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ABSTRACT  

This study was carried out on six months old sour orange (Citrus aurantium) seedlings in the lath house/ 
Agriculture College/AL-Qasim Green University in Babylon province, Iraq, from March 2020 to October 
2020 with aim of investigating the impact of spraying PRO-SOL fertilizer (0.0, 1.5, 3.0 and 4.5) gm.L-1 and 
Humic acid (HA) (0.0, 1.0, 2.0, and 3.0) gm.L-1 independently or in combination on the vegetative and chem-
ical characteristics of sour orange seedlings. In 2021, a factorial experiment with three replications was con-
ducted on local sour orange seedlings. The findings indicated that spraying with PRO-SOL fertilizer at a con-
centration of (4.5 gm.L-1) and HA (3 gm.L-1) promoted the seedling growth indices(the height of the plant, 
diameter of stem, number of leaves, and area of leaf), chemical parameters (chlorophyll and carbohydrate 
percent) also the leaf mineral content of N, P, and K.  

Keywords: PRO-SOL; HA; Foliar spray; Citrus aurantium seedling; lathhouse; Organic fertilizer. 
 

INTRODUCTION
The sour orange (Citrus aurantium)rootstock is widely planted in Diyala province (East of Iraq), and according 
to the latest statistics from the Iraqi planning ministry, there are about 753329 sour orange trees with a mean 
productivity of 28.5 kg.tree-1 and total production reached 165779 tons1. In Iraq, sour orange trees have 
adapted to the local soil and are compatible with other citrus species, particularly orange trees. Aside from its 
beneficial impacts on fruit productivity and quality, sour orange trees, according to their ability to grow and 
develop well in salty soil 2, 3. Its fruit juice is highly nutritious as it is rich in minerals like P, K, Ca, Mg, S, 
Na, Fe, vitamin C, and many other compounds that are very useful to human health4. For growth and devel-
opment, sour orange trees need the support of essential nutrients to perform essential biological and metabolic 
functions during plant growth and development5. Taking care of the bushes, fertilizing them with macro and 
microelements, and spraying techniques help encourage growth and prevent fertilizer consumption via the 
soil, which can lead to loss due to immobilization6. Foliar spraying of mineral fertilizers like PRO-SOL via 
sprinkles provides a more efficient means of supporting nutrients to many fruit seedlings. It considerably 
impacts the growth of the vegetative and root systems7, 8, 9, 10, 11. Organic fertilizer, whether applied to the soil 
or sprayed on the vegetative system, is a significant resource for providing plants with the required nutrients 
without negative effects10. Humic acid is among the most essential forms of organic fertilizers because it 
contains oxygen (31-40%) and nitrogen (2-4%), which allows it to remain for long periods to increase soil 
fertility and plant nutrition10. Many studies have already detected that HA plays a beneficial impact in many 
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aspects of vegetative development, including leaf number, the height of the plant, and leaves chemical con-
tent11, 12, 13, 14. 

 

MATERIALS AND METHODS 
According to Drebee and Abdul Razak15, 144 homogenous sour orange seedlings were planted in plastic 
carrier pots containing a 3 1 combination of river soil and peat moss as a planting medium. Table 1 shows the 
results of the physiochemical assessment of the experimental soil. 

 

Table 1. Some physical and chemical traits of soil. 

This experiment was conducted according to Randomized Complete Block Design (RCBD) involving two 
factors and their combination with three replications using three seedlings for every experimental unit. The 
first factor was foliar spraying with four concentrations of PRO-SOL fertilizer (0.0, 1.5, 3.0 and 4.5) gm.L-1 

Table 2. shows the content of PRO-SOL. Additionally, the second factor, humic acid (0.0, 1.0, 2.0, and 3.0) 
gm. L-1. During the experimental season, the sour orange seedlings were applied thrice with PRO-SOL and 
humic acid individually: 

• In the spring season, the first spray was on 15/3/2020, the second on 1/4/2020, and the third on 
15/4/2020 (PRO-SOL foliar spray). HA was applied two days after each spray: the first was on 
17/3/2020, the second on 3/4/2020, and the third on 17/4/2020. 

• In the fall season, the first spray was on 15/8/2020, the second on 1/9/2020, and the third on 
15/9/2020 (PRO-SOL foliar spray). HA was applied two days after each spray: the first was on 
17/8/2020, the second on 3/9/2020, and the third on 17/9/2020. 

 
Mo Zn Mn Fe Cu B K P N 
0.0005 0.05 0.05 0.10 0.05 0.02 20 20 20 

Table 2. The content of PRO-SOL fertilizer (% macro and microelements) is stated in the company newsletter. 

The control treatment was sprayed with distilled water, and the Tween 80 was added to every treatment solu-
tion as a surfactant, applied directly on seedlings (in the early morning). This study consisted of 16 interacted 
treatments with three replications and three seedlings for every experimental unit (16 X 3 X 3=144 seedlings). 
The genstat program was used to analyze the data statistically and compare the mean values by using LSD at 
a 5% level of significance16. After the end of the growing season, which falls in mid-October, morphological 
and chemical traits and their means value were recorded on each of the three replicate seedlings. Vegetative 
growth characteristics: 

• Plant height (cm) was calculated by measuring from the ground surface to the plant's highest point.  
• The diameter of the stem was estimated in mm using vernier.  
• The leaves number is established on seedlings.  

Nutritional availability Organic 
matter 

pH EC Sand Clay Loam Texture 

K 
1-mg.kg 

P 
1-mg.kg 

N 
1-gm.kg 

1-gm.kg Soil 
paste 

1-dSm 1-gm.kg  

3.48 5.9 3.8 7.0 7.3 1.4 812 78 110 Loamy sand 
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• Leaf area recorded by using the following equation17: 
Leaf Area (cm2) = 0.70 × (Leaf length × Leaf width) - 1.06 

• SPAD 502-chlorophyll meter18 determined the total chlorophyll in leaves. 
• Total carbohydrates (%) were calculated using Joslyn's (1970)19 method. 
• The status of plant nutrition was measured by calculating the nutrient elements: N (by Kieldahl 

method), P (by spectrophotometer), and K (by flame photometer).  

RESULTS 
Vegetative growth traits  
Table 3. Data shows that spraying seedlings with PRO-SOL fertilizer and HA at various concentrations sig-
nificantly increased all tested vegetative parameters (plant highest, stem diameter, leaf number, and leaf area) 
compared to the control treatment. The dose of fertilizer is known to be important in vegetative growth traits; 
optimum percentages of plant height (36.50 cm), stem diameter (3.20 mm), leaves number (65.80 leaves), 
and leaf area (25.30 cm2 ) were noticed on treatment supplemented with 4.5 gm.L-1 PRO-SOL fertilizer. 
Also, the applied treatment with HA (3 gm.L-1) had the most outstanding characteristics (35.77 cm, 2.45mm, 
60.35 leaves, 21.74 cm2), respectively. A highly significant (P≤0.05) interaction between PRO-SOL (4. 
5gm.L-1) and HA (3gm.L-1) was shown. The greatest mean of the mentioned characteristics was (51.36 cm, 
3.35 mm, 71.09 leaves, and 36.80 cm2), respectively, significantly exceeding all other treatments. 

PRO-SOL 
fertilizer  
 (gm.L-1)  

Humic acid  
 (gm.L-1) 

Plant height  
(cm) 

Stem diame-
ter (mm)  

Leaves num-
ber 

Leaf area 
(cm2) 

0.00 0.00 23.70 1.46 40.66 14.60 
1.00 30.55 2.23 45.035 18.55 
2.00 31.32 2.30 51.80 19.45 
3.00 35.77 2.45 60.35 21.74 

1.50 0.00 31.95 2.62 44.75 18.20 
1.00 35.92 2.82 55.80 22.15 
2.00 38.45 3.11 60.75 22.50 
3.00 46.15 3.41 66.50 25.63 

3.00 0.00 33.84 2.65 59.12 22.15 
1.00 36.87 3.39 59.26 25.23 
2.00 38.41 3.15 64.23 27.19 
3.00 42.89 3.60 68.50 29.46 

4.50 0.00 36.50 3.20 65.80 25.30 
1.00 39.90 3.60 69.60 28.41 
2.00 41.44 

 
3.35 69.98 32.32 

3.00 51.36 3.35 71.09 36.80 
LSD at 5% level PRO-SOL (P)= 2.624 

Humic acid (H)= 2.624 
P x  H=  5.248 

P= 0.283 
H= 0.283 

P x H= 0.569  

P= 2.865 
H= 2.865 

P x H=5.927 

P= 2.252 
H= 2.252 

P x H= 4.542 
Table 3. Impact of vegetative fertilization of PRO-SOL and humic acid at varying concentrations in some foliar develop-
ment traits of sour orange seedlings. 
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The chemical parameters 
 
Chlorophyll and Carbohydrate 
The data in Table 4. demonstrated that the higher fertilizer concentration increased chlorophyll and carbohy-
drate content, 4.5gm.L-1treatment achieved the highest value of chlorophyll (48.35 SPAD) and carbohydrate 
(16.70 percent). Notably, 3 gm of HA per liter of water had the highest average of mentioned parameters 
(43.25 SPAD) and(16.70%), respectively, compared with zero concentrations. Table 4 presents the positive 
response of the target plants to chlorophyll and carbohydrate content resulting from the foliar application of 
PRO-SOL and HA. The gained data demonstrate significant differences within the treatments, with the great-
est mean of chlorophyll (60.61 SPAD) and carbohydrate (38.90 percent) at the combination of PRO-SOL 
concentration (4.5 gm.L-1) and HA (3 gm.L-1). The lowest mean was achieved by control treatment on the 
same parameters (29.72 SPAD) and (8.50 percent) respectively.   
 

PRO-SOL fertilizer (gm. L-1)  Humic acid  (gm.L-1 
) 

Chlorophyll  
(SPAD) 

Carbohydrate (%) 

0.00 0.00 29.72 8.50 
1.00 33.82 11.80 
2.00 39.12 14.70 
3.00 43.25 16.70 

1.50 0.00 43.84 14.76 
1.00 44.40 17.40 
2.00 45.50 19.20 
3.00 44.10 19.23 

3.00 0.00 45.40 18.50 
1.00 47.80 20.22 
2.00 48.25 22.11 
3.00 51.56 23.35 

4.50 0.00 48.35 25.40 
1.00 49.40 28.90 
2.00 50.30 35.80 
3.00 60.61 38.90 

LSD at 5% level PRO-SOL (P)=3.140 
Humic acid (H)= 3.140 

P x H=6.280  

P= 2.790 
H= 2.790 

P x H=5.580  
Table 4. Vegetative applying influence of PRO-SOL and humic acid in chemical properties of sour orange seedlings at 
varying concentrations. 

 
Leaves content of N, P, and K 
N, P, K leaves content significantly achieved with fertilizer, where the largest average (2.15% (N), 0.26% (P), 
and 1.35% (K)was noticed in plants treated with 4.5 gm.L-1PRO-SOL (Table 5.). Also, the table's findings 
show that as the humic acid dose increased (3gm.L-1), more leaves the content of N, P, and K percentages 
were recorded (1.58, 0.17, and 1.20)%, respectively. The data is in Table 5. clearly shows a linear increase in 
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the content of N, P, and K. and that PRO-SOL foliar applied at the highest dosage (4.5 gm.L-1) combined with 
HA (3gm.L-1) surpassed the other treatmentssignificantly, reaching 2.83% (N), 0.53% (P), and 1.83% (K), 
while the control had the lowest availability of N (1.04%), P (0.10), K (0.70). 
 

PRO-SOL ferti-
lizer (gm. L-1) 

Humic  
acid 

 (gm.L-1) 

Leaf mineral percentage  

N% P% K% 

0.00 0.00 1.04 0.10 0.70 
1.00 1.27 0.12 0.94 
2.00 1.44 0.15 1.13 
3.00 1.58 0.17 1.20 

1.50 0.00 1.76 0.20 1.18 
1.00 1.85 025 1.22 
2.00 1.89 0.26 1.24 
3.00 1.93 0.29 1.27 

3.00 0.00 2.10 0.23 1.30 
1.00 2.20 0.34 1.35 
2.00 2.23 0.38 1.43 
3.00 2.30 0.40 1.64 

4.50 0.00 2.15 0.26 1.35 
1.00 2.39 0.43 1.49 
2.00 2.74 0.52 1.62 
3.00 2.83 0.53 1.83 

LSD at 5% level PRO-SOL (P)= 0.122 
Humic acid (H)= 0.122 

P x  H=  0.244 

P= 0.400 
H= 0.400 

P x H= 0.800  

P= 0.202 
H= 0.202 

P x H=0.204 

Table 5. Vegetative spraying influence of PRO-SOL and humic acid at varying concentrations in leaf mineral content of 
sour orange seedlings. 

 

DISCUSSION 
Vegetative growth traits 
The significant impact of PRO-SOLfertilizer and HA on the vegetative traits (plant highest, stem diameter, 
leaves number, and leaf area)may belong to their role in supporting plants with mineral elements that are 
required for photosynthesis, also encouraging the growth of new tissue, promote photosynthesis, protein syn-
thesis and other biological pathways in balanced amounts throughout cell division and elongation7. These 
results agreed with those recorded by AL-Zuhairi et al.6, Al-jury and Al-Maamouri20, Abbas et al.21 and Hamza 
and AL-Dabbagh22. 
 
The chemical parameters 
Chlorophyll and Carbohydrate 
Chlorophylls and some other pigments are vital factors in the photosynthetic apparatus. Their involvement in 
light energy harvesting, membrane stability, and energy transduction has been well investigated9. The increase 
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in this parameter may be attributed to the mineral fertilizer and organic elements' roles in activating several 
key enzymes, resulting in auxins, cytokines, and gibberellins production, which indirectly affect chlorophyll 
content formation7. The statistical analysis found that foliar sprays of mineral and organic elements enhanced 
leaf carbohydrate content, which may be attributed to photo assimilate metabolism and transport23, 24. 
These findings are similar to those of EmadEldin and Hussein25, Abboatta and EL-Azazy26 and Hamza and 
AL-Dabbagh24. 
 
Leaves content of N, P, and K 
HA application enhanced the permeability of cell membranes, resulting in higher nutrient absorption across 
these membranes and, consequently, increased nutritional content in plant leaves14. Furthermore, about ferti-
lizer foliar spraying, Umar et al. 27 explained that the exogenous application appears to have the disadvantage 
of high concentrations, uniform nutrient distribution, and rapid absorption stimulation by the plant. In contrast, 
the micronutrient foliar spray is tested to be more reliable. These findings agree with Hassan8, Al-Abadi, and 
Abd Al-hayany14 and Hamza and AL-Dabbagh22. 

 
CONCLUSIONS 

From this study, data obtained showed that a triplicate application of multi-nutrient foliar fertilizer (PRO-SOL) 
(4.5 gm.L-1) combined with humic acid (3 gm.L-1) led to a significant increase in all studied characteristics. 
The most essential vegetative and chemical responses were produced by fertilization at the spring and fall 
seasons of growth. This improved vegetative growth indices, chemical parameters, and leaf content of sour 
orange seedlings N, P, and K. 
Author Contributions: Loai Hamzah.; methodology, Farqad Al Dabbagh; writing— original draft prepara-
tion, Mohammed Ibrahim.; conceived the project and editing. 
Funding: This research received no external funding 
Acknowledgments: Special thanks and gratitude to everyone who contributed to overcoming our difficulties 
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