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Abstract 
 

This study was conducted in the certified citrus nursery in Al-Hindiya district, Karbala Governorate, for the 2019 season, on seedlings of 

local sour lemon grafted on the origin of bitter orange at the age of 3 months. Where the seedlings were sprayed with compost organic 

potassium humate with four concentrations (0, 360, 240, 120) mg. L-1 and the nutrient solution Azoren Mix with four concentrations (0, 0.5, 

1, 1.5) g. L-1 separately or jointly (3/15/2019). The results showed that spraying the seedlings with any of the composts or both resulted in a 

significant increase in the average height of the seedlings, stem diameter, dry weight of the vegetative group and the leaf content of the 

nutrients (N, K, Fe, Zn). The interference treatment of potassium humate 360 mg. L-1 and Azoren Mix 1.5 g. L-1 resulted in the highest rates 

for the above-studied traits compared to the control treatment. 
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Introduction 

Citrus belongs to the Rutaceae family, which is 

characterized by the presence of oil glands in most parts of 

the plant that give it a distinct aromatic smell. This family 

includes many races, the most important of which is the 

gender (Citrus) of economic importance, and the regions of 

Southeast Asia are the original habitat of citrus fruits (Khafji 

and his group , 1990). 

The local lemon (Citrus limon [L.] Burm) is one of the 

species of the Citrus genus grown in Iraq because of the 

favorable conditions for cultivation. It is estimated that there 

are 291,537 sour lemon trees in Iraq, and fruit production is 

estimated at 5,178 tons. The fruit of the lemon is 

distinguished by being rich in vitamins and minerals, which 

are necessary for building the human body (Al-Jumaili and 

Al-Dujaili, 1990). Lemon fruits are used in the manufacture 

of juices and fresh consumption as well as use as mixtures 

for many foods, in the treatment of pneumonia and cancer, it 

increases the abundance so it is used to treat kidney disease, 

soothe the nerves and is used to treat arteriosclerosis and high 

blood pressure (Forte), (2011). 

In recent times, the use of organic fertilizers such as 

humic acids, which are commercial organic products, are 

usually made from crushed Leonardite rocks that consist of 

60% humic and volcanic acids (Stevenson (1994). 

 These organic acids have been used in many research 

areas to improve the growth and production of vegetable 

crops and some fruit trees as their addition to the soil or plant 

causes an increase in the growth strength and nutrient 

absorption (Çimrin et al., 2010). Al-Hayani mentioned 

(2016) that the paper feeding of lemon saplings at the age of 

one year with humic acid with a concentration (1%) resulted 

in an increase in the original diameter, length and diameter of 

the bait, the number of leaves and the leaf area. 

In a study by Ethbeab et al. (2019) treatment of humic 

acid at a concentration of (2.5, 5) ml. L-1 of the origin of 

Citrus fulgamaryana resulted in significant growth in 

vegetative growth, with an increase in the number of leaves, 

leaf area and main stem diameter. Fertilization with nutrient 

solutions containing micronutrients improves the vegetative 

growth of the plant and this is confirmed by the results of 

Zoremtluangi et al. (2019). 

 And Eith (2017) showed that spraying with a nutrient 

solution, prosole, at a concentration of (2) g.L-1 on local 

grafted seedlings, resulted in a significant increase in the 

length of the vegetative branch, the number of leaves, the 

number of side branches, the taste diameter and the origin 

diameter. Hassan (2017) notes that leaf spraying with a green 

growth solution in concentrations (0, 3, 6, 9) mg. L-1 for seed 

seedlings at one year old resulted in a significant increase in 

the leaf content level of chlorophyll, nitrogen, phosphorus 

and potassium. 

Therefore, the experiment aimed to study the effect of 

spraying potassium humate and the nutrient solution Azoren 

Mix and overlapping between them and determining the best 

concentrations in the growth of local sour lemon seedlings 

and increasing their nutrient content to improve vegetative 

growth and reduce the time required for the production and 

marketing of seedlings. 

Materials and Methods 

This experiment was conducted in a certified citrus 

nursery in Karbala Governorate, Al-Hindiya district, on local 

sour lemon grafted on the origin of bitter orange, using 192 

uniform 3 months old saplings planted in 10 kg plastic pots. 

The saplings were sprayed six times (15/3, 15/4, 15/5, 15/8, 

15/9, and 15/10/2019) during the experimental period. 

Treatments were potassium humate (KH) at four 

concentrations (0, 120, 240, 360) mg. L-1 (manufactured by 

the German company D-40549, contains KH 85%, K 12%, N 

0.8%, Fe 1%. And the nutrient solution Azoren Mix (AM) at 

four concentrations (0, 0.5, 1, 1.5) g.L-1 (Produced Van 

Iperen International, Poland, consists of B, Cu, Fe, Mn, Mo, 

Zn and MgO. As diffuser, liquid soap at rate of 0.01 ml.L-1 

was added to reduce surface tension. The experiment was 

RCBD included 16 treatments with three replicates and 4 

saplings per experimental unit. 
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Data were recorded at the end of the experiment 

including the average increase in plant height (measured 

from the plant crown area up to the highest developing 

apical), stem diameter (mm) taking at 5 cm above the 

crafting zone, shoot dry weight (gm), leaf contents of the 

nutrients including Nitrogen% estimated using the Black 

Kildal micro apparatus, 1965. Potassium K% using the Flame 

Photometer according to Black, (1965) and iron Fe and zinc 

Zn were estimated by the Atomic Absorption at wavelength 

of 248 nm for iron and 214 nm for zinc (Walsh, 1970). 

Data analysis 

 All the collected data were analyzed and analysis of 

variance ANOVA was performed using GenStat 2012 

computing program. Mean were compared (P≤0.05) based on 

Duncan's multiple range tests whenever appropriate (Al-Rawi 

and Khalaf-Alah, 2000). 

Results and Discussion 

Regarding the effect of different treatment on 

vegetative growth parameters of lemon saplings, it is noted 

from the results (Table1) that spraying with potassium 

humate at concentration of 360 mg.L-1 led to the highest 

values of the tested growth indicators (plant height increase, 

stem diameter and shoot dry weight) compared to other 

concentrations of the same fertilizer including the control. 

Likewise for the Azoren mix treatments, the highest values 

for these indicators were associated with spraying with the 

highest concentration (1.5g.L-1). Generally, the highest 

values for the average increase in plant height (66.35 cm), 

stem diameter (4.94 mm) and shoot dry weight (57.53 g) 

were recorded in the interaction treatment of 360 mg. L -1 

potassium humate and 1.5g.L-1 Azoren Mix compared to 

27.97 cm, 2.37 mm and 24.31 g in the untreated control 

saplings, respectively. 

As for the effect of potassium humate and Azoren Mix 

on leaf content of nutrients N, K, Fe, and Zn, it is similarly 

noticed (Table 2) that the treatment of 360 mg.L-1 potassium 

humate resulted in the highest values in the leaf content of N, 

K, Fe, and Zn compared to other concentrations, as well as 

Azoren Mix at concentration at 1.5 g.L-1 compared to its 

other concentrations. The interaction treatment of 360 mg. L-

1 potassium humate and 1.5 g. L-1 Azoren Mix also resulted 

in the highest leaf content of N, K, Fe, and Zn that of 1.57%, 

2.44%, 138.60 mg. Kg-1 and 40.92 mg. Kg-1 compared to the 

control treatment which resulted in values of 1.41%, 2.32%, 

121.00 mg. Kg-1 and 33.33 mg. Kg-1, respectively. 

 
Table 1 : Effect of spraying with Potassium humate and Azoren Mix in growth characteristics and nutrient content of local 

lemon saplings. 

% Leaf content of 
 

Treatments 

Plant height 

increase (cm) 

Stem 

diameter 

mm 

Shoot dry 

weight (g) 
N  

% 

K 

 % 

Fe  

mg. Kg
-1

 

Zn  

mg. Kg
-1

 

Control (0% Potassium humate, 0% Azoren Mix) 27.97 o 2.37 l 24.3 k 1.41 m 2.32 k 121.00 l 33.33 l 

Azoren Mix 0.5g/L 32.74 mn 2.85 j 26.73 j 1.43 k 2.34 i 125.40 i 35.20 j 

Azoren Mix 0.1 g/L 34.12 m 3.29 g 28.82 i 1.47 g 2.35 h 127.60 g 36.74 g 

Azoren Mix 1.5 g/L 36.38 l 3.60 ef 31.90h 1.53 d 2.40 d 129.03 f 37.73 e 

Potassium humate 120 g/L 31.89 n 2.64 k 26.51 j 1.42 l 2.33 j 123.20 k 34.54 k 

Potassium humate 120 g/L+ Azoren Mix 0.5g/L 38.68 k 2.96 i 29.70 i 1.45 i 2.35 h 126.50 h 35.64 i 

Potassium humate 120 g/L+ Azoren Mix 0.1 g/L 44.32 i 3.29 g 34.76 g 1.49 f 2.38 f 128.70 f 37.29 f 

Potassium humate 120 g/L+ Azoren Mix 1.5 g/L 47.42 h 3.64 e 37.62 f 1.54 c 2.41 c 132.00 d 38.50 c 

Potassium humate 240 g/L 42.24 j 2.96 i 31.57 h 1.43 k 2.34 i 124.30 j 34.43 k 

Potassium humate 240 g/L+ Azoren Mix 0.5g/L 49.43 g 3.19 h 34.32 g 1.46 h 2.37 g 128.37 f 36.19 h 

Potassium humate 240 g/L+ Azoren Mix 0.1 g/L 53.18 f 3.52 f 42.46 e 1.50 e 2.41 c 130.13 e 38.06 d 

Potassium humate 240 g/L+ Azoren Mix 1.5 g/L 56.36 e 3.92 c 51.37 b 1.55 b 2.42 b 136.07 b 38.94 b 

Potassium humate 360 g/L 58.66 d 3.29 g 38.17 f 1.44 j 2.37 g 125.40 i 35.31 j 

Potassium humate 360 g/L+ Azoren Mix 0.5g/L 61.80 c 3.74 d 44.11 d 1.49 f 2.39 e 130.02 e 36.96 g 

Potassium humate 360 g/L+ Azoren Mix 0.1 g/L 63.72 b 4.03 b 49.72 c 1.53 d 2.42 b 133.11 c 38.39 c 

Potassium humate 360 g/L+ Azoren Mix 1.5 g/L 66.35 a 4.94 a 57.53 a 1.57 a 2.44 a 138.60 a 40.92 a 

32.80 d 3.03 d 27.94 d 1.46 d 2.35 d 125.76 d 35.75 d 

40.58 c 3.13 c 32.15 c 1.47 c 2.37 c 127.60 c 36.49 c 

50.31 b 3.40 b 39.93 b 1.49 b 2.39 b 129.72 b 36.91 b 

 

 

Potassium humate Average 

62.63 a 3.89 a 47.38 a 1.51 a 2.40 a 131.78 a 37.90 a 

40.19 d 2.81 d 30.14 d 1.43 d 2.34 d 123.48 d 34.40 d 

45.66 c 3.18 c 33.72 c 1.46 c 2.36 c 127.57 c 36.00 c 

48.84 b 3.53 b 38.94 b 1.50 b 2.39 b 129.89 b 37.62 b 

 

 

Azoren Mix Average 

51.63 a 3.91 a 44.61 a 1.55 a 2.42 a 133.93 a 39.02 a 

Values are means of 3 replicates (4 plants). Means followed by the same letter are not significantly different according Duncan's multiple 

range test (P≤0.05) 

 

The increase in the characteristics of vegetative growth 

as a result of spraying with potassium humate is often due to 

being a source of humic acid that contributes to stimulating 

growth in addition to containing organic compounds and 

mineral elements such as N, Fe and potassium that are of 

great importance in increasing plant metabolic 

activities. These substances are essential in stimulating the 

amino acid and protein manufacturing enzymes, the 

manufacture of chlorophyll, and the synthesis of sugars, 

proteins and ATP energy compounds that affect the growth 

and size of the plant (Martin, 2012). These results are 

consistent with the findings of (Wesaman Square, 2018) and 
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(Ghafoori and Al-Dulaimi, 2018) on local orange seedlings. 

As for the increase in the growth indicators when treating 

with the nutrient solution Azoren Mix, it may be attributed to 

its containment of micronutrients ready for absorption that 

share the composition of amino and nucleic acids and 

important enzymes in increasing vegetative growth and the 

formation of a chlorophyll molecule that is the basis for 

photosynthesis, thus increasing the proportion of the material 

manufactured in the leaves Which was positively reflected in 

the increase in the vegetative and root system (Maschner, 

2002) and these results are consistent with the findings of 

Abdel-Kazim and Hamza (2018) when spraying iron on sour 

lemon saplings. And the results of Zoremtluangi et al. (2019) 

on mandarin trees treated with Zn, Mn, Cu and B. 

Spraying with potassium humate also increased the leaf 

content of the nutrients due to an abundance of ready-to-

absorb nutrient elements on the leaves and to the role of 

organic acids in potassium humate in increasing the 

permeability of cellular membranes and facilitating the 

process of nutrient transport, especially N, P, K, which led to 

Increasing plant efficiency to absorb and accumulate these 

elements in the leaves (Hashem, 2014) (Abu Dahi, 1989). 

These results are consistent with the findings of Ennab 

(2016) on Egyptian lemon trees and Hameed et al. (2018) on 

mandarin trees. 

As for the effect of Azoren Mix in increasing the ratio 

of nitrogen, it is attributed to the important iron role in the 

food-making process and its role in the synthesis of the 

necessary cytochromes in this process in addition to the role 

of zinc in cell division. This leads to a positive increase in 

photosynthesis products in the process of absorbing nitrogen 

and increasing its representation within the plant and thus 

increasing Percentage of nitrogen in the leaves (Shiyal et al., 

2010) (Al-Falahi and Al-Janabi, 2016). 

 While the increase in the content of potassium leaves is 

also due to the role of zinc in the photosynthesis process as 

an aid in the manufacture of the chlorophyll molecule and 

thus the increase in the production of carbohydrates and 

proteins, which results in an increase in the absorption of 

potassium from the roots (Mengel and Kirkby, 2001), (Sheila 

et al., 2010). These results are consistent with Abdel Amir 

and others (2011) where spraying with a nutrient solution on 

bitter seedlings resulted in a significant increase in the 

percentage of nutrients (N, P, K) in the leaves and similar 

results in the study of Abdel-Kazim and Hamza (2018) on 

bitter seedlings. 
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