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ABSTRACT

A field experiment was carried out in summer season 2024 at one field of the Agricultural
Engineering Sciences College, University of Baghdad, in order to study the impact of organic
and phosphate fertilization plus foliar application with the L- glutamic acid, on growth and
yield of cowpea (Vigna unguiculata L.). The experiment was laid out in a randomized
complete block design (RCBD) with split-plot arrangement and three replicates. The
experiment consist three factors, three levels of organic fertilizer (cattle manure) at rates 0,
20, and 40 Mg ha*'; three levels of phosphate fertilizer in the form of diammonium phosphate
(DAP, 20% P) at a rate 0, 75 and 150 kg ha™', and foliar application of L-glutamic acid at
concentrations 0, 134, and 267 mg L. The results revealed that the combined treatment 40
Mg ha™ organic fertilizer, 150 kg ha™ phosphate fertilizer and 267 mg L™ L-glutamic acid
foliar application significantly improved the plant growth parameters (number of leaves,
plant height, leaf area, dry biomass and number of root nodules). This treatment also resulted
in the maximum number of pods, branches, chlorophyll concentration, green pod yield and
N, P% in seeds.
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INTRODUCTION Organic fertilization is recognized as one of
Cowpea (Vigna Unguiculata L.) is considered the key elements to urban agriculture for its
one of the oldest cultivated crops globally and positive influence in the maintenance of soil
belongs to the Legume family (Fabaceae) structure and organic matter content. The
(Abebe and Alemayehu, 2022; Singh and application of organic fertilizers has been
Umesha, 2023). It is believed that it was reported to increase the concentration of soil
gradually occurred in Central Africa before organic through its contribute to increase the
spreading to Asia and Europe, and later in the water-holding capacity (Murtaza et al, 2023;
United States (Herniter et al, 2020). Cowpea is Ren et al, 2024) Moreover, organic
especially known for its tolerance to drought fertilization enhances the population of soil
and heat, which can be explained by its deep beneficial microorganisms such as bacteria
root system which goes as deep as 2 meters. and fungi which are vital to decompose
Thus it can reach water supply in deeper soils. organic material and liberate nutrients. This
It also enriches soil fertility as it fixes microbial action also enhances the fertility of
atmospheric  nitrogen  through symbiotic soil and promotes sustainable production of
association with root nodules bacteria hence crops (Huang et al, 2022). Organic manure is
minimizing  nitrogenous  fertilizers input now being acknowledged as an effective
(Mohammed et al, 2023; Nwaghoso et al, means of mitigating greenhouse gas (GHG)
2024). Cowpea seeds are good sources of emissions in general, carbon dioxide (COy)

dietary protein (Khodamoradi et al, 2015) and methane (CH4) in particular (Chai et al,
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2019) Such improvement may lead to much
higher attractiveness and commercial value of
the material (Troster, 2023). The function of
phosphorus as a basic biochemical unit is that
it is part of the structures of nucleic acids
(DNA, RNA), proteins and enzymic systems
and is involved in the central energy
transduction in the cell for the synthesis of
ATP (Pang et al, 2024; Zhang et al, 2024).
This factor is especially important in legumes
because it plays a dual role in the ability of
rhizobia colonizing the roots and also the one
of sustaining nitrogenase activity (Song et al,
2024; Zhang et al, 2017). During reproductive
phases, phosphorus mediates energy transfer
processes that govern flower initiation and
seed development. Its deficiency induces
photosynthetic limitations that cascade into
reduced flowering efficiency and impaired
seed formation (Kayoumu et al, 2023).
Phosphate fertilization improves the uptake of
water and nutrients by plants and thus
increases  the  resistance to  adverse
environmental conditions and pathogens. It
also helps the root development and enhanced
productivity. (Jahan et al, 2025). There is
considerable interest among researchers and
agricultural officials in the search of new
fertilizer types and how it could be used in
novel and innovative ways with efficiency. It
is well known that the main source of nutrient
absorption is through the roots. However,
studies have shown that applying foliar
fertilizers is an effective way to provide plants
with nutrients, as leaves can absorb elements
through the stomata. Amino acids play an
important role in chelating mineral elements
and increase the absorption of plants. For
example, the use of amino acids such as glycin
and histidine in nutrient solutions for increased
zinc absorption by plant roots (Khodamoradi
et al, 2015). Research has shown that spraying
glutamic acid can reduce physical damage
caused by environmental tension such as colds
and salinity by increasing the activity of
enzymes. (Lee et al, 2021). Glutamic acid is a
precursor to chlorophyll formation, as it
participates in the synthesis of 5-aminolevulic
acid, a large intermediate product in the
chlorophyll synthesis passage (EI-Metwally et
al, 2022). Glutamic acid plays a key role in
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nitrogen metabolism in plants, which converts
ammonium  into  organic  compounds
containing nitrogen as glutamine. (Masclaux-
Daubresse et al, 2006). Consequently; this
study aimed to increase cowpea production
and enhance seed quality indicators through
the use of organic fertilizers to achieve
sustainable agricultural goals.

MATERIALS AND METHODS

This study was conducted during the summer
season 2024 at a research station , College of
Agricultural Engineering Sciences, University
of Baghdad, to investigate the effects of
organic and phosphate fertilization, and
glutamic acid foliar application on cowpea
growth and yield. The experimental field was
cleared of previous crop residues and prepared
by plowing, leveling, and smoothing
operations. Composite soil samples were
collected from 0-30 cm depth at multiple
locations across the field, thoroughly mixed,
and subsampled for physicochemical analysis
at the college’s soil laboratory. Table (1). The
experiment employed a split-plot arrangement
within a Randomized Complete Block Design
(RCBD) with three factors:

1. Organic Fertilizer (Main Plots): Three
application rates of caw manure (0, 20, and 40
Mg ha™'), designated as FO, FI, and F2
respectively.

2. Phosphate Fertilizer (Sub-plots): Three
levels of DAP (20% P) application (0, 75, and
150 kg ha™'), labeled PO, P1, and P2. The
fertilizer was applied in four split doses
according to growth stages: at planting, during
vegetative growth, at 50% flowering, and at
pod formation.

3. Glutamic Acid Foliar Application (Sub-
plots): Three concentrations (0, 134, and 267
mg L), denoted as GO, G1, and G2. Foliar
sprays were applied twice: first at the 4-5 true
leaves stage and second 15 days after the
initial application (Rosa et al, 2023).
Statistical analysis

All collected data were subjected to analysis of
variance using GenStat software at p<0.05,
with mean separation performed according to
the LSD test. The experimental layout ensured
random  distribution of all  treatment
combinations  while  maintaining  the


https://doi.org/10.36103/pesbm245

Iraqi Journal of Agricultural Sciences —2026:57(4):1184-1198
P-ISSN: 0075- 0530 /E-ISSN: 2410-0862
DOI: https://doi.org/10.36103/pesbm245

||||||||||||||| \GRICULTURAL SCIENCES
—

hierarchical structure of main and sub-plots.
The experimental unit was divided into two
sections: the first was allocated for measuring
green pod yield using 10 plants, while the
second was designated for evaluating seed
quality traits and counting root nodules, using

5 plants for each purpose. Thus, each
experimental unit included a total of 20 plants.
Seeds of the Ramshon cultivar were sown on
June 15, 2024. Planting was carried out on
raised beds, each 1 meter wide, with seeds
placed on both sides of the bed. A spacing of
30 cm was maintained between individual

plants. Fertilizations was performed based on
recommendations: Nitrogen (as urea): 50 kg
ha™!; Potassium (as potassium sulphate): 60 kg
ha™'. The fertilizers were split two equal doses,
being the first in sowing and the second 30
days after the first. Traveling was used on the
field and irrigation technology was drip with
water applied according to the plant
requirements, and soil moisture monitoring.
All standard agronomic practices were
consistently  maintained  throughout the
growing season.

Table 1. Physicochemical properties of the field soil

Measured Parameter Value Unit
Electrical conductivity (EC 1:1) 1.7 dSm™
pH (1:1) 7.15 -
Available nitrogen (N) 13 mg kg soil
Available phosphorus (P) 3.07 mg kg soil
Available potassium (K) 116.88 mg kg soil
Organic matter 3.8 g kg
minerals 277 g kg™
Soluble calcium (Ca?") 7.8 meq L™
Soluble magnesium (Mg*") 7.00 meq L™
Soluble sodium (Na*) 2.00 meq L™
Soluble potassium (K*) 0.73 meq L'
Soluble bicarbonates (HCOs") 1.6 meq L™
Soluble chloride (CI") 10.18 meq L'
Soluble sulfates (SO4*) 5.22 meq L™
Soluble carbonates Nil -
Soil texture class Silt loam -
Soil separates
Sand 392 g kg soil
Silt 108 g kg soil
Clay 500 g kg soil

Ten plants were selected for vegetative growth
measurements, including:

-Number of leaves, number of branches, (and
then averaged per plant).

-Nitrogen content in leaves (%): Analysis was
done according to the Micro Kjeldahl method
(A.0.A.C. 1990)

-Phosphorus content in leaves (%): Analysis
was done using ascorbic acid and ammonium

molybdate, absorbance was measured at 620
nm (A.O.A.C. 1990)

-Potassium content in leaves (%): Using the
Flame-Photometer (Al-Sahaf, 1989)

-Total yield (Mg ha-1)

Total yield was calculated according to the
equation:

Area per hectare x Yield per experimental unit

Total yield (Mgha—1) =

-Protein content in seeds (%): Using the Micro
Kjeldahl method, multiplying the percentage
of nitrogen by 6.25. (Tkachuk, 1977)
-Carbohydrate content in seeds (%): A
spectrophotometer was used to measure the
carbohydrate concentration in the samples
(Dubois et al, 1956).

-Number of root nodules (node plant®)

Area per experimental unit
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Five plants were allocated from each
experimental unit for the purpose of counting
the number of root nodules. After counting the
number, the average was calculated.

RESULTS AND DISCUSSION
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Effect of Organic and Phosphate
Fertilization and foliar application of I-
glutamic acid on Vegetative Growth Traits:
Total Number of Branches: Data in Table (2)
shows that , applying cattle manure at a rate 20
Mg ha' (F1) resulted in the highest total
number of branches, averaging 52.89 branches
plant™, compared to the control treatment (F0),
which recorded the lowest value 41.36
branches plant™. The result reveals that the
highest number of branches (56.55 branches
plant®) was obtained with the application of
phosphate fertilizer at 150 kg ha™ (P2), while
the lowest branch count (40 branches plant™?)
was observed in the control treatment (PO).
Experimental results further indicate that the
glutamic acid treatment (G2) generated the
highest branch count (56.25branches plant™),
substantially exceeding the control group's
performance (42.55 branches plant?). A
significant interaction effect was found
between organic and phosphate fertilization.
The treatment combination (F2P2) yielded the
highest number of branches (59.55 branches

plant), which was not significantly different
from (F1P2), which recorded 59.33 branches
plant®. The lowest number was observed in
the control FOP0), with only 32.55 branches
plant®. The combination of organic fertilizer
and foliar application of L-glutamic acid
(F1G2) resulted in a marked increase in
branching, recording 63.33 branches plant?,
the highest among all treatments. In contrast,
the lowest value (37.88 branches plant™) was
recorded under the FOG1 treatment. Among
the phosphate—glutamic acid combinations,
treatment (G2P2) stood out with the highest
number of branches (70.44 branches plant™),
while the control (GOPO) recorded the lowest
(35.66 branches plant?). A significant three-
way interaction was also observed. The
combined treatment of F2G2P2 yielded the
maximum number of branches (76.33 branches
plant?), followed closely by F1G2P2 with
75.67 branches plant. The lowest branching,
29.3 branches plant, was recorded in the full
control (FOGOPO).

Table 2. Effect of organic and phosphate fertilization and foliar application of L-glutamic acid
on total number of branches

G

F P FxP
GO Gl G2
PO 29.33 33.33 35.00 32.55
FO P1 39.00 42.33 41.00 40.77
P2 55.00 38.00 59.33 50.77
PO 32.67 41.67 39.00 37.78
F1 P1 36.33 54.67 66.63 52.44
p2 56.33 46.00 75.67 59.33
PO 45.00 49.33 54.67 49.66
E2 P1 42.67 46.67 59.00 49.44
P2 46.67 55.67 76.33 59.55
L.S.D%5 418 2.41
F FxG Mean F
FO 41.10 37.88 45.11 41.36
F1 44.78 50.55 63.33 52.89
F2 41.77 47.44 60.33 49.85
L.S.D%5 2.41 1.49**
P GxP Mean P
PO 35.66 41.44 42.89 40.00
P1 39.33 47.89 55.44 47.55
P2 52.66 46.55 70.44 56.55
L.S.D%5 241 1.39
Mean G 42.55 45.29 56.25
L.S.D%5 1.39

Nitrogen Content in Leaves (%)

Results in Table ( 3) show that both F2 and FO
cattle manure treatments achieved the highest
nitrogen content in leaves (3.56% and 3.59%
respectively), with no significant difference

between them. The application of phosphate
fertilizer at 75 kg ha™* (P1) led to the highest
nitrogen percentage in leaves, reaching 3.67%.
Nevertheless, there was no significant
difference compared to treatment P2, which
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recorded 3.59%. The lowest nitrogen
concentration (3.38%) was observed in the
control treatment (P0). Glutamic acid foliar
application showed no significant effect on
leaf nitrogen content. The combined
application of organic and phosphate fertilizers
revealed no significant differences in leaf
nitrogen content. The interaction between
organic manure and glutamic acid treatments
(F1G2) significantly outperformed others. The

P1G1 combination (phosphate fertilizer +
glutamic acid) significantly outperformed
others, achieving 3.74% leaf nitrogen content
compared to the control (POGO) at 3.34%. The
three-way treatment combination showed that
the F1GOP2 treatment yielded peak nitrogen
content (3.94%), Comparable results from
F2G2P2 (3.82%) and F2G1P1 (3.88%). In
contrast, the control treatment (POGO)
recorded the lowest value (3.67%).

Table 3. Effect of organic and phosphate fertilization and foliar application of L-glutamic acid
on nitrogen content in leaves (%0)

G
F P GO Gl G2 FxP
PO 3.67 2.98 3.59 3.41
FO P1 3.85 3.67 3.55 3.69
P2 3.85 3.83 3.36 3.68
PO 3.05 3.70 3.36 3.37
F1 P1 3.68 3.67 3.50 3.61
P2 3.94 3.15 3.32 3.47
PO 3.32 3.36 3.41 3.36
F2 P1 3.62 3.88 3.59 3.70
P2 3.38 3.67 3.82 3.62
L.S.D%5 0.24 N.S
F FxG Mean F
FO 3.79 3.49 3.50 3.59
F1 3.55 3.50 3.39 3.48
F2 3.44 3.64 3.60 3.56
L.S.D%5 0.14 0.06**
P GxP Mean P
PO 3.34 3.34 3.45 3.38
P1 3.71 3.74 3.54 3.67
P2 3.72 3.55 3.50 3.59
L.S.D%5 0.14 0.08**
Mean G 3.59 3.54 3.50
L.S.D%5 N.S

Phosphorus Percentage in Leaves

According to the results in Table (4) reveal
that the application of cow manure at a rate of
40 Mg ha!' (Fi) resulted in the highest
phosphorus content in leaves, reaching 0.32%,
compared to the control treatment (Fo), which
recorded 0.27%. The phosphate fertilizer
applied at 150 kg ha™ (P2) showed the most
significant improvement in leaf phosphorus
content, achieving a value of 0.33%,
outperforming the untreated control (Po) with
only 0.28%. Foliar application of L-glutamic
acid also had a positive effect, with the Gi
treatment (134 mg L') showing higher
phosphorus content in leaves at 0.32%,
compared to the control (Go), which recorded
0.30%. A significant interaction was observed
between organic and phosphate fertilizers. The
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combination of F.P. (40 Mg ha™ organic +
150 kg ha™ phosphate) achieved the highest
phosphorus level in leaves — 0.37%. In
contrast, the control combination (FoPo) gave
the lowest value at 0.24%. For the interaction
between organic fertilizer and amino acid
foliar application, the treatments FiG: and
F.G: both recorded a phosphorus content of
0.34%, significantly higher than the control
treatment, which reached only 0.20%. The
combined treatment P:G: (75 kg ha’
phosphate + 134 mg L' glutamic acid)
produced the highest phosphorus percentage in
leaves at 0.38%, compared to the control
(PoGo) with 0.26%. The three-way interaction
showed a clearly significant effect. The F2G2P:
treatment (40 Mg ha™ organic + 267 mg L™
glutamic acid + 150 kg ha™ phosphate)
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achieved the highest phosphorus content in

leaves at 0.46%. In comparison, the control

Table 4. Effect of organic and phosphate fertilization and foliar application of L-glutamic acid
on phosphorus content in leaves (%)

combination (FoGoPo) recorded the lowest
value at 0.21%.

G
F P GO G1 G2 FxP
PO 0.21 0.24 0.28 0.24
FO P1 0.27 0.38 0.28 0.31
P2 0.34 0.28 0.30 0.31
PO 0.33 0.27 0.32 0.30
Fi P1 0.29 0.34 0.28 0.30
P2 0.34 0.41 0.30 0.35
PO 0.25 0.33 0.27 0.28
F2 P1 0.25 0.42 0.28 0.31
P2 0.37 0.27 0.46 0.37
L.S.D%5 0.04 0.02
F FxG Mean F
Fo 0.20 0.30 0.25 0.27
Fi 0.32 0.34 0.30 0.32
F2 0.29 0.34 0.33 0.32
L.S.D%5 0.02 0.01
P GxP Mean P
PO 0.26 0.28 0.29 0.28
P1 0.27 0.38 0.28 0.31
P2 0.35 0.32 0.32 0.33
L.S.D%5 0.02 0.01
Mean G 0.30 0.32 0.30
L.S.D%5 0.01

Potassium Percentage in Leaves (%0)

As shown in Table (5) indicates, the
application of cattle manure had no
statistically significant effect on the potassium
percentage in cowpea leaves. Phosphate
application at 150 kg ha™' (P2) outperformed
all other treatments, resulting in the highest
leaf potassium concentration 2.47%, compared
to 2.43% in the control (PO) and 2.41% in the
intermediate level (P1). The highest potassium
percentage was observed in the G2 treatment
(267 mg L"), which recorded 2.48%, whereas
the control (GO) recorded 2.42%. The two-way
interaction (F2P2) showed a superior response
compared to all other combinations, recording
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the highest potassium percentage 2.62%, while
the control interaction (FOPO) recorded the
lowest value at 2.36%. The combination of
F2G2 resulted in a potassium concentration
2.54%, which was statistically similar to F1GO0
(2.49%). In contrast, the control treatment
showed a lower value of 2.32%. Treatment
P2G1 recorded a high potassium level of
2.54%, while the control treatment (POGO)
recorded 2.43%. Among the three-way
interactions, treatment F2G2P2 resulted the
highest potassium concentration in leaves,
reaching 2.71%, significantly exceeding most
other treatments. The control combination
(FOGOPO) had the lowest value, 2.20%.
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Table 5. Effect of organic and phosphate fertilization and foliar application of L-glutamic acid
on potassium content in leaves (%0)

G

F P GO Gl G2 FxP
PO 2.20 2.29 2.59 2.36
FO P1 2.31 2.55 2.42 2.42
P2 2.47 2.44 2.26 2.39
PO 2.70 2.46 2.47 2.54
F1 P1 2.47 2.35 2.48 2.43
p2 2.30 2.54 2.44 2.42
PO 2.39 2.43 2.43 2.41
F2 P1 2.42 2.31 2.50 2.41
p2 2.54 2.63 2.71 2.62
L.S.D%5 0.10 0.06
F FxG Mean F
FO 2.32 2.42 2.42 2.39
F1 2.49 2.45 2.46 2.47
F2 2.45 2.45 2.54 2.48
L.S.D%5 0.062 N.S
P GxP Mean P
PO 2.43 2.39 2.49 2.43
P1 2.37 2.40 2.47 2.41
P2 2.40 2.54 2.47 2.47
L.S.D%5 0.06 0.03
Mean G 2.42 2.44 2.48
L.S.D%5 0.03*

Effect of Organic, Phosphate Fertilization,
and Foliar Application of L-Glutamic Acid
on Total Yield (Mg ha™): The highest total
yield was observed under the application of
cattle manure, 40 Mg ha! (F2), with a value of
74.88 ton ha™', which was 39.7% higher than
the control treatment (F0), with 53.59 Mg ha™!
(Table 6). The high phosphate treatment (P2,
150 kg ha™") increased crop productivity, 71.63
Mg ha™!, compared with the control (53.42 Mg
ha™'), an increase of 34.1% in vyield. Foliar
application of G2 with 267 mg L' L-glutamic
acid from concentration, a significant effect on
yield was observed and was recorded 66.74
Mg ha™!, while, for Go, untreated, the yield was
58.02 Mg ha'. A significant interaction was
observed between organic and phosphate
fertilizers. The F2P: treatment (40 Mg ha™! cow
manure + 150 kg ha™' phosphate fertilizer)
achieved the highest yield 82.59 Mg ha™,
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compared to the control combination (FoPo),
which recorded only 44.12 Mg ha'. In the
interaction between organic fertilizer and
amino acid foliar application, the F2.G:
treatment (40 tons ha™ cow manure + 267 mg
L™ glutamic acid) produced the highest yield
of 84.44 Mg ha™', outperforming the control
(FoGo) with 56.29 Mg ha'. The P.G: treatment
(150 kg ha™! phosphate fertilizer + 267 mg L™
glutamic acid) showed improved performance,
yielding 81.43 ton ha!, compared to the
control (PoGo), which recorded 48.05 Mg ha™.
The three-way interaction showed a highly
significant effect. The F>G:P: treatment (40
Mg ha™! cow manure + 267 mg L' glutamic
acid + 150 kg ha?' phosphate fertilizer)
achieved the highest total yield 102.08 Mg
ha™!, surpassing all other combinations. In
contrast, the control treatment (FoGoPo)
recorded the lowest yield only 35.14 Mg ha™'.


https://doi.org/10.36103/pesbm245

Iraqi Journal of Agricultural Sciences —2026:57(4):1184-1198
P-ISSN: 0075- 0530 /E-ISSN: 2410-0862
DOI: https://doi.org/10.36103/pesbm245

||||||||||||||| \GRICULTURAL SCIENCES
—

Table 6. Effect of organic and phosphate fertilization and foliar application of L-glutamic acid

on total yield
G
F P GO G1 G2 FxP
PO 35.14 42.92 54.30 4412
FO P1 61.25 62.36 39.58 54.39
P2 72.50 51.53 62.78 62.27
PO 42.22 50.28 62.77 51.75
F1 P1 53.19 49.16 48.47 50.27
P2 58.19 72.50 79.44 70.04
PO 66.80 55.55 70.83 64.39
F2 P1 65.14 87.50 80.41 77.68
P2 67.78 77.91 102.08 82.59
L.S.D%5 7.14 4.12
F FxG Mean F
=) 56.29 52.27 52.22 53.59
F1 51.20 57.31 63.56 57.35
F2 66.57 73.65 84.44 74.88
L.S.D%5 412 2,51
P GxP Mean P
PO 48.05 49.58 62.63 53.42
P1 59.86 66.34 56.15 60.78
P2 66.15 67.31 81.43 71.63
L.S.D%5 412 2.38
Mean G 58.02 61.07 66.74
L.S.D%5 2.38

Effect of organic and phosphate fertilization
and foliar application of I-glutamic acid on
seed quality traits

Protein Percentage in Seeds: The results in
Table (7) indicate that the application of cow
manure 40 Mg ha™! (F2) resulted in the highest
protein content in seeds 26.85%, compared to
the control treatment (Fo), which recorded the
lowest value 24.15%. Among phosphate
fertilizer treatments, the P2 level (150 kg ha™)
showed the best performance, achieving a seed
protein content 26.84%, outperforming the
control (Po) 24.96%. A clear and significant
effect was also observed for foliar application
of L-glutamic acid. The G treatment (134 mg

fertilizer) achieved the highest seed protein
content 27.54%, surpassing most other
treatments.  In  contrast, the  control
combination (FoPo) had the lowest value
23.29%. The F:G: treatment combination (40
Mg ha' organic fertilizer + 267 mg L™
glutamic acid) recorded a protein content of
27.49%, significantly higher than the control
(FoGo), which gave only 22.70%. No
significant effect was observed between
phosphate fertilizer and amino acid foliar
application interaction in terms of seed protein
content. The three-way interaction showed a
clearly significant influence on seed protein
content. The F2G:P. treatment produced the

L) gave the highest protein percentage at highest protein percentage 30.55%,
26.13%, compared to the control (Go), which outperforming all other treatment
recorded 24.43%. The two-way interaction combinations.  Meanwhile, the control

between organic and phosphate fertilizers
indicated that the combination of F2P> (40 Mg
ha? cow manure + 150 kg ha™ phosphate
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treatment (FoGoPo) recorded the lowest value
20.75%.
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Table 7. Effect of organic and phosphate fertilization and foliar application of L-glutamic acid
on Protein Percentage in Seeds

G
F P GO G1 G2 FxP
PO 20.75 24.62 24.50 23.29
FO P1 22.48 22.50 25.48 23.48
P2 24.89 28.59 23.62 25.70
PO 23.44 25.14 26.21 24.93
Fi P1 24.72 24.97 24.62 24.77
P2 26.41 27.43 28.00 27.28
PO 26.59 26.16 27.30 26.68
F2 P1 25.17 29.22 24.62 26.33
P2 25.48 26.61 30.55 27.54
L.S.D%5 1.65 NS
F FxG Mean F
Fo 22.70 25.23 24.53 24.15
Fi 24.85 25.84 26.27 25.66
F2 25.74 27.33 27.49 26.85
L.S.D%5 NS 0.68
P GxP Mean P
PO 23.59 25.30 26.00 24.96
P1 24.12 25.56 24.90 24.86
P2 25.59 27.54 27.39 26.84
L.S.D%5 NS 0.55
Mean G 24.43 26.138 26.10
L.S.D%5 0.55

Carbohydrate Percentage in Seeds

The results in Table (8) show that the
application of cow manure (F2) resulted in the
highest carbohydrate content in seeds 29.54%,
compared to the F: treatment, which recorded
25.33%. Among  phosphate  fertilizer
treatments, the P. level showed the best
performance, achieving a carbohydrate content
29.40%, significantly higher than the control
(Po), which gave 24.80%. Foliar application of
L-glutamic acid also had a positive effect on
seed carbohydrate levels. The G: treatment
showed an increase in carbohydrate content
28.50%, outperforming the control (Go), which
recorded 26.12%. A significant interaction was
observed between organic and phosphate
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fertilizers. The F2.P. combination achieved the
highest value 31.20%, compared to the FiPo
treatment, which recorded 23.16%. The F:G:
treatment recorded the highest carbohydrate
percentage 31.42%, while the FiG: treatment
had the lowest value 21.01%. The P:G:
treatment also showed a strong positive effect,
with a carbohydrate content 31.60%,
compared to the PoG: treatment, which gave
22.59% .The three-way interaction showed a
clearly significant effect. The F.G:P- treatment
achieved the highest carbohydrate content at
35%, outperforming all other combinations. In
contrast, the FiP:iG: treatment recorded the
lowest value 16.30%.
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Table 8. Effect of organic and phosphate fertilization and foliar application of L-glutamic acid
on carbohydrate percentage in seeds

G
F P GO Gl G2 FxP
PO 20.42 27.40 22.00 23.27
FO P1 24.53 27.67 29.67 27.29
P2 26.73 28.30 29.77 28.26
PO 25.37 27.43 16.70 23.16
F1 P1 28.33 27.73 16.30 24.12
P2 26.57 29.57 30.05 28.73
PO 27.00 27.82 29.07 27.96
F2 P1 27.75 30.43 30.20 29.46
P2 28.38 30.23 35.00 31.20
L.S.D%5 1.94 1.12
F FxG Mean F
FO 23.89 27.79 27.14 26.27
F1 26.75 28.24 21.01 25.33
F2 27.71 29.49 31.42 29.54
L.S.D%5 1.12 0.67
P GxP Mean P
PO 24.26 27.55 22.59 24.80
P1 26.87 28.61 25.39 26.95
P2 27.22 29.36 31.60 29.40
L.S.D%5 11 0.64
Mean G 26.12 28.50 26.52
L.S.D%5 0.64
Effect of Organic and Phosphate control (Go), which recorded 8.64 nodules

Fertilization and L-Glutamic Acid Foliar
application on Root Nodule Count

The results in Table (9) indicate that the
application of cow manure resulted in the
highest number of root nodules 10.80 nodules
plant™, compared to the control treatment (Fo),
which recorded 9.25 nodules plant®. A
significant effect was also observed with
phosphate fertilizer application. The P:
treatment gave the highest nodule count 10.85
nodules plant, outperforming the control (Po),
which had 8.66 nodules plant®. Foliar
application of L-glutamic acid also had a
positive impact on nodule formation. The G2
treatment increased the average number of root
nodules to 10.92 plant®, compared to the
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plant?. A significant interaction was observed
between organic and phosphate fertilizers. The
F2P:1 combination produced the highest root
nodule count at 11.80 nodules plant™® and did
not significantly differ from the F:P»
treatment, which recorded 11.77 nodules plant’
! In contrast, the control combination (FoPo)
had the lowest value 7.83 nodules plant?. A
clear and significant interaction was observed
between organic fertilizer and amino acid
foliar application. The F.G. treatment achieved
the highest root nodule count 12.44 nodules
plant?, significantly outperforming all other
interaction treatments, including the control
(FoGo), which recorded 7.94 nodules plant™
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Table 9. Effect of organic and phosphate fertilization and foliar application of L-glutamic acid
on root nodule count

G
F P GO G1 G2 FxP
PO 6.50 8.50 8.50 7.83
FO P1 9.00 10.00 10.00 9.66
P2 8.33 10.00 12.50 10.27
PO 10.00 9.50 8.50 9.33
F1 P1 9.00 10.50 10.00 9.83
P2 8.00 12.00 11.50 10.50
PO 7.00 9.50 10.00 8.83
F2 P1 10.00 14.40 11.00 11.80
P2 10.00 9.00 16.33 11.77
L.S.D%5 1.70 0.98
F FxG Mean F
FO 7.94 9.50 10.33 9.25
F1 9.00 10.66 10.00 9.88
F2 9.00 10.96 12.44 10.80
L.S.D%5 0.98 0.25
P GxP Mean P
PO 7.83 9.16 9.00 8.66
P1 9.33 11.63 10.33 10.43
P2 8.77 10.33 13.44 10.85
L.S.D%5 0.98 0.56
Mean G 8.64 10.37 10.92
L.S.D%5 0.57*

Organic and phosphate fertilization and
foliar application of L-glutamic acid for
improving  soil  fertility and  root
development: Organic matter promoting soil
structure, hold water capacity and nutrients,
microbial activity for the soil (Sharada et al,
2018). Phosphate fertilizers enhances growth
of both primary and lateral roots, making
plants much efficient in taking-up water and
nutrients from the soil (Wang et al, 2023).

Enhancing Vegetative Growth and Yield by
Organic and Phosphate Fertilization and
Foliar Application of L-glutamic Acid: The
joint application improvement is largely
attributed to the synergistic interaction among
these treatments. Organic fertilizer contributes
to improved soil physical and chemical
properties by increasing organic matter content
and the availability of essential nutrients.
These enhancements help create a favorable
environment for plant growth (Beyk-Khormizi
et al, 2023). Phosphorus, in particular, plays a
key role in energy formation (ATP), these
processes collectively promote more vigorous
vegetative growth (Zhou et al, 2023). On the
other hand, L-glutamic acid is one of the
essential amino acids for protein synthesis
process and regulation of many physiological
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processes sanding in the plant (Bagir and
Zaboon, 2019). It also induces an increase in
photosynthetic activity as well as the plant's
actual uptake of nutrients (Luo et al, 2023).this
resulted in enhancing plant growth and seed
size (Liu et al, 2024) in addition to role
phosphorus and I-glutamic on  seeds
development and protein formation through
improving N and P uptake. This enhances
protein synthesis and seed development
(Bagir and Zaboon, 2019) Therefore, seeds
accumulate more weight (mass) and show
better structure of cells resulting in larger seed
size. In addition, L-glutamic acid supports
plant health and strengthens the plant’s
capacity for flowering and fruit set, which
ultimately increases the number of seeds per
plant (Bagir and Zaboon, 2019).
CONCLUSION

The findings of the study demonstrated that
the combined application of organic fertilizer
40 Mg ha™', phosphate fertilizer 150 kg ha™,
and foliar application of L-glutamic acid at
267 mg L' significantly enhanced the
vegetative growth of cowpea, increased the
number of root nodules, and led to substantial
improvements in yield and productivity.
Furthermore, this integrated treatment
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contributed to enhanced seed quality in
cowpea.
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