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The study was conducted at the plastic house of the
College of Agricultural Engineering Science, Salahaddin
University -Erbil, Irag, during 2022. To investigate the
response of sour orange seedlings to application with bio
health at three concentrations (0, 10 and 20 mg. L) and
three concentrations of Synergic (0, 3 and 6 ml. L) on
growth characteristics of Sour Orange (Citrus aurantium
L.) seedlings local cultivar. A factorial experiment with
three replicates was carried out in a Randomized
Complete Design (CRD) using three seedlings for each
experimental unit. Data were analyzed by (SAS) using the
Duncan (ANOVA P = 0.05). The obtained results
indicated that the growth characteristics were increased
by increasing the concentration of the two bio stimulators
as compared with control, foliar application of bio health
at (20 mg. L) caused significant increase in most of the
studied parameters. At the same time, foliar application of
Synergic fertilization at (6 ml. L) gave the highest value
of stem high, stem diameter, leaf area, number of leaves
/seedling, shoot fresh weight, shoot dry weight, root fresh
weight and root dry weight. The interaction between the
two bio stimulators caused a significant increase for all
growth characteristics, the best treatment was at level
(Bio. 20 mg. L2+ Sy. 6 ml.L't) as compare with control.
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Introduction

Citrus aurantium L. belongs to the citrus genus, which belongs to the Rutaceae
family. Several studies claim that citrus originated in Southeast Asia, which is
bordered by Northeast India, Burma, and Yunnan (China), but the most recent
research suggests that citrus originated in Australia, New Caledonia, and New Guinea
(11). Sweet orange, mandarin, sour/bitter orange, lemon, lime, grapefruit, and
pomelos are examples of citrus plants (7) which important economically for edible
fruits, drugs, aromatic leaves with oil glands, essential oil, and perfume. Citrus fruits
contain flavonoids, which may have anticancer properties (10). They are also high in
vitamin C, which is a powerful antioxidant that protects the body from free radical
damage, and good sources of foliate and thiamin (13 and 14).
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Citrus aurantium L., also known as Bitter orange, Seville orange, Bigarade orange, or
Marmalade orange, is a tree. When used as a rootstock, roots have desirable
characteristics, particularly for sweet orange scion cultivars (2). Because of its
adequate yields, good fruit quality, tolerance to foot rot, cold, and compatibility with
the most important Citrus species and varieties, Sour orange is the most widely used
citrus rootstock (4). Plant-derived bio stimulants have been reported as a novel tool
for addressing agricultural challenges and ensuring environmental sustainability.
Furthermore, it has been reported that plant bio stimulants influence plant growth
hormones, which improve plant metabolic activities and, as a result, crop
productivity, chlorophyll synthesis, mineral status, and the synthesis and
accumulation of antioxidant metabolites. These antioxidants boost plant growth by
activating photosynthesis process (15).

Natural or synthetic substances that can be applied to seeds, plants, and soil are
known as bio stimulants. These substances alter vital and structural processes in order
to influence plant growth, increase seed and/or grain yield and quality, and improve
tolerance to abiotic stresses. Furthermore, bio stimulants reduce the need for
fertilizers (6).

Bio-fertilizers are microbial additives that contain bacterial or fungal cells, or both,
and are added directly to seeds, plants, or soil to increase the readiness of plant
nutrients and thus increase growth and production (16). Bio-fertilizers are extremely
important in plant fertility and its surroundings because they work to provide one or
more nutrients required for plant growth, reducing the need for mineral fertilizers
while also encouraging plants to secrete some hormones and beneficial growth
stimulants (1). These substances are effective in low concentrations, improving
nutrition efficiency, abiotic stress tolerance, and/or crop quality traits regardless of
nutrient content. When applied exogenously, these substances have actions similar to
those of known plant hormones, the most important of which are auxins, gibberellins,
and cytokinins (17).

In general, bio stimulants are created by combining natural or synthetic substances
composed of hormones or plant hormone precursors. When used correctly in crops, it
acts directly on physiological processes, potentially enhancing growth, development,
and/or responses to water stress, saline, and toxic elements such as toxic aluminum.
(3,5). In general, the highest values of vegetative growth parameters were obtained
with potassium hamate, active dry yeast, and amino green in descending order; bio
stimulants substances improved growth performance and leaf mineral content of
Washington navel orange trees. (12).

Bio stimulants influence plant growth hormones, which improve plant metabolic
activities and, as a result, crop productivity. They also improve chlorophyll synthesis,
mineral status, and the synthesis and accumulation of antioxidant metabolites. These
antioxidants boost plant growth by reactivating photosynthetic activity (15).

89



ISSN: 1992-7479 E-ISSN: 2617-6211 2023 1 ssall 21 Alaa Ll aghall L) Alaa

The objectives of this study were to evaluate the effects of spraying with the two-bio
stimulator (Bio health and Synergiac) on some parameters growth of local sour
orange seedlings to produce strong root system and to be ready for budding and
grafting in next season.

Materials and Methods

The growth of local sour orange seedlings which planted in plastic pots (30 x 30 cm)
2 years old was studied in the plastic house/Horticulture department. The experiment
included three concentration levels of Bio health and Synergic by foliar application,
as well as 0.1% Tween-20 as a wetting agent in all foliar solutions three times every
20 days. The study employs a completely randomized design (CRD) with three
replications for each treatment. Duncan's multiple comparison tests were used to
compare the treatments at the 5% level (SAS, 1996 and Al-Rawi and Khalafallah,
2000). Stem length, stem diameter, leaf area, number of leaves/seedling, shoot fresh
weight, shoot dry weight, root fresh weight, and root dry weight were all measured
for each treated seedling. The treatments that applied on sour orange seedlings, local
cultivar; with three different levels namely:

1- Control, only sterilized water

2- Bio health 10 mg. L.

3- Bio health 20 mg. L.

4- Synergic 3 ml. L™

5- Synergic 6 ml. L2,

6- Bio health 10 mg. L + Synergic 3ml. L™

7- Bio health 10 mg. L + Synergic 6 ml. L™

8- Bio health 20 mg. L + Synergic 3 ml. L™

9- Bio health 20 mg. L + Synergic 6 ml. L™

Results and Discussion

It is clear from the data in table 1 that spraying Sour orange seedlings with the bio
health at 20 mg. L' concentration caused a significant promotion on growth
parameters in terms of increasing stem length 31.03 cm, stem diameter 1.89 cm, leaf
area 12.49 cm?, number of leaves/shoot 18.61, shoot fresh weight 13.74 g, shoot dry
weight 6.80 g, root fresh weight 10.39 g and root dry weight 5.25 g compared with
the control treatment.

Table 1 Effect of bio health on some growth parameters of sour orange

seedlings.
Stem Stem Leaf Number of  Shoot fresh Shoot dry Root Root dry
Treatments length diameter area Leaves weight g weight ¢ fresh weight g
cm cm cm? /seedlings weight g
0 18.94 ¢ 0.73¢ 6.90c 1155¢ 894 c 3.86¢ 6.01c 3.02¢c
10mg. Lt 26.87b 1.60b 8.76b 15.23b 11.21b 5.45b 8.43b 4.15b
20mg. Lt 31.03a 1.89a 12.49a 18.61a 13.74 a 6.80 a 10.39a 525a

*The similar letters vertically between treatments mean there are no significant differences between
them using Duncan's Multiple Range test at P < 0.05.
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It is evident from table 2 that all growth parameters were significantly affected by
synergic treatment with concentration at level 6 ml. L. Spraying Sour orange
seedlings with synergic enhanced stem length 30.20 cm, stem diameter 1.90 cm, leaf
area 11.82 cm?, number of leaves/shoot 17.93, shoot fresh weight 12.53 g, shoot dry
weight 6.37 g, root fresh weight 9.89 g and root dry weight 5.68 g compared with the
control treatment.

Table 2 Effect of synergic on some growth parameters of sour orange seedlings.

Stem Stem Leafarea  Number Shoot Shoot dry Root Root dry
Treatments length  diameter cm? of fresh weight ¢ fresh weight g
cm cm leaves/see  weight ¢ weight g
dling
0 20.12 ¢ 0.87c 7.57¢c 12.34¢ 9.8lc 456 ¢ 6.22 ¢ 4.05c
3m. L1 27.94b 154 b 8.94 b 15.87b 10.77b 5.61b 7.48b 490b
6m.L? 30.20 a 1.90a 11.82 a 17.93a 12.53 a 6.37 a 9.89a 5.68 a

*The similar letters vertically between treatments mean there are no significant differences between
them using Duncan's Multiple Range test at P < 0.05.

The data from table 3 shows the significant increase and recorded the highest value of
all growth parameters at the interaction between bio health and synergic fertilizer at
level (Bio 20 mg. L1+ Syn. 6 m. L1), even other interaction at level (Bio 10 mg. L™
+ Syn. 6 m. L) and (Bio 20 mg. Lt + Syn. 3 m. L) had positive effect on the most
growth parameters, stem length 33.87 cm, stem diameter 1.93 cm, leaf area 13.33
cm?, number of leaves/shoot 20.09, shoot fresh weight 14.66 g, shoot dry weight 7.90
g, root fresh weight 12.20 g and root dry weight 6.33 g compared with the control
treatment.

Table 3 Effect of interaction between bio health and synergic on some growth
parameters of sour orange seedlings.

Stem Stem Leafarea  Number of  Shoot Shoot Root Root dry
Treatments  length diameter Cm? leaves/ fresh dry fresh weight g
cm cm seedlings weight g weight g weightg
0 15.14h 055 g 5.48 h 8.10 h 7.52f 322 d 8.12f 3.29¢e
0+10mg.L* 18.98g 0.67 f 711 ¢ 1433 f 8.77 ¢ 3.47d 8.30e 3.55e
0+20mg.L! 2386e 1.21 e 8.09 f 1535 e 10.40 ¢ 5.02 bc 9.66d 4.15d
0+3mL?t 2239f 072 d 954 e 13.28 ¢ 9.87d 411c 9.76 d 4.21d
0+6m.L' 2340e 169 d 9.87 e 17.00 d 10.48 ¢ 4.90c 10.40 ¢ 539¢c
1mg.Lt+ 2581d 177 cd 1159 d 18.41 ¢ 12.21b 5.86 Db 10.32¢c 552¢c
3m.L?
10mg.L*+ 30.00c 1.80 c 1247 c 18.30 ¢ 12.54 b 5.93b 11.11bc 5.19c
6m.L?
20 mg.L" 31.29b 187 b 13.02 b 1932 b 14.09 a 7.0la 11.79b 6.00 ab
43m.L?
20mglL'+6 33.87a 193 a 1333 a 20.09 a 14.66 a 7.90 a 12.20a 6.33 a
m.L*

*The similar letters vertically between treatments mean there are no significant differences between
them using Duncan's Multiple Range test at P < 0.05.

The top table results show that the true goal of this research was to determine the
effect of different concentrations, application of bio stimulators on vegetative growth.
The results showed that treatments with various concentrations of foliar bio
stimulators had a positive effect on the vegetative parameters of sour orange
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seedlings. A significant increase in Leaf area was observed, which resulted in an
increase in photosynthesis, which resulted in a significant increase in Shoot fresh
weight and Shoot dry weight. Increased root fresh weight and root dry weight, on the
other hand, resulted in nutrient absorption from the soil and increased growth. The
interaction of bio health, synergic, and concentrations in combination were also
distinguished in the studied traits of the sour orange seedlings. Recently, a study on
plant growth has been published. Plant growth stimulators have aided modern
agriculture by improving plant growth and development, coping with biotic and
abiotic stresses, and reducing heavy metal translocation (16).

Bio stimulants are nutrient-dense but cannot replace fertilizers. Even under stress
conditions, it has the potential to improve soil quality and plant productivity. Bio
stimulants are also responsible for increasing the chlorophyll content of the leaf. Its
use on vegetables and floriculture crops has been shown to increase tolerance to
biotic and abiotic stresses by improving internal and external quality (8). Bio
stimulants influence plant growth hormones, which A. improve plant metabolic
activities and, as a result, crop productivity (9). Furthermore, Bio stimulate is in
charge of increasing leaf chlorophyll content and improving chlorophyll synthesis,
mineral status, and the synthesis and accumulation of antioxidant metabolites. These
antioxidants boost plant growth by reactivating photosynthetic activity (15).

Alternatively, it contains adequate quantities of nitrogen supply that increase the extra
protein, allowing the plant foliage to grow larger and thus increasing its surface area
available for photosynthesis, allowing the plants to grow faster, increasing the rate of
metabolism, cell division, cell elongation, and thus stimulating apical growth as well
as leaf formation (12). Bio-fertilizers are extremely important in plant fertility and its
surroundings because they work to deliver nutrients required for plant growth,
allowing mineral fertilizers to be reduced while also encouraging plants to excrete
some hormones and beneficial growth stimulants (1). These findings are consistent
with those of (6, 12, 15 and 17).

Conclusion: Plant growth stimulators have positively subsidized modern agriculture
and have the potential to improve plant growth and development, as well as handle
biotic and abiotic stresses. Bio stimulants are nutrient-dense but cannot replace
fertilizers. Even under stress conditions, it has the potential to improve soil quality
and plant productivity. There is a significant research gap. Different mechanisms, on
the other hand, need to be studied further in order to develop a better understanding
and introduce useful products

Reference

1- Al-Khafajy, R. A., D. K. A. Al-Taey, and M. H. S. AIMohammed. (2020). The
impact of Water Quality, Bio fertilizers and Selenium Spraying on some
Vegetative and Flowering Growth Parameters of Calendula Officinalis L. under
Salinity Stress. International Journal of Agricultural and Statistical Sciences, 16:
1175-1180.

92



ISSN: 1992-7479 E-ISSN: 2617-6211 2023 1 ssall 21 Alaa Ll aghall L) Alaa

2-

w
1

AN
1

a1
1

(o]
1

oo
1 1

10-

11-

12-

13-

14-

15-

16-

Castle, W. S., Tucker, D. P. H., Krezdorn, A. H., and Youtsey, C. O. (1993).
Rootstocks for Florida. University of Florida.

Couto, C. A., Peixoto, C. P., Vieira, E. L., Carvalho, E. V., and Peixoto, V. A. B.
(2012). Acdo da cinetina, acido indolbutirico e acido giberélico na emergéncia do
girassol sob estresse por aluminio. Comunicata Scientiae, 3(3): 206-209.

De Pasquale, F., Siragusa, M., Abbate, L., Tusa, N., De Pasquale, C., and
Alonzo, G. (2006). Characterization of five sour orange clones through
molecular markers and leaf essential oils analysis. Scientia Horticulturae, 109(1):
54-59.

Du Jardin, P. (2012). The science of plant bio stimulants—A bibliographic
analysis, Ad hoc Study Report. Brussels: European Commission.

Du Jardin, P. (2015). Plant biostimulants: Definition, concept, main categories
and regulation. Scientia horticulturae, 196: 3-14.

Dugo, G., and Di Giacomo, A. (2002). Citrus: the genus citrus. CRC Press.
Kisvarga, S., Farkas, D., Boronkay, G., Neményi, A., and Orléci, L. (2022).
Effects of biostimulants in horticulture, with emphasis on ornamental plant
production. Agronomy, 12(5): 1043.

Kim, H. J., Ku, K. M., Choi, S., and Cardarelli, M. (2019). Vegetal-derived
biostimulant enhances adventitious rooting in cuttings of basil, tomato, and
chrysanthemum via brassinosteroid-mediated processes. Agronomy, 9(2): 74.
Kozlowska, A., and D. Szostak-Wegierek. (2014). Flavonoids food sources and
health benefits, Rocz. Panstw. Zakl. Hig., 65: 79-85.

Liu, Y., Heying, E., and Tanumihardjo, S. A. (2012). History, global distribution,
and nutritional importance of citrus fruits. Comprehensive reviews in Food
Science and Food safety, 11(6): 530-545.

Mustafa, N. S., and El-Shazly, S. M. (2015). Impact of some bio stimulant
Substances on growth performance of Washington navel orange trees. Acta
Hortic, 1065: 1795-1800.

Rafig, S., Kaul, R., Sofi, S. A., Bashir, N., Nazir, F., and Nayik, G. A. (2018).
Citrus peel as a source of functional ingredient: A review. Journal of the Saudi
Society of Agricultural Sciences, 17(4): 351-358.

Rekha, C., Poornima, G., Manasa, M., Abhipsa, V., Devi, J. P., Kumar, H. T. V.,
and Kekuda, T. R. P. (2012). Ascorbic acid, total phenol content and antioxidant
activity of fresh juices of four ripe and unripe citrus fruits. Chemical Science
Transactions, 1(2): 303-310.

Rouphael, Y., and Colla, G. (2020). Toward a sustainable agriculture through
plant biostimulants: From experimental data to practical applications. Agronomy,
10(10): 1461.

Sureshkumar, R., Priya, G. S., Rajkumar, M., and Sendhilnathan, R. (2019).
Studies on the effect of organic manures, biostimulants and micronutrients on
certain growth and flowering parameters of tuberose (Poianthes tuberosa L.) CV.
Prajwal. Plant Arch, 19: 2436-2440.

93



ISSN: 1992-7479 E-ISSN: 2617-6211 2023 1 ssall 21 Alaa Ll aghall L) Alaa

17-Yaronskaya, E., Vershilovskaya, I., Poers, Y., Alawady, A. E., Averina, N., and
Grimm, B. (2006). Cytokinin effects on tetrapyrrole biosynthesis and
photosynthetic activity in barley seedlings. Planta, 224: 700-709.

94



