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ABSTRACT 
 
A pot experiment was conducted during the 2019-2020 season at the temporary place of the Faculty of 
Agriculture/ University of Kufa/ Najaf city/ Iraq to estimate the response growth and flowering of petunia 
hybrid to Spraying amino acids and iron. The amino acid concentrations were 0, 3, and 6 ml.l-1, and three iron 
concentrations were 0, 15, and 30 mg.l-1.It is clear that the interaction between amino acid {6 ml.l-1}and iron 
{15mg.l-1} produces an increase in vegetative and flowering characters, the number of leaves and branches,  
length of flowering branches, number of flowers, Flower diameter, The age of the flower in the plant & the 
flower content of carotene pigment increased remarkably, while amino acid {6 ml.l-1} and iron {30 mg.l-1} 
have significant effect on leaf chlorophyll content, and total soluble carbohydrates. 

Keywords: Petunia plant; amino acids; Iron; Auxins; growth; flowering. 
 

INTRODUCTION

Petunia is an herbaceous winter annual plant, one of the oldest and most successful annual flowers known in 
Iraq. Its leaves are simple, alternate or opposite, simple in shape, and belong to the Solanaceae1. The flowers 
are big, trumpet-shaped, and abundant on the plant during flowering. Many colors, including white, red, pink, 
violet and pink, have full-edge petals and fringes2. Petunias are unsuitable for picking, and many types differ 
in shape and size. It is native to South America. The increase and improvement of petunias rely on many 
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elements, including temperature and day length, as beneath short-day prerequisites, boom slows down, and 
finally, flowers shape short, abundantly branched, and very short internodes. In long-day conditions, the 
principal department is elongated, branching decreases, and the internodes become larger. The most suitable 
temperature for vegetative growth is 10 °Cfor   a short day. Also, flowers on the plant form over   along day 
at a temperature between 17-24 °C. The formation of bud  s andflowers and their development are not related 
to the duration of the day in case the temperature drops to 13 °C, but the formation of flowers takes place on 
both long and short days4. It succeeds in sunny and semi-shady places. Petunia is suitable for cultivation in 
the front panels. It is considered one of the exhibition plants. It is suitable for hanging baskets, balconies and 
pots, and pond cultivation. 
Petunia multiplies by seeds in spring and autumn5. Foliar application is spraying nutrients on plant 6, as the 
leaves are essential for many vital activities that can absorb nutrients like the roots 7. Most plants can absorb 
nutrients through the leaves via leaves stomata or both. It absorbs ions through ion exchange8. 9 indicated that 
adding nutrients by spraying them on the leaves is more effective than other methods for treating the deficiency 
of nutrients. Amino acids are organic nitrogen compounds and essential components in the synthesis of 
proteins. They are also materials for building and forming other organic compounds such as hormones, 
enzymes and vitamins10. There are two forms of amino acids, the first of which is the free form (L-amino 
acids), which are absorbed and built from the plant. The second is D-amino acids, which do not participate in 
forming proteins, as they play a role in forming enzymes11. Amino acids have particular importance in 
stimulating and growing cells, and they serve as stores that help maintain pH inside the plant12,13. Through its 
effect on auxins and gibberellins14, the plant has a role in increasing the photosynthesis process15. It is one of 
the important factors that help open stomata through raising the osmosis of the cytoplasm of the guard cells 
and has a chelating effect on the microelements, as it helps to increase the speed of absorption and transfer of 
elements inside the plant by increasing the permeability of the cell membrane16,17. The amino acids also have 
a role in protecting plants from stress, as they work using osmotic substances that regulate the transport of 
ions and open stomata, remove the toxins of traditional elements and increase the effectiveness of iron from 
enzymes and their construction18. Furthermore, it activates the carbonic metabolism process and increases the 
effectiveness and the activity of antioxidant enzymes19. Its easy permeability and absorption also characterize 
it, as it affects the permeability of plant membranes. Thus, the ease of transporting nutrients within the plant 
is a natural cell for nutrients that are sprayed with it20. This result is inconsistent with the findings of21. Iron 
has a significant role in many physiological processes of plants through the activation of enzymatic processes 
and chlorophyll formation in plants22,23,24. More than 75% of the total iron of cells is found in chloroplasts. In 
the lipoproteins of chloroplast and mitochondrial cell membranes25. As to the peroxidase enzyme, it is essential 
to stimulate the polymerization process of phenols to license 26 and regulate iron absorption 27. This result is 
consistent with the findings of28 when spraying chelated iron on (Calendula officinalis L.). This study aims to 
show the petunia's response to growth and flowering to amino acids and iron.  

 

MATERIALS AND METHODS 
The experiment was conducted in the temporary place of the Faculty of Agriculture, University of Kufa, during 
the 2019/2020 season to estimate the effect of spraying amino acids and iron on the growth and flower of 
petunia. Petunia seeds were collected from a private nursery (An-Najaf Center), An-Najaf al-Ashraf City, Iraq. 
On 10/1/2019, seedlings were prepared from a private nursery, produced from seed cultivation by a German 
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company, and planted in a plastic pot with a diameter of 25 cm and a height of 20 cm; it has three kg of Soil.  
A factorial experiment was carried out in a randomized complete block design (RCBD) with two factors in 
three replicates, the first-factor amino acids in three concentrations {0, 3 and 6 ml.l-1} (Table 1), The second-
factor iron at three concentrations {0,15 & 30 mg .l-1}. The amino acids and iron were sprayed twice: the first 
when five real leaves appeared and the second 15 days after the first spray. Averages were compared according 
to the Least Significant Difference test {LSD}of the level of probability5%29. Standard cultural practices were 
carried out for each experimental unit, including irrigation and weeding, whenever the plant needed it. Five 
pots in each experiment unit, each pot contains one plant=135 plants. The physical and chemical properties of 
the potting Soil are in Table 2. The experiment ended on 2/2/2020. The following growth indicators were 
measured. 
 

Total (N) Organic material Total amino 
acids 

Free amino acids 

w/w 

6.5% 15% 20% 11.50% 

Table 1. The ingredients of amino acid fertilizer{Spanish company}. 

 
{value} {unit} Property 

7.52  Potential of 
hydrogen 

2.85 1-m dS Electrical 
Conductivity 

0.52 1-g 100 kg Nitrogen 
2.69 1-mg l Phosphorus 
15.1 1-kg Centimole Potassium 
1.8 1-kg Centimole  Magnesium 
0.75 % Organic matter 

Sandy Soil texture 
3.0  

% 
 

Clay 
4.2 Silt 
92.8 Sand 

Table 2. Physical and chemical properties of the potted Soil. 

Vegetative Growth Parameters 
Number of leaves {leaf.Plant-1}was counted as the average of five randomly selected from each experimental 
unit—total number of branches {branch.Plant-1} calculates the total number of branches for each experimental 
unit. The weight of dry shoot {g} was calculated at the end of the experiment. It was done by removing the 
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whole plant from the pots, then cutting the stem and the leaves together, removing the root system, and placing 
it in a room with good ventilation for three days, after which it was placed in an {oven} at a temperature of 
{70} °C for 8 hours, then take the weight using the sensitive balance, for each experimental unit, and each 
treatment. Estimation of the total chlorophyll content of leaves {mg.100g-1} The total chlorophyll in the leaves 
was estimated by following30 by taking a weight of 0.5 g of fresh leaf and adding 10 ml of acetone at a 
concentration of 85% and crushed by a ceramic mortar until the white tissue completed the volume to 30 ml 
and then the dye was estimated by a {UV-Visible Spectrophotometer}to measure optical absorption at the 
positive lengths of 645 and 663 nanometers—estimation of leaves content of total soluble carbohydrates 
{mg.g-1}. Carbohydrates were estimated by following31 by taking the weight of 10 mg of dry ground leaves 
and adding to the 5 ml of sulfuric at a concentration of 80% and 1 ml of phenol at a concentration of 5% to 
turn it into an orange color, and this is an indication of the reaction response estimated by UV- device—visible 
spectrophotometer at a wavelength of 490 nanometers. 

Flowering parameters 
The length of the flowering branches (cm) was measured by measuring tape for each experimental treatment. 
The number of flowers (flower.Plant-1) was calculated cumulatively for each experimental treatment and each 
treatment. Vernia measured the diameter of the flower (cm) for each experimental treatment. Day of flower 
per plant (day). The number of flowering days on the plant until wilting was calculated for each experimental 
unit. Determination of the carotene content of the flowers (mg.100g-1) 0.25 g of fresh flower petals was taken, 
30 ml of 80% acetone was added to it, crushed by a ceramic mortar, the solution was filtered by filter paper, 
and the sample was read by a UV-Visible spectrophotometer at a wavelength of 480 nm for each experimental 
treatment32. 
 

RESULTS 

Data presented in Table 3 showed a significant increase in the vegetative growth parameters of Petunia when 
spraying Amino acids at a concentration of {6ml.l-1}as Number of Leaves, number of branches, weight dry of 
the shoot system, the content of leaves of total chlorophyll and total soluble carbohydrates), which receded 
{48.00 leaves. Plant-1, 5.52 branch.  Plant-1,5.47 g,24.13 mg. 100 g-1 and 11.98 mg. g-1}respectively, 
compared to the control, which gave the lowest rate of {37.33 leaf. Plant-1 and 2.88 branches. Plant-1, 3.52 g, 
20.62 mg.100 g-1, and 9.98 mg. g-1} respectively. The results of the same table showed that spraying iron at a 
concentration {of 30 mg.l-1} significantly increased the total Leaves, the number of branches, the dry weight 
of the shoot, the content of leaves from the total chlorophyll and the total soluble carbohydrates, which receded 
{50.22 leaf—plant4.66 branch. Plant-1, 5.07 g, 23.47 mg.100 g-1 and 11.00 mg. g-1} compared with control, 
which observed the lowest rate, {44.67 leaf.plant-1, 3.71 branch.plant-1 4. 11 g 23.19 mg.100 g-1& 10.24 mg.g-

1} respectively. 
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Table 3. The impact of spraying Amino acids and iron on vegetative growth. 
 
 
Table 3 showed that there was a significant interaction between spraying amino acids and iron at a 
concentration of 6 ml.l-1 with 15 mg.l-1}This resulted in a significant increase in the number of total Leaves, 
Number of branches, Dry weight of the Shoot system, the content of leaves of total chlorophyll and total 
soluble carbohydrates}which receded{63.62 leaves. Plant-1,6. 00 branches. Plant-1,5.74 g, 25.60 mg.100 g-1 
and 12.45 mg.g,) Respectively, compared with control, that recorded a lower rate, {34.00 leaves. Plant -1},2.33 
branches .plant-1, 3.24g, 20.24 mg. 100g-1 and 9.25 mg. g-1 respectively,. 
The data exhibited in Table 4 showed a significant increase in the flowering parameters of petunia when 
spraying amino acids at a concentration of 6 ml. l-1, as the length of the flowering branches, number of flowers, 
flower diameter, day flower on the plant and the content of flowers of carotene pigment, which receded{13.85 

  chlorophyll  
in leaf 

mg.100g-1 

 carbohydrate in 
leaf 

mg. g-1 

Dry shoot 
system 

(g) 

No. Of  
Branch .pl

ant-1 

No. Of  
leaf.plant-1 

Conc. Treatment 

20.62 9.38 3.52 2.88 37.33 0 Amino acid 
ml.l-1 22.56 10.71 4.59 4.55 42.22 3 

24.13 11.98 5.47 5.52 48.00 6 
2.018 0.220 0.296 0.440 1.930 LSD 0.05 

       
23.19 10.24 4.11 3.71 44.67 0 Iron 

mg.l-1 22.64 10.84 4.44 4.45 49.61 15 
23.47 11.00 5.07 4.66 50.22 30 
2.018 0.220 0.296 0.440 1930 LSD 0.05 

       
20.24 9.25 3.24 2.33 34.00 0 0 

 
Amino acid 

ml.l-1 
 

X 
 

Iron 
mg.l-1 

20.32 9.28 3.28 2.61 37.00 1
5 

21.30 9.62 4.04 3.66 41.00 3
0 

24.87 10.29 3.95 3.66 44.33 0 3 
22.29 10.80 4.37 5.00 48.33 1

5 
23.51 11.05 5.45 5.51 52.00 3

0 
24.48 11.18 5.15 5.33 55.67 0 6 
25.33 12.12 5.74 6.00 63.62 1

5 
25.60 12.45 5.23 5.54 57.85 3

0 
3.976 0.382 0.513 0.763 3.344 LSD 0.05 

http://clinicalbiotec.com/
https://www.uco.edu.co/Paginas/home.aspx
https://www.unah.edu.hn/


Bionatura http://dx.doi.org/10.21931/RB/2023.08.04.47 6 
 

 
Clinical Biotec, Universidad Católica del Oriente (UCO) and Universidad Nacional Autónoma de Honduras (UNAH) 

 
 

cm,74. 56 flower. Plant-1, 7.76 cm, 9.61 days and 5.11 mg.100 g-1} compared to the control, which gave the 
lowest rate of {9.97 cm, 55.00 flower. Plant-1, 5.73 cm, 6.22 days and 3.66 mg.100g-1} respectively.  

Table 4. The impact of spraying amino acids iron on flowering characteristics. 

Table 4 also showed that spraying iron at {30mg.l-1} Led to a significant increase in the flowering parameters 
of petunia, as {length of the flowering branches, number of flowers, flower diameter, day flower on the plant, 
and the content of flowers from carotene pigment}, which reached {12.86 cm,67. 22 flower.Plant-1, 6.92 cm, 
8.22 days, and 4.57 mg.100 g-1}Compared to the comparison treatment that gave the lowest rate of {11.72 cm, 
60.44 flowers.Plant-1, 6.40 cm, 7.41 days and 4.35 mg. 100g-1}respectively. The same table also showed that 
spraying amino acids at 6 ml.l-1 with iron at {30 mg. l -1} Led to a significant increase in flowering parameters 
from petunia, such as {length of flowering branches, number of flowers, flower diameter, day flower on the 

Flower 
carotene 
content 

(mg.100g-1) 

Day of flower 
on the plant 

(day) 

Flower 
diameter 

(cm) 

No. of flower 
(Flower.plant

-1) 

length of 
flowering 
branches 

(cm) 

Conc. Treatment 

3.66 6.22 5.73 55.00 9.97 0 Amino acid 
ml.l-1 5.03 7.77 6.61 63.00 11.52 3 

5.11 9.61 7.76 74.56 13.85 6 
0.308 0.440 0.146 1.534 0.433 LSD 0.05 

       
4.35 7.41 6.40 60.44 11.72 0 Iron 

mg.l-1 4.78 8.00 6.78 65.22 12.76 15 
4.57 8.22 6.92 67.22 12.86 30 
0.308 0.440 0.146 1.534 0.433 LSD 0.05 

       
3.37 6.00 5.53 51.33 9.30 0 0 

 
Amino acid 

ml.l-1 
 

X 
 

Iron 
mg.l-1 

3.49 6.00 5.70 55.31 10.16 1
5 

4.13 6.66 5.96 58.25 10.46 3
0 

4.53 7.33 6.30 60.67 11.63 0 3 
5.29 7.54 6.66 62.00 12.91 1

5 
5.27 8.33 6.68 67.11 13.00 3

0 
5.16 9.00 7.36 69.33 14.23 0 6 
5.55 10.22 8.00 78.45 15.20 1

5 
4.31 9.96 7.93 76.00 15.13 3

0 
0.533 0.763 0.252 2.657 0.750 LSD 0.05 
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plant, and flower content of the carotene pigment}which receded{15.20 cm,78.45 flowers. Plant-1,8.00 
cm,10.22 days and 5.55 mg. 100g-1 compared to the control, which recorded the lowest rate of {9.30 cm,51.33 
flowers. Plant-1, 5.53 cm, 6.00 days, and 3.37 mg.100 g-1} respectively. 
 

DISCUSSION 

Notes from Table 3 and Table 4 show that the spraying of amino acids led to a significant increase in the 
parameters of vegetative growth and flowering. This may belong to the important role of amino acids in the 
physiological processes of the plant via the manufacture of proteins, auxins and carbohydrates 33,34 and in the 
synthesis of RNA and DNA and IAA 34 which is vital for cell division and elongation 35 and lead to giving the 
highest number of inflorescences36. It is also noted from Table 3 and Table 4 that iron spraying had a 
significant increase in the characteristics of the shoot and flowering system. This may be due to the effect of 
iron in the photosynthesis process and the production of energy, ATP, which is important in the vital processes 
of the plant, rather than entering into the composition of the nucleic acids DNA and RNA necessary for the 
division cells, which encourages the formation of leaf buds and then increases the number of leaves 26. This 
may be attributed to the fact that iron contributes to the oxidation-reduction reactions in the plant, as it enters 
the composition of many oxidation and reduction enzymes such as cytochromes, peroxidases, oxidases and 
others. It also has a role in the process of photosynthesis, as 70% of the total iron is found in the chloroplasts, 
and this explains its importance in the process of carbon metabolism and then increasing the percentage of 
carbohydrates in the leaves37,38,39. In addition, iron has a key role in the formation of chlorophyll through the 
participation of iron in the condensation of succinic acid and glycine to form Y-aminolevulinic acid, which in 
turn condenses to form pyrrole groups, which also condense to form protoporphyrin. This substance is for the 
formation of chlorophyll, stimulated by iron, 40,41and this may be due to the effect of iron in increasing 
vegetative growth and increasing the number of leaves, and the importance of iron in the vital processes within 
the plant that accelerate the transformation of some vegetative buds to flower42,43and then increase Flower 
buds and then to an increase in the flowers number 9,44. 

CONCLUSIONS 

In this work, spraying amino acids and iron caused a significant increase in vegetative indices flowering 
growing (leaves, branches, shoot system and number of flowers) in addition to chlorophyll and 
carbohydrates of petunia. 
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