosemary (Rosmarinus officinalis), Rue (Ruta graveolens),
Accepted: Geranium (Pe!argonium graveolen;) and Casf[o-r (Risinug communis) using poisoned
20 Octobér 2022 plate method in PSA medium against Sclerotinia sclerotiorum caused seeds’ rot and
seedlings damping-off. The results showed a significant difference in inhibition
Keywords: effectiveness in all extracts against the tested fungus. Among all plants, H. stoechas was
Medical the most effective (88.4%), followed by U. dioica (79.1%), then P. harmala (78.3%).
plants; Chemical detections showed that the extracts of H. stoechas, P. harmala, and U. dioica
Aqueous contained some antioxidants: phenols, flavonoids, and tannins. Based on these results
%’gé?aclts? application of plant extracts can be considered a beneficial strategy for controlling
rowth: fungal plant diseases.
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