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Abstract

A field experiment was conducted at Al-Muthanna University research station in Al-
Najmi district, north of Al-Muthanna Governorate, during the winter growing season
(2025-2026). The study aimed to investigate the effects of Trichoderma harzianum,
Chara sp. algae, and nitrogen mineral fertilizer applied at four levels (0, 25, 50, and 75%
of the full nitrogen recommendation, equivalent to 0, 50, 100, and 150 kg N ha™ * as urea
46%) on urease enzyme activity, soil NPK availability, plant growth, and grain yield of
barley (Hordeum vulgare L.). The experiment was arranged in a randomized complete
block design (RCBD) with three replicates. Results showed that dual inoculation with T.
harzianum + Chara sp. (B3) significantly outperformed all other treatments across all
studied parameters. Urease activity at 45 and 90 days after planting reached 124.00 and
116.67 ung N-NH, * g~ t soil 2h™ 1, respectively. Soil available nitrogen, phosphorus,
and potassium were 20.57 mg N kg~ 1 soil, 17.15 mg P kg~ * soil, and 185.57 mg K kg™ 1
soil, respectively. Plant height reached 101.31 cm and grain yield reached 7.70 Mg ha™ L.
Application of nitrogen fertilizer at the 75% level (N3) recorded the highest urease
activity (137.00 and 128.75 pg N-NH, * g~ t soil 2h™ * at 45 and 90 days, respectively),
soil NPK (19.72 mg N kg~ ! soil, 16.27 mg P kg~ * soil, 174.49 mg K kg~ * soil), plant
height (100.33 cm), and grain yield (7.27 Mg ha™ 1).

Keywords: Trichoderma harzianum; Chara sp.; urease enzyme activity; soil nutrient
availability; barley (Hordeum vulgare L.)

1. Introduction eco-friendly alternative with significant
benefits and substantial influence on crop
productivity [2, 3]. Biological fertilizers
enhance soil properties, fix atmospheric
nitrogen, increase nutrient availability
(N, P, K, and micronutrients), and secrete
growth-promoting hormones such as
gibberellins and auxins, contributing to

ISSN 2072-3857

The overuse of chemical fertilizers
disrupts the environmental equilibrium,
resulting in soil and water pollution [1],
along with harmful effects on beneficial
soil microorganisms. As a result,
biological fertilization has emerged as an
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improved plant growth, increased crop
yield, and better quality [4, 5].

Trichoderma is a prevalent soil fungus
that produces extracellular enzymes and
promotes root growth, thereby enhancing
plant resilience to various stresses and
adverse environmental conditions [6]. T.
harzianum  stimulates deeper  root
development to access water and
nutrients, secretes growth-promoting
hormones, and solubilizes micronutrients
such as iron, zinc, copper, and
manganese, making them available to
plants even in alkaline soils [7].

Algae based soil amendment helps in
nitrogen fixation in soil, which increases
the fertility by making nutrients available
and thus yield improvement in crop [8].
Chara sp. is one of the good algae for use
as organic fertilizer because of its high
nitrogen and potassium content, good
water holding ability and the presence of
natural  plant  growth  regulating
compounds [9].

Enzymes in the soil are indicators of soil
health and fertility. Urease is one of the
important enzymes which catalyze the
hydrolysis of urea to ammonium so as to
make the nitrogen available for plant
uptake [10, 11]. Barley (Hordeum
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vulgare L.) is an important cereal crop
used for green fodder, grain and for
various industrial purposes. However,
unstable cultivation areas and low
productivity have hindered its expansion
in Iraq [12, 13]. The price per ton of
barley is lower than that of wheat
(Triticum aestivum L.), even though
agricultural costs for both crops are
nearly equal; this economic disparity
discourages  Iragi  farmers  from
expanding barley cultivation [14]. Low
yield per unit area remains the major
obstacle to boosting production and
achieving self-sufficiency.

2. Materials and Methods

2.1. Experimental Site
Properties

A field experiment was conducted at the
Al-Muthanna University research station
in Al-Najmi district, north of Al-
Muthanna Governorate (Irag), during the
winter growing season of 2025-2026.
The station is situated on the Euphrates
River, north of Samawah city. The soil at
the experimental site was a silty clay
loam. Selected physico-chemical
properties of the soil before planting are
presented in Table 1.

and Soil
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Table 1. Physico-chemical properties of the experimental soil (0-30 cm depth)

before planting.

complete block design (RCBD) with
three replicates. Each experimental unit
measured 3 x 3 m? with 1-m buffer
strips between blocks and between
experimental units. Barley cultivar Furat
5 was sown on 11 October 2025 at a
seeding rate of 120 kg ha™ 1, in rows
spaced 20 cm apart (8 rows per unit).
Crop was harvested at physiological
maturity on 1 March 2026.

Factor 1 (main plot) — Biofertilizer
treatments (B):

BO: Control (no biofertilizer); B1: T.
harzianum alone (sprinkled at 2 g m™?
on planting lines before seeding); B2:
Chara sp. alone (applied at 60 g peat
moss™ %, soil-washed and dried before
incorporation); B3: T. harzianum +

1743

Property ‘ Value Method

Soil texture Silty clay loam Hydrometer method

pH (1:2.5 soil:water) 7.6 Potentiometer

EC (dSm™ 1Y) 2.1 Conductivity meter

Organic matter (%) 0.82 Walkley—Black method

Available N (mg kg™ 1) 8.4 Kjeldahl distillation

Available P (mg kg™ 1) 6.2 Olsen method

Available K (mg kg~ %) 98.5 + Flame photometer

CaCO3 (%) 28.3 Calcimeter

2.2.  Experimental Design  and Chara sp. (dual inoculation as described
Treatments above).

The experiment was arranged in a split- Factor 2 (sub-plot) — Nitrogen
plot design within a randomized mineral fertilizer levels (N): Urea (46%

N) was applied at four rates representing
0, 25, 50, and 75% of the full nitrogen
recommendation (200 kg N ha™ 1),
equivalent to NO = 0, N1 =50, N2 = 100,
and N3 = 150 kg N ha™ 1, respectively.
Urea was applied in two equal splits: 10
days after planting and one month after
planting. Phosphate fertilizer
(superphosphate, 21% P, Os at 100 kg
ha™ 1) and potassium fertilizer (potassium
sulfate, 42% K, O at 75 kg ha™ 1) were
applied as basal dressings before
planting. Weeding was performed
manually as required. The chemical
composition of Chara sp. extract is
presented in Table 2.
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Table 2. Chemical composition of

Chara sp. algae extract.

Component Concentration
Total N 1.567%

Total P 0.304%

Total K 0.397%

Total Ca 3.846%

Auxin 127.9 ppm
Gibberellins 149.13 ppm

2.3. Studied Parameters

2.3.1. Urease Enzyme Activity

Urease enzyme activity was determined
by the method of Tabatabai and Bremner
[16]. Briefly, 5 g of field-moist soil was
combined with 0.2 mL of toluene, 9 mL
of THAM buffer solution (pH 9.0), and 1
mL of 0.2 M urea solution in a 50 mL
volumetric flask. After 2 h incubation at
37°C, 35 mL of 25 M KCI solution
containing 100 ppm silver sulfate was
added and the final volume was brought
to 50 mL. A micro-Kjeldahl distillation
apparatus with MgO and boric acid was
used to quantify the ammonium nitrogen
released. Results are expressed as pug N-
NH, * g~ tsoil 2h™ 1,

2.3.2. Soil Available Nitrogen

Available soil nitrogen was extracted
with 2 N KCI solution and determined
using the micro-Kjeldahl distillation
apparatus, following the method of
Bremner [17]. Results are expressed as
mg N kg~ * soil.
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2.3.3. Soil Available Phosphorus

Soil available phosphorus was extracted
with 0.5 N NaHCO3 (pH 8.5) following
the Olsen method [18] and determined
colorimetrically ~ using ~ ammonium
molybdate and ascorbic acid. Results are
expressed as mg P kg~ 1 soil.

2.3.4. Soil Available Potassium

Soil available potassium was measured
using a flame photometer following the
method described by Page et al. [18].
Results are expressed as mg K kg~ 1 soil.

2.3.5. Plant Height (cm)

Plant height was determined at the
flowering stage by measuring 10
randomly selected plants per
experimental unit from the soil surface to
the tip of the terminal spike.

2.3.6. Grain Yield (Mg ha~1)

Grain  yield was determined by
harvesting 1 m2 from each experimental
unit at maturity, threshing, cleaning, and
weighing the grains. Results were
converted to Mg ha™ 1.

2.4. Statistical Analysis

Data were subjected to analysis of
variance (ANOVA) using GenStat
statistical ~software (17th  edition).
Differences between treatment means
were compared using the least significant
difference (LSD) test at the 5%
probability level (p < 0.05). Data are
presented as means * standard error of
three replicates.

3. Results and Discussion
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3.1. Urease Enzyme Activity at 45 Days
After Planting (ug N-NH, * g~ soil
2h~1)

Data presented in Table 3 indicate that
inoculation with T. harzianum and/or
Chara sp. exerted a significant effect on
urease activity at 45 days after planting
(DAP). Dual inoculation (B3) recorded
the highest mean enzyme activity of
124.00 pg N-NH, * gt soil 2h™ 1
significantly surpassing single algae
inoculation (B2: 110.92), single fungal
inoculation (B1: 101.58), and the un-
inoculated control (BO: 82.58 pg N-
NH, * gt soil 2h™1Y. This
enhancement can be attributed to the role
of organic and biological inputs in
increasing the supply of energy, carbon,
and nutrients to soil microorganisms,
thereby stimulating their metabolic
activity and enzyme secretion [19].

With respect to mineral nitrogen
fertilizer, the N3 level (150 kg N ha™ 1)
produced the highest significant urease

activity (137.00 pg N-NH, * g~ ! soil
2h™ 1), followed by N2 (118.00), N1
(93.92), and the control NO (71.17 ug N-
NH, * g~ ! soil 2h™1). Nitrogen
fertilization stimulates plant
physiological processes and
photosynthetic capacity, resulting in a
larger root system and increased
rhizosphere microbial populations that
secrete greater quantities of urease [20].

The interaction between biofertilizer
treatments  and nitrogen levels
significantly influenced urease activity (p
< 0.05). The B3N3 combination achieved
the highest mean of 160.67 ug N-NH, *
g~ ! soil 2h™ 1 while the un-treated
control (BONO) recorded the lowest mean
of 52.00 pug N-NH, * g~ * soil 2h™ %
This synergistic effect is consistent with
findings showing that combined mineral
and biological fertilization increases
biomass production and stimulates
urease-producing microbial communities
[21].

Table 3. Effect of biofertilizer treatments (B) and nitrogen levels (N) on urease activity at 45 DAP

(ug N-NH, * g~ 1soil 2h™ 1).

NO (0 kg NI (50 kg N2 (100 kg N3 (150 kg

Treatment

BO (Control) 52.00 77.00
B1 (T. harzianum) | 68.00 95.33
B2 (Chara sp.) | 78.67 98.00
B3 (T. harzianum 86.00 105.33
+ Chara sp.)

N Mean | 71.17 93.92
LSDg .0 s | B=1.56 N =1.56
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91.00 110.33 82.58
113.00 130.00 101.58
124.00 143.00 110.92
144.00 160.67 124.00
118.00 137.00 —
BxN =3.13
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3.2. Urease Enzyme Activity at 90 Days
After Planting (ug N-NH, * g~ soil
2h~1)

Table 4 shows that dual inoculation (B3)
continued to record the highest urease
activity at 90 DAP (116.67 pg N-NH, *
g™ ! soil 2h™ 1), representing a 54.53%
increase over the control (B0: 75.50 nug
N-NH, * g~ ! soil 2h™1). Single-
organism treatments recorded
intermediate values: B2 (Chara sp.):
102.50; B1 (T. harzianum): 95.25 pug N-
NH, * g~ tsoil 2h™ 1. The physiological
basis for this enhancement lies in the role
of T. harzianum in secreting organic
acids that solubilize nutrients and
stimulate rhizosphere microbial
communities, while Chara sp. provides
additional organic nitrogen that serves as
substrate for urease-producing organisms
[22].

Nitrogen fertilizer application at different
levels significantly increased urease
activity at 90 DAP compared to the
unfertilized control. The N3 level
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recorded the highest activity (128.75 nug
N-NH, * g~ 1 soil 2h™ 1), followed by
N2 (111.00) — representing a 72.09%
increase over the control (64.50 pg N-
NH, * g ! soil 2h™1). The urease
enzyme  specifically catalyzes the
hydrolysis of urea substrate; therefore,
urea additions stimulate the proliferation
of urease-secreting microbial
communities, thereby enhancing overall
biological  activity and  enzyme
expression [23, 24].

The B3N3 interaction produced the
highest combined mean of 152.00 pg N-
NH, * g 1 soil 2h™1 at 90 DAP,
compared to the lowest of 44.00 ug N-
NH, * g ! soil 2h™ 1t in the control
(BONO). This synergistic enhancement
reflects the contribution of Chara sp.
nutrients and urea fertilizer alongside
plant root secretions (amino acids,
sugars, organic acids) that collectively
boost microbial activity in the
rhizosphere.
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Table 4. Effect of biofertilizer treatments (B) and nitrogen levels (N) on urease
activity at 90 DAP (pg N-NH, * g~ tsoil 2h™ 1),

Treatment
BO (Control) 44.00d | 69.00 cd
Bl (T-16200  86.00
harzianum)
B2 (Charasp.) |71.00 88.00
B3 (T.
harzianum + | 81.00 99.67
Charasp.)
N Mean 64.50 85.67

B = N =
LSDo -0 5 0.982 0.982

3.3. Soil Available Nitrogen (mg N kg =1
soil)

The results in Table 5 show that dual
inoculation (B3) achieved the highest
post-harvest soil available nitrogen
(20.57 mg N kg~ * soil), representing a
48.95% increase over the control (BO:
13.81 mg N kg~ * soil). Single Chara sp.
(B2) and single T. harzianum (B1)
recorded 17.76 and 1590 mg N kg~ *
soil, respectively. The increase in soil
nitrogen attributable to T. harzianum is
mediated by its capacity to form chelated
compounds and break down complex
organic molecules, converting them to
readily plant-available forms, while
Chara sp. contributes directly to the
organic nitrogen pool through its
decomposition [25].

Mineral nitrogen fertilizer application
significantly increased soil available
nitrogen at harvest (Table 5). The N3
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85.00bc | 104.00b | 75.50 D
108.00 125.00 95.25
117.00 134.00 102.50
134.00 152.00 116.67
111.00 128.75 —

BxN =1.964

level recorded the highest post-harvest
value (19.72 mg N kg~ * soil), a 34.75%
increase over the control (NO: 13.86 mg
N kg~ ! soil). The N2 level recorded
18.51 mg N kg~ * soil (27.58% increase).
The lower-than-applied soil nitrogen
values at harvest reflect losses through
plant uptake, leaching, volatilization, and
immobilization, consistent with the
findings of Al-Yasariu [26].

The B3N3 interaction produced the
highest post-harvest soil nitrogen content
(2429 mg N kg~ ! soil), while the
control (BONO) recorded the lowest value
(11.55 mg N kg~ ? soil). This synergism
can be explained by the capacity of
biofertilizers to reduce nitrogen losses
through immobilization while
simultaneously stimulating phosphorus
solubilization, creating a favorable
rhizosphere environment that enhances
overall nitrogen retention [27].
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Table 5. Effect of biofertilizer treatments (B) and nitrogen levels (N) on soil
available nitrogen at harvest (mg N kg~ * soil).

Treatment

BO (Control) 11.55 13.06
Bl (Tl 1304 1464
harzianum)

B2 (Charasp.) |14.54 16.65
B3 (T.

harzianum  + | 16.32 19.51
Charasp.)

N Mean 13.86 15.96

B = N =

LSDo -0 5 0.020 0.020

3.4. Soil Available Phosphorus (mg P
kg =1 soil)

Table 6 shows that dual inoculation (B3)
produced the highest post-harvest soil
available phosphorus (17.15 mg P kg™ *
soil), a 49.82% increase over the control
(BO: 13.44 mg P kg~ * soil). Single T.
harzianum (B1: 15.58 mg P kg~ ! soil)
outperformed single Chara sp. (B2:
14.37 mg P kg~ * soil). The phosphorus-
solubilizing ability of T. harzianum is
well established; it increases tricalcium
phosphate availability by secreting
organic acids that lower rhizosphere pH,
thereby boosting phosphorus release
from insoluble compounds [28].

Application of mineral nitrogen fertilizer
significantly increased soil available
phosphorus compared to the control
(Table 6). The N3 level achieved the
highest mean (16.27 mg P kg™ ! soil,
16.46% increase) followed by N2 (15.74
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14.82 15.82 13.81
17.28 18.66 15.90
19.76 20.12 17.76
22.19 24.29 20.57
18.51 19.72 —
BxN = 0.040

mg P kg~ ! soil, 13.64% increase),
whereas the control (NO) recorded the
lowest value (13.97 mg P kg~ * soil). The
reduction in soil phosphorus at harvest
compared to pre-planting levels reflects
enhanced plant uptake stimulated by
mineral fertilizer application,
compounded by adsorption to CaCOs;
minerals in the alkaline calcareous soil.
These results are consistent with those of
Dergahm et al. [29].

The B3N3 interaction yielded the highest
post-harvest soil phosphorus (18.48 mg P
kg™ ! soil), while the control (BONO)
recorded the lowest value (12.00 mg P
kg~ ! soil). This combined effect
underscores the importance of integrating
biological phosphorus solubilization with
adequate mineral nutrition to optimize
phosphorus cycling in calcareous soils
[30].
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Table 6. Effect of biofertilizer treatments (B) and nitrogen levels (N) on soil
available phosphorus at harvest (mg P kg~ * soil).

Treatment

BO (Control) 12.00 13.53
Bl (T 9434 1454
harzianum)

B2 (Charasp.) |13.85 14.12
B3 (T.

harzianum + | 15.71 16.05
Charasp.)

N Mean 13.97 14.56

B = N =

LSDo 0 5 0014 0014

3.5. Soil Available Potassium (mg K
kg =1 soil)

Data in Table 7 show that the dual
inoculation treatment (B3) achieved the
highest  post-harvest soil available
potassium (185.57 mg K kg™t soil), a
51.45% increase over the control (BO:
122.53 mg K kg~ ! soil). Single algae
treatment (B2: 167.52 mg K kg~ * soil)
outperformed single fungal treatment
(B1: 14491 mg K kg~ ! soil). This
superiority is attributable to the high

potassium concentration inherent in
Chara sp. (Table 2), and to the
oxidation—reduction activities of T.

harzianum that lower soil pH, facilitating
the displacement of potassium from
exchange sites through competitive
interactions with calcium and magnesium
ions [31].

Levels of mineral nitrogen fertilizer had
a significant effect on the soil available
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13.94 14.32 13.44
16.21 17.24 15.58
14.46 15.07 14.37
18.36 18.48 17.15
15.74 16.27 —
BxN =0.029

potassium at all levels when compared to
the control. The mean for N3 level was
highest (174.49 mg K kg-1 soil) while
the mean for NO level (control) was
lowest (136.26 mg K Kkg-1 soil). The
application of fertilizer will increase
plant biomass, which will increase the
microbial activity and the production of
exudates from the roots, indirectly
mobilizing the exchangeable potassium
from soil reserves. The results are in line
with the results obtained by Shams Allah
[32].

The B3N3 interaction produced the
highest mean potassium availability
(196.30 mg K kg™ ! soil), while the
control (BONO) recorded the lowest
(104.23 mg K kg~ * soil). The synergistic
effect of biological agents and mineral
fertilizers in stimulating rhizosphere
microbial communities enhances the
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release of all major nutrients, including

potassium [33, 34].

Table 7. Effect of biofertilizer treatments (B) and nitrogen levels (N) on soil
available potassium at harvest (mg K kg~ ? soil).

Treatment

BO (Control) 104.23 117.84

g (T-1 12133 13887

harzianum)

B2 (Charasp.) |146.83 149.67

B3 (T.

harzianum  + | 172.67 183.20

Charasp.)

N Mean 136.26 147.39
B = N

LSDo -0 5 0.021 0.021

3.6. Plant Height (cm)

Table 8 shows that dual inoculation (B3)
produced the tallest plants (101.31 cm), a
16.05% increase over the control (BO:
87.30 cm). Single T. harzianum (B1:
98.10 cm) ranked second, followed by
single Chara sp. (B2: 93.70 cm). The
enhancement in plant height attributable
to biofertilizers is physiologically linked
to the secretion of auxin-like hormones
by T. harzianum and Chara sp.
(gibberellins and auxins; Table 2), which
promote meristematic cell elongation,
root development, and enhanced nutrient
absorption [35, 36].

Mineral nitrogen fertilizer significantly
increased plant height at all application
levels. The N3 level produced the tallest
plants (100.33 cm, 15.81% increase over
NO: 86.63 cm), followed by N2 (99.15
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126.47 141.60 122.53
147.67 171.80 14491
185.33 188.27 167.52
190.13 196.30 185.57
162.40 174.49 —
BxN =0.043

cm, 14.44% increase) and N1 (94.30
cm). The beneficial effects of nitrogen
fertilization on plant height operate
through enhanced soil nutrient supply,
support of plant metabolic pathways
(particularly protein and chlorophyll
synthesis), and promotion of vigorous
vegetative growth.

The effect of interaction was significant
and the tallest plant height was obtained
in BAN2 (107.50 cm) and the shortest in
BONO (un-treated control) (81.20 cm).
The combined use of biological and
mineral fertilizers shows that this
combination results in optimum growing
conditions because of the complementary
mechanism of hormone production,
nutrient mobilization and increased root
activity [36].
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Table 8. Effect of biofertilizer treatments (B) and nitrogen levels (N) on plant height

(cm).

Treatment

BO (Control) 81.20 84.20
Bl (T-1g770 9830
harzianum)

B2 (Charasp.) | 86.30 92.30
B3 (T.

harzianum + | 91.33 102.40
Charasp.)

N Mean 86.63 94.30

B = N

LSDo -0 s 0.593 0.593

3.7. Grain Yield (Mg ha™?)

The highest grain yield (7.70 Mg ha-1)
was obtained from dual inoculation (B3)
which was 37.26% higher than the
control (BO: 5.61 Mg ha-1) (Table 9).
Algae treatment (B2: 6.95 Mg ha-1)
proved to be superior than fungal
treatment (B1: 6.33 Mg ha-1). The higher
grain production under dual inoculation
could be attributed to the production of

auxin-like  hormones and proteins
secreted by T. harzianum which
stimulate root elongation and

proliferation, increasing water and
nutrient uptake capacity. In addition,
chara sp. helps in nitrogen mineralization
and soil water holding capacity, which
together leads to enhanced vegetative
growth and transport of assimilates to
grains [36].

Application of mineral nitrogen fertilizer
significantly increased grain yield at all
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89.50 94.30 87.30
102.80 103.60 98.10
96.80 99.40 93.70
107.50 104.00 101.31
99.15 100.33 —
BxN =1.186

levels. The N3 level (150 kg N ha™ 1)
produced the highest mean yield (7.27
Mg ha™ 1, 23.43% increase over NO: 5.89
Mg ha™ 1), followed by N2 (7.03 Mg
ha” 1, 19.35% increase). Nitrogen
fertilization enhances vegetative growth,
stimulates nitrogen and phosphorus
uptake, increases starch, sugar, and
protein synthesis, and promotes grain
filling, all contributing to higher grain
weight per unit area [37].

The B3N3 interaction resulted in the
highest grain yield (8.52 Mg ha™ 1), and
the lowest grain yield (5.10 Mg ha™ %)
was found for the control (BONO). The
integrated action of T. harzianum and
Chara sp. and mineral N fertilizer is
synergistic in  which the pathogen
suppression, hormone production, and
vegetative and root system development
stimulate plant growth resulting in an
increase in the harvestable yield [36].
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Table 9. Effect of biofertilizer treatments (B) and nitrogen levels (N) on barley grain

yield (Mg ha™ 1),

Treatment

BO (Control) 5.10 5.49
Bl (T 572 6.08
harzianum)

B2 (Charasp.) |5.92 6.70
B3 (T.

harzianum + | 6.83 7.33
Charasp.)

N Mean 5.89 6.40

B = N

LSDo 0 5 0.039  0.039

4. Conclusion

The results of this study demonstrate that
dual inoculation with T. harzianum +
Chara sp. (B3) consistently produced the
highest wvalues across all studied
parameters: urease activity at 45 and 90
DAP (124.00 and 116.67 ug N-NH, *
gt soil 2h™1 respectively), soil
available NPK (20.57 mg N, 17.15 mg P,
and 18557 mg K kg™ ! soil,
respectively), plant height (101.31 cm),
and grain yield (7.70 Mg ha™ ). Among
mineral nitrogen levels, N3 (75% of full
recommendation 150 kg N ha™ %)
recorded the highest values for all
studied parameters: urease activity
(137.00 and 128.75 pg N-NH, * g~ !
soil 2h™ 1), soil NPK availability (19.72
mg N, 16.27 mg P, and 174.49 mg K
kg™ 1 soil), plant height (100.33 cm), and
grain yield (7.27 Mg ha™ 1). The B3N3
interaction treatment consistently
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5.88 5.98 5.61
6.60 6.91 6.33
7.52 7.68 6.95
8.14 8.52 7.70
7.03 7.27 —
BxN =0.078

achieved the highest combined values,
confirming the synergistic benefits of
integrated  biological and  mineral
fertilization for barley production under
the prevailing agroecological conditions
of southern Iraqg.
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