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ABSTRACT

This study was conducted in the University of Duhok's nursery of the horticulture department, College of
Agriculture Engineering Sciences, in the Kurdistan region of Irag, during the growing season (2022—-2023). One-year-
old almond seedlings were obtained from the college nursery. And sprayed two times: the first was on 1st April and
the second was on 1%t May. Randomized complete block design (RCBD) as factorial experiment was used, including
three factors (Full green fertilizer (0, 4, 8) gm. L~ %, GA3 (0, 50, 100) mg. L-%, and NAA (0, 750, 1250) mg. L*
(3*3*3*3), with three seedlings for each experiment unit. SAS program Results performed statistical analysis were
compared according to Duncan's multiple range tests at 5%. Results showed that full green significantly increased
(stem length (90.11cm), shoot number (9.22), leave area (47.48 cm2), shoot dry weight (5.58gm)) at 8 mg/L ™, GA3
significantly affected on (stem length (89.11cm), leave area (47.08cmz2), shoot fresh weight (9.05gm), shoot dry
weight (5.92gm), root fresh weight (6.50gm), and root dry weight (3.85gm)) at 100mg/L ™, and NAA increased stem
length (90.85cm) and shoot fresh weight (8.73gm) at 1250mg/L™, while shoot number (9.59) and leave area
(46.12cm2) at 750mg/Lt NAA.
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INTRODUCTION

Almonds are one of the world's oldest commercial nut crops; they originated in West and Middle Asia and have since
expanded to the Middle East, China, the Mediterranean region, and America [1]. One of the oldest tree nut varieties,
almonds (Prunus amygdalus) are produced in greater quantities in Iran [2]. Then in any other country in the world. The
fertilizer led to the improvement of vegetative growth characteristics. Since all fertilizers have a variety of roles in the
life of plants, giving them the nutrients they need to grow in an equilibrium shape can help to improve vegetative growth
and tree production [3]. In addition to their ability to accelerate plant growth, plant growth regulators are known to
improve the source-sink relationship and promote the translocation of photoassimilates, which helps better retention of
flowers and fruits. Growth regulators and promoters, such as GA3 and NAA, are responsible for initiating cell division
in the cambium and stimulating vegetative growth. The primary function of auxin growth regulators is to regulate the
development and expansion of roots. They are well known for their capacity to promote cell enlargement and fruit growth
in peaches and citrus [4]. Auxins also modify the ripening process of fruit and inhibit the typical cell wall deterioration
that occurs during cold storage [5]. Through their influence on photosynthetic enzymes, leaf-area index, light interception,
and improved nutrient use efficiency, they are known to increase the photosynthetic efficiency of plants. They also play
a significant role in modulating various processes throughout plant development. Gibberellic acid (GA3)-induced
integrated mechanisms increase sink strength and redistribute photosynthesis to improve source potential [6].
Furthermore, GA increases phloem loading by influencing hormone concentration, apoplast pH, and cell turgor [7]. [8].
investigated how the fig cultivar 'Poona’ reacted to varying GA3 concentrations and time intervals. Fig plants treated with
three sprays of GA3 at a concentration of 60 mg L™, spaced 15 days apart, beginning from bud initiation, showed a notable
increase in shoot length and the quantity of functional leaves. Stem elongation and protein synthesis are regulated by
gibberellic acid (GA3). The Gibberella fujikuroi, which causes stem elongation, recovers GA3 as a metabolic byproduct.
It is an extremely strong hormone that governs plant development and is found naturally in plants. [9]. showed that plant
height, fresh and dry weights of leaves and roots were increasing highly significantly with 3 g/l of potassium nitrate,
supplemented by 2 g/l urea and 5 g/l ammonium sulfate, respectively, at both seasons on date palm._Balance fertilization
of NPK showed that had significant affected on leave area, diameter, height, and lateral branches of apple cultivars [10].
[11]. found that GA3 affected on chlorophyll content on anna apple tree. [12]. GA3 was most effective on stem height,
leaf area, stem diameter, root fresh weight, root dry weight, shoot fresh and dry weights of both almond species. [13]
indicated that spraying of GA3 and NAA on seedling sour orange with treatment singular and together caused a significant
increasing in the rate of length, diameter, leaf area, and chlorophyll. [14]. NAA and GA3 treatments recorded
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significantly maximum length of seedling, diameter, leaf area, chlorophyll content, fresh weight of seedling and dry
weight of custard apple seedling.
[15]. It was found that GA3 has a significant effect on vegetative growth of almond transplants, such as diameter, number
of shoots, leaf area, and chlorophyll content.
Material and Methods

This study was carried out during the growing season (2022-2023) in the nursery of the horticulture department,
College of Agriculture Engineering Sciences, University of Duhok, Kurdistan region, Irag. One-year-old almond
seedlings are taken from the college nursery, planted in plastic pots (26cm diameter) with a capacity of 10kg of soil.
Randomized complete block design (RCBD) as factorial experiment was used, including three factors (Full green fertilizer
(NPK) (0, 4, 8) gm. L, GA3 (0, 500, 1000) mg. L%, and NAA (0, 750, 1250) mg. L* with three levels (3*3*3*3) with
three seedlings for each experiment unit. Statistical analysis was performed using the SAS program [16]. According to
Duncan's multiple range tests, results were compared at 5% [17].
In the end of the study, the measurements were measured:
Stem length (cm) by tap
Stem diameter (mm) by digital Verner device
Leave area (cm?) by image program
Number of branches
Total chlorophyll content by SPAD- 502 device
Shoot fresh weight (gm)
Shoot dry weight (gm)
Root fresh weight (gm)

9. Root dry weight (gm)
Results

Table (1) showed that spraying full green fertilizer had a significant effect on length (90.11 cm) at 8 gm/I-1 compared
with the control, while GA3 had no significant effect on length. However, spraying seedlings with NAA increased their
length (90.85 cm) at 1250mg/I-1 compared to other levels.

The triple interaction gave significant differences in the data. The longest seedling (98.33 cm) was in 4gm/I-1 full
green with 50 gm/I-1 GA3 from untreated seedlings of NAA, compared with other treatments.

Table 1: Effect of full green fertilizer, Ga3, and NAA on stem length (cm) of almond

O N GA~WDNE

seedlings.
Fl;élrglriez Zr; GA3 NAA (mg/i) ~ Full glr:ee;n Full green
-1 .
@miy  md) 0 750 1250 GA3 F.
0 88.67c-i 82.00i-I 90.67b-g 87.11c
0 50 77.001  93.67a-d 78.00kI 82.89d 86.07b

100 85.67e-j 83.67g-I 95.33abc 88.22hc
0 84.33f-k  90.00b-h 86.00e-j 86.78¢c
4 50 98.33a 84.00f-k 91.33a-f 91.22ab 89.22a
100 95.33abc 79.67jkl 94.00a-d 89.67abc
0 85.67e-j 82.67h- 96.00abc 88.11hc

8 50  90.00b-h  96.33ab  92.00a-e 9278  90.11a
100  87.67d-i  86.33-j 94.33a-d  89.44ahc

Mean of NAA 88.07b 86.48b 90.85a
0  8378d  86.44cd  88.00bc

l g 4 9267ba  8456cd  90.44ab Mean of GA3
NAA 8 87.78bc  88.44hbc 94.11a

X 0  8622d-f  84.8%f  90.89abc 0  87.33

G@ﬁ A 50  8844b-e  91.33ab  87.1lcf 50  88.96a

100 89.56bcd 8322f  94.56a 100 89.1la

In Table 2, it was found that each single factor (full green fertiliser, GA3, and NAA) had no significant effect on stem
diameter. Triple interaction between (full green fertilizer*GA3*NAA) gave a significant decrease in stem diameter, the
best diameter (5.81 mm) at untreated seedlings of full green, GA3 with 1250 mg/I"*t NAA.
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Table (2): Effect of full green fertilizer, Ga3, and NAA on stem diameter (mm) of almond

seedlings.
-1
itélrln?urzeeep GA3(mg/I") NAA o) PULIEEN Full green
(m/IY 0 750 1250 GA3 F.
0 433cf  5.70ab 5.81a 5.28a
0 50 386def  451c-f  503abc  447bc 4.75a
100 439cf  441cf  472b-e  451be
0 448cf  3.62f 4.07¢-f 4.06¢
4 50 499abc  419c-f  4.78bee 4.65b 4.49a
100 5.03abc  445cf  4.84ad 4.77b
0 507abc  441cf  4.66cde 4.71b
8 50 470b-e  475b-e  4.42cf 4.62b 4.61a
100 3.75¢f  486a-d  4.82ad 4.48¢
Mean of NAA 451a 4.54a 4.80a
0 419cd  4.87ab 5.19a
FUHF(T{[een 4 483ab  409d  456bcd Mean of GA3
NAA 8 451bcd  4.68abc 4.64bcd
X 0 4.62a 4.58a 4.85a 0 4.68a
?\lAAsA 50 4.52a 4.48a 4.75a 50 4.58a
100 4.39 457a 4.80a 100 4.59

Table (3) illustrates that full green fertilizer meaningfully increased shoot number (9.22) at 8gm/I-1 compared to other
treatments, while GA3 found no significant effect at three levels on a number of branches. In addition, NAA had a
significant effect (9.59) at 750mg/I™2. Triple interaction between three factors had no significant effect on number of
branches, the highest value was (13.33) from the untreated plants) control of each treatment

Table (3): Effect of full green fertilizer, Ga3, and NAA on shoot number of almond seedlings.

Full green 4 NAA (mg/I") Full green Full green
fertilizer(gm/I') GA3(mg/I") 0 750 1250 F.” F.
GA3
0 13.33a 9.67b-e 6.67efg 9.89ab
0 50 6.67efg 11.33ab 9.33b-f 9.11abc 8.96a
100 8.00c-g 8.00c-g 7.67d-g 7.89cd
0 7.67d-g 10.33bcd  10.33bcd 9.44abc
4 50 6.33fg 11.00abc 6.33fg 7.89cd 8.04b
100 6.33fg 7.67d-g 6.33fg 6.78d
0 9.33b-f 9.33b-f 6.00g 8.22cd
8 50 10.33bcd 7.33d-g 8.67b-g 8.78bc 9.22a
100 11.33ab 11.67ab 9.00b-g 10.67a
Mean of NAA 8.81a 9.5% 7.81b
Full green F. * 0 9.33ab 9.67a 7.89bc Mean of GA3
NAA ' 4 6.78c 9.67a 7.67c
8 10.33a 9.44ab 7.89bc
0 10.11a 9.78a 7.67b 0 9.19a
GA3 * NAA 50 7.78b 9.89a 8.11b 50 8.59a
100 8.56ab 9.11ab 7.67b 100 8.44a

Table (4) shows that the full green fertilizer significantly increased the leaf area (47.48cm2) at 8gm/I-1. Also, GA3
had a significant effect on the leaf area (47.08cm2) at 100mg/I-1. In addition, NAA also had a significant effect
(46.12cm2) at 750 mg/I-1. The tri interaction gave a significant difference (50.50 cm2) from 8gm/I-1 full green fertilizer
with 100mg/I* GA3 and 750mg/I"* NAA compared to other data.
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Table (4) Effect of full green fertilizer, Ga3, and NAA on leaf area (cm?) of almond

seedlings.
Ffull green GA3 NAA (mg/I™) Full green Full green
ertilizer it L*
@miy Mo 0 750 1250 GA3 F.
0 43.84d-h  41.27hi  45.79b-g 43.63d
0 50 46.21a-g  43.90d-h  41.31hi 43.81cd 44.32b
100 43.93d-h  45.78b-g  46.82a-f  45.51bcd
0 43.46e-i  4759-e  45.87b-g  45.64bcd
4 50 39.48ij 42.79f-i 37.01j 39.76e 43.83b
100 47.00a-f  4546¢c-h  45.78b-g  46.08bc
0 46.64a-g  49.68abc  47.07a-f  47.80ab
8 50 4450d-h  48.13a-d  42.29ghi  44.97cd 47.48a
100 50.21ab 50.50a 48.27a-d 49.66a
Mean of NAA 45.03ab 46.12a 44.47b
0 44.66¢d 43.65cd 44.64cd
Fu”F.gLeen 4 4331d  45.28bcd  42.89d Mean of GA3
NAA 8 47.12b 49.44a 45.88hc
. 44.65bc 46.18ab 46.24ab 0 45.69b
WA 50 4340c  44.94abc  40.20d 50 42.85¢
100 47.05ab 47.25a 46.96ab 100 47.08a

Table (5) illustrated that the full green fertilizer, GA3, and NAA gave significant decrease on total chlorophyll (45.86%),
(45.65%), and (46.45%) respectively on untreated seedlings. Triple interaction found that the higher level (62.08%) was
in 8gm/I* full green fertilizer and from untreated seedlings of GA3 and NAA.
Table (5) Effect of full green fertilizer, Ga3, and NAA on leaf chlorophyll content (SPAD
unit) of almond seedlings.

otz GA3(mg/Y) NAAmO/) PR Full green
(gm/I") 0 750 1250 GA3 '
0 53.16b  40.30e-h  53.02b 48.83a
0 50 54.27b 36.50hij  37.43hij  42.73cd 45.86a
100 42.62d-g  51.42b 44.07de 46.03b
0 39.38f-i  38.88g-j 51.07b 43.11cd
4 50 42.90d-g  49.93bc  37.18hij  43.34cd 41.05¢
100 35.30ij 34.69j 40.08e-h 36.69
0 62.08a 37.71hij 35.28ij 45.02bc
8 50 46.18cd  40.24e-h  52.83b 46.42b 44.30b
100 42.20d-g  38.70g-j  43.47def  41.46d
Mean of NAA 46.45a 40.93c 43.83b
0 50.02a 42.74bc 44.84b
Fu“F.gieen 4 390.19d  4117cd  42.78bc Mean of GA3
NAA 8 50.15a 38.88d 43.86b
. 0 51.54a 38.97e 46.45b 0 45.65a
GNAA;"’A 50 47.78b 42.22cd 42.48¢c 50 44.16b
100 40.04de  41.60cd 42 54¢ 100 41.39¢

Table 6 shows that full green fertilizer significantly decreases shoot fresh weight, with the maximum value was (8.679)
from the control. Also, GA3 and NAA factors find the best shoot fresh weight, respectively, (9.05g and 8.73g) from
100mg/I* GA3and 1250mg/I* NAA. Triple interaction explained that 8gm/I full green fertilizer with 100mg/l-1 GA3
with 750mg/I-1 NAA gave the best differences between data, with a value of (10.84g), compared to other data.
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Table (7) illustrated that full green fertilizer significantly increased shoot dry weight (5.58g) at 8gm/I, while, GA3
meaningfully increased shoot dry weight (5.92g) at 100mg/I, otherwise, NAA has no significant effect on shoot dry
weight. Triple interaction on almond seedlings found the best shoot dry weight (8.05g) from 8gm/I- full green fertilizer
with 100mg/I'* GA3 via 750mg/I'* NAA compared to other data.

Table (6) Effect of full green fertilizer, Ga3, and NAA on shoot fresh weight (gm) of almond seedlings.

Full Green }
fertiliz_ler (n?éa/fl) NAA(mG/I™) Full %r;e; F.x Full Green F.
(gm/I) 0 750 1250

0 7.88e-h 7.66fgh 9.21cd 8.25bc
0 50 8.75cde 7.27gh 10.42ab 8.81b 8.67a
100 8.23d-g 8.36def 10.23ab 8.94ab
0 6.95h 9.54hc 8.39def 8.29bc
4 50 7.71e-h 7.91e-h 7.13h 7.58¢c 8.10b
100 8.25d-g 9.18cd 7.85e-h 8.43bc
0 9.66bc 7.44fgh 8.35def 8.48hbc
8 50 7.70e-h 7.89%-h 7.53fgh 7.71c 8.66a
100 9.08cd 10.84a 9.45hc 9.79%
0 8.29bc 7.77c 9.95a
E”',! (f\lr;eA” 4 7.64c 8.88b 7.79¢ Mean of GA3
8 8.81b 8.73b 8.44bc
. 0 8.16bc 8.22bc 8.65abc 8.34b
VA 50 8.05¢ 7.69¢ 8.36he 8.03¢
100 8.52abc 9.46a 9.18ab 9.05a
Mean of NAA 8.25b 8.46ab 8.73a
Table (7) Effect of full green fertilizer, Ga3, and NAA on shoot dry weight (gm) of almond seedlings.
-1
Ffl«JeIrItigI]irze:rn GA3(mg/I) NAAMIT) Full green F.x Full green F.
(gm/I) 0 750 1250 GA3
0 4.82f-j 4.749-j 5.37d-j 4.98bc
0 50 5.72d-g 4.05j 7.69ab 5.82ab 5.53a
100 5.15e-j 5.17e-j 7.07abc 5.80ab
0 4.30hij 6.54bcd 5.48d-i 5.44bc
4 50 5.12e-j 5.16e-j 4.07j 4.78bc 5.15b
100 4.89f-j 6.10c-f 4.70g-j 5.23bc
0 6.62bcd 4.16ij 5.56d-h 5.45bc
8 50 4.590-j 4.74g-j 4.36hij 4.56¢ 5.58a
100 5.87c-g 8.05a 6.27cde 6.73a
0 5.23bc 4.65¢ 6.71a
E“'l Jreen 4.77c 5.93ab 475¢  Mean of GA3
8 5.69bc 5.65bc 5.40bc
0 5.25abc 5.15bc 5.47abc 5.29b
*ﬁii\ 50 5.14hc 4.65¢c 5.37abc 5.06b
100 5.30abc 6.44a 6.02ab 5.92a
Mean of NAA 5.23a 5.41a 5.62a

Table (8) show us the root fresh weight increased (6.37g) from untreated plant of full green fertilizer, while GA3
significantly differ (6.50g) in 100mg/I* from other level, otherwise, NAA had no significant effect on root fresh weight.
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Triple interaction (full green F.*GA3*NAA) factors produced best weight (7.40g) by 8gm/I-* full green and control of
each GA3 and NAA treatment.

Table (8) Effect of full green fertilizer, Ga3, and NAA on root fresh weight (gm) of almond seedlings.

-1
Fflejzlrltl?lr;eern GA3(mg/I") NAAmIT) Fullgreen F. X £yjt green F.
(mg/IY) 0 750 1250 GA3
0 6.32d-g 6.04¢e-j 6.56¢-f 6.30abc
0 50 6.28d-g 5.57g- 7.10abc 6.32abc 6.37a
100 6.22d-h 6.170-i 7.05abc 6.48ab
0 5.41ij 6.23d-h 5.50hij 5.71cd
4 50 5.46hij 5.886-j 5.35i 5.57d 5.82b
100 6.05e-j 6.64b-e 5.84f-j 6.17bcd
0 7.40a 5.64g-j 5.51hij 6.18bcd
8 50 5.52hij 6.15d-i 5.47hij 5.71cd 6.24a
100 6.81a-d 7.28ab 6.41c-f 6.83a
0 6.27bcd 5.93cde 6.90a
E”',! AR 4 5.64e 6.25bcd 5.56¢ Mean of GA3
8 6.57ab 6.36hbc 5.80de
0 6.38abc 5.97bc 5.86bc 6.07b
*GNii 50 5.75¢C 5.87bc 5.97bc 5.86b
100 6.36abc 6.70a 6.43ab 6.50a
Mean of NAA 6.16a 6.18a 6.09a

Table (9) illustrated that full green significantly decreased at root dry weight (3.93g) from control, also, GA3 increased
(3.85g) at 100mg/I', otherwise, NAA does not significant difference. We found best results of root dry weight per almond
seedling and significant differences during the triple interaction, the maximum value obtained (4.98g) from 8gm/I-* full
green and control each of GA3 and NAA.

Table (9) Effect of full green fertilizer, Ga3, and NAA on root dry weight (gm) of almond seedlings.

-1
Fl‘:lrlti?irze:rn GA3(mg/I) NAAmMYT) Full green F. x Full green F.
(gm“-l) 0 750 1250 GA3
0 4.06b-f 3.84¢-h 4.82ab 4.24a
0 50 3.78c-i 3.17f 4.26a-d 3.74abc 3.93a
100 3.56d-j 3.60d-j 4.28a-d 3.81ab
0 2.86j 3.88c-h 3.34e-j 3.36bc
4 50 3.72¢-j 3.500-j 3.01hij 3.41bc 3.52b
100 3.88c-h 4.23a-e 3.22fj 3.78ab
0 4.98a 3.450-] 3.26f-j 3.90ab
8 50 3.11g-j 3.32f-j 2.91ij 3.11c 3.66b
100 3.93cg 4.53abc 3.42d-j 3.96ab
0 3.80b 3.53bc 4.45a
I'z“'l AR 3.49bc 3.87b 3.19¢ Mean of GA3
8 4.00ab 3.76b 3.20c
0 3.96ab 3.72ab 3.81ab 3.83a
*GNQ?A 50 3.54ab 3.33b 3.39 3.42b
100 3.79ab 4.12a 3.64ab 3.85a
Mean of NAA 3.76a 3.72a 3.61a
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Discussion

The significant increasing of some studied parameters as a result to increase the levels of full green as in (length of stem,
no. of branches, leave area, and shoot dry weight) Fertilizers have a significant impact on almond seedlings because they
contain three essential elements for plant growth: potassium, which is important for stem and root growth and is involved in
plant metabolism and protein synthesis, phosphorus, which is important for photosynthetic processes, respiration, energy
storage, and cell division, and nitrogen, which promotes leaf growth, chlorophyll component, and vegetative growth and green
coloration of foliage [18] [19]. According to [20]. The primary macronutrients in inorganic fertilizers are nitrogen,
phosphorus, and potassium. These nutrients impact the vegetative and reproductive phases of plant growth. Similar results
were also reported by [21] on peach tree, [22] and [23] on almond transplant. At the same time, most parameters showed
significant differences in 100 mg/I-1 GA3, as in (length of stem, leaf area, shoot fresh weight, shoot dry weight, root fresh
weight, and root dry weight). The reason might be attributed to the seedling's overall growth and increased rate of
photosynthesis, which resulted in the seedling's overall assimilation and redistribution of photosynthesis. Enhanced growth
may be caused by GA3's rise in leaf length and width. Greater cell division and elongation finally increased vegetative growth.
Similar results were reported by [24] in custard apple, [25] on almond transplant. Also, NAA meaningfully increased some
characteristics, such as the stem length, shoot fresh weight, number of branches, and leaf area, respectively, in 1250 and 750
mg/It. NAA can also promote protein synthesis and RNA synthesis [26]; [27] and stimulate carbohydrate and nitrogenous
material hydrolysis and translocation at the seedling, resulting in increased cell division and improved rooting.
Conclusion

This conclusion explained according to the results that were obtained from the study that was conducted: the best level of
full green 8gm/I* was the effect concentration on (stem length, no. of branches, leave area, and shoot dry weight), while, GA3
in 100mg/I"* concentration obtained the best results on (stem length, leave area, shoot fresh weight, shoot dry weight, root
fresh weight, root dry weight), more ever, but NAA at 750mg/I** effect on no. of branches and leave area, also, NAA at
1250mg/I* effect on almond seedlings in stem length and shoot fresh weight parameters. However, triple interaction
significantly affects all parameters excellently.
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