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Effect of growth medium and foliar spraying with Nano Zinc and
Iron on some growth traits of Strawberry Saplings

Ahmed F. Z. Al-Dulaimy " and Mustafa M. Mahmood®
" Department of Horticulture and Landscape Gardening, College of
Agriculture, University of Anbar, Iraq, ° Anbar Province, General
Directorate of Municipalities

Abstract- The study was conducted in a greenhouse at the
department of Horticulture and Landscape Gardening, College of
Agriculture, University of Anbar for the growing season 2019-2020
and 2020-2021 to study the effect type of the growth media and
spraying with nano and normal zinc and iron on the some traits of
growth of Strawberry (CV. Festival) under the protective
environment conditions. First factor (M) included three of
agricultural media: (River soil and Peat moss 3:1), (River soil and
"50% Coantail + 50% Alfalfa" 3:1) and (River soil and poultry
waste 3:1). The second factor (S) consisted of spraying with zinc and
iron nano and normal with the following concentrations (0 mg L
spraying with distilled water, normal-Zn 50 mg L™, nano-Zn 10 and
20 mg L', normal-Iron 150 mg L™, and nano-iron 20 and 40 mg L™)
in addition to the control treatment (distilled water). The results
revealed that media culture (M3) which presented the best results for
the traits (the number of leaves, the leaves area, the number of
crowns, the dry weight of shoots and chlorophyll content in leaves),
which reached (75.6 and 69.77 leaves Plant™, 64.80 and 63.11 dem?
plant™, 7.10 and 6.53 crown plant”, 43.57 and 33.04 g, 14.45 and
15.32 mg g'l). Spraying with nano-zinc and iron and normal zinc and
iron achieved significant effect, especially (S5) concentration, that
gave the highest values for the traits ( number of flowers, number of
fruits, weight and diameter of fruit, and yield) which were (36.3
flower plant”, 28.6 fruit plant™, 17.33 g, 3.37 cm, and 496.6 g plant
" respectively. On the other hand, the treatments of spraying with
Nano and ordinary zinc and iron showed a significant effect on all
growth traits of seedlings. The treatment (S6) achieved the highest
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values of the traits (the average number of crowns for the first
season, dry weight of shoot for the second season and the content of
chlorophyll in the leaves for the second season) reached the values of
(6.89 crown plant™, 30.87 g, 14.46 mg g, while the treatment (S5)
showed the best values for the traits of (number of leaves for the two
seasons, leaves area for the two seasons, number of crowns for the
second season and the dry weight of the shoot for the first season)
that reached, (77.5 and 69.28 leaves Plant™, 67.17 and 60.86 dcm’
plant™, 6.27crown plant” and 38.92 g), respectively.

Keywords: Strawberry, Media culture, Nano Zn and Fe, Normal Zn
and Fe, growth.
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Water Use Efficiency by Effect of Irrigation interval of Sunflower
Varieties

Shahad Fares Alhayderi and Wajeeha Abed Hassan
Baghdad Univ. Col. of Agri. Eng. Sci.-Field Crop Dept.

Abstract -In order to evaluate the performance of different cultivars of
Sunflower and test them under different levels of irrigation, estimate
their genetic parameters, and determine which genotypes give a high
yield under the influence of drought, a field experiment was carried out
at Station A in the Department of Field Crops-College of Agricultural
Engineering Sciences-University of Baghdad-Jadriya, for the spring
season 2020. The RCBD design was used with four replications and in
the split blocks arrangement (Strip plots), the irrigation periods
represented the main plots, which are 4, 8 and 12 days, while the
varieties represented the secondary plots, which is five varieties from the
Sunflower (Esihaqil 1, Esihaqi2, Flamy, Aqmar, Tarsan), The traits of
thenumber of green leaves, weight of 500 seeds, percentage of fertility,
unit area yield, were studied. Dry root and harvest index and water use
efficiency.The results showed that the duration of irrigation every 4 days
exceeded in the unit area yield (8.84 ton.ha™) respectively, was superior
in the traits number of green leaves (21.47 leaves), and the percentage of
fertility (94.73%), While the duration of irrigation every 8 days was
superior in the trait of the weight of 500 seeds (37.98gm), while the
duration of irrigation every 12 days was the highest efficiency in The
use of water (0.959 kg/m3 of water). The results also showed that there
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were significant differences between the cultivars and for all the studied
traits, except for the root weight, which was not significant. Tarsan
cultivar excelled by giving the highest yield per unit area of 9.33 tons ha
' due to its superiority in most of the traits, including the average
number of leaves (21.65), harvest index (34.63) and water use efficiency
(0.888 kg/m3 water), The Tarsan cultivar came in second place, the
Ishaqi cultivar 2, which gave a unit area yield of 8.54 tons ha™, followed
by Flame cultivar with a yield of 7.39. Ton ha™' and it was superior in
weight of 500 grains (38.59 g). The interaction between irrigation

duration and cultivars was significant for all studied traits.

Keywords: Sunflower, WUE, Irrigation Interval, Oil Varieties.
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Evaluation of the perfprmanceo of maize under different planting
dates and environments (growth traits.)

Kamal Ahmed Kazem™ and Wajeeha Abed Hassan
Diyala Directorate of Agriculture, University of Baghdad, College of
Agri. Eng.Sci., Field Crop Dept.

Abstract -To evaluate the performance of introduced varieties of maize
under different sowing dates and locations, compare with to local
variety. Field experiment was carried out in two locations; the first one
was at the College of Agricultural Engineering Sciences Baghdad
University Al-Jadriya and the second was at Diyala Governorate
Mugqdadiya District, fields of the Diyala Governorate Agriculture
Directorate, for the fall season 2019. The study compared five varieties
of maize introduced from America, with a local synthetic variety (Ibba
5018) and tested it in two locations at three sowing dates (1, 15 July and
1 August). The Randomized complete Block Design RCBD was used
with four replications, with spilt plot arrangements, the main plots
included three sowing dates, the sub-plot plots included, the varieties.
The traits of the days number to tassling and days to silking, plant
height, earheight, number of leaves and leaves area. The results showed
that the date of August 1 exceeded at the Baghdad location with the
yield unit area, as a result of its superiority inthe most studied traits, such
as the the days number to tassling (48.7 days) and days to silking (54.3
days) and plant height (132.9 cm). As for Diyala, the second date
exceeded as the yield unit area as a result of its superiority in plant
height (194.6 cm). Results showed the superiority of cultivar 3 for the
yield unit area as a result of its superiority in number of leaves (13.9
leaves). It also cultivar 3 in Diyala with the highest yield of unit are. In
the Cumulatedanalysis, the difference between the two location was
insignificant, whereas in the dates, the two dates were superiored in
(July 15 and August 1) the highest yield for unit area,variety 3 also a
yield. Interaction was significant between sowing dates and locations
(LxD), sowing dates and varieties (DxV), between varieties and
locations (LxV), and the triple interaction of most of the studied traits
(LxDxV). It is suggestion to cultivate the introduced varieties in various
other locations to show their ability to adapted the Iraqi climate, study it
in the spring seaso and to test it under the stresses of drought and plant

.densits

Keywords: Aize, Introduced Genotypes, Zea mays, Different
Environments, Planting Dates.
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Evaluation of the perfprmanceo of introduced genotypesof maize Zea
mays L. under different planting dates and environments in yield and
yield components

Kamal Ahmed Kazem and Wajeeha Abed Hassan
Diyala Directorate of Agriculture < University of Baghdad« College of
Agri. Eng. Sci. « Departement of Field Crop« Iraq

Abstract - To evaluate the performance of introduced varieties of
maize under different sowing dates and locations, in addition to local
variety, a field experiment was carried out in two locations; the first
fields was at the College of Agricultural Engineering Science
Baghdad University Al-Jadriya and the second location was at Diyala
Governorate Muqdadiya District, fields of the Diyala Governorate
Agriculture Directorate, for the fall season 2019. The study compared
five wvarieties of maize introduced from America, with a local
synthetic variety (Ibba 5018) and tested it in two locations at three
sowing dates (1, 15 July and 1 August). The Randomized Complete
Block Design RCBD was used with four replications, with spilt plot
arrangements, the main plots included three sowing dates¢ the
secondary plots included, the varieties. The traits of the¢ number of
ears plant”, ear length, weight of 100 grains, individual plant yield
and yield (Mg) were studied. The results showed that the date of
August 1 exceeded at the Baghdad location with the most studied
traits, such as the length of ear (20.04 cm), the weight of 100 grains
(34.52 g), and plant yield (213.7 g) and the yield unit area (15.27
Mg), while the second date for the same location exceeded some traits
such as the number of ears (1.33 ear plant”). As for Diyala, the
second date exceeded as, plant yield (182 g), and yield unit area (13
Mg). Results showed the superiority of cultivar 3 for most of the traits
in the Baghdad location, such as the ear length (20.8 cm), the number
of ears (1.43 ear plant™), plant yield (204 g), a yield of unit area (14.6
Mg). It also cultivar 3 in Diyala with the highest yield of plant and
unit area (188.5 g and 13.5 Mg) as a result of its superiority in terms
of number of ears. In the cumulated analysis, the difference between
the two locations was insignificant, whereas in the dates, the two
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dates were superiored in (July 15 and August 1) the highest yield for
unit area (13.01 and 13.38 Mg), variet 3 also a yield of 14 Mg.
Interaction was significant between sowing dates and locations
(LxD), sowing dates and varieties (DxV), between varieties and
locations (LxV), and the triple interaction of most of the studied traits
(LxDxV). It is suggestion to cultivate the introduced varieties in
various other locations to show their ability to adapted the Iraqi
climate, study it in the spring season and to test it under the stresses
of drought and plant density.

Keywords: Maize« Introduced Genotypesc Zea mays¢< Different
Environments¢ Planting Dates.
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12.25 29.65 8.84 10.07 11.60 22.96 15.33 29.92 -13.93 2.12 -13.36 0.00 (1x3)
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2.09 3.84 0.88 1.98 4.19 6.19 3.12 4.42 1.30 2.34 1.45 2.19 SE
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20.25 9.32 -1.78 1.07 -1.04 0.53 -6.79 -2.85 0.37 -3.38 -12.40 | -10.63 (1x2)
22.50 | 11.36 | 1647 | 2486 | 13.78 | 15.59 2.37 5.54 6.07 2.18 7.02 11.97 (1x3)
14.00 3.64 8.36 18.75 | 13.00 | 14.80 -3.95 -2.97 4.69 6.30 -4.50 -0.07 (1x4)
0.00 | -12.09 | 13.27 | 1559 | 1144 | 13.21 1.74 -6.03 5.19 11.58 -1.77 2.78 (1x5)
22.50 | 16.67 | 10.91 18.89 9.10 13.23 1.74 4.89 3.57 -0.31 2.04 4.10 (2x3)
18.75 | 13.10 | -7.53 2.45 3.90 10.83 -10.90 -9.99 2.97 -0.88 2.45 4.52 (2x4)
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45.00 | 38.10 1.26 8.55 2.70 6.58 -1.42 -0.41 6.95 3.03 -1.91 16.32 (3x4)
30.00 | 14.29 5.76 7.93 247 6.34 3.32 -4.57 5.17 1.31 5.72 25.36 (3x5)
15.50 1.54 -2.59 -0.59 2.08 11.82 -4.58 -11.86 | 3.33 4.92 -5.38 16.62 (4x5)
3.64 4.08 2.69 2.86 1.71 1.48 1.45 1.84 0.63 1.41 1.96 3.53 SE
12.50 | -8.16 2.36 -1.71 1.30 -7.15 1.11 -0.62 6.23 2.57 2.59 0.53 (2x3) x1
12.50 | -5.26 3.27 3.77 6.89 5.49 -3.32 -2.55 13.45 11.46 -2.45 2.07 (2x5) x1
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7.50 -6.93 3.77 6.53 1248 | 10.19 -7.74 -3.31 1.25 -2.01 -12.94 -8.91 (4x5) x1
25.00 2.04 11.83 | -3.98 8.45 -4.69 3.00 0.62 6.15 0.08 6.13 -0.83 (1x3) x2
31.75 | 15.57 7.35 -0.93 1248 | -0.46 -4.58 -0.66 6.26 1.50 -1.16 0.83 (1x4) x2
13.00 | -22.07 | -1.72 -2.95 -2.63 -5.19 0.95 240 3.68 -3.06 10.01 12.15 (3x4) x2
20.75 | -7.12 | 11.23 5.17 5.33 2.79 5.53 2.14 9.56 4.18 12.94 6.83 (3x5) x2
10.00 | -4.76 3.16 5.89 8.19 5.99 -4.58 -0.54 15.61 11.28 -2.52 -0.56 (4x5) x2
25.00 3.95 11.31 13.59 8.88 10.02 2.37 -5.44 7.38 6.98 -1.09 12.91 (1x2) x5
27.50 4.08 10.86 | -4.82 1248 | -1.14 -1.42 -8.94 9.72 3.44 1.91 -4.77 (1x3) x5
2.95 3.40 1.37 1.88 1.51 1.96 1.27 1.20 1.40 1.53 2.23 1.98 SE
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o Vshae T 3 1 Juadl A 4506 Caa 6 5 L) gl e G5 Laadly
@AY Canell 9621.31 el 5580 A el aly (ase el olaiWL) Cpmgl) 5580 Ao 5
(3%4)5 (3%5) el gl «%20.81 stls s 558 (2%3) Cnmell 4k o Bl 5 (45)
(@il 913,33 5 %15.05 5 %17.14 5 %17.78 <l ana 568 (1x3) 5 (2%4) 5
Gaell e IS 4l 912,54 by Guaa 38 el (1x2)x5 SN (pael el o B
%5.68 5%6.32 5 %8.23 il (s 558 (3x5)x1 5 (2x5)x1 5 (1x4)x2 450l
= %100 5 %90 O 2 A el Caiiay AN 5 A0 4l () 4lae e 5 caoliilly
L (2x5) il Caned) )y A laall aia e g adully 453N 5 A9 il agdl
Cngl) Bl Gl i 940,29 Sl e el e sVl Ale cpaa B e
A3 A iy 35 jlie B i) agll %18.31 5 %1.74 Cm A1) 50 (S il A ol
Cpaa 58 Clae) DU Cag) (e 8 O LaaDl AENN Gagll %19.04 5 %7.41 Oms
5 %14.53 5 %14.83 5 %14.83 5 %17.44 5 %18.02 5 %19.04 <l e
558 4 Jie 2o (2011) Al-Draji s Al-Dulami g% g Gi5.%12.65 5 %13.52
alal 5l 28K e Leia e Zallad) 2GS die dalle IS Al o) aad 8USH die cpagd)
Wle ol s el all 80 28U vie aa gall slaiVL (pana 3 8 Cudae ) Al fag) 23 (o))
ikl ) A die Lasasd | slusa

wasiAl Qg ae

sVl din e o Lgillaely A0 A 8 Gl it § 5 8 el (4) Jsoall ekl
(4%5) 5 (1%3)5 (2x3) L) Cmgll cia 388 ¢y 50¥) Juad dauss angll 580 a2 sl
Oe S peal il 942262 5 %23.24 5 %23.61 il Ganel) 358 A s ansi e
5 %17.66 5 %I18.50 <l (s 35k (1x2)5 (2x4)s (3x4)s (3x5) Uaed
5 (1x4)x2 5 (1x2)x5 LD agl) e IS Cilael e il %9.66 5 %10.85
el el s (8¢9%10.57 5 %13.52 5 %13.71 <l Alle (paa 358 (2%5)x1
B o die 5 (o) (Aol & 5lia 940,14 caly Cpagdl 5580 A J8T (1x3)x5 (30
sliiuly (5l ane) e Al el Gle (3588 Jaa S 4 i) Ciiiay 43 i Cagd)
AN Cagd) aen 5 Laty Cpangdl 8580 s o Llae | 388 (2%5) 5 (1X5) Osiang
Otnell %1631 5 %21.02 osnedl 558 dad o) caly i) e e (11)
(2016) Al-Ruome o3> 5 Le zilill oda S5 cadliilly (IX2)X5 5 (4%x5) SO0 5 (52 4l
L) ) (g el Juadl o 5 4 sina (i 358 el gl s O 0
59 yedat W Bl e aa g8 (AN Waelil 5 A0 8 Cjaa V) oo L ) (pany (& Cuadial )
TN VENPA [ e LR LS [ WA (i SN S PA S PR R\ NS NS FEN | RVETEN
Nie daa se cpad 558 Cilael 1) Cagdl aae & jlie die | 8laY) Judll culd i) s
B xie o) culS (gl oded ungl) 358 a5 ¢l vie (o jliie il and )
ikl ) A die Lgad (pe Al

ol adl aae

bl Ll oy L e die) (gl 58 (8 4 sine (3558 25 Jsaad) sy SIS
aliad] aly don 0 o 558 40358 (b 5 yedal 288 (g V) JuadY Al 4 sundll (SE
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(1x2)5 (1x4)5 (2x3) LAl gaedl e JS 036 (1x3) a8l cunell % 37.21
daally Ll cailiilly %4.85 5 %7.14 5 %9.76 5 %16.28 il Gand 5 (2X5) 5
il e pall e olaiWh Gangdl 558 Adls 2 (gl paan Calacf 388 SN (gl
Lo i) el e 35i5 942,38 aly dum 5o (pnt 558 ael 3 (3%4)x2 (ngl)
Linse (b B8 Lgilhels 5018 (o badll Ciiall e 50N 5 20 i) agl) asen i
Onell 4l 9451.28 sy a3 el (1x3) s2dl cnell G55 case sall alaiVl
%28.21 5 %38.46 by Cpaa 354 (4x5) 5 (1x4) 5 (1x2) 5 (3%5)5 (2%3) 5 (2%5)
Olungl) (58 A cagll ey caaliills %12.82 5 15.38 5 %15.38 5 %28.21
LegalS] 9620.51 5 %25.64 il (s 58 el Lagillacly (1x3)x5 5 (1x2)%5
Caly glaie gaad 38 Lhel (Al (1x3)x2 5 (2x5)x1 Clungdl Legals caoliilly
Ghel Sl (3x5)%2 5 (3x4)x2 5 (3x5)x1 N pagdl Iy L dlegia J19%17.95
Wuhaib gl ge il s2a Ciiil agie JSI 910,26 il s Cnel) 5 58 Aadl) ol
die A )liay dille Leih ans cpidlal) cpliQH s Caell Cpnell 358 4 jlie e (2012)
a5l Ol ) Jeadly 25 e doa e cpaa 548 Cilae) N cagd) dae g ol
laaaed Lalas U sloe Akal 1) A80SY sie 25 )l5all Catmy 45 )lie laade \S Lo cdsilall 2a0S))

AN 5 A0 8 aell (e JS196100 Jiar sa 5 dallall 48U xie

e 5 pasipadl s Caall g dae 5 4d hea dxe 5 a5l Jsb 5 (LAT) - (%) Geedl 358 .4 Jsa
80) 4l ALY (5 )il Cpamgd) 5 Cpsa¥) Sl A o) jiall 5 )3 8 43D 5 4 8 gl a) jall

(" cly )

sl yall 2ae Uasipall Qg e Caall s 22 o gduall ac sasiall Jsh
(e Jaadl O Jaadl O Jazadl IEE Sl U Sl O Jizadl
golad G golad Uil ol | soad | s okl G golad G
15.38 7.14 2.29 9.66 2.03 0.86 1.01 0.33 4.26 10.73 -6.96 -9.35 (1x2)
51.28 37.21 14.96 23.24 14.64 | 13.33 0.67 2.92 9.27 16.01 12.27 29.58 (1x3)
15.38 9.76 0.39 5.97 9.05 7.79 -7.38 -5.15 -4.44 1.49 -8.72 10.35 (1x4)
7.69 -18.45 -3.86 -2.58 1.74 0.57 -5.03 -8.41 9.93 16.75 2.32 0.61 (1x5)
28.21 16.28 14.18 23.61 14.53 | 20.81 0.34 -0.33 8.82 15.53 -0.77 -3.32 (2x3)
5.13 -2.38 5.02 10.85 12.21 | 15.05 -5.70 | -6.33 9.33 21.04 -3.20 -5.68 (2x4)
38.46 4.85 -4.78 -3.51 -0.29 4.26 -3.69 | -7.12 -2.35 6.00 1.91 -0.70 (2%5)
7.69 -2.33 11.47 17.66 14.24 | 17.14 -1.68 0.51 0.69 6.90 1.19 16.79 (3x4)
28.21 -2.91 16.95 18.50 12.65 | 17.78 4.36 0.65 -0.17 5.99 8.92 7.10 (3x5)
12.82 -14.56 21.02 22.62 18.31 | 21.31 3.02 -0.65 4.32 13.23 -4.28 -5.88 (4x5)
4.79 5.02 2.89 3.23 2.05 2.51 1.24 1.26 1.68 1.95 2.09 3.84 SE
7.69 -16.00 3.78 -9.11 7.41 -6.22 -2.68 -3.01 6.61 -2.03 -9.49 -8.78 (2x3) x1
17.95 -14.81 5.29 10.57 7.56 6.32 -1.01 2.79 4.75 7.27 -0.88 -2.73 (2x5) x1
10.26 -14.00 15.12 -1.57 19.04 5.68 -2.68 -6.75 11.91 12.10 11.81 2.65 (3x5) x1
2.56 -9.09 10.18 -8.95 13.52 | -4.05 -2.35 -5.21 3.92 -0.38 -1.34 3.07 (4x5) x1
17.95 -22.03 12.16 -2.43 12.65 | -1.74 0.67 0.00 1.97 -6.68 11.60 -0.60 (1x3) x2
7.69 -6.67 13.95 13.52 18.02 8.23 -2.68 -3.33 11.93 17.13 9.03 6.23 (1x4) x2
10.26 2.38 15.81 3.89 9.88 -3.82 5.37 4.67 9.07 8.33 -6.60 -8.99 (3x4) x2
10.26 -14.00 8.49 -7.24 14.53 1.68 -4.70 | -8.68 10.19 10.38 14.18 4.83 (3x5) x2
5.13 -6.82 13.11 -6.54 17.44 | -0.74 -2.35 -5.21 10.33 5.76 8.97 6.18 (4x5) x2
25.64 -4.85 16.31 13.71 14.83 | 12.54 1.68 -1.94 6.30 1.95 10.78 8.92 (1x2) x5
20.51 -20.34 15.12 0.14 14.83 0.16 1.01 -2.59 3.68 -5.12 2.11 -9.05 (1x3) x5
2.15 2.18 1.30 2.63 1.20 1.77 0.85 1.20 1.06 2.27 2.46 2.01 SE
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<) Jualas (CGR 3 DTM 3 TDM) sadll slaa gaanys dall (8! gl 358
AU cadl 45 j\Bal) Ll g (i ea¥) Juadl duad ASNAEN 5 Aua 8l agdl daluall Baa gy
I el Gl 60
42100 ¢

olaiVl A ge o B8 Chae) 45005 A jh (e 9 5 5 O A (5) dsaadl
(4x5) el % 7.51 2iall Cpngl) 558 dad e b cials ¥ oY Al age )
88 Jil5 (il 965.08 5 %5.91 <l Cma 358 (3x5) 5 (3x4) Gl limel 4y
38 dad ef clS a8 AN Cpagl] danilly Ll (943,79 il (2x4) Gaagll CilS (pima
(2x5)x1 5 (3x4)x2 Gsne)l e IS 036 (1x3)x5 (SO Cumell %18.94 Cisng)
a e Lo Clae§ 4530 Gagll asen o) 9%13.80 5 %14.89 Cialy (a3 58 Legithacly
BYNECH PR NSNS P lekc\ 3 (1x4)x2 5 (4x5)x1 Ol sliiuly (gl 558
slo < i AN 5 Lo 8l el maen O 2a s A Sl Caiay &5 AN die 5 gt all
hels «(%2.74 il Llls 4as ) (1x3) 2l gl elifindy (5 ) sl
sl s Ay ey Adle Lad (4 YL a8 Gailll) (4%5)5 (2%4) gl limed
558 (2%3)5 (2%5)5 (3%5)5 (3x4) aed) Legili <9%17.63 5 %17.68 ki Cpagl
(3x4)x2 S (pagd) ae) Lad ¢10.57 510.59 5 %12.64 5 %15.88 il (s
e 5 dunge (paa 358 Cibae) (5 AV agd) mues IS 9433 14 Sl (a5 58 e
ol sl Al aaa 358 calael ) el () 12%29.07 5 %11.28 o )
Balaadl s }Lu&@;myum 358 Culaef ) gl aa 8 A8 Bl Gl
.(2018) AbdulAmeer 5(2016) Al-Ruome gl ae gl o8 (385 2 3all

TDM 4lsll ddlal) 3atal) ¢ 3y

Cengl) 5 Al dun e e alae | 4B 5 L Gagl) alana o) (5) Jsaall (e el
5 (1X3)x2 5 (2x3)x1 AN Gagll s (2x5) sl el oLy s oY Ao
GRS 5l e ALl al) o3 ccpmed) 5580 Al L Vskaef ) (1x3)%5
Al Cpagl 858 Alaia) el (1x3) cpaedl Ghel ¥ Junil (o ddall Lan sia
550 (3x4)5 (3%5)s (1x4)5 (1x5) el e IS 4l %3331 caly (sl JumdY
Olungll el Lad il 9620.05 5 %20.33 5 %22.64 5 %26.69 il (paa
6 < 5i 85 <9620.01 5 %28.86 il Cpas 358 el (2x5)x1 5 (1x2)x5 GLidal
Ciial Ll e sall olaiWh Ao o 358 agillacly 4500 (e 95 43 8 (e
5%13.19 5%18.03 5%22.19 5%15.39 by Cagl) 558 o o) il 5 s i)
5 (3%5)x2 5 (3x5)x1 5 (1x2)x5 5 (1x3) el %10.31 5 %10.63 5 %11.20
05035 Abed @ln Asgll o3 Sy Al (1x3)x5 5 (1x4)x2 5 (1x3)x2
(2017)

DTM (Alud i %95 M dsl 3l (e daall
Grs¥) Juadl e (550 ol A i) gl el o) cpngd) 858 sl (5) Jsandl el
QY (udy 1S 181 Gl 5 (4%5) 5 (2%4) Ladd (pima o) a3 3 oaldl) all) A4 8
5 e s A %0.51 5 %1.05 al st el saiVL Adle (aaa 38 Lkel (4)
I %2.07 5 %2.09 ladl &l Crse jall olaiVl Al (a8 Lilhels 4530 (e
5 10) 48N 5 40 8l gl maes 8 6 L @diilly (2Xx3) X1 5 (4%5)x2 Ciengll (1
38 ol Cirlyy o oadudl) Lgaai 8 Lapen 4ie @S L) 6l & lad) Gia e (11
(4%5)5 (3x5)s (1x3) el (e IS 4l (2x4) 2 Ganell %10.85 4w (una
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%7.08 5 %7.08 5 %7.55 5 %8.49 5 %9.91 <aly cpaa 558 (1x5)5 (1%2)5
Ay Oy Q11,79 caly cpaa 58 (4x5)X2 Oanedl 358 AN caddl ey il
01132 5 %7.08 G o g i 4l i e Aille. (s 5 56 ) 23N (ng)

CGR Jsasall sai Jina
Jsandl a3 Janal (yen 5 58 calae | 45301 5 4n i) gl qen () (5) Jsaad) el
(2%5) @A Gl e Le a1 el L jle sl Jame 3 5330 elasly (5 dum s
%1.08 <ol s 358 culae) 3 (1x3)x5 5 (1x3)x2 5 (2x3)x ] A Gangll 5
A Canell 9629.12 Cunel) 358 Alain) oadl cialy Lad il %5.08 5 4.69
%15.45 5%24.14 il Gaaa 358 (4%5) 5 (3%5)5 (1x4)5 (1x5) oael 4l (1x3)
%30.94 A5 (el B s 358 o) oS Lad il %1438 5 %14.73
(3x4)x2 5 (3x5)x2 5 (1x4)x2 5 (3x5)x1 5(2x5)x1 oaedl 4dly (1x2)x5 Cgll
35%11.22 5%11.81 5%13.43 5%13.87 5%23.69 il Cuad b5 (4x5)x2 s
e Lemsen < 55 LAV 203 i) gl () 2 A3 liall i e 4l tie 5 €94 10.27
(st el e otV Al cpaa 358 el 3 2x5 Cpuagll sliiuly) (5 ladll Caiall
O 348 o) CilS Lad (1%3) el %627.94 oo il gl b ana 548 el culS
5 (1x4)x2 5 (3x5)x2 5 (3x5)x1 el 4k (1x2)x5 Gxnell %33.34 A5 Gagll
%2711 5 %29.44 <l ana 564 (2x5)x1 5 (3x4)x2 5 (1x3)x5 5 (1x3)x2
AL 9%16.43 5%18.18 5%21.43 5%21.93 5%23.27

Lﬁ")‘“‘ <L) Juala

Bansh syl olaVL i se i 858 Lgillae s (5 Usn) Lol o) pen i
(4x5)5 (1x4) Gagll 0o IS 4t (1x5) Gemell %39.33 laladl gy (s¥) oY
AN el Wl ol 9%17.27 5 %23.70 5 %36.97 il ek 558 (2x4)
558 Lhel 3 (4x5)x2 5 (2x3)x1 Osngd) sl (s Jundl o lonsan i sid
e Tan e e 5 (1%2)%5 Oanell %40.96 <l cpan 358 ol Ll ddls caa
5%9.20 5 %10.21 5 %13.12 5 %14.44 Sl (paa 548 Cilae) ) Gagd) il
5 (3X5)X2 5 (4x5)x1 5 (1x3)x2 5 (2x5)x1 cell %6.79 5 %8.65 5 %9.00
7 Ao 8 688 48] a0 45 Hlaal) Coia xe 43 )l 2ie  (3x4)x2 5 (3x5)x1 5 (1x3)x5
5 %6.47 5 %6.76 4 &l el (paa 38 el Cabiy AN A0 8 e 10
AN el cpaa 38 el caaly Laid 2l (2x3)5 (3%4)5 (1x4) el %6.21
5 (3%5)%2 5 (1x3)x5 5 (3x4)x2 5 (1x3)x2 el 4l (1x2)%5 Canell %23.85
%10.10 5 10.66 5 %11.17 5 %13.70 5 %15.38 il cpad 558 (3x5)x]
.(2019) Hamood (2018) AbdulAmeer o3 5 Lo 3 55 iliill 38 aqlially

Aaleal) daa g Jala
e (9 5 10) A aedl Qlely L8l Gagdl aes G (5) Jsaall e Baadls
4y (1x5) @28 (el 939.32 a8l (gl (a8 (o) CulS (as¥) e
5%23.79 5%36.99 il (i 5 (2%x3) 5 (3x4) 5 (2%4) 5 (4%5) 5 (1x4) o)
G 358 o) cilS 2 AN el A W) i1l %1415 5 %14.41 5 %17.28
3(1x3)x2 5 (2x5)x1 el e IS S 3 )las 4aly (1x2)%5 (el %40.94 L 5e
G aie s @il %10.19 5 %13.14 5 %14.45 Caly e 358 (4x5)x]
Slel caly 3 cle e 18565 & jal 33N Ll el lel o) 35 5018 aiall
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(Bx4) 5 (1x4) o o ISV % 6.17 5 %6.40 5 %6.71 (el 368 doa 90 daid
9023.81 Cxdy s 558 (1x2)%5 Geagd) 48N Cagdl (o (3588 Lain ¢y (2%3) 5
Ruome s3> 5 Lo e (385 138 5 9%23.81 5 %0.26 (s 4o gall (agd) ad 8L Can gl yig

(2016)

a5 Juala 5 g2l Gl Juala s CGR 5 DTM 5 TDM 54 100 058 (%) cnnedl 358 .5 Jsaa
60) o) s¥) LI 5 Jontl Cpemgl s V) i A ol 5,30 3 AV 5 Lo il Cpagl dnlisal

I cils all
Al bam s Joln | o) il Jals CGR DTM TDM L= 100 05 oaed
Caua Jazadl Cain Jazadl Cain Jazadl Cain Juzadl (A Jazadl (ala izadl A0l
gl s EB I T T Csdl g s B G | e | s A8
-12.15 2.95 -12.14 2.93 1.83 091 -7.08 3.14 -5.18 4.24 9.89 -3.09 (1x2)
1.97 9.64 1.99 9.61 27.94 29.12 -991 3.24 15.39 3331 | -2.74 | -9.27 (1x3)
6.71 36.99 6.76 36.97 8.67 15.45 -3.30 6.22 5.28 22.64 | 8.17 -1.14 (1x4)
4.66 39.32 4.71 39.33 16.85 24.14 -7.08 2.07 8.76 26.69 | 4.56 4.08 (1x5)
6.17 14.15 6.21 14.14 7.67 6.69 -4.25 9.73 3.62 13.91 | 10.57 | -2.49 (2x3)
0.08 17.28 0.10 17.27 3.59 2.64 -10.85 -1.05 -7.54 1.65 17.68 3.79 (2x4)
-6.56 9.51 -6.54 9.48 -7.92 -8.76 -3.30 7.33 -10.87 -2.02 | 10.59 | -2.46 || (2%5)
6.40 14.41 6.47 14.42 6.26 7.24 -2.36 11.89 391 20.05 | 15.88 591 (3x4)
1.27 8.89 1.33 8.90 13.68 14.73 -8.49 4.86 4.15 20.33 | 12.64 | 5.08 (3%5)
-3.58 23.79 -3.58 23.70 1.50 14.38 -7.55 -0.51 -5.99 13.31 | 17.63 7.51 (4%5)
1.98 3.84 1.98 3.84 3.10 3.56 0.94 1.32 2.61 3.61 1.98 1.67 SE
0.26 -5.57 0.30 -5.56 6.51 -1.08 -10.85 -2.07 -4.95 -8.27 | 16.94 | 5.76 (2x3) x1
6.94 14.45 6.95 14.44 16.43 23.69 -8.25 0.78 6.97 20.01 | 25.85 | 13.80 | (2x5) x1
10.05 8.67 10.10 8.65 29.44 13.87 -8.96 0.00 18.03 13.33 | 22.15 8.44 (3x5) x1
6.25 10.19 6.26 10.21 11.43 9.78 -7.08 2.07 3.67 10.28 | 15.85 | -1.51 (4x5) x1
15.37 13.14 15.38 13.12 21.93 -4.69 -8.96 1.05 11.20 -3.63 | 22.36 | 7.91 (1x3) x2
8.55 1.72 8.59 1.72 23.27 13.43 -10.38 -0.52 10.63 5.08 11.28 | -1.86 (1x4) x2
13.68 6.84 13.70 6.79 18.18 11.22 -8.49 1.57 8.33 4.25 33.14 | 14.89 | (3x4) x2
10.65 9.26 10.66 9.20 27.11 11.81 -11.32 -1.57 13.19 8.68 | 23.34 | 8.78 (3x5) x2
-6.12 -2.63 -6.09 -2.60 11.93 10.27 -11.79 -2.09 -091 5.41 29.07 9.73 (4x5) x2
23.81 40.94 23.85 40.96 33.34 30.94 -8.49 -1.52 22.19 28.86 | 17.33 6.77 (1x2) x5
11.12 8.97 11.17 9.00 21.43 -5.08 -9.20 0.79 10.31 -4.41 | 19.49 | 18.94 | (1x3) x5
2.35 3.65 2.35 3.66 2.47 3.33 0.44 0.45 2.35 3.29 1.89 1.90 SE

Jla s (CGR 5 DTM 3 TDM) saill jlaa gana g daaldl ()9 dasgial Guagd) 548
cal 4 jBal) Cilay cpe¥) Juadl dud LI 5 Ao 8l ! daluall Baa gy cilall)
I el Cal) g 48usy)
42100 ¢

el %60 S A ga (e 358 Clae ) (Al Gagd) dua () (6) Jsaall e a3l
el il 858w gl i e¥) Jumdly 5l AU Caell 9672.73 5 Al
Onell Laal s (a5l (1x5) 5 (4%5) Osnedl e IS %18.99 5 %0.36 O dsa
5 (3x4)x2 Cadl e IS %2132 5 %I1.24 O Cesell B8 Gl i AU
i 85 A5 Aa3 58 e T 9 5 o N8 5018 Chinally &5 jlia Ll il (1x4)x2
5 (2%5) Al Gpmell 0.69 O Genel) 38 Al Gl g gt jall SlaiVL s ge
%1.13 O Lead Oangdl 3.8 o Cas ) 538 A5DEN Cagll Lol ¢(1x5) s2,8 (nael) 9614.98
oda 5 Lo e Al oda 330 5l (1%4)%2 5 (1%2)x5 Gaidl Guiagll 9416.12
.(2019) Hamood s (2006) &5 41 s Muraya
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Gl 2ae o aa cpilll UK Ciat Bas 100 O Adal (pagl) 88 Aaadla die
848 eyl 5 Aadal o) AU ad o) CiilS e g pall olaiVL doa g0 (aaa B8 Cidac) Al
Adlal) FEUSH ot Lgie Akl 5 480N s e ) clS Lyl cpung)

TDM 4lsll d8lal) 3aal) ¢y 3

Ao Ao ge (piad By A8 5 40 8 Sy il 7§58 I (6) Jsaall by s
Ol el (IS gl 5 5l A ga i adae | ) Aga jall iy il () ¢ 0¥ JuadY
(3%5) Cringdl Laadl caiily cpimell 920,67 5 %21.18 <slis (1x3)5 (2%3)
Gl LI gl (8 Lt (a3l 9%13.80 5 %15.55 Caly Cpaa 58 ey (4%5) 5
5 %21.89 4l el (1x4)x2 Ginell %23.06 Cnedl 5580 Lo 5o &y st A e
5 (2x5)x1 5 (1x3)x5 5 (1x2)x5 4 caell %10.46 5 %14.14 5 %19.47
Gl =i 9 55 (38 1aadli 5018 eLl A3 jlaal) Caiia a4 A} ie 5 caililly (3x5)%2
by (4%5) @A)y il don ge dad el ol Djad) e e AN 4 8
AN aedl e IS Ay 962531 @aliy (1x3)x5 SOy ailly 9%12.46
5 %16.54 %17.75 sl Cpaa 358 (1x2)%5 5 (4x5)x2 5 (1x4)x2 5 (3x5)x2
2L %1441 5%16.43

e ddaadl 2ie (2018) ¢l Hadi 5 (2017) 0soAls Abed gl XS e 1aa
O laae () aas bl oidUSl) die daa ga (a5 68 Calac ) Al AEDN 5 40 il el
Al A0S die SUB o) LSl 4 iie culS uagll 358 ad ol 5 (SNt Ui
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5 %23.83 @il caa 558 (2%3) 5 (3x4)s (3%5)s (1x3) Sl pill 4y ¢(4x5)
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el e ddaadl e 9%17.71 5 %9.03 (sl i Alle (paa b8 el Lay)
AL Allad) A8V aie J8) IS Ladae ) aad Ao ga (aa 368 Cadae ) A1) ASDNN 5 400 8l
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5 (4x5)x2 5 (1x4)x2 A iy ol 5 gl %3.59 5 %4.72 5 %4.93 il
%9.14 5 %11.27 5 %14.47 5 %18.44 <l s 558 (1x3)x5 5 (1x2)x5
gl 558 01 (6 5 5) ol saadl & (05 (2014) Bactash s Hamdan ge G5 cgoliilly
Joola daal Tebiie Sl oSl 38 piall) (Bl cins dalisall 32a ) Juals ddial
Lo il pagdl 2 g ddikal ol AAUKY 8 Lee Adlad) 4SS die JB) Waaad s (oo ydll )
5018 iy (o581 oy i eyl slaiVL dm 5o ot 558 Calae | ) A0
e jiall 5,30 Juals )5 edilal gl ZEESY 6 Wase (je J8) eddlal) 4800 s Sl S
(2013 a & b) 03305 Al-Khazaali ae (38 s 5 Al AL Cadialy 1,38 iy
@Al @il Jals s CGR 5 DTM 5 TDM 54 100 s b siad (%) cnel) 358 .6 Jsa

ZAESH g latl) nell 5 0 se¥) Sy s o jiall 5,301 5 AN 5 Ao il aell Aabiaall s s Jeala
(1'4 <l all 80) Al

PRGN oA il Jals CGR DTM TDM s 100 0Js O
Caba Jazadl Caba Juzadl Caln Jazad) Caia Juzadl N Jazadl Cala izadl A3 dll
EBE s okl s okl s ol Csd ol O BN ST A0l
-6.57 18.86 -6.61 18.84 7.35 12.64 | -12.59 -2.05 -6.13 7.99 573 10.46 (1x2)
493 33.48 4.90 33.49 23.83 23.61 -15.33 -1.60 4.89 20.67 973 | -3.98 (1x3)
-4.62 3.64 -4.67 3.65 2.83 421 -8.01 1.01 -5.29 -4.17 -5.30 | -7.76 (1x4)
-7.68 6.26 -7.71 6.25 3.10 3.93 -8.01 1.01 -4.96 3.02 14.98 | 18.99 (1x5)
3.59 42.22 3.56 42.20 10.36 10.17 -5.26 10.11 4.58 21.18 -1.78 2.62 (2x3)
-8.87 -0.98 -9.23 -1.31 -2.04 -8.75 -10.76 0.00 -12.48 -11.44 472 2.01 (2x4)
-23.20 -11.60 -23.23 -11.61 -6.73 -5.98 -7.55 3.59 -13.75 -6.51 0.69 4.19 (2%5)
-4.70 3.55 -4.73 3.59 10.81 3.22 -5.95 9.31 4.29 5.53 -3.19 | -5.69 (3x4)
-5.89 8.32 -5.92 8.32 20.02 19.81 -11.21 3.19 6.59 15.55 -4.02 | -0.68 (3%5)
472 13.79 4.71 13.85 25.24 16.67 | -10.30 | -2.49 12.46 13.80 3.03 0.36 (4%5)
2.63 5.10 2.64 5.10 3.42 3.56 0.99 141 2.76 3.61 2.21 2.51 SE
-2.92 -6.28 -2.94 -6.28 9.03 -1.20 | -13.04 | -4.52 -5.24 -9.39 8.47 10.43 || (2x3) x1
-1.42 2541 -1.45 25.40 10.54 15.99 | -10.30 | -1.51 -0.78 14.14 15.20 | 14.41 | (2x5) x1
1.42 7.77 1.40 7.77 17.71 -1.92 -11.67 -0.52 4.05 -2.39 -0.79 3.36 (3x5) x1
-2.71 -7.10 -2.74 -7.11 14.08 -8.91 -9.61 0.77 3.10 -8.32 1.95 -1.05 || (4x5) x1
-2.57 -7.14 -2.60 -7.15 14.53 -7.51 -9.38 7.03 3.93 -0.92 -2.81 1.54 (1x3) x2
18.44 24.17 18.37 24.17 29.85 26.27 | -10.30 0.51 16.54 23.06 16.12 | 21.32 | (1x4) x2
5.52 10.73 5.45 10.69 20.11 8.39 -9.84 1.03 8.36 3.90 -1.99 1.24 (3x4) x2
0.57 6.87 0.63 6.95 30.56 8.78 -9.84 1.55 17.75 10.46 4.39 8.76 (3%5) x2
14.47 9.31 14.44 9.29 35.08 7.85 -13.96 | -3.59 16.43 3.53 13.45 | 10.11 | (4x5) x2
11.27 19.09 11.23 19.11 27.55 18.81 -10.30 2.62 14.41 21.89 1.13 -4.35 | (1x2) x5
9.14 4.01 9.11 4.01 36.67 10.37 -8.47 8.11 25.31 19.47 =718 | -3.95 | (1x3) x5
2.29 3.54 2.29 3.54 3.00 3.33 0.49 1.17 2.81 3.53 2.38 2.44 SE
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Hybrid vigor for triple crosses and their parents of maize Zea mays
L.under two plant population

Wajeeha Abed Hassan and Samar Hashem Taqey
Field Crop Dept., College of Agric. Eng. Sci., University of Baghdad

Abstract - Aiming at evaluating the performance of Three way and
single hybrids and their inbreds of Maize and comparing them with the
"Aba'a 5018" variety under two plant densities, a field experiment was
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carried out in college of agricultural engineering sciences-research
station-University of Baghdad during the fall season of 2018. The
study included a comparison of five inbreds and 10 single inbreds and
11 Three way hybrids as well as the control variety " Aba'a 5018"
under two plant densities, Were 60000 and 80000 plant ha™
respeairely. A Randomized Complete Block design (RCBD) with three
replications under split-plots arrangement were used, the main plots
were included two plant densities and, the sub-plots were included the
Genotypes (27). Result revealed that The hybrid (5%4) had a negative
hybrid vigor in the desired direction relative to the highest parents for
tussling and silking days average reached 2.73% and 1.27% under the
low density, and more in the high plant density reached 6.01% and
7.11%, while the hybrid vigor reached 14.74% and 13.97% under the
low plant density and 16.41, 16.07% under the high plant density
compared with the Synthetic ariety, it also had a highly positive hybrid
vigor in the desired direction in plant yield and yield ton ha™ reached
23.70% and 23.79% under low plant density, and 13.85, 13.79 under
high plant density relative to the highest parents. Most of the Three
way hybrids superior over the single hybrids and their inbred and the
control synthetic variety, the Three way hybrid (1x2)x5 has a
significant difference among his parents and the control variety in
yield of planted area (12.75 ton ha™) ears height average (219.33 cm),
ear rows number (15.68 row), ear grains number (637 grains ear”) ears
number (1.238), dry weight (270.20 gm) crop growth rate (3.799 gm
plant day™), plant yield (184.23 gm), It also had a positive hybrid
vigor in the desired direction in plant yield and yield per planted area
reached 19.11% and19.09% in comparison with the highest parents
and 11.23%, 11.27% in comparison with the commercial hybrid. The
hybrids (1x4)x2, (1x3)x5 and (3x4)x2 gave a significant values
compared with their parents and control variety in yield per planted
area reached 12.45, 12.01 and 11.91 ton ha respectively. The hybrid
(1x4)x2 gave the highest hybrid positive vigor in the desired direction
in plant yield and yield of planted area reached 24.17% and 24.17
comparing with highest parents 18.37%, 18.44% and the synthetic
variety.

Keywords: Maize, Tree-way crosses, Single crosses, Zea mays, Plant density.
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Evaluation genetic parameters of introduced genotypes of maize
under plant density

Nazar Shahath Khalaf'and Wajeeha Abed Hassan’
'Directorate of Agriculture, Diyala, *Dept. of Field Crops, College of
Agriculture, University of Baghdad, Iraq

Abstract - to evaluate the performance of introduced genotypes of
maize and testing them under different levels of plant densities,
estimation of its genetic parameters, comparing them with local
genotypes. A field experiment was carried out at Station A- College
of Agricultural Sciences - University of Baghdad - Jadiriyah, for the
fall season 2021, the RCBD design was used with four replications, in
the arrangement of the split plots, the three plant densities (50,000,
70,000 and 90,000 plants ha™) represented the main plots, while the
genotypes represented the secondary plots, which are six genotypes of
maize three of them introduced, with three local genotypes. The
values of standard error SE and CV for the studied traits at the three
plant densities were low and within acceptable values. The genetic
variance was higher than the environmental variance for most of the
genotypes, and the coefficient of phenotypic variance was close to the
coefficient of genetic variance at the two densities (50000 and 70000
plant ha™). The studied traits means are genetically controlled and the
environment has little effect on them, while the genetic variance was
less than the environmental variance for most of the studied traits at
high density, and the degree of heritability in the broad sense h?. .
From 70% at low density for the traits of 50% silking, plant height,
ear diameter, ear length, weight of 100 grains, ear weight, individual
plant yield and yield (ton hector™) (88.0, 72.4, 73.0, 74.0, 76.3, 96.4,
73.5 and 73.5 %), but at the average density, the traits that achieved
values higher than 70% are 50% silking and tassling, ear length, ear
diameter, number of rows, number of grains row™, number of ears,
weight of 100 grains, total dry matter, crop growth rate, ear weight
and individual plant yield, yield, and harvest index (72.0, 81.1, 92.0,
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76.8, 70.0, 97.0, 87.8, 74.2, 96.5, 96.7, 85.2, 84.8, 84.8 and 75.0%),
While its values were higher than 70% at high density for the traits of
50% silking, ear diameter, weight of 100 grains, dry matter weight
and crop growth rate. and ear weight, individual plant yield and yield
(77.4,75.0, 80.6, 72.5, 75.7, 86.0, 78.3 and 78.3%).
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0.61 |0.74 0.64 0.51 0.54 Tanzania .
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35.66 | 44.23 37.93 3279 | 27.67 | Mombasa
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Ayl &9 XA ol s Al Al Gk
i o 4, el | LSD 5%
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Effect of two cultivars of Panicum crop and different cultivation
methods on some yield traits and forage quality in Iraq
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Abstract- A field experiment was carried out in the fields of the College
of Agricultural Engineering Sciences / University of Baghdad / Al-
Jadriya during the academic year 2017-2018 with the aim of knowing
the effect of two genotypes of Panicum from Mombasa and Tanzania

(125)



under different cultivation methods, which are 20cm between lines and
30cm between lines and scattering and seedlings on yield and feed
quality. In this experiment, a randomized complete block design with
split plots arrangement with three replications was used. The main
panels represented the cultivation methods, while the secondary panels
represented the genotypes. The results of the statistical analysis of the
second experiment showed the superiority of the Mombasa genotype in
all the studied traits (the time needed to reach the maximum height of a
day, the number of stems, plant branch -1, the ratio of leaves to stems,
the yield of wet fodder ton H-1 and the percentage of protein %) with
averages reached for the mentioned traits sequentially 59.25, 38.67,
33.5, 31.75 days, 28.75, 36.28, 37.04, 49.92 str. plant-1, 0.83, 0.83, 1.05,
0.87%, 25.87, 29.42, 35.66, 31.08 t.ha-1, 10.36, 10.54, 10.7 and 10.81 %
for the four pads sequentially. While the cultivation method excelled by
seedlings with averages of 57, 30.67, 31.83, 29.33 days, 31.7, 37.2,
40.25, 58.78 branches. Plant-1, 0.82, 0.67, 1.26, 0.87%, 29, 30.6 and
34.95, 33.03 tons. H-1, 10.82, 10.92, 11.26 and 11.3% for the four
grooves. The interaction coefficients differed in superiority, but in
general, the interaction between seedling cultivation method and
Mombasa genotype was superior in most of the studied traits.

Key words: Panicum, cultivation methods, fodder yield, protein percentage.
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The importance of using clean energy resources to achieve
sustainable development (Algeria Case Study)

Ghiat Cherif, Saadi Leila and Boufarh Mounira
Self-Development and Good Governance laboratory University of 8§ may
1945-Guelma, Algeria

Abstract - Energy is one of the main components of civilized societies,
and all sectors of society need it in addition to the urgent need for it in the
conduct of daily life. This is a dilemma that has long puzzled countries
around the world. Which sparked and continues to raise controversy about
finding ways to clean up the current economic activities. This has
prompted many countries in the world in recent years to intensify their
efforts to find alternative sources that are inexhaustible and
environmentally friendly at the same time in order to achieve sustainable
development in which economic goals overlap with environmental
considerations, through research and development in the fields of cleaner,
advanced energy technologies. And finding alternatives that are not
harmful to the biological cover or ecosystems. Algeria, like other
countries, especially oil, relies heavily on the hydrocarbon sector in
building its economy, which is negatively reflected in it as a result of
fluctuations in oil prices in global markets, which prompted the authorities
to think about adopting an ambitious program known as the “Renewable
Energies and Energy Efficiency Program for the period (2011-2030). It
aims to develop the exploitation of renewable energies of all kinds within
all sectors. From this endeavour, this study comes in an attempt to
highlight the government's orientation towards energy transition to build a
new energy policy, based on the use of clean energy because of its
importance in achieving sustainable development as it is characterized by
low effects on the environment compared to traditional fossil energy. In
light of the nature of the study and the goals it seeks to achieve, it has been
relied on methods commensurate with the nature of the subject, which is
the statistical approach with its two methods (descriptive and analytical).
Expand the role of renewable energy sources in diversifying the national
economy and sources of income, as well as being the actual and optimal
solution to reduce the phenomenon of climate change. In light of this, the

(145)



study recommended the need to encourage scientific research in this
regard through cooperation and scientific exchange in multidisciplinary
research with countries with pioneering and successful experiences in this
field and to benefit from their expertise and experiences, taking into
account equality and mutual benefit. In addition to providing material and
moral support to citizens who use solar energy in their homes, with a focus
on spreading awareness among community members to conserve energy
and environmental sustainability.

Keywords: Fossil energy, Renewable energies, Clean energy,
Sustainable development, Environment.
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Influence concentration and spraying stages whey on growth traits
crain filling duration in sorghum (var. Bohooth 70)

Nesier Feraj Shachai’ and Hameed. KH. Khrbeet
Dept. Field Crops, College of Agricultural Engineering Sciences,
University of Baghdad
“naser.faraj@coagri.uobaghdad.edu.iq

Abstract - A field experiment was carried out at the experimental

Farm - College of Agricultural Engineering Science - University of
Baghdad - Iraq during the fall season of 2018 and spring season of
2019 to study the effect of Whey concentration (0, 25%, 50% and
75%) and three dates of foliar application (spraying after each
Irrigation, spraying after twice Irrigation and after three times of
Irrigation) and continue spraying until the age of physiological
maturity, some on growth traits and grain growth rate of Sorghum
(var.Bohooth.70). The experiment was applied using R.C.B.D
arranged in split plot with three replications. Foliar application dates
were used as main-plots, while Whey concentration were used as sub
- plots. Results showed that, in both seasons spraying whey at a conc.
75% significantly increase internode length, stem diameter, in both
season was (12, 15.3) % and (24.38 ,15.38) % compare with control
treatment for fall and spring receptively, which reduced the % loding
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in plant while of whey 75% high grain growth rate (33.08, 31.76) day
for fall and spring receptively, while in both seasons, traits were
significantly influenced by foliar application dates of Whey. Spraying
the plant after once irrigation gave highest means internode length
rate and stem diameter and reduce the % of loding (18.53, 1.71)%,
while in both seasons, highest grain growth rate (30.98, 32.51) day
receptively.

Keywords: Whey, Foliar application dates, Sorghum.

(156)



Proceeding of The First Virtual International Conference for Sustainable
Development (18-19 October 2022), pp: 157-172

Estimation of some genetic parameters to some maize hybrids
created by diallel cross and parents under different plant densities
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Abstract - A field experiment was carried out in the fields of the Field Crops
Department - Faculty of Agricultural Sciences. The study included five inbred
lines (ZM43W (ZE), ZM60, ZM49W3E, ZM19, CDCNS), given numbers 1, 2, 3,
4 and 5) to study the hybrid vigor and the both general and special combing
ability (GCA, SCA) of the half diallel mating method. The genetic analysis
showed that the hybrid vigor was different between the crosses. The highest
value was 51.96 and 51.47 for trait leaves area and leave area index respectively,
for cross 1x4 at 50000 p/h. while the highest value at 70000 p/h. was for cross
3x4 (-45.33 and -44.49) for trait leaves area and leaves area index respectively.
The general combining ability differed between parents used and at the two
densities. The highest value was (-17.378) for trait plant height at the 70000 p/h.
for parent 4, and -19.157 for parent 1. The highest value for specific combining
ability was 36.111 for cross 1x3 at 50000 p/h. for trait height of plant, and -
51.519 for cross 3x4 at 70000 p/h. All values for 6°D was higher than 6*A for all
traits at two densities. The 6’sca was higher than c’gca for all studied traits. All
values of c’g for all traits were very close of 6°p so the values of broad sense
heritability were high. The value of dominance variance is higher than the
additive variance for all traits at two densities so the narrow sense heritability
was very low. The average degree of dominance was more than one indicating
that the traits controlled by over-dominance. We can conclude that the gene
action did not changed by increasing the density for all the studied trait, and the
possibility of using hybridization in plant breeding and improvement programs to
improve the traits of maize.

Keywords: Maize, Combining Ability, Heritability, Genetic Parameters.

Introduction

The main objective of plant breeding is to develop cultivars that have
consistently good performance for the primary and important traits.
quantitative geneticists believed they could enhance breeding methods if
the inheritance of quantitative traits was better understood.

Hallauer (2007) indicated that the basic concepts for the inheritance of
quantitative traits developed by Fisher, Wright and Haldane introduced
new terms that are basic in today’s vocabulary, for example, the average
effect of an alleles, average effect of an allele substitution, covariance of
relatives, additive genetic variance, variance due to dominance deviation,
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non-additive variance, inbreeding coefficients, path coefficient, and
epistasis. The terms used based on statistical models via the regression of
phenotype on genotype, the diallel mating is an excellent scheme to
determine how parents perform in crosses. The main emphasis of diallel
mating design is to estimate the relative GCA effects of the parents in
crosses and the SCA effects of the specific crosses of the parents. The
diallel mating design has many useful purposes if analyzed and inter
prated correctly (Hinkelmann, 1977; Baker, 1978). The expression of
heterosis in hybrids has been exploited in many different plant species
(Coors and Pandey, 1999). Heterosis occurs when the crosses exceed the
average of the parents because of non-additive genetic effects. The
combining ability analysis is an important tool for selecting the desired
parent with obtaining information on the nature and amount of the genetic
effect that control the quantitative trait (Bello, 2009). There are two
important factors when evaluating the inbred lines in the production of
maize hybrids, identification and evaluation of the inbred itself, and the
evaluation of its behavior in general and specific combining ability for
the production of hybrids (Aliu et al., 2008; Evegenidis et al., 2009;
Glover et al, 2005). Wuhaib and Hadi (2016) Reported that the
dominance effects were higher than mean and additive effects for all
studied traits and all crosses, indicated the importance role of dominance
component of gene action in inheritance traits. Wuhaib (2012) found that
the genetic analysis shows superiority the inbred L3 in GCA for plant and
ear height and no. of leaves. The cross L1xT8 gave highly positive hybrid
vigor for no. of rows and ear length (34.19 row and 11.24 cm), and gave
height SCA for rows number and leaves number, additive variation for
inbred lines were more than testers for most traits except no. of leaves
and ear length, so it’s more than non-additive gene action. The o”gca for
inbred lines was more than testers for plant and ear height, leaves area
and no. of rows, o°gca/c°sca were less than one for all inbred lines and
tester traits except no. of leaves and ear length for testers. Some traits
were controlled by over dominance where the average degree of
dominance was more than one, while other traits controlled by partial
dominance where = less than one was. Abed et al. (2017) obtained that
the highest specific combining ability was for hybrid 4x3 to the no. of
ears plant”'. The dominance effect was more important than the additive
effect. The GCA/SCA less than one and oD is higher than 6°A. The
degree of dominance more than one.

The results obtained by (Wannows et al., 2010), showed that all
estimates of additive (VA) and dominance (VD) variance were significant
for all traits with exception of (VA) for specific leaf weight and ear
length. The magnitude of (VA) was consistently larger than that of (VD)
for all traits with exception of specific leaf weight, the silking date, and
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stay green. High narrow sense heritability estimates were detected for ear
length and the Emphasizing that the (VA) was the major component of
genetic variation in the inheritance of these traits and the effectiveness of
selection for improving these traits. Low estimate was the silking date.

Materials and Methods

A field experiment was carried out in the fields of the Field Crops
Department-Faculty of Agricultural Sciences in the spring and fall
seasons of 2016. The study included five inbred lines (ZM43W (ZE),
ZM60, ZM49W3E, ZM19, CDCNS), given numbers 1, 2, 3, 4 and 5) to
study the hybrid vigor and the both general and special combing ability
(GCA, SCA) of the half diallel mating method. The soil was prepared as
recommended. Triple superphosphate fertilizer 46% P,Os was added by
200 kg and urea fertilizer 46% by 300 kg N ha™' in three batches when
planting and two months after adding the first batch and upon flowering.
In the first season, the seeds of the inbred lines were planted on 4/4/2016
on furrows, the length of the furrows was 7 meters, the distance between
one furrows and the other was 0.75 meters, and the distance between one
plant and another was 25 cm. When the plants reached the flowering
stage, the female inflorescences were wrapped a day before pollination
before the release of the silk thread, and the male inflorescences were
wrapped a day before pollination. Half diallel crosses were performed
between inbred lines. After the maturity of the plants, they were
harvested separately to be planted in the fall season. In the second season,
the seeds of the resulting crosses were planted 10 crosses in addition to
the five parents in order to evaluate their performance under two plant
densities of 50 and 70 thousand plants hectare' by designing randomized
complete block (RCBD) and in the spilt plots arrangement, as the plant
densities represented the main plots and the genotypes represented the
secondary plots. On furrows, the length of the furrows is 6 m. The
distance between one furrow and another is 0.75, and between one plant
and another is 0.266 and 0.1904 meters for the two densities mentioned in
sequence. At the end of the season, random samples were taken from 5
plants to measure the following traits: days no. to tassling, days number
to silking, plant height, ear height, leaves number, leaves area, leaf area
index, no. ears per plant, days to physiological maturity and ear length,
Statistical analysis was done using the Genstat program hybrid vigor the
half diallel analysis of the traits that showed significant differences were
calculated by statistical analysis and according to the fourth method, the
Fixed Model of Griffng’s analysis to estimate the general combining
ability (GCA) and the specific combining ability (SCA) according to
what Singh and Chaudhary (2007). which divides the mean squares of the
genotypes into the mean squares of general combining ability (GCA) and

(159)



mean squares of specific combining ability (SCA) according to the
following mathematical model:

Yijk = u + gi. + g.j + Sij + Rk + eijk

Since:

Yijk: The observation value of the experimental unit (of genotype ij in
block k).

u: The general mean of the adjective (general effect).

gi.: Effect of the general combining ability to the inbred i.

g.j: The effect of general combining ability to the inbred j.

sij: The effect of specific combining ability of cross ij.

Rk: The effect of the k block.

ejjk: The effect of experimental error.

Estimation the variance of the general combining ability ¢° gca and
the specific 6”sca, according to the following equations:

MSgca — MSsca

2
o gca=
& n+2
o’sca = MSsca — MSe
MSe = MSe
r=3
n = parents

The ratio between the variance of the general to specific combining
ability to cross-hybrids was calculated:

2
o gca

O'ZSCCZ

Estimation the effect of the general combining ability of each parent
(gi) and the effect of the specific combining ability of each hybrid on the
first generation (Sij) as in the following two equations:

=D +Y,) =Y
gl P+2{ ( 1. ll) P }

2

S'ii:Yl_,— L(Yi +Y,.l.+Y.+Y.,.) +—7
i : S (P+1)(P+2) -

P+2
Since:

Yij: The mean of the first generation resulting from cross-ibred i and
inbred j.
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Yii: The mean of the i-inbred j j: mean of the j inbred.

Yi: Sum of Yii mean for inbred 1 and F1'S in which inbred i is in
common.

Y .j: The sum of the mean Yjj for inbred i and F1'S in which inbred j is in
common.

Y: The sum of the averages of all the inbred lines and the resulting
crosses from them in the first generation.

The standard error of the difference between the effect of the general
affinities for the two inbred lines and the estimate of the standard error of
any two crosses involved in at least one parent was estimated.

ALA 2MSe
SE(g.—g.)=
(g-g,) o
S.E(gg/—gik): w
P+2

The genetic variance 6°G and the phenotypic variance o°P were also
estimated according to the following:
6’G = 6’A + 6°D = 20°gca + o’sca

Assuming there is no Epistasis
6’P=5°G+G’E

Estimate the host genetic variance (6°A) and the dominant genetic
variance (6°D) as well as the environmental variance (6°E) through the
components of the expected variance EMS (Griffing, 1956) and
according to the following equations:

o’A =2c°gca
o’D = o’sca
o’E =MSe =MSe/ r

The hybrid vigor was also estimated according to the following
equation:

H.V%(57)=(F1-5F)/8Fx 100

Whereas:
H.V % = The hybrid vigor of the highest parents

Whereas:

Fi= Mean of the first generation
(8F) = Mean of the Best Parent
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Results and Discussion
Hybrid Vigor:
Anthesis:

The results of Table (1) show that all values of the hybrid vigor for all
half diallel crosses different significantly between them and these values
also differed between the two population densities. All values of the two
densities were negative towards early anthesis.

Table 1. Hybrid vigor Percentage of maize crosses for some traits in
different plant densities for fall season 2016.

hybrid vigor
Anthesis Silking Plant high Ear high Leaf no.

crosses Plant densities Plant densities Plant densities Plant densities Plant densities
50000 70000 50000 70000 50000 70000 50000 70000 50000 70000

plant ha.” plant plant plant plant plant plant plant plant plant

! ha.! ha.! ha.! ha.! ha.! ha.! ha.! ha.! ha.!

1x2 -3.28 -5.38 -15.71 -7.62 2.06 11.92 5.44 0.47 -1.46 -2.45
1x3 -6.56 -9.14 -18.57 -8.57 25.64 -13.31 29.15 2.82 -4.16 -1.64
1x4 -7.10 -9.68 -19.05 -11.90 20.24 12.71 27.32 -0.85 -11.96 -4.70
1x5 -1.64 -6.99 -14.29 -10.00 -15.17 -8.31 -26.01 -18.84 -11.05 -8.00
2x3 -6.11 -0.56 -18.36 4.30 25.59 -16.99 17.37 -7.14 2.96 3.38
2x4 -2.78 -2.22 -7.89 -0.53 25.73 0.68 27.00 -1.58 -6.67 -8.44
2x5 -2.79 1.11 -11.62 1.04 8.10 -23.81 -3.28 -31.77 -6.48 -10.29
3x4 -4.44 0.00 -16.91 9.57 22.61 -40.48 19.39 -41.88 -7.25 7.65
3x5 -3.89 -5.00 -16.43 -1.58 11.96 -9.82 8.33 -17.66 -4.95 -14.86

Silking:

We note from Table 1 that all hybrid vigor values for all crosses were
negative, high, and significantly different in low density. While the
crosses 2x3, 2x5, 3x4, and 4x5 gave positive values in optimum density.
The hybrid vigor values for all crosses were in this density less than in the
low density. The negative values of the hybrid vigor indication that these
crosses are towards early silking and maturity.

Plant Height:

Two crosses 1x5 and 4x5 gave negative hybrid vigor at low density
while seven crosses gave negative values of the hybrid vigor in optimum
density.

At low density, most of crosses give a positive hybrid vigor toward
increasing the height of plant, except cross 1x5 and 4x5 gave a negative
hybrid vigor. Whereas at optimum population, most of the crosses gave a
negative hybrid vigor, ranging from -5.21 for cross 4x5 to -40.48 for
cross 3x4.
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Height of the Ear:

The hybrid vigor in most of the crosses was positive in the low density
towards increasing the height of the ears, while most of crosses became
negative towards reducing the height of ears in the optimum density, with
the exception of two crosses 1x2 and 1x3 where the hybrid vigor was
positive.

Leaves Number:

Cross 2x3 in low and optimum density and cross 3x4 optimum density
gave positive hybrid vigor amounted (2.96, 3.38 and 7.65) respectively.
This means that the over dominance is responsible for this trait. All
remaining crosses were negative in both densities (Table 1).

Leaf Area:

Note from Table (2) that the hybrid vigor of all crosses was positive at
low density indicated that the over dominance gene responsible for this
trait in this density, whereas when density increased, most of these
crosses gave negative values for the hybrid vigor, with the exception of
cross 1x4, 1x5 and 4x5 where the hybrid vigor remained positive.

Table 2. Hybrid vigor Percentage of maize crosses for some traits in
different plant densities for fall season 2016.

hybrid vigor
Leaf area LAI Ear no. plant™ DTM Ear length

Plant densities Plant densities Plant densities Plant densities Plant densities
crosses 50000 70000 50000 70000 50000 70000 50000 70000 50000 | 70000
plant plant plant plant plant plant plant plant plant plant

ha.”! ha.”! ha.”! ha.”! ha.”! ha.”! ha.”! ha.”! ha.”! ha.”!
1x2 10.60 -3.57 11.70 -3.70 333 6.67 -8.41 -10.00 522 27.86
1x3 38.29 -10.43 40.00 -11.33 16.67 0.00 -7.17 -9.09 21.85 11.48
1x4 51.96 15.9 51.47 16.22 3.34 6.68 -9.35 -12.73 30.71 13.86
1x5 18.51 11.18 17.96 10.81 6.67 10.00 -6.79 -9.01 20.53 30.63
2x3 12.87 -20.45 12.77 -20.57 1333 0.00 -8.81 -8.48 11.85 0.62
2x4 9.82 -2.69 9.57 -2.96 13.30 3.33 -9.35 -9.70 22.49 4.02
2x5 16.00 -21.21 15.96 -20.74 6.67 20.00 7.10- -6.91 259 13.33
3x4 25.24 -44.49 25.88 -45.33 6.66 3.34 -7.79 -7.88 5.74 -1.20
3x5 28.72 -11.91 29.41 -12.67 30.00 10.00 -6.48 -9.01 9.26 7.29
4x5 16.87 5.89 17.95 7.62 23.33 3.35 -9.57 -8.11 41.90 1.81
Stzg‘(i)ird 4.278 5.639 4.297 5.751 2.813 1.889 0.368 0.494 3.713 3.475
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Leaf Area Index:

The hybrid vigor varied significantly between studied crosses (Table
2). All values were positive at low population density. These values
ranged between 9.57 for cross 2x4 to 51.47 for cross 1x4. This means
that the over dominance genes are responsible for this trait in this density.
The hybrid vigor of these crosses changed as the plant density increased.
Seven of these crosses gave negative values, ranging from -2.96 for cross
2x4 to -20.74 for cross 2x5 and -20.57 for cross 2x3, while the rest of the
crosses maintained their positive values.

Number of Ears Per Plant:

The results of Table 2 shows that the hybrid vigor values for all
crosses differed significantly in both density. All were positive for the
two densities. It ranged between (3.33 for cross 1x2 to 30.00 for cross
3x5) and between 0.00 for cross 1x3, 2x3 to 20.00 for 2x5) for two
densities respectively.

Physiological Maturity:

The hybrid vigor values were negative and significantly different for
all crosses and for the two densities. The maturity of all the crosses was
towards early (Table 2).

The Length of the Ear:

All crosses showed positive and significantly different hybrid vigor
with the exception cross 3x4, which was negative at the optimum density
(Table 2). This is evidence of the over dominance of the genes

responsible for the trait. The cross L1xt8 gave highly positive hybrid
vigor for ear length (11.24 cm) (Wuhaib, 2012).

The Effect of General Combining Ability (GCA):
Anthesis:

Table (3) illustrates the GCA effect of parents used in the study. The
positive and negative GCA effect values indicate the partnership of the
additive gene’s action in the trait. The positive effect of the inbred
indicates that it has best ability to increasing the trait, while the negative
effect of the GCA of inbred means that its effect is in the direction of
reducing the trait. Three parent (3, 4 and 5) had negative combining
ability at both density, inbred 2 maintained a positive GCA at the two
densities, while the GCA effect of inbred 1 differed, as it was positive for
the first density and negative at the second density (0.457, -0.152).
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Table 3. The effects of general combining ability of maize parents for
some traits in different plant densities for fall season 2016.

GCA
anthesis Silking Plant high Ear high Leaf no.
Inbred Plant densities Plant densities Plant densities Plant densities Plant densities
i
e 7750000 | 70000 | 50000 | 70000 | 50000 | 70000 | 50000 | 70000 | 50000 | 70000
plant plant plant plant plant plant plant plant plant plant
ha.”! ha.! ha.! ha.”! ha.”! ha.! ha.! ha.”! ha.! ha.!
1 0.457 -0.152 1.295 1.219 -19.157 7.498 -7.491 8.699 -0.306 0.245
2 0.076 0.562 -1.086 -0.638 0.495 -5.730 -1.910 -3.006 -0.015 -0.065
3 -0.448 -0.105 0.390 -0.067 11.557 7.417 4.961 0.351 -0.149 -0.208
4 -0.447 -0.295 -0.943 -0.305 -3.219 -17.378 -2.596 -12.01 0.023 -0.384
5 0.362 -0.01 0.343 -0.210 10.324 8.193 7.03 5.965 0.447 0.411
Standard 0.503 0.582 0.650 1.204 4.596 8.265 2.564 5.336 0.193 0.218
error

Silking:

The GCA effect of the parent 2 and 4 was negative for both densities

(-1.086, -0.638, -0.943, -0.638) while the effect was positive for parent 1
(1.295, 1.219, and negative for parents and 3 and 5 for both densities (-
0.210, -0.067).

Height of the Plant:

Parents 3 and 5 had a negative effect, but parent 1 was negative in low

density and positive in high density (-19.15, 7.49). In contrast, the effect
of parent 2 (Table 3). Wuhabi (2012) found that the genetic analysis
shows superiority the inbred L3 in GCA for plant height.

Height of the Ear:

Parent 1 had negative effect of GCA in low density and positive in

high density. Parent 2 and 4 had negative effect of GCA in both density,
while parent 3 and 5 had positive effect (4.961, 0.351). Wuhabi (2012)
found that the genetic analysis shows superiority the inbred L3 in GCA
for ear height.

Plant Leaves Number:

Parent 2 and 3 showed a negative effect of the GCA at two densities,

parent 5 had positive effect, but parent 1 a negative effect at low density
and positive in high density. In contrast the parent 4 had positive effect in
low density and positive in high. Wuhabi (2012) found that the genetic
analysis shows superiority the inbred L3 in GCA for no. of leaves.

The area of Leaves, and Leaves Area Index:
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Parent 4 and 5 showed a negative effect of GCA in both densities,
while the parents 2 and 3 had a positive effect, as for parent 1, its effect
was negative at low density and positive at optimum density (Table 4).

Table 4. The effects of general combining ability of maize parents for
some traits in different plant densities for fall season 2016.

GCA
Leaf area LAI Ear no. plant™ DTM Ear length

Inbred Plant densities Plant densities Plant densities Plant densities Plant densities
lines 50000 | 70000 | 50000 | 70000 | 50000 | 70000 | 50000 | 70000 | 50000 | 70000
plant plant plant plant plant plant plant plant plant plant

ha.! ha.! ha.! ha.! ha.! ha.! ha.! ha.! ha.! ha.!
-0.043 0.013 -0.250 0.102 -0.028 -0.003 0.352 -0.667 -1.03 0.010
0.036 0.025 0.207 0.197 -0.018 0.007 -1.505 -0.619 0.584 0.751
0.035 0.028 0.211 0.235 0.025 -0.017 0.162 0.333 1.26 0.170

-0.021 -0.047 -0.127 -0.384 -0.004 -0.012 -0.314 -0.286 -0.345 0.282

w| B W N =

-0.007 -0.018 -0.041 -0.150 0.025 0.026 1.305 1.238 -0.469 0.630

Standard 0.011 0.014 0.070 0.113 0.032 0.033 0.698 0.967 0.470 0.722
error

The number of Ears Per Plant:

The effect of GCA was significantly different between the parent used
in crossing, and between densities. Parent 1 and 4 showed a negative
effect at two densities. The parent 2 had a negative effect in low density
(-0.018) and positive in optimum (0.007), while the parent 3 was on the
contrary, the general combining ability effect of parent 5 was positive at
the two densities (0.025, 0.026).

The Physiological Maturity:

The Table (4) showed that the parent 2 and 4 a negative GCA effect in
both densities (-1.505, -0.619, -0.314, -0.288), but the parent 3 and 5, was
positive effect (0.162, 0.333, 1.305, 1.238), while parent 1 was positive in
low density and negative in optimum density (0.352, 0.667).

The Length of the Ear:

The GCA effect of parent 2 and 3 was positive in low density (0.584,
0.751, 1.26, 0.170), and negative for parent 1, 4 and 5 (-1.03, -0.345, -
0.469). At optimum density, all parents showed a positive effect of GCA
(0.010, 0.282, 0.630) (Table 4).

Specific Combining Ability (SCA):
Anthesis:

Crosses (1x2, 1x3, 1x4, 3x5 and 4x5) showed negative values for
Specific combining ability (SCA) at the two densities (Table 5). Two
crosses (1x5 and 2x4) showed positive values for SCA low density,
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negative at high, while three other crosses (2x3, 2x5 and 3x4) showed
negative values for SCA at low density and positive in high.

Table 5. The effects of specific combining ability of maize crosses for
some traits in different plant densities for fall season 2016.

SCA
Anthesis Silking Plant high Ear high Leaf no.

P Plant densities Plant densities Plant densities Plant densities Plant densities
50000 70000 50000 70000 50000 70000 50000 70000 50000 70000
plant plant plant plant plant plant plant plant plant plant

ha.”! ha.”! ha.”! ha.”! ha.”! ha.”! ha.”! ha.”! ha.”! ha.”!
1x2 -0.111 -0.698 -1.810 -0.048 -5.360 19.885 -0.538 6.244 0.137 -0.022
1x3 -1.587 -2.365 -5.286 -1.286 36.111 -5.929 17.55 5.387 -0.137 0.254
1x4 -1.921 -2.508 -4.286 -3.381 31.987 33.20 16.814 13.849 -0.163 -0.07
1x5 0.603 -1.127 -2.238 -2.143 10.189 -9.871 11.186 13.560 -0.735 -0.298
2x3 -1.873 0.254 -3.571 1.238 16.356 -2.267 2.278 4.356 -0.559 0.863
2x4 0.127 -0.556 -0.238 -0.857 22.902 14.195 11.20 7.254 0.413 -0.827
2x5 -0.683 1.156 -1.524 1.381 23.792 34.11 7.70 17.156 -0.125 -0.389
3x4 -0.349 1.444 -2.714 4.905 14.306 -51.519 4.629 -22.803 -0.049 0.983
3x5 -0.825 -1.841 -3.667 -0.856 21.630 2410 13.329 -3.815 -0.092 -1.048
4x5 -0.492 -0.317 -2.000 1.048 25.827 22.505 14.414 11.583 -0.987 -0.137
Standard 1.232 1.008 1.592 2.085 11.191 14.315 6.281 9.243 0.472 0.377

error
Silking:

Table (5) illustrate that six crosses (1x2, 1x3, 1x5 and 3x5) showed
negative values for SCA at two densities. The remaining crosses showed
negative values at the low density and positive values for SCA at high
density.

The Height of Maize Plant:

Crosses (1x4, 2x4, 2x5, 3x5 and 4x5) achieved positive values for
SCA at the two densities, while the crosses (1x3, 1x5, 2x3 and 3x4)
showed positive value at the low density and negative values at the high
density, cross (1x2) had negative vale at the low density and positive
value at the high density (Table 5).

The Height of Ear:

Table (5) showed that all crosses had positive values of SCA at both
densities, except the crosses 1x2 was negative at low density, and the
cross 3x4 and 3x5 was negative at the high density. The highest SCA was
for hybrid 4x5 to the no. of ears plant”. The dominance effect was more
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important than the additive effect (Abed et al., 2017). The gca and sca
values had an important role in plant height and ear height (Rasmussen et
al., 2006.; Jenweerawat et al., 2009).

The Number of Leaves:

Five crosses (1x4, 1x5, 2x5, 3x5 and 4x5) achieved negative values
for at SCA at both densities, as for crosses (1x3, 2x3 and 3x4) they
showed negative values in the low, density and positive in high, in
contrast of cross 1x2 (Table 5). The cross L;xtg gave high SCA for no. of
leave (Wuhaib, 2012).

The Area of Leaves and Leaves Area Index:

All crosses showed positive values for SCA at both densities, except
for the cross (2x3) at both densities and cross (2x5 and 3x4) at high
density (Table 6).

Table 6. The effects of specific combining ability of maize crosses for
some traits in different plant densities for fall season 2016.

SCA
Leaf area LAI Ear no. plant™ DTM Ear length

P Plant densities Plant densities Plant densities Plant densities Plant densities
50000 70000 50000 70000 50000 70000 50000 70000 50000 70000

plant plant plant plant plant plant plant plant plant plant

ha.”! ha.”! ha.”! ha.”! ha.”! ha.”! ha.”! ha.”! ha.”! ha.”!
1x2 0.062 0.009 0.390 0.059 -0.003 0.021 -1.937 -3.159 -0.078 1.029
1x3 0.138 0.017 0.852 0.121 0.087 -0.022 -2.270 -3.111 3.713 1.211
1x4 0.112 0.073 0.667 0.606 -0.017 0.040 -4.127 -6.492 1.684 1.825
1x5 0.038 0.022 0.205 0.173 -0.013 0.035 -2.079 -3.016 0.141 3.478
2x3 -0.005 -0.057 -0.038 -0.441 0.044 -0.032 -3.079 -2.492 0.298 0.240
2x4 0.036 0.074 0.200 0.578 0.073 -0.003 -2.270 -3.206 2.103 0.954
2x5 0.053 -0.060 0.314 -0.456 -0.022 0.125 -0.555 -0.730 2.794 1.473
3x4 0.055 -0.134 0.329 -1.094 -0.037 0.021 -2.270 -2.159 0.127 -0.494
3x5 0.056 0.039 0.343 0.306 0.168 0.049 -1.556 -4.016 0.884 -0.075
4x5 0.009 0.036 0.081 0.325 0.130 -0.022 -4.413 -2.397 2.689 0.794
Stzg(lird 0.028 0.024 0.171 0.196 0.078 0.056 1.709 1.675 1.151 1.250

Number of Ears Per Plant:

Five crosses of maize (1x2, 1x4, 1x5, 2x5 and 3x4) showed negative
values for SCA at low density and positive values at high density, while
four of them (1x3, 2x3, 2x4 and 4x5) gave a positive values at low and
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negative at high density. Cross 3x5 give positive value for SCA at both
densities.

Physiological Maturity:
All crosses of maize used in this study showed negative values for
SCA in both densities.

The Length of the Ear:

Seven crosses of maize (1x3, 1x4, 1x5, 2x3, 2x4, 2x5 and 4x5)
showed positive values for SCA at two densities, two crosses (3x4 and
3x5) were positive at low density and negative in high, only one cross
was negative in low density and positive in high (Table 6).

Genetic Parameters:

Table (7) showed that the c’sca was the highest of c’gca for all
studied traits. This is because of the non-additive variance oD is higher
than the value of additive variance 6”A. This is clear from the value of
the percentage between them, which was low. Vivek et al. (2009)
indicated that the non-additive gene action controls the plant height and
ear height and the ear length. Additive genetic variance was preponderant
for grains per ear and non-additive gene action was involved in plant
height and ear height (Alam et al., 2008). Since the genetic variance is
very close to the phenotypic variance, the broad sense heritability (h*.b.s.)
is high. As a result of reduced additive variance, the narrow sense
heritability (h.b.s.) decreased.

Table 7. Genetic parameters of maize parents and hybrids under low plant
density (50000) plants hectare™ for some traits for fall season 2016.

Genetic Anthesis | Silking Plant Ear high Leaf Leaf LAL Ear no. DTM Ear
parameters high no. area plant™ length
rigca 0.053 0.693 126.002 27.890 0.053 0.001 0.035 0.000 0.709 0.632
risca 1.425 24.048 839.565 176.308 0.276 0.011 0.402 0.007 17.999 7.106
‘B 0.885 1.479 73.050 23.010 0.130 0.000 0.017 0.004 1.704 0.772
riA 0.105 1.387 252.004 55.779 0.106 0.002 0.069 0.000 1.418 1.263
r°D 1.425 24.048 839.565 176.308 0.276 0.011 0.402 0.007 17.999 7.106
rigea/misca | 0.0369 0.0288 0.1501 0.1582 0.1917 | 0.0915 | 0.0859 0.0092 0.0394 0.0889
e 1.530 25.435 | 1091.569 | 232.087 0.381 0.013 0.472 0.007 19.418 8.369
o P 2415 26914 | 1164.620 | 255.097 0.511 0.014 0.489 0.011 21.122 9.142
H.b.s% 63.352 94.503 93.728 90.980 74573 | 96.606 | 96.502 66.638 91.932 91.550
H%.n.s% 4.359 5.153 21.638 21.866 20.668 | 14.947 14.153 1.200 6.715 13.818
a 5.202 5.889 2.581 2514 2.284 3.306 3.411 10.442 5.038 3.354
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The average degree of dominance was more than one indicating that
the traits controlled by over dominance. Wuhaib, 2012 found that the
additive variation for inbred lines were more than testers for most traits
except no. of leaves and ear length, so it’s more the non-additive gene
action. The o”gca for inbred lines was more than testers for plant and ear
height and leaves are o°gca/c’sca were less than one for all inbred lines
and tester traits except no. of leaves and ear length for testers. Some traits
were controlled by over dominance where average degree of dominance
was more than one, while other traits controlled by partial dominance
where & was less than one.

Note from the data of Table (8) that the gene action did not change
under the high density for all the studied traits. In such a case,
hybridization can be used in the breeding and improvement programs to
improve the traits of maize plant. Wuhaib and Hadi (2016) reported that
the dominance effects were higher than additive effects for all studied
traits and all crosses, indicated the importance role of the dominance
component of gene action in inheritance traits. Abed et al. (2017) found
that the GCA/SCA less than one and 6°D is higher than 6°A. The degree
of dominance more than one.

Table 8. Genetic parameters of maize parents and hybrids under high
plant density (70000) plants hectare' for some traits for fall season 2016.

Genetic Anthesis | Silking Plant Ear Leaf Leaf LAI DM Ear
parameters high high no. area length
7igca 0.01 0.06 94.33 50.42 0.08 0.00 0.06 0.31 0.10
7 2sca 2.87 3.46 607.76 | 114.32 0.40 0.00 0.29 29.13 3.41
o’E 0.71 3.04 143.44 | 59.80 0.10 0.00 0.03 1.96 1.09
vtA 0.01 0.13 188.67 | 100.84 0.16 0.00 0.11 0.63 0.19
oD 2.87 3.46 607.76 | 114.32 0.40 0.00 0.29 29.13 3.41
r?gca/misca | 0.002 0.019 0.155 0.441 0.200 | 0.192 | 0.195 | 0.011 | 0.029
ol 2.88 3.59 796.43 | 215.16 0.56 0.01 0.40 29.76 3.60
o P 3.59 6.63 939.87 | 274.96 0.66 0.01 0.43 31.72 4.70
H’.b.s% 80.23 54.13 84.74 78.25 84.97 | 93.82 | 93.76 | 93.81 | 76.70
H’.n.s% 0.38 1.95 20.07 36.68 2427 | 26.03 | 26.32 1.97 4.14
a 20.52 7.32 2.54 1.51 2.24 2.28 2.26 9.65 5.92
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Abstract- In the twenty-first century, there is an urgent need for
renewable energy due to the rapid depletion of fossil fuels and the
increasing concerns about pollutions. Biomass (microbial cells) is one
of the most abundant renewable energy resources on the earth, which is
also considered as one of the most promising alternatives to traditional
fuel energy. In recent years, microbial cells which can directly convert
the chemical energy from organic compounds into electric energy has
been developed. By using the so called microbial fuel cells (MFCs),
biomass energy could be harvested in the form of electricity, the most
convenient, wide-spread, and clean bio-energy. Therefore, the using of
MFCs are considered as another promising way to harness the
sustainable energies in biomass and added new dimension to the
biomass energy. As no intermediate steps are required to harness the
electricity from the organic substrates stored chemical energy, MFCs
technology offers a sustainable alternative source of energy production.
The generation of electricity from the organic substances contained in
wastes using MFCs technology could provide a cost-effective solution
to the issue of environmental pollution and energy shortages in the near
future. Several types of wastes have been extensively studied, including
domestic waste and industrial waste. In addition, technical
advancements in MFCs technology for bioelectricity production from
waste water are becoming commercially viable. In this review, the
recent advancements and practices of the MFCs in the field of waste
treatment and management along with electricity production are
discussed and it covered a related publications available till date on
MFCs applications.

Keywords: Microbial fuel cells, Bio-energy, Waste bio-treatment, Waste fuel, Bio-
fuel.

Introduction

Microorganisms have colossally diversified. They play important roles
in the environment, as well as being crucial in series of green processes
and cleaner technologies, ranging from biogeochemical cycles to various
industrial productions (Adenike, 2018; Elhenawy ef al., 2022).

(173)



The fossil fuels can produce high- efficiency power to support engine
of vehicles, electronic devices and individuals daily life. Hence, an
alternative greener and more environmentally friendly pathway as an
energy source has become a must for decreasing the negative impacts of
global warming and pollution on our planet earth (Hardman et al., 2016;
Nie, et al., 2021).

Sustainability is an environmental term that describes how ecosystems
remain diverse and productive over time. For humans, it means the ability
to preserve the quality of life and to live in the long term, that depends on
the conservation of the natural world and the answerable use of natural
resources. The main principles of sustainability are the foundations of
what this concept represents. Therefore, sustainability is made up of three
pillars: the economy, society, and the environment. So, broad sense of the
sustainability refers to the ability of maintain or support any process
continuously over time (Krishnaraj ef al., 2015; Ali and Suleiman, 2016;
Kisieliute et al., 2019).

Researchers and scientists look at the ways that microbes have
adapted in different environments, and how those adaptations can be used
in different situations. For example, microbes can be used to convert
sunlight, carbon dioxide, and nitrogen into a renewable fuel sources (He
etal., 2017; Cao et al., 2019).

The world now has a greater responsibility to adopt sustainable
measures, cleaner production and green technologies so that the ecology
of the Earth may be conserved for future generations (Montpart et al.,
2016; Maslova et al., 2019; Barelli et al., 2021).

Microorganisms not only possess a broad variety of enzymes to make
an array of chemical conversions possible, but they also have a relatively
high metabolic activity that permits conversions to take place rapidly
(Majidian et al., 2018; Li et al., 2021; Mukherjee et al., 2022).

This review is focusing on sustainable approaches for improving
MFCs application with their different functions at a broad levels specially
regarding sustainable bio-fuel production and developments in future
generation for bioelectricity production.

Methods

To check the comprehensive literature, search was conducted in the
electronic databases Pub Med and Google Scholar using the keywords:
Microbial fuel cells, bio-energy, waste bio-treatment, waste fuel, and bio-
fuel.

The details of the instances MFCs application with their different
functions that have been published so far were also evaluated. The
evaluation includes research and studies concerning this subject that have
been published in specialist scientific publications and recommendations.
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This review is quite comprehensive and it is focusing on the types of
MFCs, substrates, environmental factors and fields of application through
the following points: Sustainability importance, role of microorganisms
in renewable energy, microorganisms as bio-fuel agents, operation and
optimization conditions, substrates used for MFCs, MFCs vs. ordinary
batteries, and mechanisms for electron transporting in MFCs.

Results

This review was carried out to comprehensively assess to
sustainability with a detailed description of the methods that are available
on the promising alternatives to traditional fuel energy by using the so
called microbial fuel cells (MFCs).

All the selected data and information were checked for their relation to
the microbial fuel cells as sustainable bio-agents, specially to the
following important topics:

Sustainability Importance:

In the broadest sense, sustainability refers to the ability to maintain or
support any process continuously over time. In business contexts,
sustainability seeks to prevent the depletion of natural or physical
resources, that they will remain available for the long term. So, it is the
ability to exist and develop without depleting natural resources for the
future.

There are many benefits to sustainability, both short-term and long-
term. It is difficult to maintain the ecosystems or continue to function if
more sustainable choices are not made. If the environmental harmful
processes are maintained with no change, it is likely that will run out of
fossil fuels, huge numbers of organisms will become extinct, and the
atmosphere will be irreparably damaged (Tsapieva, 2010; Novachenko
and Malov, 2013).

Clean air and nontoxic atmospheric conditions, growth of resources
that can be relied upon, and water quality and cleanliness, are all benefits
of sustainability.

Environmental sustainability is important because of how much
energy, food and human-made resources used every day. Rapid
population growth has resulted in increased manufacturing, leading to
more gas emissions, unsustainable energy use, and deforestation. The
importance of environmental sustainability can have a significant impact
in the fight against the climate crisis.

The standard definition of environmental sustainability equates to
environmentally sustainable development, but what does that mean on a
practical level (Udemba, 2020). It means there must be a balanced
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relationship between the natural resources available and the human

consumption of those resources:

A. For renewable resources like crops or timber, the rate of harvest
shouldn’t exceed the rate of regeneration. This is known as
“sustainable yield.”

B. For non-renewable resources like fossil fuels, the rate of depletion
shouldn’t exceed the rate of development of renewable alternatives
like solar or wind power.

C. For pollution, the rates of waste generation shouldn’t exceed the
capacity of the environment to assimilate that waste. This is known as
“sustainable waste disposal”.

The environmental sustainability states that the rates of renewable
resource harvest, non-renewable resource depletion, and pollution
assimilation can be naturally maintained indefinitely (Neudahina, 2011;
Shchukin, 2015). For the future, planet and the humans who populate it,
it’s vital to weigh the competing needs of environmental protection and
human development so both the natural world and society are able to
flourish. Most researchers and experts talk about the “three pillars of
sustainability” as a means of achieving and maintaining complete
sustainability are:

I. Environmental protection, conserving the ecosystems to provide a
healthy environment.

II. Economic development, providing a satisfactory economic level for
future generations.

III. Social development, providing access to better standards of education
and healthcare.

In addition, there are many benefits of environmental sustainability:
Protect ecosystems, continue to enjoy nature as it is, protect endangered
species, less pollution in the cities that result in better respiratory health
for all, halt or reverse the effects of global warming and creating huge
landfills all over the world that will take hundreds years to break down
(Adedoyin et al., 2020).

Role of Microorganisms in Renewable Energy:

Generally, renewable energy is energy generated from natural
resources, such as sunlight, wind, rain, geothermal heat and various forms
of biomass. It is energy that is generated from natural processes that are
continuously replenished. Researchers are investigating the growth
characteristics of microorganisms in hopes that learn unique metabolic
functions that can be exploited for commercial bio-fuel and specialty bio-
products production (Dunlop et al., 2010).
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Microbes have adapted in different environments, and those
adaptations can be used in different situations. For example, microbes can
be used to convert wastes, sunlight, carbon dioxide, and nitrogen into a
renewable fuel sources. Phototrophic microorganisms that convert
sunlight, as a renewable energy source, into biomass that can be further
processed into bio-fuels such as ethanol, or many strains accumulate a lot
of fat, and convert that fat to biodiesel (Elshahed, 2010; Chen et al.,
2014). Microbial fuel cells (MFCs) have emerged as a promising
technology for sustainable wastewater treatment coupled with electricity
generation.

Microorganisms have colossally diversified and play important roles
in the environment cleaning, as well as being crucial in series of green
processes and cleaner technologies, ranging from biogeochemical cycles
to various industrial productions (Ezeji ef al., 2007). If microorganisms
are used as an active bio-agents, they can contribute significantly to the
sustainable development. A common goal of the world now is the use of
MFCs in cleaner production and green technologies, as well as the
preservation of natural resources.

Surprisingly, despite the overwhelming advantages of microorganisms
in the various contexts of sustainability, it is often trivialized in the
discourse of running the sustainable development goals (Qureshi and
Blaschek, 1999).

Microorganisms as Bio-fuel Agents:

Microorganisms are being used to produce ethanol for bio-fuels which
is produced from ligno-cellulose (a mixture of cellulose, hemi-cellulose,
and lignin), that makes up the plant cell wall, through the enzyme
cellulase to break down cellulose. Microbial bio-fuel production is a field
where synthetic feedback regulation has the ability for huge influence as
bio-fuels are beneficial alternative energy which may supplement the
present-day occurring fuel resources without demanding infrastructure
advancement (Malaviya et al., 2012).

Inexpensive and efficient strategies are significantly required in the
bio-fuels industry because the major cost is in the manufacture rather than
the beginning material phase in this context, consolidated biological
processing method is considered as the promising method for creating
bio-fuel generation inexpensive in comparison to those bio-fuels that are
presently used commercially. This biological processing is an effective
method which involves one step that change of plant materials to bio-
fuels using microbial agents (Kopke et al., 2010).

Nearly 58 bacterial strains, 24 molds and 17 yeast species and have
been reported to have the capacity to make bio-ethanol in comparison to
other metabolites using several complex metabolic pathways. The most
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important ones are shown in Table (1). Clostridium species have been
engineered to use feed stocks for instance liquefied corn flour, glucose,
glycerol during the formation of biodiesel (Nigam and Singh, 2011).

The yeast competence to develop properly on pre-supplemented lingo-
cellulosic biomass could significantly elevate the lipid accretion, which
ultimately offers an efficient practice for the manufacture of
economically and ecologically sound microbial oil from agronomic
residues. Yet till date, S. cerevisiae is the most used microorganism for
the formation of bio-ethanol because of its greater ethanol productivity,
tolerance and competence of fermenting several sugars, in comparison to
other microbes (Selim et al., 2018).

Many types of microorganisms are capable of transferring electrons
produced by organic matter metabolism to the anode. These
microorganisms, as well as their substrates, are demonstrated in Table
(10. Marine and freshwater sediment, soil, wastewater, and activated
sludge are all rich in these microorganisms (Song et al., 2018; Bracher et
al., 2018).

Several recent studies have focused on microbe screening and
identification, as well as the enhancement of a chromosomal series of
microorganisms that can produce electricity via the degradation of
organic matter (Thygesen et al, 2011; Promdonkoy et al., 2019). The
technique behind the anodic electron transfer in MFCs is crucial to grasp
the principle behind how they operate, especially with oleaginous
microorganisms.

Table 1. Several microorganisms used in MFCs, with their mediators
(Elhenawy et al., 2022)

No. Microorganisms Substrates Mediators
1 | Actinobacillus succinogenes Glucose Neutral red, Thionine
2 | Aeromonas hydrophila Glucose, Acetate Without mediator
3 | Clostridium species Glucose Without mediator
4 | Enterobacter cloacae Glucose Methylene blue
5 | Enterococcus faecium Glucose Pyocyanin
6 | Escherichia coli Glucose Neutral red
7 | Geobacter sulfurreducens Acetate Without mediator
8 | Gluconobacter oxydans Glucose, Naphthoquinone Thionine
9 | Klebsiella pneumoniae Glucose, Naphthoquinone Without mediator
10 | Micrococcus luteus Glucose Thionine
11 | Proteus mirabilis Glucose Thionine
12 | Proteus vulgaris Glucose, Maltose, Galactose Thionine
13 | Rhodoferax ferrireducens Glucose Without mediator
14 | Saccharomyces cerevisiae Hydrolyzed Lactose Neutral red, Resorufin
15 | Shewanella oneidensis Lactate, Anthraquinone Without mediator
16 | Shewanella putrefaciens Lactate Without mediator
17 | Streptococcus lactis Glucose Ferric-Chelate

complex
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The Operation and Optimization Conditions:

The performance improvement of MFCs biomass is very important for
bio-fuel production. The specific metabolic process in MFCs varies on
the type of biomass /organic wastes and the operational conditions of
MFCs. In this section, operation conditions and optimizations for
performance improvement in MFCs are discussed (Guo et al., 2020).

The most favorable operation conditions for MFCs activity and bio-
fuel production are pH, temperature, and organic loading rate, however,
optimizations are also needed for performance improvement in MFCs
metabolism. Temperature effect depends on the nature of MFCs. in the
biomass. It has been reported that microorganisms can grow in different
classified optimal growth temperatures (Ivars et al.,, 2018). At extremely
low temperatures, microbial reactions slow down, and eventually, MFCs
cannot be operated in most cases.

However, Tee et al. (2018) studied the performance of MFCs with an
adsorption system and palm oil mill effluent as a substrate under various
operating temperatures and the optimum operating temperature for such a
system was found at 35°C (Tee et al., 2018).

The organic loading rate has a significant impact on anodic bio-film,
which primarily depends on the chemical characteristics of wastes.
Especially, the fermentation of biomass/organic wastes can result in
acidic metabolites production, which affects the anodic electrolyte.
Therefore, this rate fueled MFCs should be carefully optimized to achieve
high performance (Cetinkaya et al., 2016).

Substrates Used for MFCs Activity:

Substrate is considered as one of the main factors that affect
generation of electricity using MFCs and also referred to as anolyte
(oxidizing agent), which is the liquid solution inside the anodic chamber.
This is because of its dual purpose and importance for any biological
process as it serves as a nutrient and energy source (Garba et al., 2017).

A great variety of substrates can be used in MFCs for electricity
production ranging from pure compounds to complex mixtures of organic
matter present in wastes (Pant et al, 2010). These substrates rich in
organic content are usually chosen based on their current, power densities
and efficiency.

According to Chae et al. (2009). The effect of substrate concerns the
integral composition of the bacterial community in the anode bio-film and
the performance of MFCs, which include the power density and
efficiency. Considering the relationship between substrate concentration
and MFCs current generation, this is the most common rate expression to
describe the growth of microorganisms in general and hydrogen-
producing bacteria in particular.
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Some of the substrates already used in MFCs include acetate, glucose
brewery wastewater, lignocelluloses biomass, synthesis wastewater,
starch processing wastewater, dye wastewater as well as inorganic
substrates. However, recent studies shown that acetate and glucose are the

most frequently used substrate, with the highest acetate result (Borole et
al., 2011).

MFCs vs. Ordinary Batteries:

Just like an ordinary battery, an MFC uses chemical energy to
generate electricity. An MFC has two electrodes (anode as negative or
reducing electrode that releases electrons and cathode as positive or
oxidizing electrode that acquires electrons) held in separate chambers

(Fig. 1).
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Figure 1. One form of bio-electrochemical systems, has one anode
chamber (negative electrode) and one cathode chamber
(positive electrode), MFC works in a similar way to batteries
(Obileke, et al., 2021).

The anode chamber that contains the bacteria is anaerobic, this means
that it does not contain oxygen. The cathode chamber is aerobic, that
means it does contain oxygen (Obileke er al., 2021). The oxidation
process occurs inside the bacteria living in the anode chamber. This takes
advantage of the oxidation that bacteria carry out naturally during cellular
respiration. Electron bonds hold together the molecules in the food that
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bacteria use, these bacteria break those bonds to release the electrons
(Kumari et al., 2015).

Cellular respiration can continue for as long as the bacteria have food.
Bacteria can digest pretty much anything. They can digest human waste.
They can also digest other waste products such as ammonia, ethanol, or
acetate. This method makes MFCs technology really attractive. It can
generate electricity and get rid of waste at the same time. Generating
electricity using bacteria is not a new idea (Konovalova et al., 2015).
Bacteria used in MFCs are called exo-clectro-gens (refer to a
microorganisms that have the ability to transfer electrons extra-
cellularly).

They are electrochemically active and can transfer electrons outside
their cells. The electrons they give off reach the anode in one of three
ways:

A- They can be transported by protein carriers on the cell surface.

B- They can be exported through cell membrane projections (nano-
wires).

C- They can be secreted in chemical solutions (mediators).

Mechanisms for Electron Transporting in MFCs:

The mechanisms employed for electron transfer can either be direct
transfer via conductive pili or nano-wires, or mediated transfer that
involves either naturally secreted redox mediators like flavins and
pyocyanins or artificially added mediators like methylene blue and
neutral red. Microbial fuel cells (MFCs) have emerged as a promising
technology for sustainable waste treatment coupled with electricity
generation.

Among the various mechanisms that drive the operation of a MFC,
extracellular electron transfer (EET) to the anode is the most important
one. The efficiency of these electron transfer mechanisms is dependent
not only on the redox potentials of the species involved, but also on
microbial oxidative metabolism that liberates electrons (Aiyer, 2020). It
has been established that metal-reducing bacteria are the most important
that can directly transfer electrons to the anode, such as Geobacter
sulfurreducens, Rhodoferax ferrireducens and Shewanella putrefaciens
are found in the sediments where they use insoluble electron acceptors,
for example iron (III) oxide or manganese (IV) oxide. Specific
cytochromes on the outer side of the cell membrane make these bacteria
electrochemically active. The role of the final electron acceptor can be
played by the MFC anode (Tkach et al., 2016).

Some strains of Geobacter and Shewanella can create electronically
conducting molecular peels (nano-wires) that allow the microorganism to
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use more remote solid electronic acceptors. Mediator electronic transfer.
In most cases, microorganisms are electrochemically inactive and cannot
directly transfer electrons to the electrode. In this case, soluble substances
known as redox mediators can be used that facilitate electronic transport.

To ensure effective transfer of electrons from the microorganism to
the anode, the mediators must satisfy a number of special requirements:
to ensure fast and reversible transfer of electrons from the biocatalyst to
the electrode; have an oxidation-reduction potential close to the potential
of the biocatalyst; should be chemically stable (Zhou et al, 2013).
Electrochemically active microorganisms in MFC are able to produce
their own mediator connections under certain conditions, which can be
involved in extracellular electron transfer processes.

This can happen in two ways: by producing secondary and primary
metabolites. Secondary metabolites (endogenous mediators) are redox
active substances and serve as reversible final electron acceptors that
transport electrons from a bacterial cell to a solid oxidant (anode of MFC)
or to aerobic layers of bio-film where they are oxidized and can again
participate in redox processes. Primary metabolites, for example sulphide
or hydrogen, also serve as redox mediators (Angelaalincy et al., 2018).

Conclusions

The contribution of microorganisms toward sustainable energy
generation, bioremediation and other industrial applications are incredible
though a large part of it remains untapped and un-explored. Their ability
to coordinate their metabolism upon achieved cellular density is
surprising, which can be attributed to different microbial mechanisms
among which the bound bio-films of the microbial fuel cells.

Biomass is one of the most abundant renewable energy resources on
the earth. Conversion of the biomass directly into the most conventional
bio-fuels is considered a promising roadmap for the biomass energy
industry. In present, the most challenging issue is the sustainable
utilization of energy and to preserve the valuable assets need to explore
some newer avenues for the production of energy in terms of bio-fuels
and bio-products.

These days, biotechnology is at its verge to find some alternative
system, and in this context, came across some engineering technologies
that have paved new pathways for utilizing diverse microorganisms to
enhance the production of bio-fuels. In this article, the role of
microorganisms in bio-fuel production, the strategies/ideas and the
processes used for engineering these microorganisms have been
discussed.

Advancement in a couple of years in the field of the metabolic
engineering has accelerated the production of bio-fuels like fatty acid,
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alcohols, gaseous derivatives, that has potential to compete with the fossil
fuels being used these days. In this review article, the recent challenge of
energy demands and the technologies/strategies that are being employed
to meet those demands, have been discussed.
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Abstract - Road traffic congestion produces undesirable impacts on urban city
centers. Delays and air pollution are well-known negative examples of these
impacts and several policies have endeavored to reduce them. The congestion
indexes can well assess the traffic congestion conditions of urban road networks,
more importantly, such an assessment study provides traffic control and
management agencies with an accurate and clear understanding of the operation
status of traffic networks. The objective of the present study is to analyze traffic
congestion of urban streets in Baghdad city 14-Ramadan Street consider the most
congested road due to mixed land uses. For this purpose, it is required to further
develop the existing congestion indicators in order to make them suitable for a
network evaluation. The speed performance index was adopted to evaluate the
existing road network conditions of congestion, then road segment and network
congestion indexes were introduced to respectively measure the congestion levels
of the urban road segment. This study also carried out a traffic congestion analysis
for 14 Ramadan Street, based on the speed performance data collected from
February 2 and 11, 2021, using a global positioning system. Congestion of traffic
conditions is taking the major part during peak hours of the day from 6:00-8:00
p.m. on Tuesday 2 and Thursday 11 Feb. 20 which is selected to study the
variations of total travel speed for each link in the selected site of 14-Ramadan
Urban street. Global Positioning System (GPS) essentials measurement equipped
with a cell phone is applied to record at peak period and a sample run of 20 is
provided for each link. The variation of travel traffic speed for the studied
corridor. And it can be seen that the variation of travel speed with the lowest
values for link 2. The proportion of speed performance for link 1 and 2 was more
than 50% with an index value of 70%, 77% and below 50% with an index value
of 28 % for link 2. Evening peak hours with the lowest points at 6:30 and 7:30.
During the evening peak, the speed performance begins to decline quickly at 6:30,
and then declines to the lowest point at 7:30, of about 22%, 20%, and 30% for
Links 1, 2 and 3 respectively, that presents very congested conditions. The speed
performance is better than the peak hours that appear around 6:00 p.m. This gives
a speed performance index of 65%, 55%, and 71% for links 1, 2, and 3
respectively which is greater than 50% that demonstrated relatively smooth traffic
flow conditions as compared with peak periods. Geographic information systems
(GIS) are implemented and schematic maps are developed to display the average
travel speed; speed performance index; congestion index of 14 Ramadan Street.

Keywords: Congestion, speed index, GIS, Urban Street, Sustainability indicators.
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Introduction

Road traffic congestion produces undesirable impacts on urban city
centers. Delays and air pollution are well-known negative examples of
these impacts and several policies have endeavored to reduce them. These
congestion indicators are used as proxies for the real impact due to the
elevated cost of estimating the actual impacts through recurrent and
periodical monitoring efforts. Thus, the chosen indicator is expected to be
a good descriptor of the congestion impacts, i.e. delay, emissions, etc.

This study explored one of the congested signalized intersections in
Baghdad with high delays and long queues for turning vehicles that
spilled into through traffic and will not be capable of sustaining future
traffic volumes.

Sun et al. (2009) studied the relations between traffic flow parameters
of traffic bottleneck and phase transitions in profiles of traffic flow
fundamental parameters. Zhengyu ef al. (2009) studied the spatiotemporal
characteristics of urban traffic congestion and identified the frequently
congested sections in the network of Shanghai city using floating car
data. Hao et al. (2008) focus on experimental observations and theoretical
analysis of urban freeway congestion due to complex features of traffic
flow, shock waves, and state transition. The study observed that the
theory of shock wave speed could be used to help establish traffic control
strategies and to control queue length. Hao et al. (2007) classify the
traffic states and define types of recurrent congestion according to their
evolvement. An approach to identifying traffic control areas and
congestion sources using spatial-temporal speed figures is introduced.
Pattara-atikom et al. (2006) investigate a way to estimate degrees of road
traffic congestion based on GPS measurements from main roads in urban
areas of Bangkok, Thailand.

Li et al. (2021) explored the relationship between the level of traffic
and the developed environment, the obtained results showed the bus
system and distance from the city center have a high impact on the
coordination relationship. Zheng et al. (2016) studied the effect of the
high occupancy rate of a large office building on road traffic and obtained
good results, which explored how the built environment affects the state
of traffic on adjacent roads. Different studies explored the congestion
problem in Baghdad city with different analytical and performance
measures (Alkaissi, 2017; Alkaissi, 2019 and Alkaissi and Alanbari,
2017).

Sufficient data collection should be collected for sample sections,
these data can be analyzed to define the congestion threshold on these
metrics and development of congestion index for assessing the intensity
of congestion. Finally, the development of congestion mitigation
strategies and studying the strategies using the microsimulation models,
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and suggesting the solutions which are feasible for local conditions are
discussed.

Table 1. Congestion Indices Evaluation Matrix (Greenberg, 2008).

Assessment Criteria

Congestion Ease of Magnitude Cit Continuous
Metric Simplicity Data Stability | Repeatability of Y
. . Comparison Value
collection Congestion

Speed Y Y Y Y Y N Y
Travel Time Y Y Y Y N N Y
Delay N N N Y N N Y
LOS and Volume Y Y N Y N N Y

Study Objectives:

Traffic congestion has become a serious problem in many cities,
especially in large cities. In order to alleviate traffic congestion, and
improve the levels of service and efficiencies of the urban transportation
system, advanced traffic control, and management methods have become
effective and common approaches. Evaluating traffic congestion levels of
road networks is important for traffic management and control since it
could allow the corresponding agencies an accurate and clear grasping of
network traffic operation status including the information on the location
and time for congested roads. Therefore, it is necessary to evaluate traffic
congestion situations for urban road traffic networks using applicable
evaluation measures.

Baghdad city is the capital of Iraq, where governmental buildings,
ministries, colleges, shopping centers, and so on are located in different
sectors of the city. Each sector has its own traffic problems, and
congestion, so several studies have been adopted to alleviate these
problems.

Study Area:

The selected arterial urban street (14 Ramadan Street) in Baghdad city
carries high traffic volumes. The case study select the urban corridor as
follows as presented in Figure (1):

- Link (1) 14™ Ramadan intersection to Al-Agwas 14 Ramadan

intersection (Link1).

- Link (2) Al-Agwas 14 Ramadan intersection start from Al-Aqwas

14 Ramadan intersection to Allqaa intersection.
- Link (3) Allgaa intersection start from Allqaa intersection to Al-
Askan intersection.

The selected corridor for 14 Ramadan street links passed through three
signalized intersections (14™ Ramadan intersection, Al-Aqwas 14
Ramadan intersection, Allgaa intersection) which also take into account
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their impedance and delay effect on the variability of traffic speed
distribution estimates.
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Figure 1: Selected Case Study of 14 Ramadan Street.

Methodology:

To estimate the link travel speed of the arterial roadway better,
methods for collecting traffic signal delay data are needed. Because of the
inherent “two-point match” property, video imaging, license plate match,
and AVI methods cannot extract the traffic signal delay information from
travel time. DMI and GPS are the only two potential solutions, and GPS
has two advantages over DMI. First, GPS can be easily moved from one
vehicle to another; second, GPS can be integrated with the geographic
information system (GIS) for analysis and presentation. The in-vehicle
data collection equipment used in this study is Global Positioning System
GPS. GPS provides an effective field tool to accurately measure the
traffic speed of vehicles. The benefit of the control button is to control the
points that are taken by the device as the methodology of this study
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requires taking the starting and ending points of the link to measure the
travel time spent by the vehicle in this link in addition to measurement of
delay at intersections by Four readings which are taken at each
intersection in the two directions along the route and in the reverse
direction. These readings are used to calculate deceleration time, stopping
time, and acceleration time. Sometimes, there is no stopping occurs at
some intersections so when you press the control button a point will be
recorded showing the location of the vehicle, i.e. coordinates, the time
that the point was taken, and the actual speed. Figure (2) presented the
selected urban streets using the GPS tool.
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Figure 2: Selected Case Study Monitoring using GPS Tool.

The Data Collection:

The field data were collected for the selected sections of 14 Ramadan
Street for Link (1), (2) and (3) respectively. Congestion of traffic
conditions is taking the major part during peak hours of the day from
(7:00 to 8:00 p.m.) on Tuesday 2 and Thursday 11 February 2021 which
is selected to study the variations of total travel speed time for each link
in the selected site of the 14-Ramadan arterial street. GPS essentials
measurement equipped with a cell phone is applied to compute travel
time with a 30 set of data points recorded at peak period and a sample run
of 20 provided for each link described in the previous paragraph. Some of
the collected data were presented in Table (2) as a sample size.
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Table 2: Recorded Field Data from GPS Device (Test Run 1).

Ne Grouping Speed Coordinates Location Sensor Time Value

1.9 2021-02-02 07:21:56 | 14 km/h 33.325540, 44.338417 |ulas, 14 g,La sl 3l S0s 07:21:56, 1.00
1.10 2021-02-02 07:22:00 25 km/h 33.325328, 44.338420 ulao, 14 g,La ,slas 8l 505 07:22:00 1.00
1.11 2021-02-02 07:22:03 35 km/h 33.325102, 44.338413 ulas, 14 £,Lu slasy 3l 50s 07:22:03  1.00
1.12 2021-02-02 07:22:11 42 km/h 33.324328, 44.338375 ulas, 14 g,Lu slasy . 31el 505 07:22:11 0.00
1.13 2021-02-02 07:22:13 ' 45 km/h 33.324105, 44.338362 ulas, 14 ¢ L ,slaz 3=l 505 07:22:13 1.00
1.14 2021-02-02 07:22:23 52 km/h 33.322682, 44.338310 ulas, 14 g,Lu ,slas . 31,all S0s 07:22:23 1.00
1.15 2021-02-02 07:22:33 52 km/h 33.321358, 44.338222 |ulao, 14 g,La slass 8l 50s 07:22:33| 1.00
1.16 2021-02-02 07:22:43 49 km/h 33.320073, 44.338168 ulas, 14 £,Lu slasy 8l 50s 07:22:43  1.00
1.17 2021-02-02 07:22:53 49 km/h 33.318928, 44.338100 |ulas, 14 g,Lu slasy 81l 505 07:22:53  1.00
1.18 2021-02-02 07:23:03 56 km/h 33.317620, 44.338055 ulias, 14 ¢,Lu slaz 8=l 505 07:23:03 1.00
1.19 2021-02-02 07:23:13 66 km/h 33.316053, 44.337972 ulas, 14 ¢ Ly slaz 3=l S0s 07:23:13 1.00
1.20 2021-02-02 07:23:21 70 km/h 33.314663, 44.337968 ulao, 14 g,Li ,slas 8l 505 07:23:21| 1.00
1.21 2021-02-02 07:23:31 75 km/h 33.312843, 44.338518 ulas, 14 £,Lu slasy 81l 50s 07:23:31) 1.00
1.22 2021-02-02 07:23:41 75 km/h 33.311023, 44.339153 ulas, 14 g,Lu slasy 31l 505 07:23:41 1.00
1.23 2021-02-02 07:23:51 77 km/h 33.309167, 44.339770 ulas, 14 ¢ L ,slaz 3=l 505 07:23:51 1.00
1.24 2021-02-02 07:24:01 71 km/h 33.307318, 44.340342 ulas, 14 ¢ L slaz 3=l S0s 07:24:01 1.00
1.25 2021-02-02 07:24:08 61 km/h 33.306182, 44.340672 uwlao, 14 g,La ,slass ,8,all 505 07:24:08 1.00
1.26 2021-02-02 07:24:12 51 km/h 33.305628, 44.340857 ulas, 14 £,Lu slasy .31l 50s 07:24:12  1.00
1.27 2021-02-02 07:24:13 49 km/h 33.305507, 44.340897 ulas, 14 g,Lu slasy . 31el 505 07:24:13  0.00
1.28 2021-02-02 07:24:17 38 km/h 33.305075, 44.341038 ulas, 14 ¢ L ,slaz 3=l 505 07:24:17  0.00
1.29 2021-02-02 07:24:21 26 km/h 33.304773, 44.341187 ulas, 14 ¢ L slaz 3=l S0s 07:24:21  0.00
1.30 2021-02-02 07:24:23 | 16 km/h 33.304698, 44.341255 ulao, 14 gL slas 31l S0Ss 07:24:23  0.00
1.31 2021-02-02 07:24:24 12 km/h 33.304687, 44.341290 ulas, 14 g,Lu slasy 81l 50s 07:24:24 0.00

Results and Discussion
According to previous studies, both the vehicle speed, as a single

evaluation index, and in combination with other factors to form a
comprehensive indicator are important approaches to evaluate the traffic
state.

In this project, the speed performance index, formed by the average
travel speed and the maximum permissible road speed, was selected as
the traffic state classification indicator and the traffic state was defined
into four categories. Based on the speed performance, this project
proposed road segment congestion indexes to assess urban road network
traffic congestion. The proposed indexes are simple and can be easily
used for urban traffic management and control.

Speed Performance Index:

Vehicle speed is an important indicator for measuring the road traffic
state. A large amount of vehicle speed data is detected by the global
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positioning system for selected urban arterial urban streets (14 Ramadan
Street). And based on those data.
The speed performance index (expressed in Equation 1) is the evaluation
indicator of the urban road traffic state. The index value (ranging from 0
to 100) reflects the ratio between vehicle speed and the maximum
permissible speed. The two values (25 and 50) as the classification
criterion for urban road traffic state. This project uses this speed
performance index to measure the road traffic state, but adopts three
threshold values (25, 50 and 75) as the classification criterion of urban
road traffic state, as shown below:

- 0-25 very congested conditions.

- 25-50 congested conditions.

- 50-75 Stable state conditions.

- 75> Free flow conditions.
Based on this evaluation measure, it can be defined the road segment
congestion index to analyze traffic congestion in urban road networks
(U.S. Department of Transportation, 2016).

Speed performance index (%) = - "_*100 (1)

max

Where:
V= denotes the average travel speed, km/h.
Ve = denotes the maximum permissible road speed, km/h.

Congestion Analysis using GIS:

This research analyses 14 Ramdan Street in Al-Mansour through three
links as described in the previous paragraph.

The selected corridor for 14 Ramadan street links passed through three
signalized intersections (14™ Ramadan intersection, and Al-Agwas 14
Ramadan intersection, Allgaa intersection) which also take into account
their impedance and delay effect on the variability of traffic speed
distribution estimates.

The collected field data for the three studies links (1), (2) and (3) in
Tables (3), (4) and (5) respectively.

Congestion of traffic conditions is taking the major part during peak
hours of the day from (6:00 to 8:00 p.m.) on Tuesday 2 and Thursday 11
February 2021 which is selected to study the variations of total travel
speed for each link in the selected site of 14-Ramadan arterial. GPS
essentials equipped with a cell phone are applied to record at peak periods
and a sample run of 20 is provided for each link described in the previous
paragraph. Figure (3) presented the variation of travel traffic speed for the
studied corridor. And it can be seen that the variation of travel speed with
the lowest values for link 2 and as depicted in Figure (5).
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Table 3: Collected Field Data for Travel Speed for Link (1).

Test Run No. Speed (Km/h)
1 53
2 53
3 52
4 49
5 60
6 66
7 56
8 42
9 43
10 45
11 46
12 44
13 45
14 35
15 32
16 35
17 25
18 22
19 19
20 15

Table 4: Collected Field Data for Travel Speed for Link (2).

Test Run No. Speed (Km/hr)
1 13
2 17
3 15
4 12
5 10
6 12
7 9
8 8
9 19
10 20
11 26
12 23
13 21
14 11
15 21
16 27
17 26
18 25
19 23
20 10
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Table 5: Collected Field Data for Travel Speed for Link (3).

Test Run No. Speed (Km/hr)
1 13
2 23
3 31
4 35
5 46
6 46
7 56
8 68
9 55
10 47
11 47
12 53
13 46
14 56
15 63
16 52
17 42
18 39
19 50

20 54

Traffic Speed (km/hr)
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Figure 3: Variation of travel Speed for the selected Three Links with
Different Test Runs.
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Average Speed (Km/hr)

LINK 1 LINK 2 LINK 3

Figure 5: Average Travel Speed for the selected Three Links within peak
hours (6:30-7:30 p.m.).

Based on the collected field data, this project analyzed the
characteristics of 14 Ramadan Street. As shown in Figure (4), the figure
represents the corresponding different speed performances index. The
result shows that the proportion of speed performance for link 1 and 2
was more than 50% with an index value of (70%), (77%) and below 50%
with an index value of 28 % for link 2.

Speed performance Index %

LINK 1 LINK 2 LINK 3

Figure 4: Speed performance Index for the Average Travel Speed for
selected Three Links.

To examine the speed performance index for the studied period from
6:00 to 8:00 p.m. as shown in Figure (7). Figure (5) illustrates the hourly
speed performance indices on weekdays Tuesday, February 2021. The
evening peak hour is often from 7:00 to 8:00 based on the study periods
of this project. There are obvious evening peak hours with the lowest
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points at 6:30 and 7:30. During the evening peak, the speed performance
begins to decline quickly at 6:30, and then declines to the lowest point at
7:30, of about 22%, 20% and 30% for Links 1, 2 and 3 respectively, that
presents very congested conditions. The speed performance is better than
the peak hours that appear around 6:00 p.m. This gives a speed
performance index of 65%, 55% and 71% for links 1, 2, and 3
respectively which is greater than 50% that demonstrated relatively
smooth traffic flow conditions as compared with peak periods. Congested
road segments distribute more dispersedly during the evening peak hour
from 6:30-7:30 p.m., whereas they are relatively concentrated during the
evening peak. Traffic congestion is mainly concentrated on all studied
links during the peak periods with slight improvement after the peak
period.

Speed performance Index (26)

6:00-6:30 P.M. 6:30-7:00 P.M. 7:00-7:30 P.MVL. 7:30-8:00 P.M.
Speed performance index(%) Link 1
Speed performance index(%) Link 2

Figure 5: Speed performance Index for the selected Three Links within
peak hours (6:00-8:00 p.m.).

Congestion Evaluation using Geographic Information System:

The geographic information system (GIS) was used to identify the
most congested urban street; in a case study in Baghdad city (14
Ramadan Street). The map of the case study was depicted in Figure (1)
(including the major street). The study was bounded by the spatial
extension 33° 18' 22" N to 33° 19' 22" N and 44° 21' 0" E to 44° 20' 0" E.
Determine the most links congested along the street corridor in terms of
performance measure; such as speed, delay. The topology of the urban
street is developed including junctions and edges and checked against
error and arrangement of data in a tabular form obtained from the field
and estimated results. The GIS application is used to display the
congestion parameters (traffic speed and delay) in Figures (6 and 7),
respectively. Al-Aqwas 14 Ramadan intersection start from Al-Aqwas 14
Ramadan intersection to Al-Lgaa intersection shows the worst conditions
of low operating speed below 22 km/hr and higher delay of about 36 min.
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Figure 6: Map depicted the spatial distribution of Traffic Speed: by the
researcher.

44°20°0"E 44°21°0"E

33°19'30"N
33°19'30"N

33°19'0"N

I Delay OGn.
] RamadanSt.
Delay
12.840942 - 14.814816
Al e 14.814816 - 19.225333
— 19.225334 - 24.076946
§| ==24.076947 - 28.286276
| == 28.286277 - 35.562730

33°18'30"N
33°18'30"N

44°20 44°20'30"E 44°21'0"E

Figure 7: Map depicted the spatial distribution of Delay: by the
researcher.
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Conclusions
The following concluding remarks can be obtained:

1. Congestion of traffic conditions is taking the major part during
peak hours of the day from (6:00 to 8:00 p.m.) on Tuesday 2 and
Thursday 11 February 2021 which is selected to study the
variations of total travel speed for each link in the selected site of
14-Ramadan arterial street. GPS essentials measurement equipped
with a cell phone is applied to record at peak period and a sample
run of 20 is provided for each link.

2. The proportion of speed performance for linkl and 2 was more
than 50% with an index value of (70%), (77%) and below 50%
with an index value of 28 % for link 2.

3. Evening peak hours with the lowest points at 6:30 and 7:30. During
the evening peak, the speed performance begins to decline quickly
at 6:30, and then declines to the lowest point at 7:30, at about 22%,
20%, and 30% for Links 1, 2 and 3 respectively, that presents very
congested conditions.

4. The speed performance is better than the peak hours appearing
around 6:00 p.m. This gives a speed performance index of 65%,
55%, and 71% for links 1, 2 and 3 respectively which is greater
than 50% that demonstrated relatively smooth traffic flow
conditions as compared with peak periods.

5. Congested road segments distribute more dispersedly during the
evening peak hour from 6:30-7:30 p.m., whereas they are relatively
concentrated during the evening peak. Traffic congestion is mainly
concentrated on all studied links during the peak periods with
slight improvement after the peak period.
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