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Abstract

A field experiment was conducted during the spring and autumn growing seasons of 2025 in the
Jalyukhan region to study the effect of five combinations of biofertilizers and nitrogen fertilizers
(80 kg N ha™ 1, 65 kg N ha™ t + Azotobacter, 50 kg N ha™ * + Azotobacter, 35 kg N ha™ ! +
Azotobacter, and 20 kg N ha™ * + Azotobacter) and three sunflower cultivars (Agmar, Banam, and
Tagah-1) on growth characteristics and yield. The experiment was conducted as a split-plot factorial
experiment with a randomized complete block design (RCBD) and three blocks. The results showed
significant differences between the combinations in most of the studied traits for both growing
seasons. The combination of 35 kg N ha™ + Azotobacter resulted in the highest average plant
height, disc diameter, and oil percentage for both seasons, while the combination of 20 kg N ha +
Azotobacter resulted in the highest average chlorophyll content index. Cultivars significantly
affected all studied traits. The Tagah-1 cultivar recorded the highest values for plant height, number
of leaves, disc diameter, 1000-seed weight, seed yield, oil percentage, and oil yield for both
growing seasons, while the Agmar cultivar recorded the highest value for chlorophyll content index
for both growing seasons. There was a significant interaction between the 35 kg N ha® +
Azotobacter combination and the Tagah-1 cultivar in plant height and oil percentage and 1000-seed
weight for both growing seasons.
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Introduction photosynthesis, and cell division. Plants
The sunflower (Helianthus annuus L.) is require nitrogen during the early stages of
considered one of the most important oilseed growth and root formation [17].The use of
crops globally, belonging to the Asteraceae biofertilizers has recently become widespread
family. It is one of the most highly traded because they reduce the use of mineral
crops in international markets, with oil content fertilizers, which have harmful effects on
in its seeds reaching up to 47%. It is regarded human health and the environment
as an excellent source of edible oil for human [14].Azotobacter bacteria are among the most
nutrition due to its content of omega-3 fatty widely used biofertilizers due to their ability to
acids, in addition to unsaturated fatty acids fix atmospheric nitrogen symbiotically and
such as oleic and linoleic acids. Furthermore, convert it to ammonium. They represent a
it contains essential vitamins, including natural source of nitrogen in ecosystems and
vitamins A, B, and E [21] Despite its agricultural ~ systems  lacking  symbiotic
importance, its productivity remains below the nitrogen fixation [26]. Furthermore, they
required level, necessitating extensive secrete certain growth hormones and vitamins,
agricultural and technological improvements, which improve crop growth and yield. These
including crop management, particularly bacteria fix approximately 30 kg of nitrogen
nutrition [15]. per hectare [1].This research aims to determine

the optimal fertilizer combination and the most
Nitrogen is a major component of plant cells, suitable cultivar for the region's conditions to
playing a vital role in numerous metabolic ensure maximum sunflower yield. [16] in their
processes, including respiration, study of three biofertilization levels, found
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significant differences between the levels in
plant height, number of leaves, head diameter,
1000-seed weight, and oil yield. [20], in their
experiment using nine biofertilizer and
nitrogen combinations, found significant
differences between the combinations in plant
height, number of leaves, head diameter, plant
yield, and oil percentage. [13] in their study of
eleven biofertilizer and nitrogen combinations,
found significant differences between the
combinations in head diameter, 1000-seed
weight, oil percentage, and oil yield. [10], in
their experiment with three sunflower cultivars
(Ishagi-1, Flamme, and Lilo), found significant
differences between the cultivars in plant
height, number of leaves, chlorophyll content,
oil percentage, and oil yield. [7] in their study
of three sunflower cultivars (Leviathan,
Agmar, and Banam), found significant
differences between the cultivars in plant
height, chlorophyll content, 1000-seed weight,
and plant yield. [2], in an experiment studying
two sunflower cultivars (Ishaqi-1 and Ishaqi-
2), showed significant differences between the
cultivars in disc diameter, oil percentage, and
oil yield.

Materials and Methods

The field experiment was conducted during the
spring and autumn growing seasons of 2025 to
study the effect of a combination of
biofertilization and nitrogen fertilization on the
growth traits and yield of sunflower cultivars.
The experiment was implemented as a
factorial experiment within split plots using a
randomized complete block design (RCBD)
with three blocks. The main blocks included
five treatments of biofertilization and nitrogen
fertilization, while the subplot included three
sunflower cultivars. The number of
experimental units was 5 x 3 x 3 = 45
experimental units. Each experimental unit
consisted of four rows, 2 m long, with a
spacing of 30 cm between plants. A distance
of 05 m was maintained between
experimental units, and a distance of 1 m was
maintained between blocks. The treatments
were randomly distributed among the

346

experimental units within each replicate. The
experimental field was plowed twice
perpendicularly with a disc plow for
smoothing and leveling. Planting took place in
two seasons: the spring season on 4/30/2025
and the autumn season on 7/16/2025.

Studied Traits: Five plants were randomly
selected from each experimental unit to study
the following traits:

1. Plant height (cm): Measured from the point
where the stem meets the soil to the base of the
flower head.

2. Number of leaves (leaves per plant):
Counted the total number of leaves plant.

3. Chlorophyll content index (SPAD):
Calculated by taking three readings from the
bottom, middle, and top of the plant and
averaging the reading for each plant.

4. Flower head diameter (cm): Measured using
a measuring tape across the center of the
flower head.

5. Weight of 1000 seeds (g): After mixing the
harvested plants, 1000 seeds were randomly
selected from each experimental unit and
weighed.

6. Seed yield per plant (g per plant): Weighed
the seed yield of five plants and averaged the
seed yield in grams per head.

7. Oil content in seeds (%): Estimated using
the Soxhlet apparatus and the equation: % oil

weight befo extraction—weight after extraction

sample weight
100
Total sample weight before washing - Sample
weight after washing / 2g x 100
8. Oil yield (g plant™) = Percentage of oil (%)
x Plant seed yield / 100
Statistical Analysis:
Data were statistically analyzed using the
Analysis of Variance (ANOVA) method with
the Statistical Package for the Social Sciences
(SPSS). Means were compared using Duncan's
multiple range test at probability levels of 1
and 5% (Al-Rawi and Khalaf-Allah, 2000).
Results and Discussion:
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Plant height (cm):

The results shown in Table (1) indicate
significant differences in plant height between
the fertilizer combinations. The combination
of 35 kg N ha™ 1 + Azotobacter resulted in the
highest average height (137.28 and 141.50 cm)
for both growing seasons, while the control
treatment with a concentration of 80 kg N
ha™ ! resulted in the lowest average height
(126.70 cm). The average height was 128.84
cm for both growing seasons. This may be due
to the optimal use of biofertilizers and nitrogen
fertilizers, where these fertilizers are
characterized by their ability to convert
essential nutrients from an unusable form to a
usable one. Azotobacter bacteria are
characterized by their ability to synthesize
growth substances such as indoleacetic acid
(IAA) and auxins, which contribute to
increased plant height [18]. This result is
consistent with [3] and [24].The cultivar had a
significant effect on plant height, as shown in
Table (2). The Tagah-1 cultivar gave the
highest average height (143.10 and 143.86 cm)
for both growing seasons, while the Banam
cultivar  gave the lowest average height
(124.38 and 128.96 cm) for both growing
seasons. This is attributed to the genetic
variation among cultivars in their response to
growth factors, including plant height. The
auxins present in the Growing tips play a key
role in this process [26] This finding is
consistent with [6,10] .

Table (3) shows a significant interaction
between the 35 kg N ha™ * + Azotobacter
combination and the Tagah-1 cultivar. The
highest average plant height (150.53 cm) was
recorded for the spring crop, while no
significant interaction between fertilization
and cultivar was observed for the autumn crop.

Number of leaves (leaves per plant):

Table (1) indicates significant differences
between the fertilizer combinations in the
number of leaves. The 50 kg N/ha +
Azotobacter combination gave the highest
average leaf height (26.36 and 25.8 leaves per
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plant) for both crops, while the control
treatment with a concentration of 80 kg N/ha
gave the lowest average leaf height. (21.97 and
20.82 leaves per plant) for both growing
seasons. This increase in the traits may be due
to the plants' positive response to nitrogen-
fixing biofertilizers, in addition to other
elements and amino acids, during the growth
stage [16]. This result is consistent with
[20,24] .

Table (2) shows significant differences
between the cultivars in the number of leaves.
The Tagah-1 cultivar exhibited the highest
average for the traits (25.56 and 24.52 leaves
per plant) for both growing seasons, while the
Banam cultivar exhibited the lowest average
(23.00 and 22.32 leaves per plant) for both
growing seasons. This variation between the
cultivars is attributed to differences in their
genetic makeup and their responsiveness to
environmental conditions. This result is
consistent with [6,10]

Table (3) shows no significant interaction
between fertilizer combinations and cultivars
in the number of leaves traits for both growing
seasons.

Chlorophyll Index (SPAD)

Table (1) shows significant differences
between fertilizer combinations for the
chlorophyll content index. The 20 kg N/ha
combination gave the highest average value
(45.79 and 44.04 SPAD) for both growing
seasons, while the control treatment with a
concentration of 80 kg N/ha gave the lowest
average value (41.28 and 38.59 SPAD) for
both growing seasons.

Table (2) shows significant differences
between cultivars for the chlorophyll content
index for both growing seasons. The Agmar
cultivar gave the highest average value (45.88
and 43.96 SPAD) for both growing seasons,
while the Tagah-1 cultivar gave the lowest
average value (34.33 SPAD) for the spring
growing season, and the Banam cultivar had
the lowest average value (38.80 SPAD) for the
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autumn growing season. This difference
between cultivars is attributed to their
vegetative growth  patterns and  their
interaction with prevailing environmental
conditions. This interaction directly affects the
physiological processes of these -cultivars,
particularly their efficiency in converting and
utilizing photosynthetic byproducts for cell
growth and elongation, which in turn directly
impacts the chlorophyll content in the leaves
[9]. This finding is consistent with [7,10] .

Table (3) shows no significant interaction
between fertilizer combinations and cultivars
in the chlorophyll content index.

Head diameter (cm):

The results in Table (1) show significant
differences between fertilizer combinations in
the head diameter characteristic. The
combination of 35 kg N/ha + Azotobacter
resulted in the highest average disc diameter
(17.51 and 17.7 cm) for both growing seasons,
while the control treatment with 80 kg N/ha
yielded the lowest average diameter (14.55
and 13.79 cm) for both growing seasons. The
increased disc diameter may be attributed to
the adequate supply of mineral nitrogen with
the biofertilizer, leading to increased
photosynthetic activity through stimulation of
cell elongation and division [13]. This finding
is consistent with Jonnagorla et al. (2021) and

[3].

Table (2) shows significant differences
between cultivars in disc diameter for both
growing seasons. The Tagah-1 -cultivar
exhibited the highest average diameter (17.37
and 17.06 cm) for both seasons, while the
Banam cultivar exhibited the lowest average
diameter (14.76 and 14.95 cm) for both
seasons. This variation in disc diameter
between cultivars is attributed to genetic
factors specific to the cultivars [7]. This
finding is consistent with [2,21].
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Table (3) indicates no significant interaction
between fertilizer combinations and cultivars
in disc diameter for both growing seasons.
1000-seed weight (gm):

Table (1) shows significant differences
between fertilizer combinations in the 1000-
seed weight trait. The combination of 35 kg N
ha-1 + Azotobacter resulted in the highest
average weight (89.54 and 109.06 g) for both
growing seasons, while the control treatment
with 80 kg N ha-1 resulted in the lowest
average weight (67.73 and 84.99 g) for both
growing seasons. The increase in 1000-seed
weight may be attributed to the use of mineral
nitrogen with biofertilizers as a source of
nitrogen-fixing bacteria [19] which promotes
crop growth and development. This result is
consistent with [13,22] .

Table (2) shows significant differences
between the cultivars in the 1000-seed weight
trait. The Tagah-1 cultivar exhibited the
highest average weight (86.24 and 104.41 )
for both growing seasons, while the Banam
cultivar exhibited the lowest average weight
(67.49 and 87.11 g) for both growing seasons.
This is attributed to the superiority of the
Tagah-1 cultivar in the number of leaves
(Table 4), which increased photosynthesis and
consequently led to increased nutrient storage
in the telomere (seeds). This result is
consistent with [2,5].

Table (3) indicates a significant interaction
between the combination of 35 kg N ha-1 +
Azotobacter with the Tagah-1 cultivar in the
1000 seed weight traits, as it recorded the
highest average for the traits, which reached
(100.76 and 120.35 g) for both seasons, while
the comparison treatment with a concentration
of 80 kg N ha-1 with the Banam cultivar gave
the lowest average for the trait, which reached
(57.63 and 77.13 g) for both seasons.

Seed yield per plant (gm):

The results in Table (1) show significant
differences between the fertilizer combinations
in the plant seed yield traits. The combination
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of 35 kg N ha™ ! + Azotobacter gave the
highest average yield, reaching (112.76 and
126.44 g plant™ ) for both growing seasons,
while the control treatment with a
concentration of 80 kg N ha™ * gave the lowest
average yield, reaching (71.41 and 71.76 g
plant™ ¥) for both growing seasons. This
variation is attributed to the increased disc
diameter (Table, 6). This result is consistent
with [20] and [25].

Table (2) indicates significant differences
between the cultivars in the plant seed vyield
traits. The Tagah-1 cultivar outperformed
others, recording the highest average seed
weight in both growing seasons (105.87 and
113.08 g plant-1), while the Banam cultivar
recorded the lowest average seed weight
(76.23 and 79.53 g plant-1) for both growing
seasons. This is attributed to the increased disc
diameter (Table 6) . This result is consistent
with [21,12]

Table (3) shows a significant interaction
between the 35 kg N ha-1 + Azotobacter
combination and the Tagah-1 cultivar , which
recorded the highest average yield of the traits
(132.60 g plant-1) for the spring crop.
Conversely, the 65 kg N ha-1 + Azotobacter
combination and the Agmar cultivar gave the
lowest average yield of the traits (44.69 g
plant-1) in the spring crop. However, there
was no significant interaction between the
fertilizer combinations and the cultivars in the
autumn crop.

Oil content (%):

The results in Table (1) show significant
differences between the fertilizer combinations
in the oil content for both growing seasons.
The combination of 35 kg N ha™ ! +
Azotobacter gave the highest average oil
content for the spring growing season
(39.94%), while the combination of 20 kg N
ha” ' + Azotobacter gave the highest average
oil content for the autumn growing season
(37.38%). The control treatment with a
concentration of 80 kg N ha™ * gave the lowest
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average oil content (33.25% and 33.05%,
respectively) for both growing seasons. this
attributed to the enhancement of plant growth,
productivity, and quality resulting from the
application of Azotobacter bacteria. This
micro-organism is characterized by its ability
to stimulate plant growth through the
production of growth-regulating hormones,
such as auxins, cytokinins, and gibberellic
acid, which subsequently promote nutrient
uptake. This result is consistent with [3] and
[13].

Table (2) shows significant differences
between the cultivars in oil percentage. The
Tagah-1 cultivar recorded the highest average
oil percentage in both growing seasons
(37.68% and 37.75%), while the Banam
cultivar  recorded the lowest average oil
percentage (35.20% and 33.11%). This
difference is attributed to the superior cultivar
being influenced by prevailing environmental
conditions. This result is consistent with [7]
and [2].

Table (3) shows a significant interaction
between the 35 kg N ha-1 + Azotobacter
combination and the Tagah-1 cultivar in oil
percentage. This combination gave the highest
average oil percentage in both growing
seasons (42.25% and 39.50%), while the
control treatment with 80 kg N ha-1 and the
Banam cultivar gave the lowest average oil
percentage (32.03% and 30.66%).

Oil yield per plant (g):

The results in Table (1) indicate significant
differences between the fertilizer combinations
in oil yield. The combination of 35 kg N ha™ *
+ Azotobacter gave the highest average yield
in both growing seasons (45.22 and 45.38 ¢
plant™ 1), while the control treatment with a
concentration of 80 kg N ha™ * gave the lowest
average yield (23.87 and 24.05 g plant™ ) for
both growing seasons. This is attributed to the
increased disc diameter (Table 6), and the
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increased oil content in the seeds (Table 13).
This result is consistent with [3] and [13].

Table (2) shows significant differences
between cultivars in oil yield. The Tagah-1
cultivar exhibited the highest average yield in
both growing seasons (40.06 and 42.59 ¢
plant-1), while the Banam cultivar exhibited
the lowest average yield (27.13 and 26.45 g

plant-1) for both seasons. This increase is
attributed to the higher seed yield per plant
(Table 10), and the higher oil content in the
seeds (Table 13). This result is consistent with
the findings of [6,7] .

Table (3) indicates no significant interaction
between fertilizer combinations and cultivars
in oil yield in both growing seasons.

Table (1): Effect of fertilizer combination on some studied characteristics of the sunflower.

N Plant | No. of | SMIOMP | peaq | 1000- |34 | o Oil yield
fertilizer . hyll . yield .
o height leaves | . diamete | seed .| content | (g head
combination (cm) plant™ index r(cm) | weight (9 head (%) 1y
(SPAD) Y

Spring season

80 kg N ha™ 126.70c | 21.97c |41.28c | 1455c |67.73c | 71.41d |33.25c | 23.87d
T

gio‘:gbgctgf_‘ *1130.280c | 23.71b |4326b |1575b |71.97bc |83.38c | 35.91bc | 29.97¢
-1

iozo‘:gbgctgf *1133.37ab | 26.36a |43.43b |16.33b |82.42ab | 93.68b |36.58b | 36.08b
T

ffzofgbgctgf *113723a |2437b |4369b |1751a |8954a |112.76a |39.94a | 45.22a
T

i?zol:gb:ctzﬁ *|133.27ab | 23.42bc | 45792 | 16.15b | 73.46bc | 88.69bc | 36.69b | 32.67bc

Autumn season

80 kg N ha 128.84c | 20.82c |38.59c | 13.79d |84.99c |71.76d |33.05c | 24.05d
-1

%;:gbgctgf *113351b |23.08b |4058bc |1573c |9152bc |87.39c | 35.30b | 31.06¢
T

2020‘:&2“2? *|136.88ab | 25.84a |40.93bc |16.80b | 100.57ab | 105.06b | 34.55bc | 36.68b
T

iiofgbgctgf *114150a |23.42b |4255ab |17.97a |100.06a |126.44a |35.88a | 45.38a
-1

i(;ol:gbgctgg *1137.33ab | 23.24b |44.04a |1576c | 94.99bc | 93.07bc | 37.38a | 35.14bc

Values followed by different letters within the same column differ significantly from each other
according to Duncan's multiple range test.
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Table (2): Effect of cultivars on some studied traits of the sunflower.

Seed .

cultivar Elgnt No. of _Chlorophyll H_ead 1000- yield Qil Oil yield
s eight leaves index diamete | seed (g head content (g head™))

(cm) plant’ | (SPAD) r(cm) | weight I (%)
Spring season
Agmar | 129.06b | 23.35b | 45.88a 16.05b | 77.33b | 90.81b 36.55ab | 33.49b
Banam | 124.38c | 23.00b | 41.26¢ 14.76¢ 67.49c 76.23c 35.20b 27.13c
Iaqah' 143.10a | 25.56a | 34.33b 17.37a | 86.24a |105.87a |37.68a | 40.06a
Autumn season
Agmar | 134.01b | 23.01b | 43.96a 16.01b | 97.15b | 97.62b 34.85b 34.34b
Banam | 128.96¢c | 22.32b 38.80c 14.95c 87.11c 79.53c 33.11c 26.45¢c
Iaqah' 143.86a | 24.52a | 41.25b 17.06a |104.4a |113.08a |37.75a | 42.59a

Values followed by different letters within the same column differ significantly from each other
according to Duncan's multiple range test.

Table (3): Effect of the interaction between fertilizer combinations and cultivars on some studied traits
of the sunflower.

fertilize | Plant | No.  of | CMOTOP | ieaq | 1000- |54 | oil | Oilyield
r cultivrs . hyll . yield ;
i height | leaves . diamet | seed content | (g head
combin (cm) plant™ index er (cm) | weight © i | (%) D)
ation (SPAD) head™)
Spring season
Agmar 3}?6'75 21.66 4420 | 1573 27'97C 75.85f | 33.83¢f | 25.71
ﬁg_lkg NBanam | 120.83f | 20.91 3031 |1293 |57.03d |4890g |32.08f | 1573
Tagah-1 232'530 2333 4034 | 15.00 ZS'Zlb 80.49df | 33.83¢f | 30.18
Agmar | 121.25f | 22.41 4589 |1586 | ‘2380 | 4460ef | 35.41cf | 31.45
65 kg N | A . . . . c . . .
1
ha”  *|ganam | 2500 | 9333 a17 1426 | 9999 | 7950 | 32.91ef | 26.24
Azotoba df d
Cr | Tagah-1 é44'6oa 25.40 272 |17.13 36'980 81.76f | 39.41ab | 32.22
50 kg N | Aqmar | 2033 2475 4570 | 1560 | D230 | 10203 | 3g66hc | 30,66
ha' +
Azotoba | Banam 3?4'66 25,66 4159 | 1580 36'460 76.40f | 36.41be | 27.91
cter 117.60a
Tagah-1 | 149.13a | 28.66 4301|1760 | 9543a | "% | 34.66ef | 40.66
35 kg N 133.50¢ 88.73a | 111.25
o9 Agmar | 24.00 4696 [17.13 |} - 38.83bc | 43.19
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Azotoba | g o | 12783 1o gy 2062 | 1586 | 2120 | 94.40¢f | 38.75bc | 36.54
cter df c
Tagah-1 | 150.53a | 25.20 4348 1953 | 1°97° | 13260a 42250 |55.93
13750 65.22¢
20 kg N Agmar | o 23.91 4664|1593 | 76.23f | 36.00be | 27.45
ha™  +1gonam | 123988 59 16 4364 | 1493 | 5931 | g1 76 | 35.830e | 29.25
Azotoba f d
cter 138.73 80.84a | 107.90 | 38.25b
Tagah-1l | o 25.56 o711 1426 |7 ” : 41.32
Autumn season
31.25¢
Agmar | 121.00 |20.33 4182|1410 |77.24f 6734 | 20.96
ﬁg_lkg NlBanam |12033 |19.33 3540 | 1277 | 77.13f | 6118 |30.66h | 18.79
Tagah-1 | 14520 |22.80 3855 | 14.50 égo.eo 86.76 | 37.25ad | 32.42
65 1kg N | Agmar 134.20 | 22.60 44.64 15.77 93.72ce | 88.21 34'25d 30.18
ha +
Asotoba | Banam | 12853 | 21.73 3740 | 13.99 |90.62df | 73.49 | 33.41ch | 24.58
cter Tagah-1 | 137.80 | 24.93 3070 | 17.41 |90.21df | 100.48 | 38.25ab | 38.43
50 kg N |Agmar 13740 | 2586|4420 |17.33 | 07 10623 |33.25eh | 35.46
1
ha™  + g nam | 12926 | 24.86 3756 | 1499 |93.77ce | 8957 | 31.66fh | 28.26
Azotoba
cter | Tagah-1 |144.00 |26.80 4108|1808 | %" 11037 38752 | 4641
113.42a
35 kg N | Aqmar | 14113 | 23.26 473 1733 | 13450 | 37.50ad | 50.32
ha +
Azotoba | Banam | 136.90 | 22.46 4168 | 17.66 |93.41ce | 99.46 | 35.16be | 34.94
cter Tagah-1 | 146.46 | 24.53 4123 | 1891 |120.35a | 145.36 | 39.50a | 50.88
20 kg N | Agmar | 13633 | 23.00 4442 | 1555 |97.27cd | 91.81 | 38.00ac | 34.89
ha'  +|Banam | 129.80 | 23.20 4196 | 1533 | 80.66ef |37.95 |34.66cy | 25.71
Azotoba 107.04a
cter Tagah-1 | 14586 | 23.53 4525 | 1641 | 07011345 | 35.00bf | 4484

Values followed by different letters within the same column differ significantly from each other

according to Duncan's multiple range test.
Conclusion:

This experiment concludes that the fertilizer
combination 35 kg N ha-1 + Azotobacter
effectively contributed to improving sunflower
productivity, in addition to the superiority of
the Tagah-1 cultivar plants in most of the
studied traits, including disc diameter, 1000
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seed weight, oil percentage, and oil yield,
which was reflected positively in increasing
the productivity of the sunflower crop under
the conditions of the region.
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