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A B S T R A C T: 

Silvicultural treatments were applied in forest nursery to produce high quality and quantity seedlings. Fertilizer application is 

one of the most important treatments that were used to improve seedling morphological and physiological traits. The study 

investigated the influence of NPK fertilizer levels viz. 0, 0.5, 1, and 1.5 g pot
-1

, Humic acid levels viz. 0, 5, 10 and 15 g pot
-1 

and 

their interactions on growth and physiological properties of Paulownia tomentosa. Morphological growth parameters (the 

increment in the stem height, stem diameter and leaf number) and physiological parameters (leaf area, chlorophyll content and 

protein percent, and N, P, K content) were measured. The results indicate that the highest values of stem height and stem diameter 

increment were (52.70 cm and 10.69mm) at (1.5g) of NPK fertilizers. The maximum values of both traits were (51.40 cm and 

10.33mm) recorded at (15g) of Humic acid. The highest mean value of nitrogen (2.90 and 2.53 %) reported from application of 

(1.5 g NPK and15g Humic acid), respectively. Among physiological parameters chlorophyll content recorded the highest value 

which were (56.97 and 56.04) at (1.5g NPK and 10g Humic acid,) respectively. From interaction between (1g NPK x 15g Humic 

acid) recorded the highest value of potassium which was (3.74%). The results will help will improve nursery practices to produce 

healthy and a high quality of P. tomentosa seedlings to meet the plantation programs. 
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1. INTRODUCTION: 

 

Paulwonia tomentosa (Empress tree), is a genus 

belonging to Paulowniaceae family, indigenous to 

China and East Asia including over 20 species 

(Barton et al., 2007). Paulownia is a hardwood 

tree which is documented with some names such 

as Kiri tree, Princess tree, Phoenix tree, Royal 

tree, Dragon tree, empress tree, and the tree of 

Adam. There are six species that are presently 

recognized (P. tomentosa, P. fargesii, P. glabrata, 

P. elongate, P. fortune and P. taiwaniana) 

(Alagawany et al., 2020). They are deciduous 

trees, fast growing species and hard wood trees 

and most commercially developed trees in the 

world for wood production, protect smaller tree 

species from strong wind, for the establishment of 

forests and farms (Bergmann, 2003). 

 

 

The height of the Paulownia tree may exceed 15 

m in 3 years, as age progress can reach 20 - 30 m, 

and its diameter can reach 2 m, which makes it an 

excellent source of timber. In the maturated tree, 

the leaf length could reach 15–30 cm and its width 

of 10–12 cm with weaved and smooth sides and 

has large leaves with width (15-40 cm) with heart 

form and arranged in reversely on the stem 

(Alagawany et al., 2020). Paulownia leaves are 

also a good source of carbohydrates and protein 

and it can be compared to legume family crops in 

terms of the nutritional value of the leaves. 

Therefore, it is used as feed for livestock, green 

fertilizer, or peat moss manufacturing (Al Taher et 

al., 2020). Paulownia’s timber is popular in the 

world market used for furniture, musical 

instruments, decorative moldings, laminated 

structural beams shipping containers and plywood 

(EL Showk and EL Showk, 2003).  Mahmood et 
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al. (2017) reported that this tree is propagated 

through seed, stem and root cuttings.                                                                                                                                          

Paulownia tree was exported to Kurdistan region – 

Iraq last decay. Nowadays, there are several 

Paulownia plantations in Erbil for timber 

production. Therefore, to increase and improve 

Paulownia plantation, a high-quality seedling of 

Paulownia should be produced in nursery. For this 

purpose, some Silvicultural treatments were 

applied in forest nursery to produce high quality 

and quantity seedlings. Fertilizer application is 

one of the most important treatments that was 

used to encourage seedling growth and 

development (Sherzad et al., 2015 and Hamad et 

al., 2020).                                                                                   

  Seedlings quality can be enhanced by governing 

the type, amount, and timing of fertilization 

(Duryea and Landis, 2012). Nitrogen (N), 

phosphorus (P), and potassium (K) are three 

central macro-nutrients that are very important in 

the early development stage of seedlings 

(Pallardy,2008). The seedlings treat with adequate 

level of fertilizer usually have larger stems, and 

bigger root mass (Deng et al., 2019). Humic acid 

are black or dark brown materials which are 

partially or fully decomposed plant or animal 

wastes. Main composition of soil organic 

materials is humus, which are the most important 

reasons of using Humic acids for increasing soil 

fertility. It is also highly beneficial for both plant 

and soil; it maintains proper plant growth as well 

as it increases nutrient uptake, tolerance to 

drought and temperature extremes, activity of 

beneficial soil microorganisms, and availability of 

soil nutrients particularly in low organic matter 

(Eissa et al., 2007 and Ismail et al., 2007).  The 

rates of fertilizing are established depending on 

the degree of provision of the arable layer with the 

corresponding elements of mineral nutrition, on 

the granulomeres composition of the soils, as well 

as on the breed and age of the seedlings (Pobedov 

et al., 1986).                                                                                                                         
Afterward, there is a worldwide interest in 

optimizing nutrient application (Sherzad et al., 

2015; Fu et al., 2017) and Humic acid 

(Melendrez, 2020; Fagbenro and Agboola, 1993) 

for different species in the nursery to achieve 

healthy and high-quality seedlings. In contrast, 

and according to our knowledge there is no prior 

study on the morphological and physiological 

properties of Paulwonia tomentosa in responses to 

chemical fertilizer and Humic acid levels, and 

their interactions under the nursery growing 

condition. Even though Paulownia tomentosa is 

thought to be fast growing species, fertilizer 

application is essential for full growth and 

improved seedling quality. Accordingly, and 

based on our knowledge that there is no study 

tested yet the morphological and physiological 

properties of Paulwonia tomentosa in responses to 

chemical fertilizer, Humic acid levels and their 

interactions under the nursery growing condition. 

Consequently, the present study was directed to 

determine the effect of different NPK fertilizer 

and Humic acid rates, and their interactions on the 

growth and physiological traits of Paulwonia 

tomentosa potted seedlings.    

              

2. Materials and Methods 

       Study location           

   The study was carried out from 1
st
 June 2021 to 

1
st
 of November 2021 on potted (Paulownia 

tomentosa) seedlings grown under a shade net 

house in Girdarasha (Latitude: 360 06 48.9  N, 

Longitude: 4401 00 45.5  E,  Altitude: 415 

meters above sea level) field which belongs to 

College of Agricultural Engineering Sciences, 

Salahaddin University-Erbil.  

The species under study 

       At the first, the Paulownia tomentosa 

seedlings were used in this study were supported 

and provided by Company of Hawargay Hawkary 

for Paulownia tree in Erbil on 1
st
 June of 2021.  

The seedlings were transferred from small pots 

into bigger pots (26 cm in diameter and 28 cm in 

length) as each pot filled with 10 Kg of mixture 

soil. Before the experiment had been conducted, a 

representative number of soil samples were taken 

from the upper 50 cm of the used soil to produce 

Paulownia seedlings sent to soil laboratory at 

Directorate of Agriculture Research Center- Erbil 

to analysis its physical and chemical properties as 

shown in Table (1).       
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Table 1 Some physical and chemical properties of the used soil of the study* 

Soil properties     

 

 

Units 

 

 

Hawrgay Hawkary Soil 

 

Particle distribution   Size 

Sand 

(g kg
-1

) 

59 

Silt 18.4 

Clay 22.6 

Soil texture Sandy clay loam 

Soil PH 7.65 

EC dSm
-1

 0.4 

Organic matter content 

(g kg
-1

 soil) 

0.66 

Potassium 220 

Total nitrogen (mg g
-1

soil) 0.11 

Available Phosphorous (µg g
-1

 soil) 7.5 

*The soil properties tests were conducted at the Directorate of Agriculture Research Center/Erbil.                                                         

 

The experimental design  

A factorial experiment was used based on 

completely randomized design (CRD) with two 

factors. The first factor was four rates of NPK 

Fertilizer which were 0, 0.5, 1, and 1.5 g pot
-1

 

(20:20:20) and the second factor was also four 

rates of Humic acid (HA) which were 0, 5, 10 and 

15 g pot
-1 

applied as soil addition. NPK and 

Humic acid both of them was added every month 

till the end of experiment duration. Each treatment 

was replicated five times. So, that the total number 

has to be 4 (NPK)*4 (Humic)*5 (Replications)*1 

(Seedling) = 80 seedlings.  

R: Replication 

NPK fertilizer                                                   Humic acid 

F1: Control                                                       H1: Control 

F2: 0.5 g                                                             H2: 5 g 

F3: 1 g                                                                H3: 10 g 

F4: 1.5 g                                                             H4: 15 g 
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                Figure 1: the seedlings distribution according to the adapted design 

The studied parameters 

  Growth parameters 

At the beginning of the study (July), growth 

parameters viz stem height (cm), stem diameter 

(mm) and leaf number for all seedlings were 

recorded. Before applying the treatments, the 

average of these parameters for 80 seedlings were 

(25.40cm, 6.82mm, and 10.37 respectively) 

recorded. The stem height was measured from 

the at the edge of the pots to the highest living 

apical shoot using a measuring tape in centimeter 

units. The stem diameter was measured at the 

edge of the pots by using a digital vernier caliper 

in millimeter units (Digimatic caliper Mitutoyo-

Japan). Leaf number for each seedling was 

counted manually.  Moreover, the 

aforementioned parameters re-measured at the 

end of the experiment (November) to find stem 

height increment (cm), stem diameter increment 

(mm) and leaf number increment. 

To calculate leaf area (cm
2
), three seedlings were 

randomly selected from each treatment, then the 

leaves of each seedling were collected, later on, 

the leaves were 

placed on a white paper and the picture was taken 

with the smart phone’s camera. The pictures were 

moved to the laptop and analyzed through Image J 

      1m

F1H3 R3 F3H1 R3 F3H1 R1 F2H2 R4 F1H2 R5

F3H2 R4 F2H2 R2 F2H4 R5 F3H3 R1 F4H3 R2

  1m

F1H3 R1 F1H1 R3 F3H2 R2 F4H4 R3 F2H3 R5

F4H2 R2 F1H2 R4 F3H3 R4 F4H3 R5 F4H2 R1

F4H1 R1 F1H1 R5 F1H1 R4 F4H2 R3 F4H4 R4

F3H1 R2 F3H3 R2 F1H4 R3 F3H4 R1 F2H4 R4

F2H4 R3 F1H4 R1 F1H1 R1 F1H4 R5 F3H4 R2

F4H4 R5 F4H1 R3 F2H1 R4 F4H1 R2 F3H2 R5

F1H2 R1 F1H3 R5 F4H3 R4 F3H1 R4 F4H2 R5

F2H2 R3 F2H3 R4 F3H2 R1 F2H1 R3 F3H4 R4

F2H1 R1 F2H2 R1 F1H2 R3 F4H3 R1 F3H4 R3

F1H4 R4 F4H4 R1 F4H2 R4 F2H4 R2 F4H3 R3

F2H1 R5 F3H1 R5 F2H1 R2 F1H4 R2 F2H3 R1

F4H1 R5 F2H3 R3 F2H2 R5 F3H4 R5 F1H2 R2

F3H2 R3 F2H3 R2 F3H3 R5 F1H3 R4 F2H4 R1

F3H3 R3 F1H3 R2 F4H4 R2 F1H1 R2 F4H1 R4
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software for leaf area measurements as described 

by (Ahmad et al., 2015). 

Physiological properties                                                

A- Chlorophyll Content %                                        

      The measurement of chlorophyll content was 

achieved for all plants under the study using a 

portable chlorophyll meter SPAD-502 (Minolta 

Co. Ltd. Japan). Moreover, the mean of three 

chlorophyll content readings was obtained from 

the three leaves in three positions (top, middle and 

bottom) per plant (Sherzad et al., 2015). 

B- Nitrogen percentage 

     The total nitrogen content was determined by 

the micro-Kjeldahl digestion method as described 

by (Bremmer and Mulvaney, 1982). 

C- Protein percent % 

        Protein percent was determined according to 

the equation described by (Magomya et al., 2014) 

and as follow:  

Protein % = N% x 4.64                                                 

D - The Total Phosphorus Concentration: 

      Phosphorus was measured by the colorimetric 

method (V-1100 digital), as described by (Jones, 

2001)  using a spectrophotometer at 410 nm.  

E- The Total Potassium Concentration: 

       The total potassium was measured by the 

flame photometric (BWB- Technologies), method 

(Jones, 2001). 

Data Analysis: 

      Data of the studied parameters were analysed 

according to the Analysis of Variance (ANOVA) 

using SPSS Version 26. The significant 

differences between treatment means were 

compared by Duncan Multiple Rang Test at p ≤ 

0.05.                                                                      

3. Results and Discussion 

1- Effect of NPK fertilizers and Humic acid 

separately on the increment of stem height 

(cm), stem diameter (mm), and leaf number 

increment: 

a. Stem height increment (cm) 

Table 2 shows the significant effect of chemical 

fertilizer and Humic Acid on the growth 

properties of (Paulownia tomentosa Steud.) 

seedlings.                                                          

       Both chemical fertilizers and Humic acid 

affected stem height increment significantly, the 

highest mean value (52.70 cm) was obtained from 

the application of (1.5 g) of NPK fertilizer while, 

the lowest value (42.70 cm) was recorded from 

the control treatment. This result was agree with 

Abdelkader et al. (2016) who carried out an 

experiment to study the effect of monthly 

treatments of NPK rates (0, 1.5, 3.0, 4.5 g plant
-1

) 

on Magnolia grandiflora L. Their results indicated 

that application of 3 g pot
-1

 had significant effect 

on plant height.  

In addition, there were not significant effect 

among 5, 10 and 15 g/ seedling Humic acid in 

terms of stem height increment. However, these 

three rates of Humic acid recorded significantly 

higher stem height increment compared with the 

control treatment. Moreover, the maximum stem 

height (51.40 cm) was noted by using 15 

g/seedling Humic acid, and the lowest value 

(42.40 cm) was recorded from the control 

treatment. A similar result was reported by El-

Khateeb et al. (2011) who indicated that stem 

height of Acacia seedlings improved by 

application of Humic acid at level (4 g/pot).                                        

 b. Stem diameter increment (mm)                                                                        

       As per the findings, the stem diameter 

increment was significantly affected by applying 

different amounts of NPK fertilizer and Humic 

acid (table 2). The maximum mean values (10.69 

and 10.33 mm), were obtained from the 

application of 1.5 g/seedling NPK fertilizer and 15 

g/seedling Humic acid respectively, while the 

minimum mean values (8.43 and 8.08 mm) were 

obtained from control treatment for both factors, 

respectively. These results supported by the 

conclusion that has been arrived by Hamad et al. 

(2020) whose concluded that, the maximum stem 
diameter (5.76 mm) of Brachychiton populneus 

seedlings, recorded from application of (3 g) of 

NPK fertilizer. In addition, these results were in 

tune with the previous findings of Ghani et al. 

(2018) who reported that application of (6 g) 

Humic acid recorded a significantly higher stem 

diameter which was (1.10 mm) in the (Mangifera 

indica L.).   

Our experiment results revealed that increasing 

the rate of Humic acid will increase of growth 
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because the role of Humic acid inmproving the 

soil fertility and increasing the availability of 

nutrient elements and consequently increased the 

growth (Abdel-Mawgoud et al., 2007).  
                                    
c.  Leaf number increment

 

The results in (table 2) indicated that there was not 

significant effect among 5, 10 and 15 g/ seedling 

Humic acid in terms of leaf number increment. 

However, these three rates of Humic acid recorded 

significantly higher leaf number increment 

compared with the control treatment. Moreover, 

the highest mean value (9.50 leaves plant
-1

) was 

obtained from the application of (1g) NPK 

fertilizer. On the other hand, the lowest mean 

value (6.50 leaves plant
-1

) was recorded from the 

control treatment. This result agreement with 

Sultan, (2020) who demonstrated that the highest 

values of number of leaves was (19.67) from used 

(10:8:6 g /transplant) of NPK fertilizers. 

This study clearly indicated that the availability of 

nutrients (NPK) had a significant impact on 

growth Paulownia seedlings productivity because 

phosphorus is involved in energy metabolism and 

photosynthesis during growth (Yan et al., 2021), 

and potassium plays an important role in 

carbohydrate and protein metabolism (Hassanein 

et al., 2021), indicating that a reasonable 

proportion of nutrition (NPK) factors directly 

promote the absorption and assimilation of plant, 

there by affecting their growth and development 

(Bertin et al., 2009).   

Whilst, leaf number increment was not-significant 

when different levels of Humic acid applied. 

 

Table 2 Influence of NPK fertilizer and Humic acid separately on the increment of stem height (cm), 

stem diameter (mm), and leaf number  
Factors Treatments Stem height 

increment (cm) 

Stem diameter 

increment (mm) 

Leaf number increment  

 

N
P

K
 f

e
r
ti

li
ze

r 

Control 42.70
c

 8.43
c
 6.50

b
 

NPK (0.5 g) 47.70
b

 9.37
b
 9.00

a
 

NPK (1 g) 51.55
a

 9.54
b
 9.50

a
 

NPK (1.5 g) 52.70
a

 10.69
a
 9.20

a
 

P-Value 0.000 0.000 0.004 

 

H
u

m
ic

 a
c
id

 (
H

A
) Control 42.40

b
 8.08

c
 8.20

a
 

HA (5 g) 50.00
a

 9.77
b
 8.85

a
 

HA (10 g) 50.85
a

 9.85
b
 8.70

a
 

0HA (15 g) 51.40
a

 10.33
a
 8.45

a
 

P-Value 0.000 0.000 0.888 

 

Values with different letters within a column for each factor indicates significantly differences at 5% 

of probability according to Duncan’s multiple range test. 

 

2. The interaction effect of NPK fertilizer and 

Humic acid on the increment of stem height, 

stem diameter, and leaf number  

       The interaction between NPK fertilizer and 

Humic acid on stem height increment, stem 

diameter increment and leaf number increment 

were shown in table (3). The highest value of stem 

height increment (55.00 cm) reported from the 

interaction between (1g NPK x 15 g Humic acid), 

and the lowest value (23.40 cm) was recorded 

from control treatment. The maximum mean value  

 

of stem diameter increment was (11.30 mm) from 

the interaction between (1.5 g NPK x 15 g Humic 

acid), while the minimum value was (4.17 mm) in 

control treatment.                                                                                                

The interaction between 1.5 g NPK x control 

Humic acid recorded the highest value of leaf 

number increment which was (11.80 leaves plant
-

1
), while the lowest leaf number increment (2.60 

leaves plant
-1

) was observed in control treatment. 
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These results concurred with those reported by 

Hagag et al. (2011), where they investigated that 

there were interaction effect of different levels of 

NPK fertilizer and Humic acid on the growth of 

olive seedlings as they  reported that the 

maximum values of  plant height was (204cm) at 

(0 NPK + 4 cm
3 

Humic substance/plant/month), 

stem diameter was (2.5mm) at (0g NPK + 6 cm
3
 

Humic substance/plant/month), and leave number 

per plant was (152 leaf plant
-1

) at (0 NPK + 4 cm
3 

Humic substance/plant/month) were recorded. 

Results of the growth parameters in table 2 and 

table 3 revealed that the stem height increment, 

stem diameter increment and leaf number 

increment of the seedlings treated with both NPK 

fertilizer and Humic acid all together were better 

than those treated with NPK fertilizer and Humic 

acid separately.   

Table 3 Stem height increment, stem diameter increment, and leaf number increment as affected by 

the interaction between NPK fertilizer and Humic acid 

 
Treatments Stem height 

increment 

 

Stem diameter 

increment 

 

Leaf number 

increment 

NPK-0+HA-0 23.40
d 

4.17
f 

2.60
c 

NPK-0+HA-5 48.80
abc 

9.20
de 

8.60
ab 

NPK-0+HA-10 48.60
abc 

9.79
cde 

6.80
b 

NPK-0+HA-15 50.00
abc 

10.56
abc 

8.00
ab 

NPK-0.5+HA-0 47.80
bc 

9.32
de 

9.60
ab 

NPK-0.5+HA-5 47.40
bc

 9.69
cde 

10.20
ab 

NPK-0.5+HA-10 48.60
abc

 9.03
de 

8.40
ab 

NPK-0.5+HA-15 47.00
c 

9.45
cde 

7.80
ab 

NPK-1+HA-0 48.60
abc 

8.75
e 

8.80
ab 

NPK-1+HA-5 50.40
abc 

9.73
cde 

8.80
ab 

NPK-1+HA-10 52.20
abc 

9.65
cde 

11.00
ab 

NPK-1+HA-15 55.00
ab 

10.02
bcd 

9.40
ab 

NPK-1.5+HA-0 49.80
abc 

10.08
bcd 

11.80
a 

NPK-1.5+HA-5 53.40
abc 

10.46
abc 

7.80
ab 

NPK-1.5+HA-10 54.00
ab 

10.91
ab 

8.60
ab 

NPK-1.5+HA-15 53.60
abc 

11.30
a 

8.60
ab 

 

Values with different letters within a column indicates significantly differences at 5% of probability 

according to Duncan’s multiple range test. 

 

3. Effect of NPK fertilizers and Humic acid 

separately on leaf area, chlorophyll content and 

protein percent:                                                                                                 

a. Leaf area (cm
2
)  

      The leaf area (cm
2
) was affected significantly 

by the application of different levels of NPK 

fertilizer. Table (4) showed that the maximum and 

minimum mean values of leaf area (2393.66 and  

 

1302.00 cm
2
) were attained from the application 

of NPK fertilizer at level 1.5g and Control, 

respectively. This result agrees with that obtained 

by AbdelKader et al. (2016) after they carried out 

a study to determine the effect of different NPK 

rates (0, 1.5, 3.0, 4.5 g plant
-1

) monthly on some 

physiological attributes of Magnolia grandiflora 

L. seedling, they found that the highest mean 

value of leaf area, (325 cm
2
) was recorded from 
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the seedlings that treated with 1.5g plant
-1

 of NPK 

fertilizers. A significant effect of different levels 

of NPK fertilizer on the leaf area. It showed 

maximum leaf area in paulownia seedlings that 

were treated with NPK 1.5 g as compared to 

control and all other treatments because 

fertilization increase the photosynthetic efficiency, 

prolong the duration of photosynthesis, and 

enlarge the leaf area index. Application of 

fertilizers often increases the rate of 

photosynthesis by improving the efficiency of 

essential physiological processes. The essential 

physiological processes include stomatal 

conductance, leaf area, capacity for photosynthetic 

electron transport, and activity of carboxylation; 

and other enzymes (Pallardy, 2008).                                                                                     

     Even though the leaf area was not affected 

significantly by Humic acid, it was increased with 

application of Humic acid compared with 

untreated seedlings.         

                               

b. Chlorophyll content 

          As per the findings, a substantial difference was 

found among different levels of NPK fertilizer 

which significantly affected on chlorophyll content 

(table 4). The highest mean value was recorded for 

chlorophyll content which was (56.97) from (1.5g 

NPK/seedling) and the lowest value (49.03) from 

control treatment. This result in agreement with 

Mohamed et al. (2014) Selecting the best N, P and 

K levels for the newly introduced Wonderful 

pomegranate trees grown under Minia region. They 

found that, increasing levels of N from 100 to 400 

g/ tree was accompanied with enhancing N in the 

chlorophylls a & b and total chlorophylls. A 

remarkable promotion was observed on 

chlorophylls a & b and total chlorophylls with 

increasing both P & K levels from 50 to 100 g / 

tree.  Chlorophyll content increased at all 

treatments of NPK fertilizer compared to the 

control (Table 4). The increase in total chlorophyll 

content in the leaves was probably generated by the 
level of NPK fertilization. The application of NPK 

fertilizer especially nitrogen element directly leads 

to increasing chlorophyll content of the seedlings 

because nitrogen is one of the basic element to 

make chlorophyll molecular (Pallardy, 2008). 

According to Ciecko et al. (2004) the greater 

amount of NPK fertilizers is accompanied by the 

higher total chlorophyll content in plant material. 

According to Nalborczyk et al. (1994), nitrogen 

fertilization affects chlorophyll content in plants. 

Research by Skwaryło-Bednarz and Krzepiłko, 

(2009) shows that the level of chlorophyll in plants 

increases rapidly following application of organic 

fertilizer.                   

                                                                                                            

On the other hand, the maximum and minimum 

values of chlorophyll content were (56.04 and 

52.18) found from application Humic acid at 

levels 10 g and control respectively. This result is 

in line with the conclusion made by Mayi et al. 

(2014) who reported that Humic acid positively 

influenced chlorophyll content. The highest value 

(72.51) recorded in the olive transplants when 

spray with (40 mg L
-1

) and the lowest value 

(68.71) was recorded in untreated olive 

transplants.  Humic acid can caused an 

enhancement in the synthesis of the chlorophyll 

and/or delayed chlorophyll degradation in the two 

different types of leaves, primary and lateral shoot 

leaves (Nardi et al., 2002).                                                                 

c. Protein percent 

              Application of NPK fertilizers significantly 

affected on protein percent. The highest mean value 

was recorded for protein percent which was (13.47) 

from (1.5g) and the lowest value (8.58) from 

(Control), respectively. Protein percent increased at 

all treatments of NPK fertilizer compared to the 

control (Table 4). It showed maximum protein 

percent in paulownia seedlings that were treated 

with NPK 1.5 g as compared to control and all other 

treatments. This may be due to the most important 

roles of nitrogen, phosphorus and potassium in 

promotion of several physiological and biochemical 

processes including photosynthesis and 

biosynthesis of various organic compounds such as 

nucleic acids, proteins, vitamins, hormones, 

chlorophyll molecules and carbohydrates which are 

considered very essential components for high plant 

growth and development (El-Saady and Omar, 

2018). Nitrogen is also an essential component on 

the plant protein. Moreover, nitrogen is also a 

building factor of protein and nucleic acid that will 

support the plant productivity as a source for 
forages. It also supports the soil microorganisms 

that eventually will benefit the soil itself. (Umami 

et al., 2019). 

On one hand, the maximum and minimum values 

of protein percent which (11.77 and 9.90) 

recorded from application of Humic acid at level 

(15 and 5) g, respectively. The result is confirmed 

that Humic acid has various biochemical effects 

on plants, such as enhancing protein synthesis 

(Saadati and Baghi, 2014). 
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Table 4 Influence of NPK fertilizer and Humic acid on the Leaf area (cm
2
), chlorophyll content and 

protein percent      
Factors Treatments Leaf area (cm

2
) Chlorophyll content 

(SPAD) 

Protein percent 

 

 N
P

K
 f

e
r
ti

li
ze

r
  

Control 1302.00
c
 49.03

b
 8.58

d
 

NPK (0.5 g) 1855.33
b
 55.88

a
 10.45

c
 

NPK (1 g) 1886.00
b
 56.72

a
 11.15

b
 

NPK (1.5 g) 2393.66
a
 56.97

a
 13.47

a
 

P-Value 0.000 0.000 0.000 

 

H
u

m
ic

 a
c
id

 (
H

A
) Control 1668.66

a
 52.18

b
 10.76

c
 

HA (5 g) 2010.66
a
 54.69

ab
 9.90

d
 

HA (10 g) 1940.33
a
 56.04

a
 11.22

b
 

HA (15 g) 1817.33
a
 55.69

a
 11.77

a
 

P-Value 0.377 0.035 0.000 

 

 

4. The interaction between NPK fertilizers and 

Humic acid effected on the  

  chlorophyll content, protein percent and leaf 

area: 

    Table (5) displayed that the interaction between 

the two factors (NPK fertilizers and Humic acid) 

were also found to be significant on the 

chlorophyll content. Chlorophyll content in 

Paulownia leaves was enhanced with application 

of NPK and Humic acid separately or together 

compared with once that did not treat with any 

amount of NPK and / or Humic acid. The highest 

mean value was (58.92) and the lowest value 

(34.10) reported from the interaction (1 g NPK x 

0g Humic acid) and (control x control), 

respectively. The increase in the concentrations of 

chlorophyll in the leaves, as well as the increase in 

the leaf area of the seedlings that it increases the 

efficiency of the photosynthesis process.                               

    Furthermore, table (5) also revealed that protein 

percent was significantly affected by combination  

 

 

 

 

treatments of NPK fertilizer and Humic acid, 

where the combination treatment   of (1.5g NPK x 

15 g Humic acid) and (Control x Control) 

recorded the highest   value of protein percent 

(15.59 %), while the lowest value of protein 

percent was (8.17 %) achieved from the seedlings 

that were not treated by any amount of NPK and 

Humic acid. Previous studies showed the similar 

results for instance, an experiment was conducted  

by Imam and Al-Obaidi, (2020) to study the effect 

of chemical fertilization (NPK), with three 

concentrations which are (0, 125, 250 mg NPK L
-

1
) and Humic acid (HA) in three concentrations (0, 

10, 20 mg L
-1

) on (Vitis vinifera). Their results 

showed that application treatment of (250 mg 

NPK L
-1

 + 20 mg HA L
-1

) had a positive 

significant effect on the protein percent in the 

leaves which is (8.575), as compared to the 

control treatment (0.612).                                                                                                                                                                                                                                                              

     The interactions between the two factors NPK 

fertilizer and Humic acid were found to be non-

significant on the leaf area that is why its data was 

not inserted in table (5).  

Table 5 Chlorophyll content and protein percent as affected by the interaction between NPK fertilizer 

and Humic acid                                                                                              

           Treatments      Chlorophyll content 

         Protein percent 

NPK-0+HA-0 34.10
b
 8.17

l 
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NPK-0+HA-5 54.22
a
 8.44

k 

NPK-0+HA-10 53.14
a
 8.96

i 

NPK-0+HA-15 54.66
a
 8.77

j 

NPK-0.5+HA-0 57.68
a
 10.58

g 

NPK-0.5+HA-5 54.82
a
 8.49

k 

NPK-0.5+HA-10 56.00
a
 11.65

e 

NPK-0.5+HA-15 55.04
a
 11.09

f 

NPK-1+HA-0 58.92
a
 12.16

d 

NPK-1+HA-5 54.04
a
 9.23

h 

NPK-1+HA-10 57.08
a
 11.60

e 

NPK-1+HA-15 56.86
a
 11.65

e 

NPK-1.5+HA-0 58.04
a
 12.16

d
 

NPK-1.5+HA-5 55.70
a
 13.46

b 

NPK-1.5+HA-10 57.94
a
 12.71

c 

NPK-1.5+HA-15 56.20
a
 15.59

a
 

Values with different letters within a column indicates significantly differences at 5% of probability 

according to Duncan’s multiple range test. 

 

5. Effect of NPK fertilizers and Humic acid 

separately on nitrogen (N), phosphorus (P) and 

potassium (K) uptake                                                                                                
     Table (6), illustrates the effect of NPK 

fertilizer and Humic acid on NPK content in the 

leaves. The application of different fertilizers 

significantly increased the NPK content of 

Paulownia seedling. The highest and lowest 

values of nitrogen (2.90 and 1.85 %), were 

recorded when (1.5 g and control NPK) had been 

added respectively. The maximum and minimum 

values of phosphorus were 1.17 and 0.32 % when 

0.5 and 1.5 g of NPK fertilizer had been applied. 

Moreover, the greatest and smallest values of 

potassium were 2.58 and 2.08 % from application 

of 1 and 1.5 g NPK respectively. These results 

explain that NPK fertilizer application to a certain 

level caused a significant decrease in the 

phosphorus and potassium content of Paulownia 

leaves. In contrast, nitrogen uptake raised 

significantly with increasing NPK fertilizer 

application.                                                                                  

Gill et al. (2014) study the influence of different 

levels of NPK fertilizers on leaf NPK content in 

pomegranate cv. Kandhari under sub-tropical 

conditions. Graded doses of nitrogen (0-

300g/plant), phosphorus (0-150g/plant) and 

potassium (0- 300g/plant) fertilizers were applied 

through soil, in addition to a basal dose of FYM 

(Farmyard Manure). Control plants were fed FYM 

only. Leaf N, P and K content increased with 

application of the respective nutrient.                                                                                                                                          

          Table (6) also demonstrated that application 

of different Humic acid amounts had significant 

influence on nitrogen, phosphorus and potassium 

uptakes. The highest and lowest values of nitrogen 

(2.53 and 2.13 %), were recorded from the 

seedlings that treated with 15 and 5g of Humic 

acid respectively. The maximum and minimum 

values of phosphorus were (1.43 and 0.46%) when 

the 10 and 5 g of Humic acid had been applied, 

respectively. Moreover, the highest (3.21 %) and 

lowest (0.92 %) values of potassium obtained 

from the seedlings that treated with (15 and 0g), of 

Humic acid respectively.  These results revealed 

that application a suitable amount of Humic acid 

is a key factor to uptake nutrients. The results also 

confirmed the prior studies that reported the 

significant role of Humic acid in soil stability, 

fertility and nutrient availability (Sharif et al.,2002 

and El Ibrahim et al.,2016). Paksoy et al. (2010) 

have found out that Humic substances played a 

major role in plant nutrient uptake and growth 

parameters in seedlings. In addition, results in 

table 4 concluded that Humic acid, which is a 

relatively stable product of organic matter 

decomposition (El Ibrahim et al.,2016), can be 
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used as alternative to use chemical fertilizer in order to raise nutrient content in Paulownia leaves.      

Table 6 Influence of NPK fertilizer and Humic acid on the NPK content 

Factors Treatments N 

(%) 

P 

(%) 

K 

(%) 

 

 N
P

K
 f

e
r
ti

li
ze

r
  Control 1.85

d
 0.66

c
 2.16

b
 

NPK (0.5g) 2.25
c
 1.17

a
 2.11

c
 

NPK (1 g) 2.40
b
 1.06

b
 2.58

a
 

NPK (1.5g) 2.90
a
 0.32

d
 2.08

c
 

P-Value 0.000 0.000 0.000 

 

H
u

m
ic

 a
c
id

 (
H

A
) Control 2.32

c
 0.77

b
 0.92

d
 

HA (5 g) 2.13
d
 0.46

d
 2.07

c
 

HA (10 g) 2.42
b
 1.43

a
 2.73

b
 

HA (15 g) 2.53
a
 0.55

c
 3.21

a
 

P-Value 0.000 0.000 0.000 

 

6. The interaction between NPK fertilizer and 

Humic acid effected on the nitrogen (N), 

phosphorus (P) and potassium (K) up take                                                                                                                                           

A significant difference was observed in the 

nitrogen, phosphorus, and potassium due to the 

interaction between NPK fertilizer and Humic 

acid. The nitrogen varied from as high as (3.36 %) 

under the treatment combination of (1.5g NPK x 

15g Humic acid) to as low as (1.76 %) under the 

treatment combination of (Control x Control or 0 

g NPK x 0 HA).                                                                                                                                             

     The interaction treatments of (0.5 g NPK x 10 

g HA) and (0 g NPK x 0 HA) were recorded the 

highest and lowest phosphorus values which were 

(1.97 and 0.15 %), respectively. However, the 

highest mean value of potassium (3.74 %) were 

observed from interaction treatments of (1g NPK 

x 15g Humic acid) and the lowest value (0.70 %) 

from the interaction between (1.5g NPK x 0g 

Humic acid), respectively.   Generally, the results 

of nutrient content in Paulownia leaves illustrated 

that nitrogen and potassium gradually increased 

with increasing concentration of NPK fertilizer 

and Humic acid. In contrast, phosphorus 

decreased when over concentration of NPK 

fertilizer and Humic acid were applied.      

 

Table 7 Nitrogen, phosphorus, and potassium content (%) in paulownia leaves as affected by the 

interaction between NPK fertilizer and Humic acid   

                                                                    

     Treatments N 

(%) 

P 

(%) 

K 

(%) 

NPK-0+HA-0 1.76
l
 0.15

m
 0.92

k
 

NPK-0+HA-5 1.82
k
 0.69

g
 1.91

i
 

NPK-0+HA-10 1.93
i
 1.46

d
 2.86

e
 

NPK-0+HA-15 1.89
j
 0.34

j
 2.98

d
 

NPK-0.5+HA-0 2.28
g
 0.97

f
 0.72

l
 

NPK-0.5+HA-5 1.83
k
 0.47

h
 2.06

h
 

NPK-0.5+HA-10 2.51
e
 1.97

a
 2.03

h
 

NPK-0.5+HA-15 2.39
f
 1.29

e
 3.63

b
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NPK-1+HA-0 2.62
d
 1.71

c
 1.36

j
 

NPK-1+HA-5 1.99
h
 0.27

k
 2.36

g
 

NPK-1+HA-10 2.50
e
 1.93

b
 2.87

e
 

NPK-1+HA-15 2.51
e
 0.36

j
 3.74

a
 

NPK-1.5+HA-0 2.62
d
 0.26

kl
 0.70

l
 

NPK-1.5+HA-5 2.90
b
 0.41

i
 1.95

i
 

NPK-1.5+HA-10 2.74
c
 0.39

i
 3.17

c
 

NPK-1.5+HA-15 3.36
a
 0.24

l
 2.51

f
 

 

 

4. Conclusion 

As a conclusion of this study, the application of 

NPK fertilizer and Humic acid caused a 

significant increase in the most important studied 

characteristics such as morphological and 

physiological properties of Paulownia tomentosa 

seedlings. The production of Paulownia 

tomentosa seedlings can be improved by adding 

the adequate levels of NPK fertilizer and/or 

Humic acid. Even though the NPK fertilizers were 

superior Humic acid in the most morphological 

and physiological properties, Humic acid can be 

used as replacement of chemical fertilizer. 
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