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ABSTRACT:

A field experiment was conducted during the summer season of 2025 at the Research Station
of the College of Agriculture in Al-Buaitha area to investigate the response of three pearl
millet genotypes (Syrian, Egyptian, and Saudi) to different nitrogen fertilization rates. The
experiment was arranged as a split-plot design within a randomized complete block design
(RCBD) with three replications. Four nitrogen levels (0, 60, 120, and 180 kg N ha™ 1) were
allocated to the main plots, while the three genotypes were assigned to the subplots.The
results demonstrated significant differences among the genotypes for most of the evaluated
traits. The Saudi genotype exhibited the best overall performance, achieving the highest mean
values for plant height (197.49 cm), flag leaf area (118.02 cm?), leaf chlorophyll content
(42.66 SPAD), 1000-grain weight (6.30 g), and total grain yield (1.435 t ha™ *). Nitrogen
fertilization also significantly influenced the studied traits. The highest values of plant height
(170.09 cm) and flag leaf area (86.78 cm?) were obtained with 180 kg N ha™ %, whereas the
application of 120 kg N ha™ ? resulted in the highest leaf chlorophyll content (43.21 SPAD),
1000-grain weight (5.96 g), and total grain yield (1.205 t ha™ ) .Furthermore, the genotype x
nitrogen fertilization interaction had a significant effect on several traits. The maximum
interaction values reached 221.30 cm for plant height, 120.18 cm? for flag leaf area, 44.38
SPAD for leaf chlorophyll content, 6.96 g for 1000-grain weight, and 1.527 t ha™ ! for total
grain yield. Overall, the results indicate that both genotype and nitrogen supply, as well as
their interaction, play an important role in improving the growth characteristics and grain
productivity of pearl millet under the conditions of the study.
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1. Introduction:

Pearl millet [Pennisetum glaucum iron, and zinc, which enhances its role in
(L.)] is considered one of the oldest cereal alleviating malnutrition and contributing to
crops cultivated since ancient times. Its food security [2]. Pearl millet is
widespread importance is largely attributed predominantly cultivated in tropical dry
to its high adaptability to diverse and semi-dry regions, particularly in Asia
environmental conditions, particularly and Africa, with a global cultivated area
harsh environments [1]. Consequently, estimated at approximately 30 million
pearl millet is extensively cultivated in arid hectares [3]. The crop also accounts for a
and semi-arid regions of the world, where substantial proportion of global millet
it represents an important food crop in production and constitutes a staple food for
desert and semi-desert ecosystems. Its nearly 90 million people, particularly in the
nutritional  significance is  mainly African Sahel and northwestern India [4].
associated with its content of essential Pearl millet grains are characterized by
nutrients and minerals, particularly protein, high nutritional value owing to their
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richness in energy, carbohydrates, and
dietary fiber. In addition, the grains contain
considerable amounts of protein, ranging
from 8-19%, and fat, ranging from 3-8%,
together with  minerals, antioxidant
compounds, and resistant starch, which
collectively contribute to their nutritional
and health-promoting value [5]. Pearl
millet grains also provide several important
vitamins, including thiamine, riboflavin,
and niacin, as well as essential minerals
such as magnesium, iron, potassium,
phosphorus, zinc, copper, and manganese
[2]. Another important  nutritional
characteristic of pearl millet is that it is
naturally gluten-free and has a low
glycemic index, making it a suitable
dietary option for individuals with gluten
intolerance as well as those with diabetes
[7]. The importance of pearl millet is
particularly  evident in marginal
agricultural areas because of its ability to
grow and produce under low-fertility soil
conditions and to withstand harsh
environmental and climatic conditions that
limit the successful cultivation of many
other cereal crops [8]. Among the major
nutritional factors affecting plant growth

and productivity, nitrogen plays a
fundamental role in the synthesis of
essential biological compounds,

particularly proteins, nucleic acids, and
chlorophyll. Accordingly, an adequate
supply of nitrogen contributes to enhanced
vegetative  growth  and  improved
photosynthetic efficiency, which in turn
can directly or indirectly increase crop
productivity [9].  Although nitrogen
constitutes approximately 78% of the
atmosphere, it occurs predominantly as
molecular nitrogen gas (N, ), a form that
cannot be directly utilized by plants.
Therefore, atmospheric nitrogen must be
converted into chemically available forms
through a series of biological and chemical
processes occurring in the soil. These
processes result in the formation of
nitrogen compounds that can be absorbed
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and utilized by plants, including ammonia
(NH3 ) and nitrates [10].

The study aimed to evaluate the effects of
different nitrogen fertilization levels on the
growth and vyield traits of several pearl
millet (Pennisetum glaucum L.) genotypes,
determine their responses to nitrogen
fertilization, and identify the genotype and
nitrogen fertilization level for improving
growth and increasing yield under the
prevailing environmental conditions.

2. Materials and Methods:

This field experiment was conducted
during the summer growing season of 2025
at the Research Station of the College of
Agriculture in the Al-Buaitha area, along
the Euphrates River, to evaluate the
performance of three pearl millet
genotypes under different levels of
nitrogen fertilization. The experiment was
laid out according to a split-plot
arrangement within a randomized complete
block design (RCBD), with three
replications. The main plots were assigned
to four nitrogen fertilization levels: 0, 60,
120, and 180 kg N ha™ i, whereas the
subplots comprised three pearl millet
genotypes, namely Syrian, Egyptian, and
Saudi.

Prior to sowing, the experimental field was
prepared by ploughing, levelling, and
smoothing, and subsequently divided into
36 experimental plots, each measuring 2 x
2 m, with a total plot area of 4 m2. Each
plot consisted of four rows spaced 60 cm
apart, with a spacing of 25 cm between
hills within each row. Sowing was carried
out manually on April 7, 2025, using 2—-3
seeds per hill. The seeds were lightly
covered with sandy soil to facilitate
germination and seedling emergence.
Immediately after sowing, the plots were
lightly irrigated, followed by subsequent
irrigation according to crop requirements
and soil moisture sensor readings.

ISSN 2072-3857




Euphrates Journal of Agricultural Science-18 (3):2373-2385, (Sep. 2026)

AL-Mansouri, &Al-Ani

Hills in which seeds failed to germinate
were subsequently replanted to ensure
uniform plant establishment. Thinning was
performed one to two weeks after
germination by removing excess seedlings

and retaining one healthy plant per hill.
Nitrogen fertilizer was applied in two
equal or scheduled applications, with the
first application at seedling emergence and
the second at the elongation stage [10].

Table 1 shows the physical and chemical properties of soil

characteristics values Units measurement

Soil reaction 7.6 DC Siemens™

EC 4 microgram gm™
Available Nitrogen 15.7 microgram gm™
Phosphor Available 16.37 microgram gm™
Potassium Available 210.19 microgram gm™
Organic matter 1.3 Y%

CEC 6.5 Milli- equivalent/100 g/L

Traits studied

1. Plant height (cm): Plant height was
recorded for ten representative plants
randomly selected from the central rows of
each experimental plot. Measurements
were taken from the soil surface up to the
node bearing the panicle, and the average
value of the selected plants was used for
statistical analysis.

A=KxLxW

Where:

A = flag
L = flag
w = maximum

K = constant factor (0.75).

3. Leaf chlorophyll content (SPAD):
Chlorophyll content was assessed at the
flowering stage using a SPAD chlorophyll
meter. Readings were obtained from three
leaves of each of ten randomly selected
plants per experimental plot. The mean of
the recorded readings was calculated and
used to represent the chlorophyll content of
the respective experimental plot.

4. Thousand-grain weight (g): Following
grain harvesting, 1,000 grains were
randomly selected from each experimental

flag
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2. Flag leaf area (cm?): The flag leaf
area was estimated using ten randomly
selected plants from the central rows of
each experimental plot. Measurements
were obtained according to the procedure
proposed by [11] using leaf length and
maximum leaf width in the following
equation:

leaf area (cm?)
leaf length (cm)
leaf width (cm)

plot and weighed using a precision
electronic balance. The recorded weight
was expressed in grams and considered the
thousand-grain weight.

5. Grain yield (t ha™ *): At maturity, ten
representative  plants were randomly
selected from the central rows of each
experimental plot. The grains obtained
from these plants were weighed, and the
resulting grain weight was converted to
grain yield and expressed as tonnes per
hectare (t ha™ ).
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3. Results and discussion:
3.1 Plant height (cm):

The results presented in Table (2)
demonstrated significant differences in
plant height among the pearl millet
genotypes and nitrogen fertilization. The
genotype  x  nitrogen  fertilization
interaction also exerted a significant effect
on this trait in the season. The Saudi
genotype recorded the highest mean plant
height, reaching 197.49 cm, respectively,
whereas the Syrian genotype exhibited the
lowest mean, recording 80.64 cm,
respectively. The superiority of the Saudi
genotype in plant height may be attributed
to its genetic characteristics and greater
adaptation to the prevailing environmental
conditions, which could have promoted
cell division and elongation, consequently
enhancing vegetative growth [12]. Similar
findings were reported by [13] [14] [15].

Nitrogen fertilization also significantly
affected plant height, as an increase in
nitrogen  application resulted in a
corresponding increase in this trait. The

highest mean plant height was recorded at
180 kg N ha™ % reaching 170.09 cm,
whereas the control treatment (0 kg N
ha™ 1) recorded the lowest mean of 143.50
cm. The positive response of plant height
to increasing nitrogen levels may be
explained by the role of nitrogen in
promoting vegetative growth through
stimulating cell division and elongation, as
well as enhancing overall plant
development [16]. These results are
consistent with the findings [17] [18].

The genotype x nitrogen fertilization
interaction was significant for plant height
in both seasons. The Saudi genotype
fertilized with 180 kg N ha™ * achieved the
highest mean plant height, reaching 221.30
cm, while the Syrian genotype under the
control treatment recorded the lowest
mean, at 72.08 cm. This significant
interaction indicates that the response of
plant height to nitrogen fertilization varied
among  the  genotypes,  reflecting
differences in their genetic potential and
ability to utilize the supplied nitrogen
under the prevailing environmental
conditions.

Table (2): shows the effect of genotypes, nitrogen fertilization levels, and their interaction

Plant height (cm) of pearl millet.

Nitrogen Plants genotype Average  of

fertilization . . _ nitrogen
Syrian Egyptian Saudi fertilization

0 72.08 173.51 184.92 143.50

60 80.97 190.04 190.11 153.71

120 82.97 196.80 193.62 157.80

180 86.53 202.46 221.30 170.09

Average 80.64 190.70 197.49

genotypic

plant
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L.S.D Nitrogen .
fertilization Plant genotype Interaction
0.05
4.349 2.359 5.344
3.2 Flag leaf area (cm?):
The data presented in Table (3) indicated leaf area with increasing nitrogen

that genotype, nitrogen fertilization level,
and their interaction significantly affected
flag leaf area. Among the genotypes
evaluated, the Saudi genotype exhibited
the greatest flag leaf area, with a mean
value of 118.02 cm? plant™ . The Egyptian
genotype ranked second, recording 114.70
cm? plant™ 1, and its value was statistically
comparable with that of the Saudi
genotype. In contrast, the Syrian genotype
showed a markedly lower mean flag leaf
area of 21.99 cm? plant™ . The observed
genotypic differences could be attributed to
variations in genetic constitution and the
ability of each genotype to adapt to and
exploit the prevailing environmental
conditions. The larger flag leaf area of the
Saudi genotype may also be associated
with its superior plant height and
branching characteristics, which may have
contributed to enhanced leaf development.
In addition, genetic differences in growth
habit, leaf dimensions, position of the flag
leaf on the stem, and leaf orientation may
have contributed to the variation observed
in this trait. Similar genotypic variation in
flag leaf area has been reported by [19]
[20].

Nitrogen fertilization significantly
influenced flag leaf area. The highest mean
value, 86.78 cm? plant™ !, was obtained
with the application of 180 kg N ha™ %,
whereas the control treatment without
nitrogen recorded the lowest mean value of
83.98 cm? plant™ 1. The increase in flag
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availability may be explained by the
essential role of nitrogen in promoting
vegetative growth, cell division, and cell
expansion, as well as in enhancing nutrient
uptake and assimilation. These processes
contribute to greater leaf development and
expansion. Since the flag leaf is an
important source of assimilates during the
reproductive  stage and  contributes
substantially to grain filling, its greater
surface area may enhance photosynthetic
capacity and assimilate production during
grain development [21]. The present
findings are in accordance with those of
[22].

The interaction between genotype and
nitrogen fertilization level also had a
significant effect on flag leaf area. The
highest value was recorded by the Saudi
genotype supplied with 180 kg N ha™ %,
reaching 120.18 cm? plant™ . In contrast,
the lowest value of 20.95 cm? plant™ * was
obtained from the Syrian genotype under
the same nitrogen level. The contrasting
responses among genotypes indicate
differences in their capacity to utilize and
respond to the supplied nitrogen. The
pronounced response of the Saudi
genotype may reflect its superior genetic
potential for nutrient utilization and leaf
development, allowing it to benefit more
effectively from the applied nitrogen and
consequently produce a larger flag leaf
area.
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Table (3): The effect of genotypes, nitrogen fertilization levels, and interaction Flag leaf

area (cm2) of pearl millet.

Nitrogen Plants genotype Average  of
fertilization . . . nitrogen
Syrian Egyptian Saudi fertilization
0 21.77 112.78 117.39 83.98
60 22.42 114.20 118.65 85.09
120 20.95 114.52 115.88 83.78
180 22.84 117.31 120.18 86.78
Average 21.99 114.70 118.02
genotypic
plant
L.S.D Nitrogen .
fertilization Plant genotype Interaction
0.05
0.827 0.787 1.440

3.3 Leaf chlorophyll content (SPAD)

The findings of Table (4) demonstrated
that pearl millet genotypes, nitrogen
fertilization levels, and their interaction
significantly ~ influenced  total leaf
chlorophyll content during the growing
season. Among the genotypes, the Saudi
genotype attained the highest chlorophyll
content, with a mean of 42.66 SPAD,
whereas the Syrian genotype recorded the
lowest mean value of 41.14 SPAD. The
observed differences among genotypes
may be associated with their inherent
genetic variability and differences in their
physiological responses to the prevailing
environmental conditions. The relatively
higher chlorophyll content of the Saudi
genotype may also be related to its better
performance in other vegetative growth
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traits, which could have contributed to
greater chlorophyll accumulation in the
leaves [24]. Similar genotypic differences
were reported by [25].

Nitrogen application also exerted a
significant effect on leaf chlorophyll
content. The treatment receiving 120 kg N
ha”* resulted in the highest mean
chlorophyll value of 43.21 SPAD, whereas
the unfertilized control treatment produced
the lowest value of 40.29 SPAD. The
increase in chlorophyll content in response
to nitrogen application can be attributed to
the fundamental role of nitrogen in
chlorophyll biosynthesis and the formation
of photosynthetic pigments. Adequate
nitrogen  availability = promotes  the

ISSN 2072-3857




Euphrates Journal of Agricultural Science-18 (3):2373-2385, (Sep. 2026)

AL-Mansouri, &Al-Ani

development of metabolically active leaves
and supports the synthesis of chlorophyll,
thereby increasing leaf  chlorophyll
concentration. Under the conditions of the
present experiment, the application of 120
kg N ha™ ! appeared to provide a suitable
nitrogen supply for maintaining higher
chlorophyll content [26]. This result agrees
with the findings of [27].

The interaction between genotype and
nitrogen fertilization level was also
significant for leaf chlorophyll content.
The highest interaction value was obtained
from the Saudi genotype supplied with 120
kg N ha™ 1, which recorded 44.38 SPAD.

In contrast, the lowest value, 40.03 SPAD,
was observed in the Syrian genotype under
the control treatment. The significant
interaction indicates that chlorophyll
accumulation was influenced by the
combined effects of genotype and nitrogen
availability. The contrasting responses
among genotypes may reflect differences
in their genetic capacity to absorb and
utilize nitrogen, as well as differences in
their physiological efficiency in converting
the available nitrogen into chlorophyll and
other ~ components  associated  with
photosynthetic activity.

Table (4): shows the effect of nitrogen fertilization levels, genotypes, and their interaction

Leaf chlorophyll content (SPAD) of pearl millet.

Ni trogen Plants genotype ,:\i\tlﬁgggre] of

fertilization 1 o ion Egyptian | Saudi fertilization

0 40.03 40.65 40.20 40.29

60 40.85 41.46 42.66 41.65

120 42.15 43.09 44.38 43.21

180 41.55 42.79 43.42 42.59

Average 41.14 42.00 42.66

genotypic

plant

L.S.D Nitrogen .

. fertilization Plant genotype Interaction
0.6387 0.4467 0.8979

3.4 Thousand-grain weight (g):

According to the results shown in Table
(5), genotype, nitrogen fertilization level,
and the interaction between these factors
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had significant effects on thousand-grain
weight. The Saudi genotype produced the
highest mean value, reaching 6.30 g, and
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was significantly superior to the other
genotypes.  Conversely, the  Syrian
genotype recorded the lowest mean
thousand-grain weight, at 3.40 g. Variation
in thousand-grain weight can arise from
both genetic and environmental influences,
as environmental conditions determine the
extent to which the genetic potential of a
genotype can be expressed. The
differences among the tested genotypes
may also be related to their ability to
produce and accumulate assimilates within
the developing grains, leading to variation
in the degree of grain filling and,
consequently, grain weight. Comparable
results were reported by[28].

Nitrogen fertilization significantly affected
thousand-grain weight, with the response
increasing as  nitrogen  availability
increased up to 120 kg N ha % The
highest mean value was obtained at this
level, reaching 5.96 g, while the control
treatment (0 kg N ha™ 1) gave the lowest
value of 4.61 g. The improvement in grain
weight under adequate nitrogen supply
may be explained by the role of nitrogen in
stimulating vegetative development and
maintaining photosynthetic activity, which
increases the production of assimilates and
dry matter. A greater supply of
photosynthetic products during the grain-
filling period can enhance their

translocation and deposition in the

developing grains. Furthermore, sufficient
nitrogen may prolong the functional period
of the leaves, thereby sustaining assimilate
production for a longer duration and
supporting more effective grain filling.
These physiological effects may ultimately
result in heavier grains[29].  This
explanation is supported by while similar
responses have been documented by[27]
[28] [30].

The genotype x nitrogen fertilization
interaction was significant for thousand-
grain weight. The combination of the Saudi
genotype with 120 kg N ha™ * produced the
highest value, recording 6.96 g, whereas
the Syrian genotype grown without
nitrogen fertilizer recorded the lowest
value of 3.12 g. This differential response
suggests that the genotypes varied in their
ability to utilize the available nitrogen and
translate it into grain development. The
superior response of the Saudi genotype
may be associated with greater efficiency

in  photosynthesis  and  assimilate
production under adequate nitrogen
availability.  These assimilates  can

subsequently be transported from source
tissues to the developing grains, where
their accumulation promotes grain filling
and increases final grain weight.

Table (5): The influence of genotypes, nitrogen fertilization levels and their interaction
Thousand-grain weight (g): of pearl millet.—l

Ni tr_o_gen_ Plants genotype ﬁ\i\t/?gggre] of
fertilization Syrian Egyptian Saudi fertilization

0 3.30 6.53 6.58 4.61

60 3.31 6.53 6.58 5.47

120 4.17 6.76 6.96 5.96
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180 3.12 5.18 5.79 4.69

Average 3.40 5.85 6.30

genotypic

plant

L.S.D Nitrogen _

0.05 fertilization Plant genotype Interaction
0.3239 0.1972 0.4210

3.5 Grain yield (t ha™ 1):

The data presented in Table (6) showed
that both genotype and nitrogen
fertilization, as well as their interaction,
had a significant influence on the overall
grain yield across growing seasons. The
Saudi genotype achieved the highest mean
grain yield, reaching 1.435 t ha™ %, and was
significantly superior to the Syrian
genotype. However, its yield was
statistically comparable with that of the
Egyptian genotype, which recorded a mean
of 1.433 t ha” . The Syrian genotype
produced the lowest grain yield, with an
overall mean of 0.438 t ha™ 1. The superior
productivity of the Saudi genotype may be
related to its genetic constitution and its
greater adaptation to the environmental

conditions  prevailing  during  the
experiment. In addition, its better
performance in important yield

components, particularly grain number and
thousand-grain weight, likely contributed
to its higher final grain yield. Since these
components  directly influence vyield
formation, their improvement can result in
a substantial increase in total grain
production[29]. Similar genotype-related
differences in grain vyield have been
reported by [13] [12] [31] [15].
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Nitrogen fertilization also produced a
significant response in grain yield. Grain
production increased progressively with
nitrogen application and reached its
maximum at 120 kg N ha™ %, where the
mean vyield was 1205 t ha” i In
comparison, the unfertilized treatment
produced the lowest mean yield of 1.035 t
ha™ 1. The positive response to nitrogen
may be attributed to its essential function
in regulating plant growth and several
physiological and metabolic processes.
Adequate nitrogen nutrition enhances
vegetative development, photosynthetic
performance, and the formation of protein
and carbohydrate compounds, thereby
increasing the production of assimilates
available  for  reproductive  growth.
Improved nitrogen status may also
facilitate the movement of these
assimilates  toward the developing
reproductive  structures and  grains,
ultimately promoting yield formation[16].
The present results are in agreement with
those reported by [27] [30] [32].
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Table(6): The influence of genotypes, nitrogen fertilization levels and their interaction Grain

yield (t ha™ 1) of pearl millet.

Ni tr_o_gen_ Plants genotype ,:\i\t/%ggre] of

fertilization 1 o ion Egyptian | Saudi fertilization

0 0.425 1.338 1.396 1.053

60 0.459 1.501 1.527 1.162

120 0.496 1.594 1.524 1.205

180 0.372 1.301 1.295 0.989

Average 0.438 1.433 1.435

genotypic

plant

L.S.D Nitrogen .

005 fertilization Plant genotype Interaction
0.05166 0.04772 N.S

4. Conclusions
The findings of this study confirmed that
genotype and nitrogen fertilization
significantly influenced the growth and
yield characteristics of pearl millet.
Significant  genetic  differences  were
observed among the evaluated genotypes
for several traits, including plant height,
flag leaf area, leaf chlorophyll content,
1000-grain weight, and grain yield. Among
the tested genotypes, the Saudi genotype
exhibited superior performance compared
with the Egyptian and Syrian genotypes for
most of these traits, with significant
differences detected at P<0.05. Nitrogen
fertilization generally promoted gradual
improvements in growth and yield
characteristics, with the 180 kg N ha™ 1

5. Recommendations

*Genotype selection: The Saudi genotype
is recommended for cultivation
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treatment producing the highest response
for several traits. However, increasing
nitrogen supply beyond the optimum level
was associated with a slight decline in
1000-grain weight and total grain vyield,
suggesting  that  excessive  nitrogen
application may not necessarily enhance
productivity. Furthermore, the significant
genotype  x  nitrogen  fertilization
interaction demonstrated that genotypes
differed in their responses to nitrogen
availability. Therefore, selecting well-
adapted genotypes and optimizing nitrogen
fertilization rates are essential for
achieving improved growth performance
and grain productivity of pearl millet under
the conditions of the study.
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and future breeding programs due to its
superior performance in several
grain quality traits.
*Nitrogen management: Application of 120
kg N ha™ ' is recommended as an
appropriate rate for improving grain
quality, particularly protein and ash
content, while maintaining carbohydrate
accumulation.
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