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ABSTRACT

Field experiments were conducted at two locations, Grdarasha Research Field Station,
College of Agricultural Engineering Sciences, Salahaddin University — Erbil and Aquban
special farm using randomized complete block design (RCBD) during two seasons 2019-2020
and 2020-2021 to study the effect of different plant densities and compost fertilizer of solid
waste management and sorting of Akre district-Duhok province and NPK (20:20:20)
fertilizer on growth and edible portion characteristics of Gundelia rosea. The results indicated
that the plants of the two years age in the both locations produce the highest value of length,
dimeter, fresh and dry weight of edible portion with space increasing between plants and
rows. While, total fresh and dry weight increased with decreasing the distance between plants
and rows. Compost and compost + NPK fertilizer significantly increasing all edible portion
parameters in both locations. The interaction between density and fertilizer resulted that D5
and compost and compost +NPK treatment produce the maximum rate of length, dimeter,
fresh and dry weight of edible portion, while D1 and compost and compost + NPK record the
highest total fresh and dry weight production.
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NTRODUCTION

Gundelia rosea is a perennial plant belonging
to the Asteraceae family, found in the plains
and mountains of Iraq, Iran, Jordan, Palestine,
Syria, Azerbaijan, Armenia and Turkey (25)
and well known in Iragi Kurdistan Region for
different purpose (15). The underground
portion is edible as marketable fresh yield
commonly used by people as a vegetative
cooking dish. The dry seeds locally named (Ce
Ce) using as a nut (6). Fertilizers are any
materials or mixture utilized to supply one or
more of essential plant nutrient components,
macronutrients major essential nutrients such
as NPK effects on plant growth yield increases
and quality improvement of crops (30). In
other hand, Aziz (6) in his study on NPK
application at levels (0, 50, 100, 150 and 200
kg/donum) to Kanger plant (Gundelia
tournefortii L.). He concluded that NPK
application significantly affected on vegetative
and edible portion parameters. The maximums
rate of plant height with and without edible
portion were about (24.12cm and 31.82cm)
respectively, length of edible portion was
15.3cm, leaves length 24.70cm, fresh weight
of edible portion 73.7g/plant, Number of seed
per plant 21.67g and seed weight 9.06g.
Compost raises the soil nitrogen and
phosphorus accessibility, and enhanced plant
growth to maximum value (1, 2, 3, 9). A study
was performed by Ghaly and Alkoaik (16) to
determine the effect of municipal solid waste
(MSW) compost and NPK fertilization on
growth and production of three types of crops
(potatoes, corn and squash). The results
revealed that the good plant growth and yield
of potatoes and corn were given with
application MSW compost, while NPK
fertilizer have been produced the maximum
plant growth and vyield of squash when
compared with control. Plant densities is very
essential factors for yield and yield component
production which is related to direct adequate
sowing rates especially, for new adapted plant
and crop production (19, 23, 28). Amedie (4)
concluded that plants in general could be
growing in various environmental and climate
variably could be positive or negative impact,
for instance temperature and CO, directly
effect on the rate of photosynthesis, respiration
and other biogeochemical processes, also
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when the soil temperature raise the
decomposition rate of organic matter increase
and then the availability and mineralization of
nutrient for plants uptake increase.
MATERIALS AND METHODS
Experiments were conducted at two locations,
Grdarasha Research Field, Collage of
Agricultural Engineering Sciences, Salahaddin
University — Erbil and Aquban village Farm,
Shaglawa distract - Erbil for two seasons to
study ecological adapting of Gundelia rosea L.
during November 1%, 2019 to Apirl1®, 2021.
Grdarasha Research Field is locating at 36. 40°
N, 44.10° E and at an elevation 470m above
sea level and Aquban filaga is locating at
36.30° N, 44.47° E and at an elevation 926m
above sea level. Representative air — dried soil
samples were taken for both fields at the depth
(0-30cm), then sieved with 2mm mesh and
analyzed for some physical and chemical
properties as shown in Table (1). Gundelia
rosea seeds were obtained from the Barzan
seed production factory — Erbil, the seeds were
sown in field on November 1%, 2019 at depth
of 6-7cm (6). during the experimental period
plants were irrigated as necessary with
sprinkler irrigation and manual weed control
repeated more than once. In Grdarasha and
Aquban were conducted this experiment to
study the effect of compost fertilizer and NPK
fertilizers at different plant spaces between
rows and plants (10, 15, 20, 25 and 30cm)
called (D1, D2, D3, D4 and D5) providing a
density of about (100, 44.44, 25, 16 and 11
plant/m?) respectively in a plot with
dimensions (2m x 2m) area with three
replications, resulting 60 plots in each
location. The chemical fertilizer NPK
(20:20:20) was added to the soil with rate
16kg/ ha (6) and the compost fertilizer 30 ton/
ha (24) before sowing of seeds. Compost
(household organic waste) was obtained from
(MRF Group — Akre Recycling Company -
Duhok). Representative air — dried compost
sample, then sieved with 2mm mesh and
analyzed by using XRF (X-ray fluorescence
spectrophotometer)Sky  Instrument  Genius,
using Handheld thermal scientific Genius 9000
XRF for heavy metals (13). NPK and organic
matter analyzed by using soil nutrient analyzer
instrument. Some physical and chemical
properties of compost as shown in Table (2).
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Table 1. Some of chemical and physical properties of the soil of Grdarasha and Aquban

village
Soil properties Grdarasha Aguban Field Soil properties Grdarasha Aquban
Field Field Field
Sand % 12.5 22.82 Chromium (Cr) 70 79
Slit % 42.5 41.73 ppm 290 468
Clay % 45 35.44 Manganese (Mn) 12 15
Texture Class Silty clay Clay loam ppm 34 34
pH 8.02 7.93 Cobalt (Co) ppm 49 101
Electrical conductivity 135.8 207 Copper (Cu) ppm 0.1 0.1
(EC) Ms.cm™ Zinc (Zn) ppm 86 83
Organic matter (O.M) 4.52 6.7 Cadmium (Cd) 141 177
mg/ml 23.2 113.6 ppm 1.04 0.96
Nitrogen (N) ppm 28 30 Vanadium (V) ppm 3.3 3.9
Phosphor (P) ppm 107 115 Nickel (Ni) ppm

Potassium (K) ppm

Lead (Pb) ppm
Iron (Fe) %

Table 2. Some of chemical and physical properties of compost fertilizer

Compost Compost fertilizer
Properties fertilizer Properties components
components
Electrical conductivity (EC) Ms.cm™ 7.3 Cobalt (Co) ppm 9
pH 7.48 Copper (Cu) ppm 533
Organic matter (O.M) mg/ml 17.01 Zinc (Zn) ppm 136
Nitrogen (N) ppm 40 Cadmium (Cd) ppm 0.2
Phosphor (P) ppm 24 Vanadium (V) ppm 0.0
Potassium (K) ppm 80 Nickel (Ni) ppm 118
Chromium (Cr) ppm 43 Lead (Pb) ppm 121
Manganese (Mn) ppm 33 Iron (Fe) % 2.9

Experimental parameters

1-Length of edible portion (cm) was measured
by ruler and diameter (mm) by using Vernier.
2-Fresh weight of edible portion (g) were
weighted after removes roots soil residue and
all leaves by sensitive electronic balance.
3-Dry weight of edible portion (g) was
measured after oven dried to constant weight
at 75C° for 72hours, when the color of edible
portion turned to yellow color then, weighted
by sensitive electronic balance.

4-Total yield (g.m™) was calculated from the
weighted marketable and non-marketable
edible portion (g.m™) for all plants in the
experimental unit.

The experiment was carried out according to
randomized complete block design (RCBD)
with three replicates, comparisons between
means were done using Duncan’s Multiple
Range at 5% level for morphological
characteristics. The Comparisons were made
between Grdararsha and Aquban using t-test.
The statistical analysis was carried out by
using SPSS (Statistical Package for Social
Sciences) Program, version (22.0) in 2019 (32,
14).
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RESULTS AND DISCUSSION

1. Edible portion characteristics in
Grdarasha research field station

A. Effect of plant density

Tables (3 and 4) shows the effect of density on
edible portion parameters in Grdarsha. The
results clarified that the highest value of length
of edible portion (6.38 cm) in the first year of
growing was recorded for D1 while, no
significant effect was found in the second year.
Fresh and dry weight of edible portion
gradually evaluated with increasing of the
space between plants and rows for the two
growing seasons. The maximum rate of total
fresh weight and total dry weight were
obtained by D1 and minimum rate by D5 for
the years.. The maximum vyield is related to
growth and development the plant in favorable
environmental conditions and the closer
distance between the plant and row
accommodates a greater number of plants per
unit area (18).
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B. Effect of fertilizer: According to the
results shows in the Tables (5 and 6), the
compost fertilizer and compost + NPK occupy
the first position for all edible portion
characteristics in both growing seasons and the
lowest value was recorded by control.
Compost fertilizer stimulate the yield and rise
the availability of trace elements like (Cd, Cr,
Cu, Fe, Mn, Ni, Pb and Zn) in the soil, and
these elements have many physiological
effects on the plant (17). NPK application
increase the yield, growth and quality of crops
(30).

C. Interaction effect between density and
fertilizer: The results of interaction between
density and fertilizer were significantly
influenced all the studied edible portion
parameters in Grdarasha location in the both
growing seasons (Tables 7and 8). The highest
measure (7.18 cm) of edible portion length
was found in D1 and compost treatment while,
(8.91mm) for the diameter of edible portion
was recorded in D5 and compost + NPK
treatment in the first year. But, in the second
year of growth length and diameter of edible
portion give the maximum value (9.92 cm) and
(21.20 mm) with D2 and compost and compost
+ NPK fertilizer. In the both growing seasons

D4 and compost + NPK gave the highest
grades (3.30g and 25.119) respectively of fresh
weight of edible portion, and D5 and compost
+ NPK recorded maximum dry weight of
edible portion (0.51g and 1.499) respectively.
D1 and compost and compost + NPK occupy
the first position for total fresh and dry yield of
edible portion when compared with other
treatments and the lowest value was recorded
by D5 and control in both years. The similar
results have been reported by Sinta and Garo
(26), and Tamiru et al. (29) concerning
Beetroot plant. El-Desuki et al. (10) reported
that decreasing the space between plants may
be due to competition for nutrients especially
nitrogen, however increasing plant density
give the higher ground cover by leaf area
which is resulted highest light interception and
maximum assimilate production. Heavy metals
are present in the environment and also
absorbed by plants, the presence of a modest
quantity of heavy metals in the compost is
there acceptable (5). Wiedenhoeft (33) showed
that macronutrients like nitrogen, phosphor,
potassium, sulfur, calcium and magnesium
which are required in relatively large amount
by most plants.

Table 3. Response of some edible portion characteristics to different density in Grdarsha in
the (2019-2020)

Density Length of Dimeter of Fresh Total fresh weight Dry weight of Total dry
edible edible weight of of edible portion edible (9) weight of
portion portion edible (g.m™) edible (g.m"
(cm) (mm) portion (g) Y

D1 6.38 a 5.14c 131lc 131.33 a 0.24d 2491 a

D2 5.92 ab 6.36 b 1.47 be 65.54 b 0.26 cd 11.7b

D3 568D 6.89 ab 181b 4541 ¢ 0.32 bc 8.04c

D4 5.81 ab 7.7a 241a 38.69 cd 0.37 ab 5.92d

D5 6.13 ab 7.8la 2.36a 26 d 04l1a 46d

Table 4. Response of some edible portion characteristics to different density in Grdarsha in
the (2020-2021)

Density Length of Dimeter of Fresh Total fresh weight Dry weight of Total dry
edible edible weight of of edible portion edible (g) weight of
portion portion edible (g.m™) edible (g.m™)
(cm) (mm) portion (g)
D1 8.19a 15.61a 12.35b 1235.49 a 0.82b 82.61a
D2 8.6a 1754 a 1478 a 657.21b 0.99 a 44,18 b
D3 8.55a 16.82 a 14.96 a 374.1¢c 0.99a 24.76 C
D4 8.3la 16.65a 15.06 a 238.31d la 16.02d
D5 9.02a 16.56 a 15.11a 166.25d 1.06 a 11.69d
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Table 5. Response of some edible portion characteristics to different types of fertilizer in
Grdarsha in the (2019-2020)

Density Length of Dimeter of Fresh Total fresh Dry weight of Total dry
edible edible weight of weight of edible edible (g) weight of
portion (cm) portion edible portion (g.m™) edible (g.m
(mm) portion (g) D)
Control 5.48 b 572b 1.27c 38.89¢c 0.21c 74Db
NPK 5.59 b 5.87b 152c 49.11¢ 0.27b 8.86b
Compost 6.63a 7.66 a 2.18b 71.13b 0.39a 13.23a
Compost+ 6.23 a 7.88a 252a 86.45a 041a 14.63 a
NPK

Table 6. Response of some edible portion characteristics to different types of fertilizer in
Grdarsha in the (2020-2021)

Density Length of Dimeter of  Fresh weight Total fresh Dry weight of Total dry
edible portion edible of edible weight of edible edible (g) weight of
(cm) portion portion (g) portion (g.m™) edible
(mm) (g.m™)
Control 8.03 b 13.98b 10.92b 395.01b 0.75b 27.31b
NPK 8.3lab 15.65b 13.07b 455.16 b 0.89b 31.85b
Compost 9.05a 17.84 a 16.62 a 674.62 a 1.13a 44,76 a
Compost+NP 8.74 ab 19.08 a 17.2a 612.29 a 112 a 39.49 a
K

*The similar letters between treatments means there are no significant differences between them using Duncan’s
Multiple Test at 5% level.

Table 7. Interaction effect of density and fertilizer on some edible portion characteristics in
Grdarsha (2019-2020)

Interaction Length of Dimeter of Fresh Total fresh  Dry weight Total dry
Density x Fertilization edible edible weight of weight of of edible (g) weight of
portion portion edible edible edible (g.m’
(cm) (mm) portion (g) portion b
(g.m™)
Control 5.77 b-e 4.41 ef 0.78i 78.66 cde 0.17ij 17.33¢
NPK 5.99 a-e 4.19f 0.95 ghi 95.33¢ 0.19 ij 19.00 ¢
Compost 7.18a 5.56 def 1.52 d-i 152.33b 0.28 e-j 28.66 b
D1 NPK + Compost 6.57 abc 6.42 cde 1.99 c-f 199.00 a 0.34 c-h 34.66 a
Control 5.52 cde 5.53 def 0.88 hi 39.10fg 0.15] 6.96 d-g
NPK 5.40 cde 5.28 def 1.35e-i 60.29 def 0.20 hij 9.03 def
Compost 6.90 ab 7.35 def 1.66 d-h 73.77 cde 0.34 c-h 15.25¢
D2 NPK + Compost 5.86 b-e 7.28 a-d 2.00 c-f 89.02 cd 0.35¢-g 1555¢
Control 5.27 de 5.49 def 1.20 f-i 30.08 fg 0.22 g-j 5.50 efg
NPK 5.38 cde 5.82 def 1.61 d-i 40.25 fg 0.28 e-j 7.08 d-g
Compost 5.88 b-e 7.98 abc 2.10 cde 52.58 efg 0.38 a-f 9.58 de
D3 NPK + Compost 6.19 a-e 8.29 abc 2.35 bced 58.75 def 0.40 a-e 10.00d
Control 5.24 e 6.55 cd 1.66 d-h 26.56 fg 0.25 f-j 4.05¢g
NPK 5.42 cde 7.09 a-d 1.76 d-g 28.16 fg 0.31 d-i 5.01f-g
Compost 6.65 abc 8.68 ab 2.95ab 47.25 efg 0.45 a-d 7.25d-g
D4 NPK + Compost 5.93 b-e 8.48 abc 3.30a 52.80 efg 0.46 abc 7.36 d-g
Control 5.59 cde 6.61 bcd 1.82 d-f 20.05¢ 0.29 e-j 3.19¢
NPK 5.78 b-e 6.96 a-d 1.95 c-f 21529 0.38 a-f 4.21¢
Compost 6.54 a-d 8.75a 2.70 abc 29.73 fg 0.49 ab 5.39e-g
D5 NPK + Compost 6.61 abc 891a 2.97 ab 32.70 fg 0.51a 5.61 e-g
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Table 8. Interaction effect of density and fertilizer on some edible portion characteristics in
Grdarsha (2020-2021)

Interaction Length of Dimeter of Fresh Total fresh Dry weight Total dry
Density x Fertilization edible edible weight of weight of of edible (g) weight of
portion portion edible edible edible (g.m’
(cm) (mm) portion (g) portion b
(g.m™)

Control 6.55¢ 12.25¢ 8.31¢g 831.60 dc 0.56 i 56.80 cd

NPK 8.62 abc 13.79 de 9.95fg 995.56 ¢ 0.68 hi 68.26 ¢

Compost 9.14 ab 18.86 abc 17.84 ab 1784.60 a 1.19ad 119.26 a

D1  NPK + Compost 8.46 abc 17.54 a-d 13.30 b-f 1330.20 b 0.86 d-i 86.13b
Control 8.66 abc 15.90 b-e 12.27 c-g 545.60 d 0.89 c-h 39.72 ef
NPK 7.49 be 14.26 cde 11.97d-g 532.00 e 0.95 b-i 42.30 def

Compost 9.92a 18.81 abc 17.00 abc 775.88 d 1.03 a-g 45.78 de

D2  NPK + Compost 8.32 abc 21.20a 17.89 ab 795.35d 1.10 a-f 48.91 de
Control 9.15ab 13.99 cde 11.85d-g 296.35 fgh 0.77 f-i 19.48 hg

NPK 8.07 abc 16.72 a-e 14.15 b-f 353.86 efg 0.93 b-h 23.43 hg

D3 Compost 8.77 ab 17.27 a-d 16.48 a-d 412.19 ef 1.12 a-e 28.00 fg
NPK + Compost 8.22 abc 19.29 ab 17.35ab 433.99 ef 1.12 ad 28.12 fg
Control 7.71 abc 14.44 b-e 11.55 efg 184.81 gh 0.79 e-i 12.70 gh

NPK 7.92 abc 17.56 a-d 14.39 b-f 230.29 fgh 0.89 c-h 14.29 gh

D4 Compost 8.34 abc 15.34 b-e 14.18 b-f 226.97 fgh 1.05 a-f 16.88 gh
NPK + Compost 9.28 ab 19.26 ab 20.11a 311.16 fgh 1.26 ab 20.21 gh

Control 8.09 abc 13.32 de 10.60 efg 116.68 h 0.71 ghi 7.86 h

NPK 9.48 ab 15.89 b-e 14.91 b-e 164.08 gh 0.99 b-h 10.95h

D5 Compost 9.08 ab 18.92 abc 17.59 ab 193.50 gh 1.26 ab 13.88 gh
NPK + Compost 9.42 ab 18.10 a-d 17.34 ab 190.75 gh 1.28a 14.08 gh

*The similar letters between treatments means there are no significant differences between them using Duncan’s

Multiple Test at 5% level

2. Edible portion characteristics in Aquban
village

A. Effect of plant density: Tables (9 and 10)
present some characteristics of edible potion in
Aguban village. Statistical analysis of the data
showed no significant effect between the
studied densities on the length of edible
portion in the first year and the highest value
(8.11 cm) for D3 in the second year. D5 give
the maximum rate (8.21 and 17.2mm)
respectively of diameter of edible portion and
the lowest value (6.5mm and 14.45mm)
respectively recorded by D1 in both growing
seasons. D4 and D5 recording the top value in
fresh and dry weight of edible portion while,
lowest rate obtained by D1 in the two years of
study. The maximum data of total fresh and
dry weight of edible portion were found by D1
and the minimum score was recorded by D5
for the years. These results are in accordance
with Umar et al. (31) concerning radish plant.
With increasing the distance between plants
and rows could be less expose to intra-specific
competition for light, moisture and nutrients,
therefore tended to grow vigorously (22).

B. Effect of fertilizer: Tables (11 and 12)
illustrates the effect of chemical and organic

fertilizer on some edible portion characteristics
Aguban location in two growing seasons.
Compost and compost + NPK significantly
increased all parameters for both years when
compared with other treatments and the
smallest rate for the parameters were recorded
by control. These results in agreement with
findings of Zerga and Tsegaye (34) concerning
Carrot plant, BL Lanna et al. (8) concerning
Radish plant and Elsharkawy (12) concerning
Potato plant. Eldridage et al. (11) explained
that the compost application resulted
significant effect and sustained response in the
soil biology. The application of NPK fertilizer
have different metabolic processes in plant life
(21, 30).

C. Interaction effect between density and
fertilizer: Tables (13 and 14) shows the
Interaction effect of density and fertilizer on
some edible portion characteristics in Aquban
field in two years. The results observed that
the highest value (6.93cm) was obtained of
length of edible portion with D4 and compost
+ NPK and the highest measures (9.25m,
3.91g and 0.55) for diameter, fresh weight and
dry weight of edible portion respectively were
observed by D5 and compost + NPK in the
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first year. But, in the second year D2 and NPK
significantly increased the length of edible
portion, while D3 and compost gave the
maximum rate (21.66 mm) of diameter of
edible portion. The highest fresh weight
(19.42g) was recorded by D4 and compost and
dry weight (1.24 by D5 and compost. D1 and
compost + NPK registered the maximum total
fresh and dry weight of edible portion. The
similar results have been reported by Umar et
al. (31) concerning Radish plant, Mijwel et al.
(20) concerning Potato plant, and El-Desuki et
al. (10) concerning Radish plant. Crowded
plant populations with narrow intra-row
distance leads to exert pressure on plant
growth resources like, nutrients and light and
then tended to poor growth (31). Tripathi et al.
(30) mentioned that the macronutrients have a
main role in different metabolic processes in
the plant and required in a large amount for
survival. In general, compost application

before sowing has a positive impact on
improvement the physical properties of the soil
and yield production (27).

3. Comparison edible portion
characteristics between Grdrash and
Aqguban: Regarding to the results that shows
in the Table (15), no significant differences
was found between Grdarasha and Aquban for
all edible parameters in the first year of trail.
The edible parameters significantly increasing
of Grdarasha field when compared with
Aguban in the second year. Baker and Capel
(7) reported that the range of environmental
conditions conducive to the production of
crops is wide, and particular combinations of
these environmental conditions allow specific
crops to be grown in certain areas.
Environmental factors that influence the extent
of crop agriculture are, climate, soil properties,
soil water elevation and slope.

Table 9. Response of some edible portion characteristics to different density in Aquban in the
(2019-2020)

Density Length of Dimeter of Fresh Total fresh weight Dry weight of Total dry
edible edible weight of of edible portion edible (g) weight of
portion portion edible (g.m™) edible (g.m™)
(cm) (mm) portion (g)

D1 6.31a 6.5¢ 15¢ 150.75 a 0.26d 26.08 a

D2 6.69 a 6.75 bc 161c 718Db 0.26d 1196 Db

D3 6.73a 7.16 bc 2.22b 55.68 ¢ 03¢ 76¢C

D4 6.67 a 7.66 ab 272 a 43.57d 04b 6.54c

D5 6.44 a 8.2la 299a 32.98¢e 0.44 a 492d

Table 10. Response of some edible portion characteristics to different density in Aquban in
the (2020-2021)

Density Length of Dimeter of Fresh Total fresh weight Dry weight of Total dry
edible edible weight of of edible portion edible (g) weight of
portion portion edible (g.m™) edible (g.m™)
(cm) (mm) portion (g)
D1 747b 14.45b 11.02b 1102.37 a 0.7b 70.82 a
D2 7.38b 14.83 b 11.26b 500.46 b 0.81b 36.25b
D3 81lla 16.34 a 12.36 b 309.05 ¢ 0.78 b 19.68 ¢
D4 8.09a 16.85a 14.96 a 239.39 cd 0.94a 15.1cd
D5 7.67 ab 17.2a 14.18a 155.98 d 101a 11.12d

Table 11. Response of some edible portion characteristics to different types of fertilizer in
Aguban in the (2019-2020)

Density Length of Dimeter of Fresh Total fresh Dry weight of Total dry
edible edible weight of weight of edible edible (g) weight of
portion (cm) portion edible portion (g.m™) edible (g.m
(mm) portion (g) D)
Control 6.24 b 6.5b 1.68¢ 52.04d 0.25d 8.56d
NPK 6.5ab 6.8b 192c¢ 60.22 c 03c 10.63¢
Compost 6.7a 7.69 a 2.45b 81.39b 0.37b 12.28 b
Compost+ 6.82 a 8.09a 2.79a 90.17 a 04la 1421 a
NPK
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Table 12. Response of some edible portion characteristics to different types of fertilizer in
Aguban in the (2020-2021)

Density Length of Dimeter of Fresh weight  Total fresh weight Dry weight of Total dry
edible portion  edible portion of edible of edible portion edible (g) weight of
(cm) (mm) portion (g) (g.m™ edible (g.m™)
Control 7.29¢ 12.78 ¢ 9.09c 336D 0.59¢ 21.18b
NPK 7.54 be 15.41b 12.83 b 479.96 a 0.82b 30.62 a
Compost 7.91 ab 18.27 a 14.47 a 471.28 a 0.98a 33.77 a
Compost+NP 8.24 a 17.28 a 1462 a 558.56 a la 36.79a
K

*The similar letters between treatments means there are no significant differences between them using Duncan’s
Multiple Test at 5% level

Table 13. Interaction effect of density and fertilizer on some edible portion characteristics in
Aguban (2019-2020)

Interaction Length of Dimeter of Fresh weight Total fresh Dry weight Total dry
Density x Fertilization edible edible of edible weight of of edible (g) weight of
portion (cm)  portion (mm) portion (g) edible polrtion edible (g.m™)
(9.m™)

Control 5.68 b 6.05d 1.07j 107.33b 0.19i 19.33 ¢

NPK 6.30 ab 6.57 bed 1.19 hij 119.33 b 0.25 ghi 25.00 b

Compost 6.56 ab 6.76 bcd 1.81 e 181.33 a 0.27 fgh 27.00 b

D1 NPK + Compost 6.68 ab 6.97 a-d 1.95 e-j 195.00 a 0.33 c-f 33.00a
Control 6.42 ab 6.25d 1.11j 49.47 fgh 0.21 hi 9.48 efg

NPK 6.62 ab 6.04d 1.44 g-j 64.28 efg 0.25 ghi 11.11 ef

Compost 6.78 ab 7.28 a-d 1.86 e-i 82.65 cd 0.28 e-h 12.59 de

D2 NPK + Compost 6.95a 7.43 a-d 2.04 d-g 90.80 ¢ 0.33 c-f 14.66 d
Control 6.48 ab 6.51 cd 1.69 f-j 42.41 ghi 0.21 hi 5.41 h-k

NPK 6.65 ab 6.79 bed 2.03 d-g 50.83 fgh 0.28 e-h 7.08 g-j

Compost 6.88 a 7.40 a-d 2.37 c-f 59.33 efg 0.35 c-f 8.75 fgh

D3 NPK + Compost 6.92 a 7.93 a-d 2.80 bed 70.16 de 0.36 cd 9.16 fg
Control 6.43 ab 6.72 bed 2.23 def 35.78 hi 0.31d-g 4.96 ijk

NPK 6.50 ab 6.82 bed 2.39 c-f 38.24 hi 0.35 cde 5.65 h-k

Compost 6.80 ab 8.23 a-d 3.02 bc 48.42 fgh 0.46 b 7.46 g-j

D4 NPK + Compost 6.93a 8.87 ab 3.24b 51.84 fgh 0.50 ab 8.10 f-i

Control 6.19 ab 6.97 a-d 2.29 c-f 2522 0.33 c-f 3.63k

NPK 6.43 ab 7.81 a-d 2.58 b-e 28.41i 0.39¢ 4.32 jk

Compost 6.50 ab 8.80 abc 3.20b 35.23 hi 0.51 ab 5.61 h-k

D5 NPK + Compost 6.63 ab 9.25a 39la 43.04 ghi 0.55a 6.12 g-k

Table 14. Interaction effect of density and fertilizer on some edible portion characteristics in
Aqguban (2020-2021)

Interaction Length of Dimeter of Fresh weight Total fresh Dry weight Total dry
Density x Fertilization edible edible of edible weight of of edible (g) weight of
portion (cm)  portion (mm) portion (g) edible polrtion edible (g.m™)
(@.m™)
Control 7.01 def 10.72 g 7.55h 755.46 ¢ 0.44h 44.33c
NPK 7.26 b-f 15.39 def 11.15e-h 111593 b 0.70 efg 70.66 b
Compost 7.17 c-f 14.73 ef 10.27 fgh 1027.13 b 0.79 b-f 79.00 ab
D1 NPK + Compost 8.44 a 16.97 cde 15.10 bed 1510.96 a 0.89 b-e 89.30 a
Control 8.24 ab 15.09 def 10.55 e-h 469.13 de 0.69 efg 30.98 c-¢e
NPK 8.50a 15.40 def 13.94 c-f 619.71 cd 0.90 b-e 40.15 cd
Compost 8.08 abc 15.50 def 10.46 e-h 455.18 de 0.77 def 34.26 cde
D2 NPK + Compost 7.63 a-e 13.53fg 10.07 fgh 447.80 de 0.89 b-e 39.62 cd
Control 7.08 c-f 11.06 g 8.30 gh 207.66 fg 0.56 fgh 14.04 gh
NPK 6.93 ef 14.82 ef 10.85 e-h 271.26 efg 0.66 e-h 16.55 fgh
Compost 7.24 b-f 21.66 a 14.21 b-e 355.37 efg 0.89 b-e 22.37 e-h
D3 NPK + Compost 8.28 ab 17.84 bed 16.07 abc 401.90 def 1.03 abc 25.78 d-g
Control 7.57 a-f 11.16 ¢ 7.63h 122.17¢g 0.49 gh 7.98 h
NPK 8.01 a-d 17.12 b-e 16.44 abc 263.18 efg 1.03 ab 16.62 fgh
Compost 8.48 a 19.95 ab 19.42 a 310.85 efg 12la 19.50 e-h
D4 NPK + Compost 8.29 ab 19.18 abc 16.33 abc 261.37 efg 1.01 a-d 16.28 fgh
Control 6.53 f 15.87 def 11.41d-h 12555 ¢ 0.78 c-f 8.59h
NPK 7.00 def 14.35 ef 11.79d-g 129.70 ¢ 0.83 b-e 9.13h
Compost 8.56 a 19.49 abc 17.99 ab 197.89 fg 124a 13.74 gh
D5 NPK + Compost 8.58 a 19.09 abc 15.52 be 170.77 fg 1.18a 13.00 gh

*The similar letters between treatments means there are no significant differences between them using Duncan’s
Multiple Test at 5% level.
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Table 15. Comparison between Grdarasha and Aquban under effect of different density and
fertilizer on some edible portion characteristics in in the two studying seasons (2019-2020 and

2020-2021)
Location 2020 2021 Tabled-t |
Grdarsha  Aquban  Calculated-t  Grdarsha  Aquban  Calculated-t
Parameters
Length of edible portion (cm) 5.98 6.57 -4.75 8.58 7.74 4.20
Dimeter of edible portion (mm) 6.78 7.27 -1.76 16.64 15.94 1.19
Fresh weight of edible portion (g) 1.87 2.21 -2.31 14.80 12.75 2.52 1.98
Total fresh weight of edible 61.39 70.96 -1.11 543.95 461.45 1.08
portion (g.m)
Dry weight of edible (g) 0.32 0.33 -0.64 1.01 0.85 3.17
Total dry weight of edible (3.m™®) 11.03 1142 -0.25 37.19 30.59 1.31
REFERENCES fertilization on radish production. Hortic.

1. Al-Khafaji, A. M. H. H., N. J. K. Al-Amri,
and N. H. A. Al-Dulaimi. 2022. Growth, yield,
and antioxidant traits of different parts of
beetroot as affected by vermicompost and
glutathione. Iragi Journal of Agricultural
Sciences, 53(5): 1107-1114.
https://doi.org/10.36103/ijas.v53i5.1623

2. Al-Khafagy, A. M. H. and K. D. H. Al-
Gebory. 2010. Influences of fertilizers and
organic nutrients on growth and seed yield of
onion. Diyala Journal of Agricultural Sciences.
2 (2): 64 -84

3. Al-Gebory, K. D. H. and A. M. H. Al-
Khafagy. 2011. Effects of some organic
fertilizers on growth, productivity and leaf
content from N, P, and K elements of onion
plant. Kufa Journal for Agricultural Science,
3(1):47-55

4. Amedie, F. A., 2013. Impacts of Climate
Change on Plant Growth, Ecosystem Services,
Biodiversity, and Potential  Adaptation
Measure. University of Gothenburg, pp: 7

5. Andre, W. G., V. D. Wurff, J. G. Fuchs, M.
R. Raviv and A. J. Termorshuizen. 2016.
Handbook for Composting and Compost Use
in Organic Horticulture. Cost, European
Cooperation in Science and Technology. pp:
60

6. Aziz, F. H., 2008. Effect of soil depth
accumulation, fertilizer levels and time on the
growth and seed yield of Gundelia tournefortii
L. J. Duhok Univ., 11(2):74-81

7. Baker, N.T., and P.D. Capel. 2011.
Environmental Factors That Influence the
Location of Crop Agriculture in the
Conterminous  United  States.  Scientific

Investigations Report. pp: 8

8. BL Lanna, N., P. N. L Silva, L. F.
Colombari, C. V. Correa, A. Ismael and I.
Cardoso. 2018. Residual effect of organic

970

Bras., Brasilia. 36 (1):47-53.
DOI:10.1590/s0102-053620180108

9. Duong, T. T., 2013. Compost Effects on
Soil Properties and Plant Growth. Ph. D.
Dissertation, Soils School of Agriculture, Food
and Wine, University of Adelaide, pp: 28.

10. El-Desuki, M., S. R. Salman, M. A. El-
Nemr and A. M. Abdel-Mawgoud. 2005.
Effect of plant density and nitrogen application
on the growth, yield and quality of Radish
(Raphanus sativus L.). Journal of Agronomy.
4 (3): 225-229.

DOI:10.3923/ja.2005.225.229

11. Eldridage, S. M., K. Y. Chan and N. J.
Donovan. 2014. Agronomic, Soil Quality and
Environmental Consequences of  Using
Compost in Vegetable Production. Springer
International Publishing Switzerland. pp: 125
12. Elsharkawy, G. A., 2013. Effect of
organic, nitrogen and potassium fertilization
treatments on growth, yield and chemical
contents of two cultivars of potato (Solanum
tuberosum). Alexandria Science Exchange
Journal. 34 (4): 369-381.

doi 10.21608/asejaigjsae.2013.3100

13. Ene, A., Bosneaga, A. and L. Georgescu.
2010. Determination of heavy metals in soils
using XRF technique. Rom. Journ. Phys. 55(7-
8):815-820

14. Field, A. 2009. Discovering Statistics
Using SPSS. 3™ edn SAGH Publications
Limited: London. UK

15. Firat, M. 2017. Gundelia rosea
(Asteraceae), a new record for the flora of
Turkey with contributions to its systematics.
Acta Biologica Turcica. 30 (2):31-35.
-https://www.researchgate.net/publication/314
101271

16. Ghaly, A. E. and F.N. Alkoaik. 2010.
Effect of Municipal Solid Waste Compost on
the Growth and Production of Vegetable



https://doi.org/10.36103/ijas.v53i5.1623
https://doi.org/10.36103/ijas.v53i5.1623
doi:10.1590/s0102-053620180108
doi:10.3923/ja.2005.225.229
doi%2010.21608/asejaiqjsae.2013.3100
:%20https:/www.researchgate.net/publication/314101271
:%20https:/www.researchgate.net/publication/314101271

Iragi Journal of Agricultural Sciences —2024:55(3):962-971

Vian & Aziz

Crops. American Journal of Agricultural and
Biological Sciences, 5 (3): 274-281.
https://doi.org/10.3844/ajabssp.2010.274.281
17. Hossain, M.Z., P. Von Fragstein and N. J.
heb. 2017. Effect of Different Organic Wastes
on Soil Properties and Plant Growth and
Yield: A Review Scientia agriculturae
bohemica, 48(4): 224-237.
DOI:10.1515/sab-2017-0030

18. Lavanya, A. V., V. S. Vani, P. S. Reddy
and K. Chaitanya. 2014. Effect of sowing
dates and spacing on growth and root yield of
radish cv. pusa chetki. Plant Archives. 14
(1):619-623.

DOI:10.18782/2320-7051.5742

19. Lyon, D. J. 2009. How Do Plant
Population Affect Yield. University of
Nerbraska- Lincoln.

20. Mijwel, A. Kh., A. N. Al-Redha and T. H.
Bresim. 2019. Effect of compost and humic
acid on potato growth and quality. Engineering
and Technology Journal. 37 (1):145-148.
DOI:10.30684/et].37.1C.23

21. Mohammed, R. R. and B. H. Majeed.
2023. Effect of moringa leaves extract,
calcium, and potassium silicate on the growth,
yield, and quality of strawberry fruits. Iraqi
Journal of Agricultural Sciences,54(6):1703-
1715. https://doi.org/10.36103/ijas.v54i6.1869
22. Muhammad, A. A. and A. Muhammad.
2002. Influence of mother root size and
planting spacing on carrot seed production.
Pakistan Journal of Research in Science,
Pakistan. 13 (2): 105-112

23. Mahmood, J.W. and M. F. H. Al-Hassan.
2023. The Role of the Hierarchy of the
Production Tillers in wheat Cultivar km 5180
under the effect of sowing spaces. IOP
Conference Series: Earth and Environmental
Science, 1259(1), 012112. 10.1088/1755-
1315/1259/1/012112

24. Roy, R. N., A. Finck, G. J. Blair and H. L.
S. Tandon. 2007. Plant nutrition for food
security, A guide for integrated nutrient
management. Sachin Printers, Delhi, pp: 223
25. Samani, M. A, M. R. Kopaei and N.
Azimi. 2013. Gundelia: a systematic review of
medical and molecular Perspective. Pakistan
Journal of Biological Sciences, 16(21): 1238-
1247.

DOI: 10.3923/pjbs.2013.1238.1247

971

26. Sinta, Z. and G. Garo. 2021. Influence of
plant density and nitrogen fertilizer rates on
yield and yield components of beetroot (Beta
vulgaris L.). International Journal of
Agronomy. (1): 1-7.
https://doi.org/10.1155/2021/6670243

27. Shilan H. S. and S. J. Hama. 2022. Effect
of npk and organic fertilizers on yield and seed
oil content of rapeseed (Brassica napus L.).
Iragi  Journal of Agricultural Sciences.
53(4):878-889.
https://doi.org/10.36103/ijas.v53i4.1600

28. Saudi, A. H., AL-Hassan, M. F. H. and
JW.M. 2016. Effect of sowing by different
seeding rates on qualitativ traits and viability
of four (Triticum Aestivum L.) cultivar seeds.
Iragi Journal of Agricultural Sciences, 47(2):
452-460.
https://doi.org/10.36103/ijas.v47i2.587
29.Tamiru, F., G. Deba, G. Diriba, G. Defa, G.
Gudet, A. lticha and A. Chimdessa. 2017.
Effect of plant spacing and urea fertilizer on
yield and yield components of beetroot (Beta
Vulgaris L.). Agricultural Development,
2(1):13-21

30. Tripathi, D. K., V. P. Singh, D. K.
Chauhan, S. M. Prasad and N. K. Dubey.
2014. Role of macronutrients in plant growth
and acclimation: Recent advances and future
prospective. Improvement of Crops in the Era
of Climatic Changes, 2: 197- 216.
DOI:10.1007/978-1-4614-8824-8 8

31. Umar, A. H.,, A. K. Ibrahim and 1.,
Alhassan. 2017. Effects of NPK fertilizer
application rates and intra-row spacing on
yield of radish (Raphanus sativus L.). Journal
of Experimental Agriculture International,
16(3):1-6.

DOI:10.9734/JEAI/2017/33136

32. Weinberg, S. L. and S. K. Abramowitz.
2008. Statistics Using SPSS: An Intergrative
Approach, Cambridge University Press.

33. Wiedenhoeft, A. C. and W. G. Hopkins.
2006. Plant Nutrition. Chelsea House, pp: 22
34. Zerga, K. and B. Tsegaye. 2019. Effect of
different rates of compost application on
growth performance and yield components of
carrot (Daucus carota L.) in Gurage Zone,
Ethiopia. International Journal of African and
Asian Studies. 54:24-31.

DOI: 10.7176/JAAS/54-03



https://doi.org/10.3844/ajabssp.2010.274.281
doi:10.1515/sab-2017-0030
doi:10.18782/2320-7051.5742
doi:10.30684/etj.37.1C.23
https://doi.org/10.36103/ijas.v54i6.1869
doi:%2010.3923/pjbs.2013.1238.1247
https://doi.org/10.1155/2021/6670243
https://doi.org/10.36103/ijas.v53i4.1600
https://doi.org/10.36103/ijas.v47i2.587
doi:10.1007/978-1-4614-8824-8_8
doi:10.9734/JEAI/2017/33136
doi:%2010.7176/JAAS/54-03

