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Abstract 

The experiment was carried out at the Horticulture station in the Al-

Hindiya district / Karbala governorate during the 2023 growing sea-

son, using a Randomized Complete Block Design (RCBD) with 

three replications. The study aimed to investigate the response of two 

orange Cultivars (Blood and Navel) to spraying with the growth reg-

ulator brassinolide at three concentrations (0, 0.3 and 0.6 mg L-1) and 

the addition of organic fertilizer (Humzinc) to the soil at three con-

centrations (0, 0.5 and 1 g L-1). The results showed the superiority of 

the Blood Cultivar over the Navel Cultivar in stem length, stem di-

ameter, Leaves number, root length, and root volume, while the Na-

vel Cultivar excelled in leaf area. Treatment with brassinolide at a 

concentration of 0.6 mg L-1 or the addition of organic fertilizer at a 

concentration of 1 g L-1 resulted in the highest significant increase in 

stem length, stem diameter, Leaves number, leaf area, root length, 

and root volume. Regarding the interactions between study factors, 

the binary and ternary interactions had a significant effect on improv-

ing vegetative and root growth Traits. The ternary interaction treat-

ment (Blood Cultivar + brassinolide 0.6 mg L-1 + 1 g L-1) outper-

formed by giving the highest average increase in stem length (35.98 

cm), stem diameter (7.993 mm), average Leaves number (117.66 

leaves seedling-1), root length (120.67 cm), and root volume (52.33 

cm3), while the treatment (Navel Cultivar + brassinolide 0.6 mg L-1 

+ 1 g L-1) significantly excelled in leaf area (38.57 cm2). 

Keywords: Orange Saplings, brassinolide, organic fertilizer 
Introduction  

     Citrus are evergreen fruit trees belonging to the Rutaceae family, which includes 

many genera, most notably the commercially important Citrus genus, which encom-

passes the core groups of citrus fruits [1] . 

     The cultivation of citrus trees is widespread in tropical and subtropical regions 

worldwide between 40° north and south of the equator [2]. Global citrus production 

amounts to 158,491,166 tons annually, cultivated over approximately 10,072,197 hec-

tares. China leads in citrus production, followed by Brazil, India, Mexico, the United 

States, and Spain. Egypt ranks as the top citrus producer in the Arab world and seventh 
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globally [3]. The number of fruit-bearing citrus trees in Iraq is estimated at around 

7,768,290 trees, producing approximately 1,761,17 tons, with Salah al-Din Gover-

norate leading in production, followed by Baghdad and then Diyala Governorate [4]. 

     The slow growth of orange sapling in the initial years post- budding, along with 

some failing to grow, coupled with their extended stay in the nursery for over a year, 

increases production and management costs [5]. This has prompted numerous research-

ers to seek suitable solutions to accelerate and enhance seedling growth by    using 

various plant growth regulators and nutrient solutions for their significant role in plant 

growth. Among the crucial plant growth regulators is Brassinolide, which plays multi-

ple roles in regulating various vital activities within plant cells [6]. Brassinolide is a 

plant hormone derived from the raw fatty extract of Brassica napus pollen grains, sig-

nificantly contributing to plant growth and development, with  effects synergism to 

auxins, gibberellins, and cytokinins, such as cell elongation,   division, vascular differ-

entiation, flowering, aging, stress tolerance, nucleic acid and protein synthesis [7]. 

     Humic acid is a fundamental component for organic matter decomposition, playing 

a crucial role in enhancing the physical and chemical properties of soil It serves as a 

source of nutrients for plants, particularly nitrogen [8]. The high acidity of humic  acids 

improves soil efficiency, reduces nitrogen loss as ammonia gas, enhances    ammonium 

representation efficiency, and improves carbon assimilation by increasing cell mem-

brane permeability and phosphorus absorption [9]. Additionally, humic  substances can 

carry mineral elements, especially microelements like iron, zinc, and manganese, mak-

ing them more readily absorbable by plants [10]. Therefore, the  research aims to in-

vestigate the brassinolide foliar applied and organic fertilizer addition in enhancing the 

vegetative and root growth characteristics and producing budded orange saplings suit-

able for transportation to the permanent location with minimal cost, time, and effort.  

 

Materials and Methods 

 Experiment Location: The experiment was conducted at the Horticulture  station in 

the Al-Hindiya district / Karbala governorate for the 2023 growing season to determine 

the effect of the growth regulator brassinolide and organic fertilizer on improving the 

vegetative and root growth characteristics of orange saplings of the Blood and Navel 

cultivars . 

 

Research Preparation : A total of 270 orange Saplings, budded onto sour orange root-

stock, were selected for uniform growth at six months old, planted in 1.25 kg polyeth-

ylene bags. On 20 February 2023, the sapling were transplanted into 26 cm diameter 

plastic pots filled with a mixed soil and peat moss blend in a 1:3 ratio, with a total soil 

weight of 10 kg. 

 

Statistical Design and Study Factors: The research was conducted following a fac-

torial experiment design (2*3*3) using a complete randomized design with three 
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replications, totaling 54 experimental units with 5 sapling per treatment The study fac-

tors were as follows : 

Factor 1 : 

Represented by two orange Cultivars (Blood and Navel) . 

Factor 2 : 

The standard brassinolide solution was prepared by dissolving 1 g of the growth regu-

lator in 1 litre of distilled water, then concentrations of (0, 0.3, and 0.6) mg L-1 were 

prepared according to the dilution law. 

 

The volume =
𝐑𝐞𝐪𝐮𝐢𝐫𝐞𝐝 𝐬𝐨𝐥𝐮𝐭𝐢𝐨𝐧 𝐯𝐨𝐥𝐮𝐦𝐞×𝐑𝐞𝐪𝐮𝐢𝐫𝐞𝐝 𝐒𝐨𝐥𝐮𝐭𝐢𝐨𝐧 𝐂𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧

𝐒𝐭𝐚𝐧𝐝𝐚𝐫𝐝 𝐒𝐨𝐥𝐮𝐭𝐢𝐨𝐧 𝐂𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧
   

 

   The sapling was sprayed in the early morning with the above concentrations on three 

dates: 15/3, 15/4, and 15/5/2023 

 

Factor 3 : 

Addition of organic fertilizer humzinc containing the percentages shown in the table 

below at three concentrations (0, 0.5, and 1) g L-1, applied in six installments from 

15/3/2023 until 15/8/2023. 

Table (1): Components of organic fertilizer humzinc (%) 

Humic acid chelated iron chelated zinc chelated manganese 

40 3.5 2.5 1.5 

Studied characteristics: Measurements were taken on 15/10/2023 as follows : 

1-  Main stem length increment (cm) 2-  Main stem diameter increment (mm) 3- Aver-

age number of leaves (Leaf sapling-1) 4-Average leaf area (cm2)  As mentioned [11]. 

Leaf area = 0.66 * length * width 

5-Average root length (cm) 6- Average root volume (cm3) estimated using the water 

displacement method as mentioned [12]. 

 

Results and Discussion 

Main stem length increment (cm) : 

   The results displayed in Table (2) indicate the superiority of the blood Cultivar by 

giving the highest average increase in the length of the main stem, reaching (21.60 cm), 

while the Navel Cultivar recorded the lowest average increase at (19.02 cm). Further-

more, the spraying treatment with the growth regulator brassinolide at a concentration 

of (0.6 mg L-1) outperformed by giving the highest average increase in the length of 

the main stem, which was (28.21 cm) compared to the control treatment that gave the 

lowest average of (12.34 cm). As for the addition of humzinc fertilizer, the concentra-

tion of (1g L-1) exceeded by giving the highest average increase in the length of the 

main stem at (23.76 cm) compared to the control treatment that gave the lowest average 

of (16.39 cm). 

   Regarding the interaction between the Cultivar and brassinolide, the results from the 

same table indicate significant differences in this trait. The treatment (blood + 
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brassinolide 0.6 mg L-1) excelled by recording the highest average of (29.53 cm), which 

was not significantly different from the dual intervention treatment (Navel + brassino-

lide 0.6 mg L-1) that reached 26.88 cm, while the treatment (Navel + brassinolide 0 mg 

L-1) recorded the lowest average at (11.12 cm). As for the interaction between the Cul-

tivar and humzinc fertilizer, the treatment (blood + humzinc 1g L-1) excelled by record-

ing the highest average increase in the length of the main stem at (25.59 cm) compared 

to the treatment (Navel + humzinc 0 g L-1) which reached (15.70 cm). Additionally, 

the dual interaction treatment between brassinolide and humzinc had a significant ef-

fect on the average increase in the length of the main stem, as the treatment (brassino-

lide 0.6 mg L-1 + humzinc 1 g L-1) excelled by giving the highest average increase of 

(33.67 cm) compared to the control treatment for the dual intervention, which reached 

(9.38 cm). 

     The results from the same table indicate a significant difference in the interaction 

between study factors. The triple interaction treatment (blood + brassinolide 0.6 mg L-

1 + humzinc  1 g L-1) outperformed by giving the highest mean increase of 35.98 cm 

compared to the treatment (Navel + brassinolide 0 mg L-1 + humzinc  0 g L-1) which 

yielded the lowest mean increase of 8.70 cm. 

 

Table (2): the effect of Cultivar, Brassinolide, adding Humzinc fertilizer, and their 

interaction on the Main stem length increment (cm) 

 

Main stem diameter increment(mm) 

     The table (3) shows that there are no significant differences between the Blood and 

Navel Cultivars in the average increase in the diameter of the main stem. However, the 

spraying treatment with brassinolide at a concentration (0.6 mg L-1) gave the highest 

Orange 

Cultivar 

Brassinolide 

mg L-1 

Humizinc fertilizer g L-1 Cultivar 

X 

Brassinolide 0 0.5 1 

Blood 
0 10.07 14.27 16.33 13.56 

0.3 17.63 

 

23.07 24.47 

 

21.72 

0.6 23.56 29.03 35.98 29.53 

Navel 

 

 

0 8.70 11.43 13.23 11.12 
0.3 17.23 18.70 21.20 19.04 

0.6 21.17 28.12 31.37 26.88 
LSD.  0.05 4.630 2.673 

Cultivar X Humzinc Cultivar Average 
Blood 17.09 22.12 25.59 21.60 
Navel 

 

 

15.70 19.42 21.93 19.02 
LSD.  0.05 2.673 1.543 

Brassinolide X  Humzinc Brassinolide  Average 

0 9.38 12.85 14.78 12.34 

0.3 17.43 20.88 22.83 20.38 
0.6 22.37 

 

28.58 33.67 28.21 
LSD.  0.05 3.274 1.890 

Humzinc Average 16.39 20.77 23.76 
 

LSD.  0.05 1.890 
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average increase in the diameter of the main stem (5.262 mm) compared to the control 

treatment, which gave the lowest average of (2.446mm). As for adding Humzinc  fer-

tilizer, the concentration (1 g L-1) gave the highest average increase in the diameter of 

the main stem, which reached (4.759 mm) compared to the control treatment, which 

gave the lowest significant difference of (3.054 mm).  

     The results also showed that the binary interaction between the cultivar and 

brassinolide had a significant effect on the average increase in the diameter of the main 

stem, and the treatment (Blood + brassinolide 0.6 mg L-1) recorded the highest average 

of (5.567 mm) compared to the control treatment (Blood + brassinolide 0 mg L-1) which 

gave the lowest average of (2.810 mm). The results also showed that the binary inter-

action between the cultivar and Humzinc  fertilizer had a significant effect on the av-

erage increase in the diameter of the main stem, as (Blood + Humzinc  1 g L-1) gave 

the highest average increase of (5.009 mm) compared to the treatment (Blood + 

Humzinc  0 g L-1) which gave the lowest value of (2.810 mm). As for the treatment of 

the binary interaction between brassinolide and Humzinc ,the treatment (brassinolide 

0.6 mg L-1 + Humzinc  1 g L-1) gave the highest average increase in the diameter of the 

main stem, which reached (6.883 mm) compared to the treatment (brassinolide 0 mg 

L-1 + Humzinc  0 g L-1) which gave the lowest average increase in the diameter of the 

main stem of (1.858 mm). 

    The treatment of the triple interaction may have surpassed (Blood + brassinolide  0.6 

mg L-1 + Humzinc concentration 1 g L-1) by giving the highest significant         increase 

in the average increase in the diameter of the main stem, reaching (7.993 mm), com-

pared to the treatment (Blood + brassinolide 0 mg l-1 + Humzinc 0 g L-1) which gave 

the lowest value of (1.630 mm). 
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Table (3): the effect of the Cultivar, spraying with brassinolide, adding Humzinc 

fertilizer, and their interaction on the Main stem diameter increment (mm). 

Orange 

Cultivar 

Brassinolide 

mg L-1 

Humizinc fertilizer g L-1 Cultivar 

X 

Brassinolide 
0 0.5 1 

Blood 
0 1.630 2.437 3.030 2.366 

0.3 3.267 3.817 4.003 3.696 

0.6 3.533 5.173 7.993 5.567 

 

Navel 

 

0 2.087 2.600 2.890 2.526 

 0.3 3.703 

 

4.463 4.863 4.343 

0.6 4.103 4.993 5.773 4.957 

LSD.  0.05 1.035 0.597 

Cultivar X Humzinc Cultivar Average 

Blood 2.810 3.809 5.009 3.942 

Navel 

 

 

3.298 4.019 4.509 3.876 

LSD.  0.05 0.597 N.S 

Brassinolide X  Humzinc Brassinolide  Average 

0 1.858 2.518 2.960 2.446 

0.3 3.485 

 

4.140 4.433 4.019 

0.6 3.818 

 

5.083 6.883 5.262 

LSD.  0.05 0.732 0.422 

Humzinc Average 3.054 3.914 4.759 
 

LSD.  0.05 0.422 

 

The average number of leaves (Leaf sapling-1) 

   The table (4) shows a significant impact on the average increase in the number of 

leaves by the Cultivar, with the Blood Cultivar giving the highest average of (82.94 

Leaf sapling-1) compared to the Navel Cultivar, which gave the lowest value of (70.62 

Leaf sapling-1). Regarding the treatment with brassinolide, the concentration of (0.6 

mg L-1) outperformed by giving the highest average number of leaves at (91.46 Leaf 

sapling-1) compared to the comparison treatment, which gave the lowest average of 

(62.35 Leaf sapling-1). As for the treatment of adding humzinc , the treatment with a 

concentration of (1g L-1) outperformed by recording the highest average number of 

leaves at (85.05 Leaf sapling-1) compared to the control treatment, which gave the low-

est value of (69.15 Leaf sapling-1).   The results of the same table also show that the 

interactions between the Cultivar and brassinolide have a significant impact on increas-

ing the number of leaves. The treatment (Blood + brassinolide 0.6 mg L-1) outper-

formed by giving a significant increase in the average number of leaves at (99.59 Leaf 

sapling-1) compared to the treatment (Navel + brassinolide 0 mg L-1) which recorded 

the lowest average of (57.52 Leaf sapling-1). Similarly, the results of the interactions 

between the Cultivar and humzinc  showed that the treatment (Blood + humzinc  con-

centration 1g L-1) significantly outperformed by giving the highest average number of 

leaves at (93.78 Leaf sapling-1) compared to the treatment (Navel + humzinc  0g L-1) 

which gave the lowest value of (64.97 Leaf sapling-1). The treatment of the dual 
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interaction (brassinolide concentration 0.6 mg L-1 + Humzinc 1g L-1) showed the high-

est significant increase in the average number of leaves at (103.79 Leaf sapling-1) com-

pared to the (brassinolide 0 mg L-1 + humzinc  0g L-1) which showed the lowest average 

of (57.56 Leaf sapling-1). 

  The results from the same table indicate that the triple interaction between the study 

factors has a significant effect on the average number of leaves. The treatment (Blood 

+ brassinolide 0.6 mg L-1 + humzinc  1 g L-1) outperformed by providing the highest 

average increase in the number of leaves (117.66 Leaf sapling-1), while the triple     in-

teraction treatment (Navel+ brassinolide 0mg L-1 + humzinc  concentration 0 g L-1) 

recorded the lowest average at (52.13 Leaf sapling-1). 

Table (4): Effect of Cultivar, spraying with the brassinolide, adding Humzinc  

fertilizer, and their interaction on the average number of leaves (Leaf sapling-1) 

Orange 

Cultivar 

Brassinolide 

mg L-1 

Humizinc fertilizer g L-1 Cultivar 

X 

Brassinolide 
0 0.5 1 

Blood 

0 62.99 

 

67.88 70.67 67.18 

0.3 73.44 79.66 93.00 82.03 

0.6 83.55 

 

97.55 117.66 99.59 

 

Navel 

 

0 52.13 56.31 64.11 57.52 

0.3 65.22 72.93 74.93 71.03 

0.6 77.55 82.51 89.91 83.32 

LSD.  0.05 10.042 5.798 

Cultivar X Humzinc Cultivar Average 

Blood 73.33 81.70 93.78 82.94 

Navel 

 

 

64.97 70.58 76.32 70.62 

LSD.  0.05 5.798 3.347 

Brassinolide X  Humzinc Brassinolide Average 

0 57.56 62.10 67.39 62.35 

0.3 69.33 

 

76.30 83.96 76.53 

0.6 80.55 90.03 103.79 91.46 

LSD.  0.05 7.101 4.100 

Humzinc Average 69.15 

 

76.14 85.05 
 

LSD.  0.05 4.100 

 

Average leaf area (cm2): 

    The results displayed in Table (5) show the superiority of the Navel Cultivar by 

giving the highest average leaf area of (32.64 cm2) compared to the Blood Cultivar 

which gave the lowest average of (28.34 cm2). As for the treatment with brassinolide, 

the concentration of (0.6 mg L-1) recorded the highest average leaf area of (34.68 cm2) 

compared to the control treatment (25.78 cm2). When fertilized with humzinc at a con-

centration of 1g L-1, plants showed a significantly larger average leaf area of 32.96 cm2 

compared to the control treatment, which resulted in a smaller leaf area of 26.83 cm2.  

   The data in the table indicates that the Navel Cultivar combined with brassinolide 

had a notable impact on leaf area, particularly when treated with a brassinolide 
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concentration of 0.6 mg L-1 outperformed by giving the highest average of (36.18 cm2) 

compared to the treatment (Blood Cultivar + brassinolide 0 mg L-1) 22.21 cm2. The 

findings revealed significant effects on the average leaf area due to the interactions 

between the different Cultivars and humzinc. Specifically, the treatment involving Na-

vel Cultivar with a humzinc concentration of 1g L-1 exhibited the highest average leaf 

area of 34.73 cm2, whereas the treatment with Bloody Cultivar and humzinc  concen-

tration of 0g L-1 showed the lowest average of 24.38 cm2. Moreover, the   combined 

treatment of (brassinolide concentration at 0.6 mg L-1 + humzinc  1g L-1) demonstrated 

a notable variance, yielding the highest average leaf area of 37.46 cm2. In contrast, the 

treatment with (brassinolide  0 mg L-1 + humzinc 0g L-1) produced the lowest average 

leaf area of 23.73 cm2. 

    When it comes to the triple interaction treatment, the table results indicate that the 

treatment (Navel + Brassnolide 0.6 mg L-1 + Humzinc 1 g L-1) outperformed by show-

ing the highest average leaf area of 38.57 cm2, whereas the treatment (Blood + Brass-

nolide 0 mg L-1 + Humzinc 0 g L-1) recorded the lowest average of 20.77 cm2. 

 

Table (5): Effect of Cultivar, spraying with the brassinolide, adding Humzinc  

fertilizer, and their interaction on the average leaf area (cm2) 

Orange 

Cultivar 

Brassinolide 
1-mg L 

1-Humizinc fertilizer g L Cultivar 

X 

Brassinolide 
0 0.5 1 

Blood 

0 20.77 21.79 24.06 22.21 

0.3 24.17 31.56 33.17 29.63 

0.6 28.21 34.98 36.34 33.18 

 

Navel 

 

0 26.69 

 

30.38 31.01 29.36 

0.3 29.38 33.12 34.61 32.37 

0.6 31.79 38.19 38.57 36.18 

LSD.  0.05 1.977 1.142 

Cultivar X Humzinc Cultivar Average 

Blood 24.38 29.44 31.19 28.34 

Navel 

 

 

29.29 33.89 34.73 32.64 

LSD.  0.05 1.142 0.659 

Brassinolide X  Humzinc Brassinolide Average    

0 23.73 26.09 27.54 25.78 

0.3 26.78 

 

32.34 33.89 31.00 

0.6 30.00 36.58 37.46 34.68 

LSD.  0.05 1.398 0.807 
Humzinc Average 26.83 31.67 32.96  

LSD.  0.05 0.807 

 

Average root length (cm): 

      Table (6) shows that various factors have a significant impact on the average root 

length. The Blood Cultivar excelled with the highest average root length of (73.26 cm), 
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surpassing the Navel Cultivar, which had the lowest average of (68.37 cm). The use of 

brassinolide at a concentration of 0.6 mg L-1 resulted in the highest average root length 

of (93.56 cm), whereas the control treatment had the lowest average of (43.56 cm). 

Furthermore, the application of Humzinc  at a concentration of 1 g L-1 notably increased 

the average root length to (83.72 cm) compared to the control's (56.83 cm). 

   The results from the same table indicate a significant interaction between the type of 

Cultivar and brassinolid concerning the average root length. The treatment of (Blood 

+ brassinolid 0.6 mg L-1) performed the best, with the highest average of (98.11 cm), 

surpassing the Navel + brassinolid 0 mg L-1 treatment, which had the lowest average 

root length of (42.89 cm). Similarly, the combined treatment of (Blood + humzinc    1 

g L-1) showed a significant increase in average root length of (85.22 cm) compared to 

the (Navel + humzinc 0 g L-1) treatment, which had the    lowest average of (53.67 cm). 

Additionally, the combined treatment of (brassinolid 0.6 mg L-1 + humzinc 1 g L-1) 

exhibited the most significant increase in average root length of (115.33 cm), in con-

trast to the treatment of (brassinolid 0 mg L-1 + humzinc 0 g L-1), which had the lowest 

value of ( 31.50 cm). 

   Moreover, the findings showed that the triple interaction treatments significantly in-

fluenced root length. The combination of (Blood+ brassinolide 0.6 mg L-1 + humzinc 

1 g L-1) achieved the highest average root length of (120.67 cm), whereas the        com-

bination of (Navel+ brassinolide 0 mg L-1 + humzinc  0 g L-1) had the lowest     average 

of (30.33 cm). 

Table (6): Effect of the Cultivar, spraying with the brassinolide, adding Humzinc 

fertilizer, and their interaction on the average root length (cm). 

Orange 

Cultivar 

Brassinolide 

mg L-1 

Humizinc fertilizer g L-1 
Cultivar 

X 

Brassinolide 0 0.5 1 

Blood 
0 32.67 

 

47.33 52.67 44.22 
0.3 70.00 80.00 82.33 77.44 
0.6 77.33 

 

96.33 120.67 98.11 
 

Navel 

 

0 30.33 37.67 60.67 42.89 
0.3 63.67 

 

80.00 76.00 73.22 
0.6 67.00 

 

90.00 110.00 89.00 
LSD.  0.05 8.435 4.870 

Cultivar X Humzinc Cultivar Average 

Blood 60.00 74.56 85.22 73.26 
Navel 

 

53.67 

 

69.22 82.22 68.37 
LSD.  0.05 4.870 2.812 

Brassinolide X  Humzinc Brassinolide  Average 

0 31.50 42.50 56.67 43.56 

 0.3 66.83 80.00 79.17 75.33 
0.6 72.17 93.17 115.33 93.56 

LSD.  0.05 5.965 3.444 
Humzinc Average 56.83 71.89 83.72 

 
LSD.  0.05 3.444 
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Average root volume (cm3): 

   The table (7) shows a significant impact of the Cultivar on the average root volume. 

The Blood Cultivar had the highest average volume at (37.22 cm3) compared to the 

Navel Cultivar, which had the lowest average at (35.37 cm3). the treatment with 

brassinolide at a concentration of 0.6 mg L-1 resulted in the highest average root vol-

ume of (44.17 cm3) compared to the control treatment, which had the lowest average 

at (26.11 cm3). Furthermore, the addition of Humzinc fertilizer at a concentration of 1 

g L-1 recorded the highest average root volume of (40.67 cm3) compared to the control 

treatment, which had the lowest average at (30.72 cm3). 

   The results of the same table showed that binary interactions between the Cultivar 

and brassinolide had a significant effect on the average root volume. The combination 

(Blood + brassinolide 0.6 mg L-1) had the highest average volume (45.22 cm3) com-

pared to the treatment (Navel + brassinolide 0 mg L-1) which had the lowest    average 

root volume (25.00 cm3). the results indicated that binary interactions between the Cul-

tivar and Humzinc had a significant effect on the average root volume. The combina-

tion (Blood + Humzinc 1 g L-1) resulted in the highest average volume (43.00 cm3) 

compared to the treatment (Blood + Humzinc 0 g L-1) which had the lowest average 

volume (30.33 cm3). As for the binary interaction treatment  between brassinolide and 

hum zinc, the combination (brassinolide concentration 0.6 mg L-1 + Humzinc 1 g L-1) 

showed a significant increase in the average root volume (49.50 cm3) compared to the 

treatment (brassinolide concentration 0 mg L-1 + Humzinc 0 g L-1) which had the lowest 

average (22.83 cm3). 

   When it comes to the triple interaction treatment, the table results indicate that the 

treatment (Blood + brassinolide 0.6 mg L-1 + Humzinc 1 g L-1) showed superior    per-

formance by yielding the highest average root volume of (52.33 cm3). In contrast, the 

treatment (Navel + brassinolide 0 mg L-1 + Humzinc 0 g L-1) recorded the lowest aver-

age of (22.33 cm3). 

Table (7) : Effect of Cultivar, spraying with the brassinolide, adding Humzinc     

acid, and their interaction on the average root volume (cm3) 

Orange 

Cultivar 

Brassinolide 

mg L-1 

Humizinc fertilizer g L-1 
Cultivar 

X 

Brassinolide 
0 0.5 1 

Blood 

0 23.33 26.00 32.33 27.22 

0.3 32.67 

 
40.67 44.33 39.22 

0.6 35.00 48.33 52.33 45.22 

 

Navel 

 

0 22.33 25.00 27.67 25.00 

0.3 33.33 

 
40.00 40.67 38.00 

0.6 37.67 

 
45.00 46.67 43.11 

LSD.  0.05 4.823 2.785 

Cultivar X Humzinc Cultivar Average 

Blood 30.33 

 
38.33 43.00 37.22 

Navel 

 
31.11 36.67 38.33 35.37 
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LSD.  0.05 2.785 1.608 

Brassinolide X  Humzinc Brassinolide  Average 

0 22.83 25.50 30.00 26.11 

0.3 33.00 

 
40.33 42.50 38.61 

0.6 36.33 46.67 49.50 44.17 

LSD.  0.05 3.411 1.969 

Humzinc Average 30.72 37.50 40.67 
 

LSD.  0.05 1.969 

 

   The data presented highlights the superiority of the Blood Cultivar over the Navel 

Cultivar in most vegetative and root traits in tables (2, 3, 5, and 6), while the Navel 

Cultivar excelling in leaf area compared to the blood Cultivar in table (4). This differ-

ence is likely influenced by genetic variations, growth characteristics of both  Cultivars, 

and their response to environmental conditions affecting plant physiology, photosyn-

thesis efficiency, carbohydrate synthesis rate, and essential hormones for cell division 

and elongation, which collectively promote overall growth [5]. 

   The enhancement of vegetative and root growth traits following treatment with the 

growth regulator brassinolide can be attributed to the significant role of brassinolide in 

regulating cell elongation. This regulation occurs through processes such as coordi-

nated changes in cell wall properties, gene expression, and biochemical processes              

[13]. In most dicot and monocot plants, the primary cell wall comprises fine cellulose 

fibers, and brassinosteroids play a role in relaxing the cell wall by activating wall-

bound enzymes like Expansion and Cellulose Synthase, thereby increasing cell flexi-

bility [7]. Perhaps the reason lies in the involvement of brassinosteroids in encoding 

cyclins, especially Cyc-D3 and B-Type cyclins, leading to increased cell wall flexibil-

ity, cell division, and consequently enhanced plant cell growth [14], which positively 

reflects in the increase of vegetative and root growth indicators. The results align with 

[15,16] when spraying orange and fig sapling with the growth regulator brassinolide. 

    The enhanced vegetative and root growth observed in the data tables (2,3,4,5,6) fol-

lowing the application of Humzinc fertilizer can be credited to the fertilizer's compo-

nents, especially its humic acid content. Humic acid improves membrane permeability, 

aiding nutrient transfer that activates serine with the indole ring to produce tryptophan, 

a precursor of the auxin hormone (IAA), This process promotes increased plant cell 

division or elongation [17,18]. Additionally, the presence of essential trace elements 

(Zn, Mn, Fe) in the fertilizer contributes to this effect by supporting key physiological 

functions in photosynthesis and plant hormone synthesis, thereby stimulating cell di-

vision and elongation [19]. These combined mechanisms positively impact and en-

hance the characteristics of vegetative and root growth. The findings align with [20,21] 

regarding the role of organic fertilizer (humic acid) in enhancing the growth of Egyp-

tian lemon and olive trees successively. 
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