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L-1 and 1ml L-1 on seeds germination and seedlings growth of Albizia lebbeck.
It contains the individual factors and their combinations. Data were analyzed
using XLSTAT software. The results showed the superiority of the Biohealth
inoculation treatment of seeds in germination percentage which recorded
93.33% and soil inoculation showed superiority in (plant height, stem diameter,
percentage of P, K, fresh and dry weight of the shoot system, shoot dry matter
and root fresh weight) with a score of (101.92 cm, 6.73 mm, 2.38 %, 2.61 %,
139.39 gm, 30.55 gm and 21.44%) respectively. The treatment of using
Powhumus showed its superiority in the characteristics of the ( percentage of
germination, percentage of N,P,K, fresh and dry weight of the shoot system,
percentage of shoot dry matter, fresh and dry weight of the root system) which
were recorded (88.89%, 2,30%, 0.33%, 2.43%. 104.71 g, 23.89 gm, 22.54%,
63.87%, 12.03 gm and 17.64% ) respectively. Whereas, the Biozyme treatment
excelled in the traits (plant height, stem diameter, N,P and K, relative
chlorophyll in leaves, fresh and dry weight of the shoot system, fresh and dry
weight of the root system) which they were recorded (80.99 c¢cm, 5.64 mm,
2.36%, 0.31%, 2.34%, 47.20, 97.82 gm, 21.81 gm, 59.57gm, and 10.08gm
respectively. In the interaction between soil inoculation with biohealth,
irrigation with Powhumus and foliar application with Biozyme B2P1Z1
treatment showed its superiority in the characteristics (plant height, stem
diameter, percentage of N,P and K, fresh and dry weight of the shoot system,
root dry weight) which were recorded (146.50%, 8.90 mm, 2.93%, 0.49, 2.97,
119.32 gm, 44.77 gm and 25.21) respectively.

© 2021 TJAS. College of Agriculture, Tikrit University

INTRODUCTION

Albizia lebbeck L., a specific genus of legume family, consisting of several species of
deciduous trees of about 150 species related to the bacterium of Rhizobium responsible for nitrogen
fixation in the rhizosphere which effect on their growth and nutrient exchange (Qadir and Mohamad
2005). A tropical tree native to Asia and its cultivation has spread successfully in tropical and
subtropical regions {Faisal et al., 2012 and Jgker 2000). Its leaves use as fodder because its taste is
palatable and easy to digest by livestock compared to the leaves of other trees. Being that the
percentage of crude protein in its green leaves, leaf litter and twigs is 20%, 13% and 10%,
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respectively (Jgker 2000). Also, the type of wood for Albizia lebbeck is excellent when used as fuel
or used for construction or furniture purposes. Its roots, they are shallow scattered in the soil and
have a great role in maintaining soil cohesion and resisting erosion [Tigabu and Od’'en 2001, Khera
and Singh 2005]. A. lebbec is a tree with excellent medicinal value because each part of it contains
medicinal compounds that are used in the treatment of many diseases (Ghaudhaeyet al. 2012).
Despite problems associated with normal seed germination such as poor germination rate and rapid
loss of vitality associated with a long dormancy period, sexual reproduction of seeds is the common
method of Albizia propagation. To propagate Albizia , using seeds is an important way but hard,
thick and impermeable to water seed coats of Albizia’s seed make a germination at low range (
Perveen et al. 2011).

Recent studies have tended to expand the use of bio-fertilizers because they are cheap,
environmentally friendly, and have a positive impact on plant growth. The production of bio-
fertilizers increased widely, including the Biohelth product, which contains Trichoderma harzianum
and Bacillus sublutus. Tricoderma is belong to Deuteromycota fungi. It is located in the rhizosphere
and contributes significantly to plant growth through its secretion of many organic and biochemical
compounds (Hermosa et al. 2012) that enter into plant metabolism and contribute to the regulation
and increase of plant growth. It also affects the formation of a dense root system, thus increasing the
surface area for absorption of water and nutrients (Hartman 2000a), as well as reducing the
absorption of heavy elements and salts by the roots, dismantling organic compounds in the soil and
gaining the plant high resistance against pathogens and increasing the readiness of nutrients (Lee
2013), (Bhuvaneswar et al. 2013) and (Oskiera et al 2015). Many researchers have indicated that
Tricoderma fungus secretes a number of enzymes that degrade plant residues in the soil, the most
important of which is Cellulase enzyme. It also secretes the enzymes Chitenas and B-103- Glucalas,
which contribute to the elimination of pathogenic fungi Pythium, as well as the ability of the fungus
to secrete substances similar to auxin and gibberellin and its ability to increase the availability of
iron and also works on Dissolving phosphorous and increasing its readiness (Al-Samerria et al.
2018). The researchers demonstrated the high ability of Bacillus bacteria to dissolve phosphorous,
as it secretes organic acids that affect the lowering of soil pH, which increases the availability of
some micro-nutrients and phosphorus (Sharma et al. 2012). Where these bacteria liberate phosphate
ions from insoluble forms of phosphorous and convert them into dissolved ions in the soil solution,
in addition to increasing the availability of some minor elements (Altomar et al. 1999) and
(Adesemoye et al 2009), and through their secretion of Malonic and Oxalic acidsand Fumaric and
Succinic (Lee and Han 2005). Using biofertilizer at 2% increase seed germination, root and shoot
length, dry weight of shoot and root in Albizia lebbeck (Khan et al. 2015), (Guleria et al. 2014)
stated that Albizia lebbeck and Acacia catechu seeds inoculation with Rhizobium liquid increase the
seed germination. (Mridha et al. 2016) Elucidated that bio-fertilizer improved the germination of
Acacia mangium’s seeds. (Khan et al. 2006) Confirmed that using bio-fertilizer improved the fresh
weight of shoot system in Albizia saman.

Humic acid is the main component of the decomposing organic matter in the soil and has
many positive effects on plant growth and development (Ali and Shaker 218). Humic acid plays an
effective role in improving the soil’s physical and chemical properties and fertility, as well as
increasing the readiness of some nutrients. Humic acid also has an effect on increasing the
permeability of cell membranes, stimulating enzymatic reactions, improving cell division and
increasing the production of enzymes in plants (El-Sharkawy and Abdel-Razzak 2010). Humic acid
improves the growth of the root system and increases the number of beneficial microorganisms in
the soil (Nardi et al. 2021). (Rangrudkij and Partida 2003) Point out that using Humuc acid increase
Avocado seedling high and Stem diameter. (Mohmad and Abdulla 2018) Showed that using
powhumuc increase leaves content of phosphorus and relative chlorophyll, in Pinus pinea. The use
of growth regulators is one of the important factors in improving plant growth and increasing its
productivity. Cytokinin is one of the important growth regulators that improve plant metabolism
and increase its growth and production through its work on improving cell division, increasing the
growth of lateral buds, and reducing the effect of apical dominance, which increases the number of

120



Mahmood, etal. / Tikrit Journal for Agricultural Sciences (2022) 22 (1): 119-133

lateral branches (Al-Khafagi 2014) and (Aggeliki at al. 2016). (Amit 2008) Showed that using
Gibberellin acid and IAA promote seed germination in Albizia lebbec. (llango at al.2003) Indicated
that treating Albizia lebbbeck’s seed with Gibberellic acid at the concentration 300ppm lead to
increase the shoot length and total relative chlorophyll. (Sau et al 2015) Clarified that Appling
10ppm of Biozyme tf on Psidium guajava L. increased shoot high and Relative chlorophyll content.
The research aimed to study the effect of using Biohelth, Powhumus and Biozyme TF on
germination of Albizia seeds and seedling growth.
MATERIALS AND METHODS

A factorial experiment was carried out in a randomized complete block design RCBD to
study the effect of using (Biohealth, Powhumus and Biozyme TF) and their interaction on
germination of Albizia lebbec seeds and vegetative growth characteristics. It used plastic bags with
a capacity of 7 kg and contained the cultivation medium, which was prepared from soil with
peatmoss a mixture of 2: 1. Albizia seeds were used that were treated with (10 mg) of biohealth
powder, which was prepared by dissolving it in a liter of distilled water for five minutes after
adding a 0.5 gm of sugar and shaking the liquid culture for 30 minutes. Then the seeds were taken
out from the liquid culture broth and placed in the shade with an air current for 15 minutes before
planting. The seeds were sown on 4/4/2021 at a rate of 2 seeds per bag. The plants were thinned
after germination and one plant was left for each bag. One treatment included 5 bags (five plants).
The soil was inoculated with biohealth by dissolving 5 gm of the inoculum in 20 liters of distilled
water, the seeds were irrigated, and the plants were watered 5 times, and the period between
irrigation and another was 21 days. The seeds were irrigated with Powhumus 100ppm (100mg L™)
and the plants were repeated watering with Powhumus solution (6 times) and the period was
between one irrigation and another (20 days). The plants were sprayed in the early morning with
Biozyme TF solution (1 ml L™) after the plants reached a height of (20 cm) and a diffuser (tween
twenty) was added to reduce the surface tension. The foliar application process was repeated 5
times and the period between one spray and another was 15 days. 360 seeds were planted at a rate
of 2 seeds per bag, distributed over the treatments (control, seed inoculation with Biohealth, soil
inoculation with Biohealth, watering seeds with Powhumuc foliar application plants with Biozyme
TF and their interactions, as the study included 12 treatments with three replications, thus the
number of the trial is 36 units. The factorial experiment was carried out according to Randomized
Complete Blocks Design (RCBD), XLSTAT (Addinsoft 2019) program was used for analyzing the
data, and the averages were compared with the Duncan Multiple Range at a level probability of 5%
(Al-Naaimi 2010). The parameters study were: Seed germination (%),Shoot high (cm), Stem
diameter (mm), plant content of N,P,K, Relative chlorophyll (SPAD unit), shoot fresh weight (gm),
shoot dry weight (gm), Shoot Dry matter (%), root fresh weight (gm), root dry weight (gm), Root
dry matter (%).

Treatments
Table (1): Some of chemical and physical characteristics of the soil
field soil characteristics Value
EC 1.4 dsm™
pH 7.03
N 43.7 mg Kg™
P 8.63 mg Kg*
K 417 mg Kg*
S 3.86 mg Kg*
MG 1.63 mg Kg*
Sand | 510 gKg*
Texture Silt | 280 gKg*
Clay | 210 gKg™
BO= (0Omg L) without inoculation B1= (10mg ~" Seed inoculation with Biohealth
B2= Soil inoculation with Biohealth (5gm in 20 L of water).
PO= (Oppm) Omg L™ Powhumus P1= Irrigation with (100ppm) 100 mgL™
Powhumus

121



Mahmood, etal. / Tikrit Journal for Agricultural Sciences (2022) 22 (1): 119-133

Z0= (0ml L™ foliar application with (Biozyme TF)
Z1= (1ml L™ Foliar application with (Biozyme TF).
The soil samples were analyzed at the central Laboratory in the college of Agriculture Engineering
Science / University of Bagdad according to (Black 1965).
Table (2): Chemical compounds of Biohealth, Powhumus and Biozym tf

Biohealth Pow Humus Biozyme tf
Ascophyllum nodosum 10% Potassium- humates 80-85% Gibberellins 32.2 ppm
Tricoderma harzianum10° cfu/g | Total Humic acid %2 68-73% Auxins (IAA) 32.2 ppm
Bacillus subtilis 10 cfu/g pH- value 9.5-10.5 Cytokining(Zeatins) 83.2ppm
Total Humates acid 2 66-68% Humic acid® 63-67% Magnesium 0.14%
Fulvic Acid"  5-6% Fulvic acid’ 5-6% Boron 0.3%
Potassium- humates 75% Potassium (K20) 10-12% Zinc 0.37 %
Dry matter 83-85 % Organic substance 68-73% Sulfur 0.44%
Organic Substance 68-70 % Bulk Denity 0.55-0.65 kg/L Iron 0.49%
pH- value 9.5-10.5 Manganese 0.12%
Bulk Denity 0.55-0.65 kg/L
RESULTS

1-Germination (%)

The results of the table (3) show the significant effect of the study treatments in this trait, as the
treatment of seed inoculation with biohealth recorded its superiority effect by recording 93.33% for
treatment with B1, while the soil inoculation treatment with B2 recorded a value of 75.83%
significantly superior to the control treatment with BO, which recorded 71.67%. The Powhumus
treatment with 88.89% was affected superiority compared to the control treatment, which gave
71.67%. The triple interaction between B1P0Z0, B1P0Z1, B1P1Z0 and B1P1Z1 showed the
significant superiority 93.33% compared to the BOP0Z0 which recorded 46.67.

Table (3): Effect of biofertilizer, biostimulator and their interactions on the seed Germination
%
Z
B BxP
P 20 Z1
PO | 46.67D 53.33b | 50.00¢
P1 | 90.00 a 96.67a |93.33a
PO | 93.33a | 93.33a |93.33a
P1] 93.33a | 93.33a |93.33a
B2 PO | 86.67 a 56.67b | 71.67b
Pl | 76.67 a 83.33a |80.00b
PxZ P
PO 75.56 b 67.78b | 71.67b
P1 86.67 a 91.11a |88.89a
BxZ B
BO 68.33¢ | 75.00bc | 71.67 b
Bl 93.33a 93.33a |93.33a
B2 81.67 ab | 70.00 Bbc | 75.83 b
Z 8l.11a 79.44 a
Means within a column, row and their interaction following with the same latter are not
significantly different according to Duncan multiple range test at the probability of 0.05 levels.
2-Plant high (cm)
The results of the table (4) show the significant effect of the study treatments in this trait, as
the treatment of soil inoculation with Biohealth recorded its superiority effect by recording 101.92
cm for treatment with B2, while the seed inoculation treatment with B1 recorded a value of 65.23
cm significantly superior to the control treatment with BO, which recorded 44.02 cm. The Z1
Biozyme treatment recorded its superiority significant by recording 80.99 cm compared to the

BO

Bl
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control treatment, which gave 59.78 cm. The interactions between the study factors showed the
significant superiority of the treatments: B2P1, P1Z1, B2Z1, which recorded the values: 120.87,
96.09 and 121.93 cm, respectively. The triple interaction between B2P1Z1 showed the significant
superiority 146.50 cm compared to the BOP0Z0 which recorded 30.19 cm.

Table (4): Effect of biofertilizer,biostimulator and their interactions on the plant high (cm)

Z
B BxP
P Z0 Z1
B0 PO | 30.19g | 45.53ef | 37.86d
P1 | 44.47ef | 5590e | 50.18c¢c
B1 PO | 38.84fg | 54.82e | 46.83¢C
P1| 81.38c | 85.87bc | 83.63b
B2 PO | 68.59d | 97.37b | 82.98h
P1| 95.23b | 146.50a | 120.87 a
PxZ P
PO 45.87d | 65.90c | 84.89a
P1 73.70b | 96.09a | 55.89b
BxZ B
BO 37.33f | 50.71f | 44.02¢c
Bl 60.11d | 70.34c | 65.23b
B2 8191b | 121.93a | 101.92a
Z 59.78 b | 80.99 a

Means within a column, row and their interaction following with the same latter are not
significantly different according to Duncan multiple range test at the probability of 0.05 levels.
3-Stem diameter (mm)

The result of the table (5) show the significant effect of treatments soil inoculation with
Biohealth which gave 6.73 mm compared to the control treatment BO which recorded 2.54 m, while
P1 gave 3.93mm. Compared to PO which recorded the value 5.87 mm. And treatment Z1 recorded
5.64mm significantly superior to the treatment Z0 which gave 4.15mm. The interaction between the
factors of the study showed the significant superiority of the treatments B2P1, B2Z1 and P1Z1 by
recording values (7.98, 7.67 and 6.64mm) respectively. The stem diameter increase by 7.53% in the
treatment B2P1Z1 which recorded 8.90mm within the triple interaction treatment compared to
BOP0ZO that recorded the lowest value and it was 0.67mm.

Table (5): Effect of biofertilizer, biostimulator and their interaction on the stem diameter

(mm)
z
B P BxP
20 Z1
B0 PO| 0.67h | 1.73g | 1.20e
P1| 293f | 483e | 3.88d
B1 PO | 447e [577cd | 512cC
P1|527de| 6.20c | 5.73b
B2 PO | 450e | 6.43bc | 5.47 bc
P1| 7.07b | 890a | 7.98a
PxZ P
PO 3.21d | 464b | 587a
P1 509b | 6.64a | 3.93b
BxZ B
BO 1.80e | 3.28d | 254c
Bl 487c | 598b | 543D
B2 578b | 7.67a | 6.73a
z 415b | 5.64a
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Means within a column, row and their interaction following with the same latter are not
significantly different according to Duncan multiple range test at the probability of 0.05 levels.

4-Nitrogen content (%)

The results of the table (6) indicate the significant superiority of the study factors in this
trait, as the treatment of inoculation of seeds and soil with Biohealth B1 and B2 recorded values of
2.38% and 2.34% for its superiority over the control treatment BO, which gave 1.80%. And the
treatment of Powhumus P1 recorded a value of 2.30%, significantly outperforming treatment PO,
which recorded 2.04%, and the treatment with Biozyme Z1 gave the value of 2.36%, outperforming
treatment Z0, which recorded 1.98%. The interactions between the study factors showed the
superiority of the treatments B2P1, B1P1, P1Z1, B2Z1 and B2Z1, which recorded (2.58, 2.44, 2.53
2.59 and 2.59 %), respectively. The plant content of N% increased by 53.24% for the treatment
B2P1Z1 which recorded 2.93% compared to the control treatment BOP0Z0 which gave 1.56%.

Table (6): Effect of biofertilizer, biostimulator and their interactions on the Nitrogen content
(%)

Z
B BxP
P Z0 Z1
PO| 156f |1.87def| 1.72d

BO "p1 1 1.80ef | 1.96 def | 1.88 cd
oy | PO|220cde | 242bc | 231ab

P1|216¢cde | 2.71ab | 2.44a
5, | PO| 193def | 2.2¢cd | 200he

P1|222cde| 293a | 2.58a
PxZ P
PO 1.90¢c 2.18b 2.04Db
P1 | 206bc | 253a 2.30 a
BxZ B
BO 1.68c | 1.92 bc 1.80b
Bl 2.18b 2.56 a 2.38a
B2 2.08b 2.59a 2.34a
Z 1.98b 2.36 a

Means within a column, row and their interaction following with the same latter are not
significantly different according to Duncan multiple range test at the probability of 0.05 levels.

5-Phosphorus content (%)

The results of the table (7) indicate the significant superiority of the study factors in this
trait, as the treatment of soil inoculation with biohealth B2 recorded values of 0.38% for its
superiority over the control treatment BO, which gave 0.23%. And the treatment of Powhumus P1
recorded a value of 0.33%, significantly outperforming treatment PO, which recorded 0.27%, and
the treatment with biozyme Z1 gave the value of 0.31%, outperforming treatment Z0, which
recorded 0.28%. The interactions between the study factors showed the superiority of the treatments
B2P1, B2Z1 and P1Z1, which recorded (0.43, 0.41 and 0.36%), respectively. The plant content of
P% increased by 42.85% for the treatment B2P1Z1 which recorded 0.49% compared to the control
treatment BOP0Z0 which gave 0.21%.

Means within a column, row and their interaction following with the same latter are not
significantly different according to Duncan multiple range test at the probability of 0.05 levels.

124



Mahmood, etal. / Tikrit Journal for Agricultural Sciences (2022) 22 (1): 119-133

Table (7): Effect of biofertilizer, biostimulator and their interactions on the phosphorus content (%6)
z
B BxP
20 Z1
PO| 0.21h | 0.22gh | 0.21d
P1|0.24fg | 0.25ef | 0.24¢C
PO | 0.25ef | 0.27de | 0.26¢C
P1]0.29d | 0.33c |031b
B2 PO| 0.32c | 0.32c | 0.32b
P1| 037b | 049a | 043a

PxZ P
PO 0.26c | 0.27c | 0.27b
P1 0.30b | 0.36a | 0.33a

BxZ B
BO 0.22e | 0.23e | 0.23¢C
Bl 0.27d | 0.30c | 0.29b
B2 0.35b | 0.41a | 0.38a
Z 0.28b | 0.31

BO

Bl

6-Potassium contents (%)

The results of the table (8) show the effect of K% content of the study parameter. It
increased significantly in the B2 soil inoculation treatment with Biohealth, which recorded 2.61%,
to outperform the control treatment B0, which gave 1.81%. The K% content increased by 85.18% in
the Powhumus P1 treatment, which recorded 2.43% that significantly outperform the treatment PO,
which gave 2.07%. And treatment Z1 recorded a value of 2.34%, significantly superior to treatment
Z0, which recorded 2.16%. The interaction between the factors of the study showed the significant
superiority of the treatments B2P1, B2Z1 and P1Z1 by recording the values (2.85, 2.70 and 2.53%)
respectively. The triple interaction between the treatments B2P1Z1 recorded 2.97%, while treatment
BOP0ZO0 recorded the lowest value and it was 1.60%.

Table (8): Effect of biofertilizer, biostimulator and their interactions on the Potassium
content%
Z
B BxP
P Z0 Z1
PO| 1.60g | 1.63g | 1.62¢
P1| 1.85f |217de| 2.01d
PO| 211e |237cd| 2.24c
P1| 240c 244c | 242b
B2 PO | 2.29cde | 2.43c¢c | 2.36 bc

P1| 274b | 297a | 2.85a
PxZ P
PO 1.99d 214c¢ | 207b
P1 233b | 253a | 243a
BxZ B
BO 1.73¢ 1.90d | 1.81c
Bl 225c | 241b | 2.33b
B2 251b | 270a | 261la

z 2.16b | 234 a

Means within a column, row and their interaction following with the same latter are not
significantly different according to Duncan multiple range test at the probability of 0.05 levels

BO

Bl
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7-Relative chlorophyll in leaves (SPAD unit)

The results of the table (9) show the significant effect of Biozyme treatment in this trait, as
treatment Z1 recorded the value 47.20 SPAD unit to outperform treatment Z0, which gave 39.99
SPAD unit, and the interference treatment P1Z1 which recorded 52.64 SPAD unit outperformed
compared to treatment POZO, which gave 39.02 SPAD unit. The treatment BOP1Z1 which is
among the triple interference treatment recorded a value of 58.00 SPAD unit, which significantly
outperform the treatment BOP0ZO0, which gave 32.47 SPAD unit.

Table (9): Effect of biofertilizer, biostimulator and their interactions on the Relative
chlorophyll in the leaves. (SPAD unit)

YA
B BxP
P Z0 Z1
B0 PO | 32.47c | 38.87bc | 35.67 a
P1| 38.37bc | 58.00a | 48.18a
B1 PO | 42.60 ab | 44.40abc | 43.50 a
P1 | 42.17abc | 48.67abc | 45.42 a
B2 PO | 42.00abc | 42.00abc | 42.00 a
P1 | 42.33abc | 51.27ab | 46.80 a
PxZ P
PO 39.02b | 41.76b | 40.39a
P1 40.96b | 52.64a |46.80a
BxZ B
BO 35.42b 4843a |4192a
B1 42.38ab | 46.53ab | 44.46 a
B2 42.17ab | 46.63ab | 44.40 a
YA 39.99b | 47.20a

Means within a column, row and their interaction following with the same latter are not
significantly different according to Duncan multiple range test at the probability of 0.05 level
8-Shoot fresh weight (gm)

The results of the table (10) show the effect of the shoot fresh weight of the study
parameters.

Table (10): Effect of biofertilizer, biostimulator and their interactions on the shoot fresh
weight (gm)
YA

B BxP
P 20 Z1
B0 PO | 41.94f | 18.54g 30.24 ¢
P1| 49.91f | 115.15c | 82.53¢c
B1 PO | 95.46d | 76.13e 85.79¢c
P1| 75.69e | 6582¢ 70.76 d
B2 PO | 101.65d | 134.25b | 117.95b
P1|144.67b | 177.00 a | 160.83 Aa
PxZ P
PO 79.68c | 76.31c 77.99b
P1 90.09b | 119.32a | 104.71a
BxZ B
BO 45.93e | 66.85d 56.39 ¢
Bl 85.56¢ | 70.96d 78.28 b
B2 123.16 b | 155.63a | 139.39a
z 84.89b | 97.82a
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It increased significantly in the B2 soil inoculation treatment with Biohealth, which recorded
139.39 gm, while the seed inoculation treatment B1 recorded 78.28 gm to outperform the control
treatment BO, which gave 56.39 gm. The fresh weight of the shoot increased by 74.48% in the
Powhumus P1 treatment, which recorded 104.71g that significantly outperform the treatment PO,
which gave 77.99 gm. And treatment Z1 recorded a value of 97.82 g, significantly superior to
treatment Z0, which recorded 84.89 g. The interaction between the factors of the study showed the
significant superiority of the treatments B2P1, P1Z1 and B2Z1 by recording the values (160.83,
119.32 and 155.63) gm, respectively. The fresh weight increased by 10.47% in treatment B2P1Z1
which recorded 177.00 gm within the triple interaction treatments, while treatment BOP0Z1
recorded the lowest value and it was 18.54gm.

Means within a column, row and their interaction following with the same latter are not
significantly different according to Duncan multiple range test at the probability of 0.05 levels.
9-Shoot dry weight (gm)

Table (11) indicates the significant superiority of soil inoculation with Biohealth, B2
recorded the value 30.55g compared to the treatment BO which gave 10.52 also the use of
Powhumus as the treatment P1 recorded the value 23.89g compare to the treatment PO which
recorded 14.88.The treatment of Z1 recorded the value 21.81g outperforming the treatment Z0
which recorded the value 16.96g. In the interaction treatment B2P1, P1Z1 and B2Z1recorded their
significant superiority as they gave 38.01, 28.13 and 36.02 gm) respectively. And the treatments
B2P1Z1 outperformed by registering 44.77g compared treatment BOPOZ1 which gave 2.71gm.
Table (11): Effect of biofertilizer, biostimulator and their interactions on the shoot dry weight
(gm)

Z
B BxP
P Z0 Z1
PO | 4.77 gh 2.71h 3.74d
P1| 10.54fg | 24.06cd | 17.30¢
PO | 19.13de | 16.46¢ef | 17.79¢C
P1| 17.17e | 15.56ef | 16.36C
B2 PO | 18.93de | 27.27bc | 23.10b

P1| 31.24b | 44.77a | 38.01a

PxZ P

PO | 14.28c | 15.48c | 14.88b

P1 19.65b | 28.13a | 23.89a

BxZ B

BO 7.66e | 13.38d | 10.52¢

Bl 18.15¢ | 16.01cd | 17.08 b

B2 25.09b | 36.02a | 30.55a

Z 16.96b | 21.8la
Means within a column, row and their interaction following with the same latter are not
significantly different according to Duncan multiple range test at the probability of 0.05 levels
10-Shoot Dry matter (%)

The results of the table (12) indicate the significant superiority of the study treatments in this
trait, as treatment B1 recorded the highest value of 21.92, which did not differ significantly from
treatment B2, which in turn was significantly superior the control treatment BO, which gave 17.01,
and treatment P1 gave 22.54 to be significantly superior the treatment PO, which recorded 17.71
And treatment Z1 recorded its significant superiority with 21.02 compared to the control treatment
Z0, which gave 19.22. The interaction showed that the treatment B2P1 was significantly superior,
as it recorded 23.46, compared to treatment BOPO, which gave 12.97. And treatment P1Z1
outperformed by registering 23.24 compared to treatment P0OZ0, which gave 16.61. Treatment B2Z1
recorded a value of 22.74 compared to treatment BOZ0 which gave 16.29. The percentage of dry
matter of the vegetative mass increased by 45.18% in treatment B2P1Z1 which recorded 25.21
compared to treatment BOP0Z0 which gave 11.39.

BO

Bl
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(%)
Z
B BxP
P Z0 Z1
BO PO | 11.39e | 1457de | 12.97¢c
P1 | 21.19abc | 20.90abc | 21.05 ab
B1 PO | 19.89 bc | 21.56abc | 20.73 ab
P1 | 22.61labc | 23.62ab | 23.11a
B2 PO | 18.56cd | 20.27bc | 19.41Db
P1 | 21.7labc | 25.21a | 23.46a
PxZ P
PO 16.61b | 18.80b | 17.71b
P1 21.84a | 23.24a | 2254a
BxZ B
BO 16.29¢c | 17.74bc | 17.01b
Bl 21.25a | 2259a | 21.92a
B2 20.13ab | 22.74a | 21.44a
Z 19.22b | 21.02a

Table (12): Effect of biofertilizer, biostimulator and their interactions on the shoot dry matter

Means within a column, row and their interaction following with the same latter are not
significantly different according to Duncan multiple range test at the probability of 0.05 levels
11-Root fresh weight (gm)

The results of the table (13) showed that the fresh weight of the roots increased significantly
in the B1 and B2 seed and soil inoculation treatment with biohealth, which recorded 55.02 and
56.64 g respectively to outperform the control treatment BO, which gave 43.88 gm. The root fresh
weight increased by 62.36% in the Powhumus P1 treatment, which recorded 63.87gm that
significantly outperform the treatment PO, which gave 39.83 gm. And treatment Z1 recorded a value
of 59.57 g, significantly superior to treatment Z0, which recorded 44.12 g. The interaction between
the factors of the study showed the significant superiority of the treatments BOP1, B1P1 and P1Z1
by recording the values (64.05, 62.54 and 71.12gm), respectively. The fresh weight increased by
19.98% in treatment BOP1Z1 which recorded 92.99 gm within the triple interaction treatments,
while treatment BOP0ZO0 recorded the lowest value and it was 18.58gm.

Table (13): Effect of biofertilizer, biostimulator and their interactions on the Root fresh
weight (gm)
Z

B BxP
P Z0 Z1
B0 PO 18.58 h 28.86 g 23.72 ¢
P1 35.12 fg 92.99 a 64.05 a
B1 PO 42.27 f 52.72 ¢ 47.49b
P1 56.09 de 68.99 c 62.54 a
B2 PO 34.04 fg 62.50 cd 48.27b
P1 78.62 b 51.39e 65.01a
PxZ P
PO 31.63d 48.03 ¢ 39.83b
P1 56.61b 7112 a 63.87 a
BxZ B
BO 26.85¢C 60.92 a 43.88 b
B1 49.18 b 60.86 a 55.02 a
B2 56.33 a 56.94 a 56.64 a
Z 4412 b 59.57 a

Means within a column, row and their interaction following with the same latter are not
significantly different according to Duncan multiple range test at the probability of 0.05 levels
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12-Root dry weight (gm)

Table (14) indicates the significant superiority of the use of Powhumus, as the treatment P1
recorded the value 12.03 gm compared to the treatment PO, which gave 5.34 g. Treatment Z1
recorded 10.08 gm, outperforming treatment Z0, which recorded 7.29 gm. In the interaction, the
treatments BOP1, P1Z1 and BOZ1 recorded their significant superiority, as they gave (13.16, 14.02
and 12.54gm), respectively. And treatment BOP1Z1 outperformed by registering 20.98 gm
compared to treatment BOP0ZO0 which gave 2.68 gm.

Table (14): Effect of biofertilizer, biostimulator and their interactions on the Root dry weight

(gm)
z
B BxP
P 20 Z1
BO PO 2.68 f 4.09 ef 3.38d
P1 5.34 def 20.98 a 13.16 a
B1 PO 4.24 ef 7.65d 5.94c
P1 7.71d 14.55¢ 11.13 b
B2 PO 6.68 de 6.71 de 6.69 c
P1 17.07 b 6.52 de 11.79 ab
PxZ P
PO 4.53d 6.15¢c 5.34b
P1 10.04 b 14.02 a 12.03 a
BxZ B
BO 4.01c 12.54 a 8.27 a
Bl 597b 11.10a 8.54 a
B2 11.87 a 6.61b 9.24 a
z 7.29b 10.08 a

Means within a column, row and their interaction following with the same latter are not
significantly different according to Duncan multiple range test at the probability of 0.05 levels
13-Root Dry matter (%)

The results of the table (15) show the significant effect of treatment P1, which gave 17.64
compared to treatment PO, which recorded 14.07. The interactions between the study factors
showed the significant superiority of the treatments BOP1, P1Z1, B2Z0, which recorded (18.38,
18.71 and 20.78), respectively,

Table (15): Effect of biofertilizer, biostimulator and their interactions on the Root dry matter
%

Z
B BxP
20 Z1
PO | 1481b | 14.39b | 14.60 bc
P1| 15.13b | 2252a | 18.83a
PO | 10.09b | 1449b | 12.29¢c
P1| 12.89b | 21.04a | 16.96 ab
B2 PO | 19.88a | 10.75b | 15.31 bc
P1| 21.68a | 1256b | 17.12ab
PxZ P
PO 14.93bc | 13.21c | 14.07b
P1 16.57ab | 18.71a | 17.64a
BxZ B
BO 1497Db | 1846a | 16.71a
Bl 11.49c | 17.76ab | 14.63a
B2 20.78a | 11.65c | 16.22a
z 15.75a | 1596a

BO

Bl
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compared to the treatments B1P0, POZ1 and B1Z0, which recorded (12.29, 13.21 and 11.49),
respectively. The dry matter in the roots increased by 44.80% in treatment BOP1Z1 which recorded
22.52 compared to treatment B1P0Z0 within the triple interference treatments which recorded
10.09.
Means within a column, row and their interaction following with the same latter are not
significantly different according to Duncan multiple range test at the probability of 0.05 levels
DISCUSSION

The superiority of individual treatments and most of the binary and triple interactions among
the study factors may be due to the effect of individual treatments. The effect of biohealth on
vegetative growth characteristics is evident, which may be due to its containing Trichoderma
harzinum, Bacillus subtilis and humic acid, where Trichoderma fungi colonize the root zone and
secrete many organic acids that contributes to lowering soil PH, which increases the availability and
absorption of nutrients, especially iron, zinc and manganese (Hermosa et al 2012), as well as its
positive effect on the formation of a dense root hair density, which increases the surface area for
absorption of water and nutrients (Hartman 2000b) and this is reflected in the vegetative growth
indicators, where this effect was represented by the height of the plant and the diameter of the stem
as well as the plant’s content of nutrients N, P and K, and these results agree with (Saaed et al 2011)
and (Al-Shamarrey 2007), and the reason for the improvement in vegetative growth indicators may
be due to the high ability of Bacillus bacteria to dissolve phosphorous through its secretion of many
of organic acids as well as an increase in the availability of some nutrients, especially the macro
elements (Sharma et al. 2012), and thus this effect was reflected on the increase in the root system
and its increased absorption of nutrients and water, which contributed to increasing plant growth,
which is represented in increasing plant height, stem diameter, fresh and dry weight of the
vegetative and root system. It was represented in the increase in plant height, stem diameter,
increase in relative chlorophyll pigment intensity, fresh weight, dry weight and percentage of dry
matter of the vegetative and root system, as humic acids improve the chemical and physical
properties of the soil as it improves soil aeration and increases its fertility by increasing availability
of some elements and increasing the activity of microorganisms The beneficial effect in the
rhizosphere of the soil and encouraging its colonization of the root zone (Willer and Lernoud 2019),
the positive effect of the biozyme spray may be due to the fact that it contains growth regulators,
especially cytokinin, which makes up 83% of its composition, the effect of cytokine is known to
stimulate cell division and break the apical dominance, as it works to increase the growth of buds.
Transverse and lateral and stimulation of plant elongation by increasing cell elongation and stomata
opening in some plant species, (Verma and Verma 2010). The effect of cytokines is known to
increase and influence cell division in what is known as Phytogeronotology, which directs plant sap
to sites of cytokine accumulation (Carey 2008) and (Al-Sady and Al-Kheekany 2019), as it is
considered a factor in encouraging the movement and transfer of nutrients and has a role in
encouraging the formation of relative chlorophyll and stimulating the formation of chloroplasts.
(George et al. 2008) as well as its role in stimulating roots to increase soil absorption of water and
nutrients. (Bba Khani rt al. 2013). The increase in relative chlorophyll accumulation table (9) led to
increase in plant height in table (4) which led to an increase in carbon-building products and this led
to an increase in stem diameter as well as an increase in wet weight and the dry weight of the
vegetative system and the root, then increasing the percentage of dry matter in the vegetative and
roots system.
REFERENCES

Addinsoft. (2019). XLSTAT statistical and data analysis solution. Boston, USA.

Adesemoye, A.0.and J.W. Kloppr.(2009). Plant-microbes interaction in enhance fertilizer-use
efficiency, Applied Microbiology and Biotechnology. 85, 1-12.

Aggeliki, A.; T. Georgia, B. Maya; S. Martina, D. Grigorios, M. Alhanass and K.Katerina.
(2016). Integrated analysis of Metabolisms and protein reveal aspect of the tissue-
specific function of synthetic cytokines in Kiwi fruit development and ripening. Journal
of Proteomics: 1-6 Article in Press.

130



Mahmood, etal. / Tikrit Journal for Agricultural Sciences (2022) 22 (1): 119-133

Al- Naaimi, M. Ab. A.(2010).Experimental Design in Scientific Research. Al-Rawaq for
publishing.

Ali, N., Sh. and Ab. W.ADb.R. Shaker. (2018). Organic fertilization and its role in sustainable
agriculture. Dar Al-Khatab press.

Al-Khafagi, M.A.(2014). Plant growth regulators, Application and utilizations in Horticulture.
Ministry of Higher Education and Scientific Research, University of Bagdad. Al-Dar
Al-Jammia for Press and Publishing.

Al-Sady,M.H and A.H.J. Al- kheekany.(2019). Plant hormone and their physiological effects.
Al- Qasm Green University College of Agriculture.Dar al. Kootab. Bagdad. Irag. P.232.

Al-Samerria,l.Kh and F.m. Tamimi. (2018). Concepts and applied of soil microbiology. Dyala
University. Center printer. Pp. 515

Al-Shamarrey, M.F.M. (2007). Effect of biofertilizer with Mycorrhizae (Glomus mosseae) and
Tricoderma Harziaum and organic fertilizerwith Humic acid and their interactions on
growth and yield of Tomato plant. A thesis Biology department. High Academic for
scientific studies.

Altomare, C., W. A. Norvell; T.Borkman, and G.E.Harman. (1999). Solubilization of phosphate
and micronutrient by plant growth promoting and bio control fungi Tricodermum
harzianum. Rifai 1295-22App. Environ, microbial65:2926-2933.

Amit, T. (2008). Effect of salicylic acid L-arginine monohydrochloride, gibberellic acid, maleic
hydrazide and indol acitic acid on seed germination and seedling growth of Albizia
lebbeck L. plant Archives J. Vol (8). No(1). Pp 495-496.

Bba Khani,S.; M. Nasri and M. Oveysi.(2013). Effect of cytokine hormone andwater stress on
the yield and yield component of corn (Zea mays). Annals of Bio. Res.4(4); 130-133.

Bhuvaneswar, G.; S. Reetha. R. Sivaranjani and K.Ramakrishnan. (2014). Effect of Fungi &
Trichoderma species as stimulations of growth and morphological character of chilli
Capscium annuum. Int. j. Curr . Microbiol. App. Sci 3(3): 447-455.

Black, C.A. (1965). Method of Soil analysis: Part 1, physical and mineralogical properties.
American society of Agronomy, Madison, Wisconsin.

Carey, D.J. (2008). Effect of Benzyl adenine on ornamental crop. MSC. Thesis. Faculty of
North Carolina State University. Raleigh, North Caroline, USA.

El-Sharkawy, G.A. and H.S. Abdel-Razzak.(2010). Respons of cabbage plant (Brassica
oleraceae var. capitata L.) to fertilization with chicken manure, mineral
nitrogenfertilizer and humic acid. Alex. Sci. Exch. J 31:416-432.

Faisal, P. P. Singh, and R. Irchhaiya,. (2012)“Review on Albizia lebbeck a potent herbal drug,”
International Journal of Pharmaceutics, vol. 3, no. 5, pp. 63-68, 2012.

George, E.F.; M. A. Hall and G.J. Deklerk.(2008).plant propagation by tissue culture. Volume
1. The background. Springer Netherland Education book Agency. New Delhi. India p
205-226.

Guleria,V.; Sh. Sharma, V.Kumar and S. Bisht.(2014). Species Specific Rhizobium Inoculation
on Seedling Growth of Albizia lebbeck and Acacia catechu Under Water Stress
Conditions. SCIENCE INTERNATIONAL. DOI: 10.17311/sciintl.2014.51.56.

Chaudhary, M., Sharma, A.K., Kumar, R., Chauhan, B., Kaushik, K., Agarwal, V. (2012).
Comparative Immunomodulator Activity of leaves and bark of Albizia Lebbeck (Linn.).
Enth. Int. J. Res. Dev. Pharma. Life Sci., 1: 25 27.

Hartman, G. E. (2000a).Overview of mechanism and use of Tricoderma spp. Phytopathology.
140-45.

Hartman, G.E.(2000b). Myths and dogmas of biocontrol change in perception derived from
research on Trichoderma harzianum T22. Plant Dis Rep. 84(4):377-393.

Hermosa, R.; A. Viterbal; L., Chet and E. Monte. (2012). Plant beneficial effect of Tricoderma
and its Genes. Microbiology: issue 158:p 17-25.

131



Mahmood, etal. / Tikrit Journal for Agricultural Sciences (2022) 22 (1): 119-133

llango, K ; M. Vanangamudi; K. Vanangamudi;. (2003) Effect of foliar spray of growth
hormons on seedling growth attribute Albizia Lebbeck. Journal of Tropical Forest
Science , January 2003, Vol. 15, No. 1 (January 2003), pp. 1-5

Joker, D., (2000). Seed Leaflet, Albizia lebbeck (L.) Benth, Danida Forest Seed Centre,
Humlebaek, Denmark ,

khan, B.M; M.A. Kabir; M.K.Hossain and M.A.U. Mridha. (2006). Effect of microbial
inoculants on Albizia saman germination and seedling growth. Journal of Forestry
Research volume 17, pages99-102.

khan, B.M; M.A. Kabir; M.K.Hossain and M.A.U. Mridha.(2015).Microbial inoculation
influences the germination and growth of Albizia lebbeck seedling in nursery.Banko
Janakari, Vol. 26, No.1. P 82-89.

Khera, N. and R. P. Singh, (2005).“Germination of some multipurpose tree species in five
provenances in response to variation in light, temperature, substrate and water stress,”
Tropical Ecology, vol. 46, no. 2, pp. 203-217.

Lee, Y.H; M. K. Kim, J. Y. Heo and H.d. Yun. (2013). Organic fertilizer application increases
biomass and propotion fungi in the soil microbial community in a minimum tillage
Chinese cabbage field Canadian journal of soil science. 93(3):271-278.

Lee,K.D; H.S. Han. (2005). Phosphate and potassium solubilizing bacteria effect on mineral
uptake, soil Availability and growth of eggplan. Res. J. Agric. & boil. Sci. 1(2); 176-
180.

Tigabu , M. and P. C. Od’en, .(2001).“Effect of scarification, gibberellic acid and temperature
on seed germination of two multipurpose Albizia species from Ethiopia,” Seed Science
and Technology, vol. 29, no. 1, pp. 11-20,

Mohamad, M., Y. and M, O., Abdulla. (2018). Effect of Organic Fertilizer of Potasium Humate
and Sea Weed Extracts on some Chemical and Physiological Characteristics of Pinus
pinea L. Seedlings. Journal of Rafidain sciences.27 (4);64-75.

Mridha,B M. A. U. . M. Khan and M. K. Hossain. (2016). Microbial Inoculant for Seed
Germination and Seedling Growth of Acacia mangium Willd. Journal of Applied
Environmental and Biological Sciences. 6(5)116-124. ISSN: 2090-4274

Nardi,S.; M.Schiavon and O, Franciso. (2021). Chemical structure and Biological Activity of
Humic substance Define Their Role As plant growth promoters. Molecules. 26:1-20.

Oskiera, M.; M. Szcech and G.Bartoszewek. (2015). Molecular identification of Tricoderma
strains collected to develop plant growth promoting and Biocontrol agents. Journal of
Horticultural research. Vol 23(1): 75-86.

Perveen, S., Varshney, A., Anis, M., Aref, 1.M., (2011): Influence of cytokinins, basal media
and pH on adventitious shoot regeneration from excised root cultures of Albizia
lebbeck. Journal of Forestry Research, 22(1): 47-52

Qadri R and Mahmood A (2005). Ultra-Structural studies on root nodules of Albizia lebbeck L.
Benth. Pakistan Journal of Botany 37(4): 815.

Rengrudkij, P.; Partida, G.J. (2003). The effect of humic acid and phosphoric on grafeted hass
avocado on Mexican seedling rootstocks. Proc. World Avocado Cong., 395 — 400.

Saaed, F.H.; H.M. Aboud and H. SH. Mogheer.(2011). Effect of isolation of Trioderm on
phosphor availability and some pant micro minerals. Al-anbar journal of Agriculture
science. 9(1) p:183-189.

Sau, S.; B.Ghosh; S. Sukmal and P. Deb. (2015). Effect of foliar application of Biozyme on
yield and physicochemical properties of rainy season crop of Guava ( Psidium Guajava
L.) cv. Allahabad safeda in alluvial soil of west Bengal. International Journal of bio-
resources and Agriculture sciences. Vol 1 (14); 176-185.

Sharma,B. S.Rashi and A. Saha. (2012). In vitro solubilization of tricalcium phosphate and
production IAA by phosphate solubilization bacteria isolated from Tea rhizosphere of
Darjeeling Himalaya. Plant Science Feed 2 (6):96-99.

132



Mahmood, etal. / Tikrit Journal for Agricultural Sciences (2022) 22 (1): 119-133

Verma, S.K; M. Verma. (2010). A text book of plant physiology, Biochemistry and
Biotechnology. S.Chand and company Itd. Ramanger, New Delhi: 112p. Version of
Record.

Willer, H. and J. Lernoud. (2019). The world of organic agriculture, statistic and emerging
trends. Int. federation of organic Agric. Mor. (IFOAM): 27-35.

Albizia lebbeck L <& gai g 5ol ciladl b 4 gaall cilladiall g 5 guad) quadiall yil

33 gana cpalipley Ll 2haaz a5 Lagana o LK
Db s Jidia 3243 Sazy dnala? Alaplid) dxala ]
ALaMAl)
4D 5 RCBD ALl 490 sdiadl cilelUail) apaai (385 4lia 4y a8 Cuy sl dalidal) cilalslf
(i) oS all) Agiladad) ddailase 3 Ae )30 60l il Jlis pu Jide 3 delse (s sl cuadall (3l
5 1- 5 et e il s SO0 (Biohealth) o sl caasall alasiul 5l Ayl Ay gal) cilladindl

s ¢ bl sl D0 a5 il mili 5 hade cle -0 6210 @ sl il
(rsiway Powhumus s2aiu) 3 (Powhumus and Biozyme) 4 sl ciladidl)
Biozyme TF < aall g senddl iy o 1-8 a2le]005 1- 30 ptle jiia
G gai 5 sl il B LeDAlS 5 -0 da 15 i de Lhea 3SR
Graay ol ) S &3 e g jge dlalae 36 SOlaall 20 oS5 el 5 L 5aly)
Pl Cedlal | XLSTAT el @y bl clla Glils 5 4y i) 3as 5l
Clace 35l il s b 5 al) aadally | sl el Alalad (g sinall 2
T 3 )l il i) i 8 Al il Aldae 6 55 Lask 993,33
o Al Bald) Apd 5 g padll g geaall Calall 5 gkl (505 clall 8 KeP
502 30.55 502 13939 54k 6.73 5 pme 101.92) Calaws 3 i) e (G1,55Y)
Glia i (s sinall i &5 Powhumus Alelas calas i) e claall (9%21.44
3 gl A ¢g pumall & senall Gilall 5 ol 055l (NPK A i) dausi )
50.33 52.30 5 88.89) Claws I (53l & senall Calall 5 (5 hll o5l Adlal)
Sliall (17.64 50212.03 563.87 522.54 522 23.89 5p8 104.71 52.43
sk clall pla ) Glia 4 Biozyme TF o Uil dlebae ciigii 5 il e
lall 5 okl sl (@YY (8 a5 SASH A (31,51 (ANLP K s 5 ¢l
) el Lebinss sl e (o3l g ganall G 5 55kl (55 ¢ smadll & sanall
sat 21.81 5297.82 54720 52.34 5031 52.36 50le 5.64 5 an 80.99
Jaladll am B2P1Z1 Alalaall s 5 sl e claall (10.08 5 a2 59.57
o2 119.3252.97 50.49 52.93 52k 8.90 5 au 146.50) pil s 3 N
L ol HhE o) gl ) claall Il e (a22521 5 a2 44.77
g saaall ilall ()55 ¢ g padll g sanall lall 5 gkl )80 (SlLsY ENPK
(sl e Glas dua (3

133



