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ABSTRACT

The present study was conducted at the nursery of the College of Agricultural Engineering Sciences;
University of Duhok, Kurdistan Region, Iraq, during growing season (2020) to evaluate the effects of
foliar sprays of three concentrations of aminoplasmal (0, 50 and 100 ml.L™), concentrations of humic
acid (0, 100 and 200 ml.L™) and boron (0, 50 and 100 mg.L™) on vegetative growth and nutritional
status of one year old almond seedling (Prunus amygdalus). The factorial experiment within
randomized complete block design was used with three replicates. Foliar spraying applied at two
times. First spray was carried out on 25" of April and the other on 27™ of May. Results indicated that
foliar spray of aminoplasmal at 100 ml.L™ significantly increased all vegetative growth characteristics
(stem length, stem diameter, number of branches/seedling, number of leaves / seedling, chlorophyll,
leaf area, leaf fresh weight, leaf dry weight), and significantly increase leave nutritional status (N, P, K
and B). Humic acid at conc. (200 ml.L™) and boric acid at conc. (100 mg.L™) cause significant increases
in all studied traits. In combination, the triple interaction between 100 ml.L™ aminoplasmal with 200
ml.L-1 humic acid and 100 mg.L™ boron was the most affected one which surpassed significantly on
the control treatment and other treatments. In general, in this study, it was discovered that treatments
with aminoplasmal, humic acid and boron significantly increased vegetative growth and nutritional
status of almond seedling.
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INTRODUCTION

Almond (Prunus amygdalus B.) is a deciduous
tree, it belongs to genus Prunus, subgenus
Amygdalus. (27, 35). Related to the Rosaceae
family that also includes apples, pears, prunes,
and raspberries and is taxonomically related to
other fruits species such as apricot and peach
(26). Almonds are one of the oldest
commercial nut crops of the world; from the
Middle and West Asia, it has diffused to other
regions and continents which include the
Middle East, China, the Mediterranean region,
and America (22). Amino acids are organic
molecules that contain nitrogen, carbon,
hydrogen, and oxygen, and have an organic
side-chain in their structure, a characteristic
that distinguishes the different amino acids
(7,40). Also amino acid is a well-known bio-
stimulant which has positive effects on plant
growth (21). Yet amino acids are fundamental
in chlorophyll production; chlorophyll being
the driving force behind photosynthesis.
Amino acids help to increase chlorophyll
concentration in the plant, leading to higher
degree of photosynthesis, which in turn leads
to even more available energy (28). Nabi et al
2018 investigated the effect of aminoplasma,
zinc and boron on vegetative growth of
almond transplants. Accordingly, the obtained
results reveal that the aminoplasmal at 200,
and 250 ml.L™" significantly enhanced most
studied parameters. Hassan et al 2010 applied
amino acids to foliage plum trees caused a
pronounced increase in leaf N, and K content.
Humic acid can have direct effects on plant
growth and causes an increase the growth of
shoots and roots, absorption of nitrogen,
potassium,  phosphorus,  calcium  and
magnesium by plant, and it improves plant
physiological processes by increasing the
availability of major and minor nutrients as
well as by increasing the vitamin, amino acid
and also auxin and cytokinine content of plants
(9,29). The direct effect of humic acid
compounds may have different biochemical
effects either at cell wall, membrane level or in
the cytoplasm, including increased respiration
rates and photosynthesis in plants enhanced
plant hormone- like activity and protein
synthesis (11,42). Eisa et al. 2016 studied the
effect of foliar application of humic acid on
the growth and leaf mineral composition of
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Nonpareil almond seedlings. The results
indicated that using humic acid as a foliar
application resulted in improving vegetative
growth and significantly increased leaf macro
and micro-elements. Boron is a critical
nonmetal immobile micronutrient, important
for plant growth and development (36). It has
a role in cell wall synthesis, structure and
lignification, and plasma membrane integrity
(38). Boron improves enzymes activity,
promotes phytohormones and nucleic acids,
activates nutrient uptake and mitigates plant
tolerance to salinity, increases carbohydrates
and sugars allocation, and stimulates phenols
metabolism (20,24,43). Boron is an essential
element required for optimal growth and
development in higher plants (23). Boron may
be applied to the soil or the foliage with good
effect. Foliar fertilization has advantage of low
application rates, uniform distribution of
fertilizer materials, easiest method of
application and quick responses to applied
nutrients (20, 32). Keshavarz et al 2011
showed that foliar application of boron at
(200mg.L™) has been reported to elevate the
leaf chlorophyll and N content, thus increasing
shoot growth, in Persian walnut. Acar et al
2016 showed that Tarmmbor fertilizer
containing 18.5% boron on two pistachio
cultivars (‘Uzun’ and ‘Siirt’), resulted greater
improvements in the boron content of leaves in
both cultivars. Therefore, the aim of this study
was to improve vegetative growth and
nutritional status of almond seedling by using
aminoplasmal, humic acid and boron spraying.
MATERIALS AND METHODS

This study was carried out during the growing
season of 2020 in the nursery of the College
Agricultural Engineering Sciences; University
of Duhok , Kurdistan region, lIrag, in one year
old almond seedling. The experiment included
three  concentration  of  Aminplasmal
{Aminoplasmal B. Braun 10%} (0, 50 and
100ml.L™), three concentration of humic acid
(0, 100 and 200 mlL?" and three
concentration of boric acid {B approx.
17.48%} (0, 50, and 100 mg.L™), Treatments
were consisted of 27 concentration treatments
with three replicates; with five seedlings for
each experimental unit (405 seedling). The
spraying was carried out twice per season
(first, 25 April and Second, month later). The



Iraqgi Journal of Agricultural Sciences —2022:53(2):415-428

Shaymaa & et al.

seedling was sprayed in the morning till runoff
and the Tween-20 was added at 0.1 ml/L was
used as a wetting agent. Factorial experiment
was arranged within RCBD and the results
were analyzed statistically using analysis of
variance. The means were compared using
Duncan’s multiple range test at 5% probability
(8). AIll the data were tabulated and
statistically Analyzed with computer using
(37). At the end of August the following
characters will be measured:

1- Stem length (cm)

2- Stem diameter (mm).
3- Number of branches/seedling™.
4- Number of leaves/seedling™.

5- Leaf chlorophyll content by using
chlorophyll meter (SPAD-502, Konica
Minolta).

6- Leaf area (cm?) Leaf area was measured by
a Digital Leaf Area Meter (ADC, Bio
scientific LTD).

7- Leaf fresh weight (g).

8- Leaf dry weight (g)

9- Leaf mineral content (N, P, K and B).

Table 1. Qualitative and quantitative composition of Aminoplasmal 1000ml of solution

contain

Acid name Aminoplasmal Acid name Aminoplasmal

B. Braun10% B. Braun10%
Isoleucine 5.00g Proline 5.50g
Leucine 8.90g Aspartic acid 5.60g
Lysinehydrochloride 8.569 Aspargine 3.68g
Methionine 4.40g Asetyl Cysteine 0.68g
Phenylalanine 4.70g Glutamic acid 7.20g
Threonine 4.29g Tyrosine 0.40g
Tryptophane 1.60g Serine 2.30g
Valine 6.20g Acetyltyrosine 0.86g
Arginine 11.50g Ornithinehydrochloride 3.20g
Histidine 3.00g Total amino acids 100g/I
Glycine 12.00g Total nitrogen 15.8¢g/

Alanine 10.50g

RESULTS AND DISCUSSION

Stem length (cm): The data in Table 2
explain that foliar spray of amino plasmal
cause significant increase in stem length when
compared to control, the highest value
(92.85cm) was obtained from 100 ml.L™
amino plasmal. The same table illustrat that
spraying almond seedling with humic acid at
200 ml.L* and boron at 100 mg.Lt
significantly increased stem length which gave
the highest value (95.19 and 96.15 cm)
respectively.  Concerning the interaction
between amino plasmal and humic acid it is
declared that the combination of 100 ml.L™
amino plasma x 200 ml.L™* humic acid had the
highest stem length (99.22cm) when compared
to other treatment. In the interaction between
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amino plasmal and Boron, the highest value
(99.11cm) was recorded at the interaction
between 100 ml.L™" amino plasmal x 100
mg.L™ Boron. The same results also points the
significant effects of interaction between
humic acid and Boron, and the maximum
significant value (103.00cm) was recorded by
the combinations of 200 ml.L™ humic acid and
100 mg.L™ Boron. The interaction among the
three studied factors, the maximum value
(108.00 cm) was obtained from combination
of 100 ml.L™ amino plasmal x 200 ml.L*
humic acid and 100 mg.L™ Boron compared to
lowest value (71.00 cm) was obtained from 0
ml.L™ amino plasma x 0 ml.L™ humic acid and
0 mg.L™ Boron.
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Table 2. Growth response of almond seedling (stem length (cm)) to the aminoplasmal, humic
acid, boron and their interactions

Amino plasma  Humic acid Boron Boron Boron Amino plasma  Amino plasma
0 50 100 * Humic acid
0 0 71.00n  88.33e-k 90.33e-h 83.22e 87.41c
100 83.00lm  90.33e-h  92.00 d-f 88.44 d
200 83.67 k-m  90.00 e-i 98.00 ¢ 90.56 cd
50 0 85.33i-m  87.33f- 93.00de 88.56 d 91.04b
100 85.00j-m 89.67e-j 91.67 d-f 88.78 cd
200 86.33g-m  98.00c 103.00 b 95.78 b
100 0 82.00m  89.33e-j 93.00de 88.11d 92.85a
100 86.00h-m 91.33ef 96.33cd 91.22¢
200 91.00 e-g 98.67 ¢ 108.00 a 99.22 a
Boron 83.70 ¢ 91.44 b 96.15a Humic Acid
Amino plasma 0 79.22 f 89.56 d 9344 ¢ 0 86.63 ¢
* Boron 50 85.56 e 91.67 cd 95.89 b 100 89.48 b
100 86.33 e 93.11c 99.11a 200 95.19a
Humic acid 0 79.44 h 88.33ef  92.11cd
* Boron 100 84.67 ¢ 90.44de  93.33 bc
200 87.00 fg 95.56 b 103.00 a

Means of each factor and their interactions followed with the same letters are not significantly different from
each other’s according to Duncan’s multiple range test at 5% level.

Stem diameter (mm): Table 3 shows that
foliar application of amino plasmal cause
significant increases in stem diameter of
almond seedlings, the highest value (3.92mm)
was obtained from 100 ml.L™ amino plasmal.
Foliar spray of humic acid caused a significant
increase in stem diameter especially at (200
ml.L") which gave the highest value
(3.7lmm). The spraying of Boron had
significant effect on the stem diameter, the
highest significant value (3.60mm) was
obtained from100 mg.L™ Boron. Regarding
the combination between amino plasmal and
humic acid table 3 shows that the interaction

of 100 ml.L? amino plasma x 200 ml.L*
humic acid had the highest value of stem
diameter (4.50mm). The same table indicate
that the interaction of 100 ml.L" amino
plasmal x 100 mg.L™* Boron and 200 ml.L™
humic acid x 100 mg.L™ Boron on stem
diameter had the highest value (4.26mm and
4.11mm) respectively. The interactions of the
three factors, the maximum value (5.24mm)
was recorded from the interaction of 100 ml.L
! amino plasmal x 200 ml.L™* humic acid and
100 mg.L? Boron compared with the
minimum value from 0 ml.L™ amino plasmal x
0 ml.L"™* humic acid and 0 mg.L™ Boron.

Table 3. Growth response of almond seedling (stem diameter (mm)) to the aminoplasmal,
humic acid, boron and their interactions

Amino plasma  Humicacid Boron Boron Boron  Amino plasmal  Amino plasma
0 50 100 * Humic acid
0 0 205k  217jk 250] 2.24f 2.78¢
100 2.17 jk 288i 3.33e-h 279e
200 3.02hi 327e-h 3.63de 3.31d
50 0 3.09g-i 3.26e-h 33le-h 3.22d 3.27b
100 3.13fi 3.27e-h 339d-h 3.26d
200 3.35d-f 320f-i 3.46d-g 3.34cd
100 0 33le-h 372cd 3.51d-f 351c 392a
100 3.65de 362de 4.02bc 3.76b
200 421b 404bc 524a 450 a
Boron 311c 327b 3.60a Humic Acid
Amino plasmal 0 241f 2.77e 3.15d 0 299¢c
* Boron 50 319cd 3.24cd 3.39¢ 100 3.27b
100 3.72b 3.79b 4.26 a 200 371la
Humic acid 0 282e 3.05d 3.1lcd
* Boron 100 298de 3.26¢ 358b
200 3.53b 3.50b 411a

Means of each factor and their interactions followed with the same letters are not significantly different from
each other’s according to Duncan’s multiple range test at 5% level
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Number of branches.seedling™: Results in
Table 4 indicated that the spraying of amino
plasmal had no significant effect on the
number of branch per seedlings of almond
seedlings. Foliar application of humic acid
caused a significant increases in number of
branch per seedlings especially at (200 ml.L™)
which gave the highest value (4.63). It could
be found from the study the significant
differences in number of branch per seedlings
from the spraying of 100 mg.L™ Boron that
gave highest value (4.81). Table 4 also
illustrate significant effects of interaction
between amino plasmal and humic acid on
number of branch per plant, as results of the

interaction between 100 ml.L™ amino plasma
and 200 ml.L™* humic acid which recorded the
highest number of branch per seedlings (4.89).
For the interaction between amino plasmal and
Boron, the highest value in number of branch
per plant (4.89) was obtained in the interaction
between (50 and 100) ml.L™* amino plasmal x
100 mg.L? Boron. The interaction between
humic acid at 200 ml.L™* and Boron at 100
mg.L™ had the highest significant value (5.89).
The interactions of the three factors, the
highest value (6.00) was recorded from the
interaction of 100 ml.L™* amino plasma x 200
ml.L™* humic acid and 100 mg.L™* Boron.

Table 4. Growth response of almond seedling (Number of branches/seedling) to the
aminoplasmal, humic acid, boron and their interactions

Amino plasma Humic acid Boron Boron Boron Amino plasmal Amino plasma
0 50 100 * Humic acid
0 0 3.33cd 4.00 cd 4.00 cd 3.78 bc 4.00a
100 3.00d 3.67 cd 4.33 b-d 3.67¢
200 3.33cd 4.67 a-c 5.67 ab 4.56 ab
50 0 3.67 cd 3.67 cd 4.67 a-c 4.00 bc 4.07 a
100 3.00d 4.33 b-d 4.00 cd 3.78 bc
200 3.00d 4.33 b-d 6.00 a 4.44 a-c
100 0 3.33cd 3.67cd 4.00 cd 3.67c 419a
100 3.33cd 4.00 cd 4.67 a-c 4.00 bc
200 433b-d 4.33b-d 6.00 a 4.89 a
Boron 3.37¢ 4.07b 4.8la Humic acid
Amino plasmal 0 3.22d 4.11 a-c 4.67 ab 0 3.81lb
* Boron 50 3.22d 4.11 a-c 4.89 a 100 3.81b
100 3.67cd 4.00 b-d 4.89 a 200 4.63a
Humic acid 0 3.44 de 3.78 b-e 4.22 b-d
* Boron 100 31le 4.00 b-d 4.33 bc
200 3.56 c-e 444 b 5.89a

Means of each factor and their interactions followed with the same letters are not significantly different from
each other’s according to Duncan’s multiple range test at 5% level

Number of leaves/seedling: Table 5 illustrate
that the spraying Almond seedling with 100
ml.L™ amino plasmal and 200 ml.L™ humic
acid and 100 mg.L™ Boron significantly
increased the number of leaves per seedlings
which gave the highest value (98.54 , 97.52
and 99.70) respectively. Regarding the
interaction of amino plasmal x humic acid,
amino plasmal x Boron, humic acid x Boron,
maximum significant value (106.11, 109.00
and 103.78) was resulted from the interaction

419

of 100 ml.L* amino plasma x 200 ml.L*
humic acid, 100 ml.L™ amino plasma x 100
mg.L™ Boron and 200 ml.L™* humic acid x 100
mg.L? Boron gave the maximum value
respectively. In respect, the interaction of the
three study factors, the interaction of 100 ml.L
! amino plasmal x 200 ml.L™* humic acid x 100
mg.L™* Boron gave the highest value (113.33)
compared to lowest value (60.00) from the
interaction of 0 ml.L™* amino plasma, 0 ml.L™
humic acid and 0 mg.L™* Boron .
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Table 5. Growth response of almond seedling (Number of leaves/ Seedling ) to the
aminoplasmal, humic acid, boron and their interactions

Amino plasma Humic acid Boron Boron Boron Amino plasmal * Amino plasma
0 50 100 Humic acid
0 0 60.00 m 84.00 h-j 85.00 g-j 76.33 e 84.04 b
100 71.33 ki 85.00 g-j 93.67 d-g 83.33d
200 85.00 g-j 94.67 d-f 97.67 c-f 92.44 bc
50 0 70.67 | 83.67 ij 98.67 c-f 84.33d 86.63 b
100 67.67 Im 82.00 ij 95.00 d-f 81.56 d
200 91.67 e-i 90.00 f-i 100.33 c-e 94.00 bc
100 0 79.50 jk 93.33 e-g 103.33 b-d 92.06 ¢ 98.54 a
100 83.00 ij 99.00 c-f 110.33 ab 97.44 b
200 98.00 c-f 107.00 a-c 113.33 a 106.11 a
Boron 78.54 ¢ 90.96 b 99.70 a Humic acid
Amino plasmal 0 7211e 87.89 cd 9211c 0 84.24c
* Boron 50 76.67 85.22d 98.00 b 100 87.44Db
100 86.83d 99.78 b 109.00 a 200 97.52 a
Humic acid 0 70.06 e 87.00d 95.67 bc
* Boron 100 74.00 e 88.67 d 99.67 ab
200 91.56 cd 97.22 b 103.78 a

Means of each factor and their interactions followed with the same letters are not significantly different from
each other’s according to Duncan’s multiple range test at 5% level

Leaf chlorophyll content (%0): It’s clear from
Table 6 that spraying Almond seedling with
100 ml.L™* amino plasmal and 200 ml.L™?
humic acid and 100 mg.L™* Boron significantly
increased leaf chlorophyll content which gave
the highest value (51.78, 51.91 and 52.70)
respectively. For the table 6 indicated that
interactions of amino plasmal x humic acid,
amino plasma x Boron, humic acid x Boron
were significantly differed from most of others
interactions. The highest values (53.86, 54.39
and 55.94%) were with the interaction of 100

ml.L™ amino plasmal x 200 ml.L™" humic acid,
100 ml.L™* amino plasmal x 100 mg.L™ Boron
and 200 ml.L™ humic acid x 100 mg.L™ Boron
respectively. For the interaction between the
three study factors in same table shows that the
highest value (57.90) was obtained with the
combination among 100 ml.L amino plasmal,
200 ml.L™* humic acid and 100 mg.L™ Boron
compared to the lowest Chlorophyll content
(39.40) at 0 ml.L™* amino plasmal, 0 ml.L™
humic acid and 0 mg.L™ Boron.

Table 6. Growth response of almond seedling (Leaf chlorophyll content (%)) to the amino
plasmal, humic acid, boron and their interactions

Amino plasma Humic acid Boron Boron Boron Amino plasmal Amino plasma
0 50 100 * Humic acid
0 0 39.40m 42.67 | 45.00 kI 42.36 d 47.40¢
100 46.67 i-k 48.67 f-i 51.73 c-f 49.02 ¢
200 46.33 i-k 50.63 d-g 55.50 ab 50.82 b
50 0 45.57 jk 50.30d-h  53.13 b-d 49.67 bc 50.03 b
100 46.20 i-k 50.50 d-g 51.33 c-g 49.34 bc
200 47.33 h-k 51.43 c-g 54.43 bc 51.07b
100 0 48.27 g-j 51.17 d-g 52.23 c-e 50.56 bc 51.78 a
100 49.23 e-i 50.50d-g  53.03 b-d 50.92 b
200 50.83d-g  52.83b-d 57.90 a 53.86 a
Boron 46.65c 49.86 b 52.70 a Humic acid
Amino plasmal 0 4413 f 47.32 e 50.74 cd 0 4753 ¢
* Boron 50 46.37¢ 50.74 cd 52.97 ab 100 49.76 b
100 49.44 d 51.50 bc 54.39 a 200 5191a
Humic acid 0 4441 f 48.04 ¢ 50.12 cd
* Boron 100 47.37 e 49.89d 52.03 b
200 48.17 e 51.63bc a 55.94

Means of each factor and their interactions followed with the same letters are not significantly different from

each other’s according to Duncan’s multiple range test at 5% level

Leaf area (cm?): results in Table 7 show that
the spraying Almond seedling with 100 ml.L™
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amino plasma and 200 ml.L™* humic acid and
100 mg.L™ Boron significantly increased the
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leaf area which give the highest value (3.45,
3.28 and 3.19) respectively. Regarding the
interaction of amino plasma x humic acid,
amino plasma x Boron, humic acid x Boron,
maximum significant value (4.32, 3.65 and
3.49) was resulted from the interaction of 100
ml.L"! amino plasma x 200 ml.L™* humic acid,
100 ml.L™* amino plasma x 100 mg.L™ Boron
and 200 ml.L™ humic acid x 50 mg.L™ Boron

gave the maximum value respectively. In
respect, the interaction of the three study
factors, the interaction of 100 ml.L™" amino
plasma x 200 ml.L™* humic acid x 100 mg.L™
Boron gave the highest value (4.51) compared
to lowest value (1.89) from the interaction of O
ml.L"* amino plasma, 0 ml.L™" humic acid and
0 mg.L™* Boron.

Table 7. Growth response of almond seedling (leaf area (cm?2)) to the amino plasma, humic
acid, boron and their interactions

Amino plasma Humicacid Boron Boron Boron Aminoplasmal Amino plasma
0 50 100 * Humic acid
0 0 1.890 241kl 2.60hi 2.30f 2.35¢
100 204n 230Im 2.889g 241e
200 211n 264hi 226m 2.34f
50 0 202n 240kl 290g¢g 244 ¢ 2.72b
100 2.33Im 261hi 266h 2.53d
200 254ij 334d 3.66¢C 3.18b
100 0 246jk 3.00fg 3.02f 2.83¢c 345a
100 299fg 317e 3.43d 3.19b
200 397b 448a 45l1a 432 a
Boron 248c 293b 310a Humic acid
Amino plasmal 0 2011 2459 258f 0 252¢c
* Boron 50 230h 2.78e 3.07d 100 2.71b
100 3.14c¢ 355b 3.65a 200 3.28a
Humic acid 0 212g 260e 284c
* Boron 100 245f 2.69d 299b
200 287c 349a 348a

Means of each variable and their interactions followed with the same letters are not significantly different from
each other’s according to Duncan’s multiple range test at 5% level.

Leaf fresh weight (g): Data in Table 8 reveal
that foliar application of amino plasma had no
significant effect on the leaf fresh weight in
leaf of almond seedlings. spraying Almond
seedling with 200 ml.L™* humic acid and 100
mg.L™ Boron significantly increased the Leaf
fresh weight which gave the highest value
(791g and 7.94g) respectively.. The
interaction of amino plasma x humic acid
affected significantly on leaf fresh weight, the
maximum value (8.27g) was obtained from the
interaction treatment (100 ml.L? amino
plasma x 200 ml.L™ humic acid). Almond
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seedling treated with 0 ml.L™* amino plasma
and 100 mg.L* Boron gave the highest
significant value (8.18g). Then, the
combinations between humic acid and Boron
also effected significantly on leaf fresh weight
of almond seedling, since the maximum
average (8.33g) was obtained from the
combination (200 ml.L"* humic acid x 100
mg.L™ Boron). Therefore, the combinations
among three factors significantly differed; the
maximum average (8.92 g) was recorded from
the combination of 0 ml.L™* amino plasma x
200 ml.L™* humic acid x 100 mg.L™ Boron.
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Table 8. Growth response of almond seedling (leaf fresh weight (g)) to the amino plasma,
humic acid, boron and their interactions

Amino plasma Humicacid Boron Boron Boron Aminoplasmal Amino plasma
0 50 100 * Humic acid
0 0 1890 241kl 2.60hi 2.30f 2.35¢
100 204n 230Im 2.88¢g 241e
200 211n 264hi 226m 2.34f
50 0 202n 240kl 290g¢g 244 ¢ 2.72b
100 2.33Im 261lhi 266h 2.53d
200 2541] 334d 3.66¢C 3.18b
100 0 246jk 3.00fg 3.02f 2.83¢ 345a
100 299fg 3.17e 3.43d 3.19b
200 397b 448a 45l1a 4.32a
Boron 248c 293b 310a Humic acid
Amino plasmal 0 2.01i 2459 2.58f 0 2.52¢c
* Boron 50 230h 2.78e 3.07d 100 271b
100 3.14c 355b 365a 200 3.28a
Humic acid 0 2129 260e 284c
* Boron 100 245f 2.69d 299b
200 287c 349a 348a

Means of each factor and their interactions followed with the same letters are not significantly different from
each other’s according to Duncan’s multiple range test at 5% level

Leaf dry weight (g): Results in Table 9
indicate that foliar application of amino
plasmal had no significant effect on the leaf
dry weight in leaf of almond seedlings. While,
humic acid significantly affected leaf dry
weight, there was (200 ml.L™) had the highest
significant value of leaf dry weight (1.58Q).
Also results show that the spraying (100 mg.L"
1) of Boron had significant effect on leaf dry
weight (1.599). The interaction of amino
plasma x humic acid affected significantly on
leaf dray weight, the maximum value was
obtained (1.65g) from the interaction treatment
(100 ml.L™* amino plasma x 200 ml.L™* humic
acid). Almond seedling treated with 0 ml.L™

amino plasma and 100 mg.L™ Boron gave the
highest  significant value (1.64) which
significantly surpassed to the lowest value.
Then, the combinations between humic acid
and Boron also effected significantly on leaf
dry weight of almond seedling, since the
maximum value (1.67g) was obtained from
treatment combination (200 ml.L™* humic acid
x 100 mg.L? Boron). Therefore, the
combination among three factors significantly
differed; the maximum mean (1.78g) was
recorded from the combination of 0 ml.L™
amino plasma x 200 ml.L™ humic acid x 100
mg.L™ Boron.

Table 9. Growth response of almond seedling (leaf dry weight (g)) to the amino plasma, humic
acid, boron and their interactions

Amino plasmal Humic acid Boron Boron Boron Amino plasmal Amino plasma
0 50 100 * Humic acid
0 ppm 0 6.16 0 7.08 kI 7.72 ef 6.99¢g 743a
100 7.00 Im 712 -l 7.91 de 7.34 ef
200 7.40 g-j 7.53 f-i 892a 795b
50 ppm 0 7.24 - 7.37 g-k 8.40b 7.67c 747 a
100 7.17 j-1 7.16 j-I 7.30 h-l 7.21f
200 7.32 h-k 7.59 f-h 7.63 e-g 7.52d
100 ppm 0 6.51n 6.65n 7.07 ki 6.74 h 7.49 a
100 6.78 mn 7.48 f-i 8.06 cd 7.44 de
200 8.08 cd 8.32 bc 8.42b 8.27a
Boron 7.07c 737b 794 a Humic acid
Amino plasmal 0 6.85f 7.25 de 8.18a 0 7.13¢
* Boron 50 7.24 de 7.37 cd 7.78Db 100 7.33b
100 7.13e 7.48 ¢ 7.85b 200 791a
Humic acid 0 6.64 f 7.03e 7.73 bc
* Boron 100 6.98 e 7.25d 7.76 be
200 7.60 c 7.81b 8.33a

Means of each factor and their interactions followed with the same letters are not significantly different from
each other’s according to Duncan’s multiple range test at 5% level
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Nitrogen content in leaves (%): results in
Table 10 show that the spraying Almond
seedling with 100 ml.L™" amino plasma and
200 ml.L™ humic acid and 100 mg.L™ Boron
significantly increased Nitrogen content in
leaves which gave the highest value (2.157,
2.476 and 2.261) respectively. Regarding the
interaction of amino plasma x humic acid,
amino plasma x Boron, humic acid x Boron,
maximum significant value (2.694, 2.450 and
2.739) was resulted from the interaction of 100

ml.L™* amino plasma x 200 ml.L™* humic acid,
100 ml.L™* amino plasma x 100 mg.L™ Boron
and 200 ml.L™ humic acid x 100 mg.L™ Boron
gave the maximum value respectively. In
respect, the interaction of the three study
factors, the interaction of 100 ml.L™ amino
plasma x 200 ml.L™* humic acid x 100 mg.L™
Boron gave the highest value (3.250)
compared to lowest value (0.613) from the
interaction of 0 ml.L™* amino plasma, 0 ml.L™
humic acid and 0 mg.L™* Boron.

Table 10. Growth response of almond seedling (Nitrogen content in leaves (%)) to the amino
plasma, humic acid, boron and their interactions

Amino plasma Humic acid Boron Boron Boron Amino plasmal Amino plasma
0 50 100 * Humic acid
0 1.16n 1.42 -1 1.54 de 137f
0 100 1.40 kI 1.42 -1 1.58 cd 1.47 de 148a
200 1.48 e-j 1.51 e-h 1.78 a 1.59b
0 1.45g-k 1.47 e-k 1.68 b 1.53¢c
50 100 1.43 h-k 1.43 h-k 1.46 f-k 144 e 149a
200 1.46 f-k 1.52 d-g 1.53 d-f 1.50 cd
0 1.30m 1.33m 1.41 j-1 1.35f
100 100 1.36 Im 1.50 d-g 1.61 bc 1.49d 150a
200 1.62 bc 166D 1.68b 1.65a
Boron 1l41c 147D 159a Humic acid
Amino plasmal 0 1.35f 1.45 de 164a 0 142¢
* Boron 50 1.45 de 1.47 cd 1.56 b 100 147b
100 143e 150 ¢ 157b 200 1.58 a
Humic acid 0 1.30f 141e 1.55 bc
* Boron 100 140e 1.45d 1.55 be
200 152¢ 156b 1.67a

Means of each factor and their interactions followed with the same letters are not significantly different from
each other’s according to Duncan’s multiple range test at 5% level

Phosphorus content in leaves (%): As showi
in table 11 spraying amino plasma cause
significant increases in Phosphorus content in
leaves, the highest value (0.533) was obtained
from 100 ml.L™" amino plasma. Results of
Table 11 illustrate that almond seedling
sprayed with humic acid was enhancing
Phosphorus content in leaves with obtained
significant effect, sprays with 200 ml.L™
humic acid gave the highest value (0.434). It is
obvious from the same table that there was
significant effect of Boron on the Phosphorus
content in leaves particularly spraying at 100
mg.L™ concentration which gave the highest
value (0.441). Concerning the interaction
between amino plasma and humic acid it is
declared that there was a significant effect on
the Phosphorus content in leaves, the treatment
combination of 100 ml.L™* amino plasma x 200
ml.L™ humic acid gave the highest Phosphorus
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content in leaves (0.576). In the interaction
between amino plasma and Boron effected
significantly on the Phosphorus content in
leaves that record the highest value (0.573) at
the interaction between 100 ml.L™ amino
plasma x 100 mg.L™ Boron. Table 11 points
the significant effect of interaction between
humic acid and Boron, and the maximum
significant value (0.482) was recorded by the
combinations of 200 ml.L™ humic acid and
100 mg.L™" Boron The interaction among the
three studied factors significantly affected on
the Phosphorus content in leaves. The
maximum value (0.653) was obtained from
combination of 100 ml.L™ amino plasma x 200
ml.L™ humic acid and 100 mg.L™" Boron
compared to lowest value (0.210)) was
obtained from 0 ml.L™* amino plasma x 0 ml.L"
! humic acid and 0 mg.L™* Boron.
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Table 11. Growth response of almond seedling (Phosphorus content in leaves (%0)) to the
amino plasma, humic acid, boron and their interactions

Amino plasma Humicacid Boron Boron Boron  Amino plasmal  Amino plasma
0 ppm 50ppm 100 ppm  * Humic acid
0 0 0.613 n 1.1501 1.650 i-k 1.138b 1.824c
100 1550jk 1.983e-i 2.217c-g 1917c
200 2.250b-g 2.450b-d 2.550 bc 2417Db
50 0 1.747mn 1350kl  1.783 h-j 1.293 ¢ 1.953b
100 1.083Im 2.283b-g 2.383b-e 2.250b
200 2.183c-h 2350 b-f 2.417 b-d 2.317b
100 0 1.083d-h 1917g-i 1.650i-k 1.550d 2.157 a
100 2.950f-j 2.283b-g 2.450b-d 2.228Db
200 2.183c-h  2.650b 3.250a 2.694 a
Boron 1.627 ¢ 2.046 b 2.261a Humic acid
Amino plasmal 0 1.471f 1.861de 2.139 bc 0 1.327¢c
* Boron 50 1.671ef 1.199cd 2.194bc 100 2.131b
100 1739 e 2.283ab 2.450a 200 2476 a
Humic acid 0 0.814 f 1.472¢ 1.694d
* Boron 100 1.861d 2.183c  2.350 bc
200 2.206 ¢ 2.483 b 2.739a

Means of each factor and their interactions followed with the same letters are not significantly different from
each other’s according to Duncan’s multiple range test at 5% level

Potassium content in leaves (%): Data in
Table 12 Illustrates that the spraying Almond
seedling with 100 ml.L™" amino plasma and
200 ml.L™ humic acid significantly increased
Potassium content in leaves and gave the
maximum value (2.193 and 2.392). sprays
with 100 mg.L™ boron gave the highest value
(2.130). Regarding the interaction of amino
plasma x humic acid, amino plasma x Boron,
humic acid x Boron, maximum value (2.411,
2.326 and 2.478) was resulted from the

interaction of 100 ml.L™* amino plasma x 200
ml.L™ humic acid, 100 ml.L"* amino plasma x
50 mg.L™ Boron and 200 ml.L™* humic acid x
100 mg.L™* Boron gave the maximum value
respectively. In respect, the interaction of the
three study factors, the interaction of 100 ml.L
! amino plasma x 200 ml.L™* humic acid x 100
mg.L™ Boron gave the highest value (2.567)
compared to lowest value (1.267) from the
interaction of 50 ml.L™ amino plasma, 0 ml.L™
humic acid and 0 mg.L™ Boron.

Table 12. Growth response of almond seedling (Potassium content in leaves (%)) to the amino
plasma, humic acid, boron and their interactions

Amino plasmal Humic acid Boron Boron Boron Amino plasmal Amino plasma
0 50 100 * Humic acid
0 0 0.210p 0.280 no 0.293n 0.261¢g 0.327 ¢
100 0.310 I-n 0.337 k-m 0.36 3jk 0.337¢
200 0.363 jk 0.380 h-j 0.410 g-i 0.384d
50 0 0.2500 0.307 I-n 0.367 jk 0.308 f 0.351b
100 0.370 h-k 0.407 gh 0.433 fg 0.403d
200 0.300 mn 0.347 j-I 0.383 h-j 0.343 e
100 0 0.470 ef 0.500 c-e 0.527 b-d 0.499 ¢ 0.533 a
100 0.490 de 0.543b 0.540 bc 0.524 b
200 0.520 b-d 0.553 b 0.653 a 0.576 a
Boron 0.365¢ 0.406 b 0.441a Humic acid
Amino plasmal 0 0.294 g 0.332f 0.356 e 0 0.356 ¢
* Boron 50 0.307 g 0.353 ef 0.394d 100 0421b
100 0.493 ¢ 0.532b 0.573 a 200 0.434 a
Humic acid 0 0.310e 0.362d 0.396 ¢
* Boron 100 0.390 ¢ 0.429 b 0.446 b
200 0.3%c 0.427b 0.482 a

Means of each factor and their interactions followed with the same letters are not significantly different from
each other’s according to Duncan’s multiple range test at 5% level

Boron content in leaves: Results in Table 13 humic acid and 100 mg.L™* Boron significantly
Indicate that the spraying Almond seedling increased the Boron content in leaves and had
with 100 ml.L™* amino plasma and 200 ml.L™ the highest value (26.542, 26.699 and 30.977).
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Regarding the interaction of amino plasma x
humic acid, amino plasma x Boron, humic
acid x Boron, maximum significant value
(30.042, 34.007 and 35.341) was resulted from
the interaction of 100 ml.L™ amino plasma x
200 ml.L™* humic acid, 100 ml.L™ amino
plasma x 100 mg.L™ Boron and 200 ml.L*
humic acid x 100 mg.L™ Boron gave the

maximum value respectively. In respect, the
interaction of the three study factors, the
interaction of 100 ml.L™* amino Plasma x 200
ml.L™? humic acid x 100 mg.L™ Boron gave
the highest value (41.567) compared to lowest
value (14.920) from the interaction of 50 ml.L"
' amino plasma, 0 ml.L™ humic acid and 0
mg.L™* Boron.

Table 13. Growth response of almond seedling (Boron content in leaves (%)) to the amino

plasma, humic acid, boron and their interactions

Amino plasmal Humic acid Boron Boron Boron  Amino plasmal Amino plasma
0 50 100 * Humic acid
0 0 1.367no 1.467no 1.700 Im 1.511d 1.943b
100 1.900j-1 1.800kl 2.167 e-i 1.956 ¢
200 2.267c-g 2.330b-f 2.493ab 2.363 a
50 0 12670 1567 mn 1.833kl 1.556d 1.986 b
100 1.700lm 2.100g-j 2.200e-g 2.100 bc
200 2.367a-e 2467a-c 2373a-e 2.402 a
100 0 2.130g9-j 2.243c-g 1.867Kkl 2.080 b 2.193 a
100 2.000 h-k 2.300 b-g 1.967i-k 2.089 b
200 2.233d-g 2433a-d 2567a 2411a
Boron 2.214b 2079 a 2.130 a Humic acid
Amino plasmal 0 1914 ¢ 1.866 ¢ 2.120b 0 1.716 ¢
* Boron 50 1.844 ¢ 2.044b 2.136 b 100 2.015b
100 2.121 2.326 a 2.133b 200 2392 a
Humic acid 0 1.588¢e 1.759d 1.800d
* Boron 100 1.867d 2.067c 2111c
200 2.289b 2410 a 2478 a

Means of each factor and their interactions followed with the same letters are not significantly different from
each other’s according to Duncan’s multiple range test at 5% level.

The results of this research showed that, the
most examined treatments had a positive
influence on all vegetative growth parameters
(stem length, stem diameter, number of
branches / seedling, number of leaves /
seedling, chlorophyll, leaf area, leaf fresh
weight, leaf dry weight) and also significant
increased leaf nutrient content (N,P,K,B).
Increasing vegetative growth and leaf
chlorophyll content by foliar spray with
aminoplasmal could be attributed to the role of
aminoplasmal as precursors and constituents
of the proteins (34, 14), which are important
for stimulation of cell growth. They contain
both acid and basic groups and act as buffers,
which help to maintain favorable or indirectly
influence the physiological activities in plant
growth and development in increasing cell
division and elongation and its role in
enhancement of metabolite accumulation in
leaves, also to increasing photosynthesis which
leads to increase chlorophyll content in the
leaves (1). The present results are in agreement
with the finding obtained by (28) who
concluded that Amino acids are fundamental
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in chlorophyll production; Chlorophyll being
the driving force behind photosynthesis.
Amino acids can also be an important source
of available nitrogen for plants (33). Increases
in vegetative growth could be attributed to the
positive effect of humic acid on both plants
and soil in increasing microbial activity and
enhance soil effectiveness in nutrient uptake as
chelating agent and bio-stimulation of plant
growth which improves vegetative
characteristics, nutritional status, and leaf
pigments. These results are in harmony with
those obtained by (30, 15, 13, 6) who
reported that application of humic acid
resulted in increment of plant height, lateral
shoot number per plant, leaves number per
plant, stem diameter, leaf area, dry weight, and
total leaf chlorophyll content comparing with
the control. The stimulative effect of humic
acid on nutrients concentrations might be
explained by other researchers (11, 5) they
indicated that humic acid enhanced cell
permeability, which in turn made more rapid
entry of minerals into root cells and so resulted
in higher uptake of plant nutrients.



Iraqgi Journal of Agricultural Sciences —2022:53(2):415-428

Shaymaa & et al.

Furthermore, promotion in nutrients uptake
with the addition of humic acid had been
reported by various researchers (17, 39) they
found that humic acid as an organic fertilizer is
very beneficial in increasing plant nutrition
and promoted the accumulation of N, P, K in
leaves. Results of Boron was observed
significantly increased shoot length, shoot
diameter, Single leaf area, leaf dry weight,
Total Leaf chlorophyll content and Number of
leaves per shoot. The reasons behind this
could be due to the role of boron has been long
recognized as an essential element for plant
growth, also boron has an effect on cell wall
structure and has a major effect on cell
elongation and transfer of sugar (2). These
results supported by findings by others (23,
25) who showed that, boron improves
necessary compounds for metabolic processes
and building organs thereby vegetative growth.
Boron foliar spray affected significantly leaf
content of boron and this might be due to its
role in cell division and cell elongation.
Similar finding have been reported by ( 10, 12,
18, 19, 41).
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