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ITROGEN (N) and phosphorus (P) released from different fertilizers to soil solution is a factor 

that affects soil fertility and plant growth. To evaluate the impacts of amending soil with organic, 

chemical and bio-fertilizers solely or in combinations for uprising N, P available contents in soil and 

increasing the growth of black cumin (Nigella sativa L) plants. The consequences of these additives 

on soil chemical properties were a matter of concern herein. To attain this aim, incubation and a pot 

experiment was conducting at 100% urea formaldehyde, 50% level of adding rabbit manure + 50% 

urea formaldehyde with or without bio-fertilizer, control without fertilization and bio-fertilizer single 

in a randomized block design which considering six equations (Zero-order, first-order equation, 

second-order equation, Pseudo-second-order, power function, and parabolic diffusion model) were 

used to describe variations among released N and P with incubation time. The results demonstrated 

that using chemical, organic, and bio-fertilizer resulted in considerable decrease in soil pH and 

increases in organic matter (SOM) and nutrients availability (N and P) by time progress for all 

treatments. Compared to other equations, the pseudo-second models provided a better description of 

the kinetics of changes in released N and P contents with time, with R2 ranging from 0.99 to 1.00. The 

results show that the application of 50% Rabbit manure + 50% Urea formaldehyde + Bio-fertilizer 

(RUBF) significantly enhanced parameters of black cumin plants such as shoot dry weight, plant 

height, and stem diameter, chlorophyll a, b, and carotenoids ratio, dry weight capsules, number of 

capsules, and seed weight/plant. Our study is useful when using rabbit manure, ureaform and bio-

fertilizers. That can be improving soil chemical properties, supplying available nutrients, the release 

kinetics and the factors related to the release of nutrients from these fertilizers are essential in 

planning strategies of nutrient management, additionally, boosted the growth, plants quality, yield and 

photosynthetic pigments. 

Keywords: Nitrogen fertilizer, Phosphorus fractions, P release, Release kinetics.  

1. Introduction 

Nigella sativa L., known as black cumin, is an annual 

plant in the Ranunculaceae family. As medicinal 

plant, the seeds can be used as food and herb (Ahmad 

et al., 2013), they have a high antioxidant capacity 

and therefore are believed to have benefits for 

improving human health i.e., the immune digestive 

and cardiovascular systems (Tembhurne et al., 2014). 

It may also help in treatment of certain skin 

conditions, migraines, and diabetes (Yimer et al., 

2019). Even though organic fertilization doesn't 

include much in the way of nutrients, it increases soil 

fertility and is essential to plant life, either directly 

by providing nutrients or indirectly by changing the 

physiological and biochemical pathways of the plant 

(Khosropour et al., 2021; Nasiroleslami et al., 2021). 

Rabbit manure is a good source as organic fertilizers 

with a high organic matter content and macro- and 

micronutrients that affect plant growth growth is 

rabbit manure (Al-Sayed et al., 2024).  

There is proof that using organic fertilizers enhances 

the physical, chemical, and biological characteristics 

of soils. Rabbit dung is one of these fertilizers that 

decrease the pH and increase cation exchange 

capacity, organic carbon content, total fungus and 

bacteria, and organic matter content in soil ((El-

Mogy et. al., 2020; Ikrarwati et al., 2021; Li et al., 

2022). Also, bio-fertilizer such as Azotobacter 

chroococcum and Azospirillum brasilense play a 

prominent role in plant growth because they contain 

growth-promoting factors such as enzymes and 

hormones besides being nitrogen fixers and have the 

capability to increase mineral solubilization (Al-

Sayed et al., 2022; Darakeh et al., 2022).  

Generally, bio-fertilizers and rabbit manure are 

considered environmentally friendly fertilizers (Al-

Sayed et al., 2024). Because slow-release fertilizers 

can release nitrogen (N) on a schedule that aims to 
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better coordinate with crop needs, hence reducing 

nitrogen losses to the environment, applying such 

fertilizers is a good strategy to increase nitrogen use 

efficiency (Chalk et al., 2015). The application of 

rabbit manure (RM) in conjunction with chemical 

fertilizers has been shown to have a particularly 

positive impact on crop yield, quality and increased 

the soil organic matter (OM), N, P, K, Ca and Mg 

(Adekiya et al., 2020; El-Beltagi et. al., 2023). 

Additionally, incorporating organic amendments 

shows significant improvements in soil physical 

structure, increased nutrient content, and microbial 

variety than chemical fertilizers alone (He et al., 

2024).  

The kinetics and rate of mineralization determine 

whether organic feed stocks are a good source of 

nutrients (Murugan and Swarnam, 2013). The 

kinetics examines how quickly chemical reactions 

occur and its rate on through the change in chemical 

concentration over time. Kinetics enables farmers to 

improve agricultural productivity via determining the 

kinetics and rate of mineralization of several 

available organic sources. Both factors (Chemical 

reaction and its rate) are dependent on soil 

temperature, moisture content, soil type and 

characteristics of the used organic matter, microbial 

activity and management techniques (Grzyb et al., 

2020; Uddin et al., 2021). Although both inorganic 

and organic phosphorus (P) are widely distributed in 

most croplands, their strong reactivity with particular 

metals prevents them from being directly absorbed 

by living things (He et al., 2023). This is because, 

phosphorus is adsorbed to mineral surfaces, locked 

inside primary or secondary mineral particles, or 

immobilized inside organic material (Helfenstein et 

al., 2020). In order to reduce the negative 

environmental effects of farming, rationalizing the 

use of chemical fertilizers is thought to be one of the 

most important concerns for sustainable agriculture 

(Wu et al., 2021). In addition to giving plants 

nutrients, organic or bio-fertilizers can improve the 

agricultural ecosystems' long-term sustainability 

(Shaji et al., 2021). These also include reducing the 

dangers of over fertilization and groundwater 

pollution (Moghaddam et al., 2021), enhancing the 

qualities and attributes of the soil, and preserving soil 

fertility (Shaji et al., 2021). The behavior of the 

continuous interactions between various ions in the 

soil solution and the solid phase over time must be 

defined using the kinetics concept, and the release of 

P and N from the soil can be better visualized using 

the thermodynamic and dynamics concepts. One of 

the most significant and practical ways of evaluating 

and foreseeing the chemistry and condition of 

numerous nutrients is the kinetic concept (Toor and 

Bahl 199). Generally, some kinetic models such as 

the pseudo-second order, first, second-order, energy 

function, equivalent diffusion and Elovitch equations 

to measure release of nutrients in soil, (Abdu 2013; 

Ranjbar and Jalali, 2014). There are few references 

about the effects of different types of fertilizers on 

the kinetics of some macronutrients under black 

cumin plants. Additionally, few studies compare the 

effects of applied organic and slow chemical 

amendments on the release of nitrogen and 

phosphorous.  

The objective of this work was to examine the effects 

of rabbit manure, ureaform and bio-fertilizer on the 

chemical characteristics of soil as well as the kinetics 

of N and P release and compare the response of black 

cumin plants to application dose from these 

fertilizers. The hypothesis proposed in this study is 

that combination of manure rabbit manure, ureaform 

and bio-fertilizer, can increase N, P release, growth 

and yield of black cumin plants. 

 

2. Materials and Methods  

2.1 Soil materials 
A soil surface sample was collected from the topsoil 

(0-30 cm) of the experimental farm within the 

research area of the Department of Soil Science, Al- 

Al-Azhar University, Assiut Egypt, Faculty of 

Agriculture. This sample was air-dried, crushed, and 

passed through a 2 mm sieve. Physical and chemical 

characteristics were examined according to Sparks et 

al. (2020) and Klute (1986) are shown in Table (1).   

 
Table 1. Physico-chemical properties of the tested soil. 

Property Unit Value 

Sand (g kg -1) 405 

Silt (g kg -1) 310 

Clay (g kg -1) 285 

Texture - clay loam 

Bulk density (Mg/m3) 1.57 

Soil pH (1: 2.5) - 8.1 

Soil EC (1: 2.5) (dS m-1) 0.93 

Organic matter (g kg -1) 13.5 

Available-N  (mg kg -1) 56.5 

Available-P (mg kg -1) 5.28 

Available-K (mg kg -1) 352 

CaCO3 (g kg-1) 21 
  

2.2 Incubation experiment 

An experiment for incubation was set up in the 

Department of Soils and Water Laboratory, Faculty 

of Agriculture, Al-Azhar University, Assiut, Egypt. 

For this study, the addition of 60 N units from 

several types of fertilizers were chosen, including 

rabbit manure (1.54% N) and urea formaldehyde 

(40% N). The soil was then thoroughly wet, and 10 

ml of liquid bio-fertilizer containing 1:1 ratio of 

Azotobacter chroococcum and Azospirillum 

brasiliense were sprayed onto the top layer of soil 

containing 1×10
6 

colony mL
-1

. The tested bio-

fertilizers were brought from the National Research 

Center (NRC), Giza, Egypt. Whereas rabbit manure 

was obtained from the Animal Production Farm, 

Faculty of Agriculture Assiut University Assiut, 

Egypt. The rabbit manure was crushed using a 

stainless-steel mill and sieved with a 2 mm sieve it 

was applied at a rate of 9.27 t ha
-1

 and the slow-
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acting mineral nitrogen fertilizer urea formaldehyde 

was applied at a rate of 375 kg ha
-1

. Chemical 

properties of rabbit manure were measured which are 

shown in Table (2). Therefore, five treatments: 

Control without fertilization as (CK), 100% Urea 

formaldehyde fertilizer (at a rate of 0.038 g urea 

formaldehyde/250 g soil sample) as (UF), Bio-

fertilizer as (BF), 50% Rabbit manure + 50% Urea 

formaldehyde (at a rate of 0.49 g rabbit manure + 

0.019 g urea formaldehyde/250 g soil sample) as 

(RUF) and 50% Rabbit manure + 50% Urea 

formaldehyde + Bio-fertilizer as (RUBF) were used. 

In a laboratory setting at 25-30 
o
C, five incubation 

durations of 60, 45, 30, 14 and 7 days were carried 

out to each treatment. A total of 75 experimental 

units were formed by grouping the treatments into 

randomized block designs with three replications. 

Every week, the treatments' moisture content was 

checked and adjusted, which had been wetted to 70 

% from field capacity. By the end each incubation 

period, soil samples were collected and tested for 

electrical conductivity (EC) using a conductivity 

meter and soil pH using a digital pH meter in 1:2.5 

(soil/water) suspensions (Jackson, 1973). The 

Walkly-Black method was utilized to determine the 

amount of organic matter, available N and P were 

determined according to Jackson (1973). 
 

 

Table 2. Chemical properties of the rabbit manure. 
 

 

2.3 Kinetics of nitrogen and phosphorus in soil 

The rate of nutrition transformation and related 

chemical reactions can be ascertained with the use of 

kinetics. It also helps to define the characteristics of a 

chemical reaction and gather and analyze data about  

 

the process of the reaction. Table (3) provided the 

equations used to fit the kinetics data of nitrogen and 

phosphorus in the investigated soil. By using the 

coefficient of determination (R
2
), each kinetic model 

was examined. 
 

Table 3. Kinetics models fitted to P forms versus time data. 

Model Equation Parameter 

Zero order CA = CA0 + kAt kA is rate coefficient 

First order ln CA = ln CA0 + kAt kA is first-order rate coefficient 

Second order 1/CA = 1/CA0 + kAt kA is second-order rate coefficient 

Pseudo-second-order t/Qt-2 = 1/k2 Q
2
e-2 + t/ Qt-2 k

'
2 is pseudo-second-order rate coefficient  

Power function In CA = ln kA + b ln t kA is rate coefficient and b is empirical constant 

Parabolic diffusion CA = Rt
1/2

 + C R is diffusion rate constant 

 

2.4 Pot experiment 

Air-dried soil was packed in plastic pots according to 

Air-dried soil was packed in plastic pots according to 

the concentrations and mixing ratios of fertilizer 

types mentioned previously which were used in the 

incubation experiment. The recommended N dose of 

Black cumin was 375 kg N ha
-1

 according to the 

Egyptian fertilization recommendations. All the 

organic and inorganic fertilizers were mixed with the 

soil before cultivation. The plastic pots were of 

dimensions (30 cm in diameter, 35 cm in height) 

which was filled with sixteen kg of soil and mixed 

well with the tested material and the pots were then 

distributed randomly. Each treatment had five 

replicates, resulting in a total of 25 pots. Black 

cumin, selected as a local variety and a winter crop, 

was obtained from Al-Awamer Research Station, 

Agriculture Research Center, Assiut, Egypt, which 

was planted on the 8
th

 November 2022 with a rate of 

5 seeds per pot then thinned to two plants per pot two 

weeks after planting. The plants were irrigated every 

5 days to keep soil moisture content at 70% of field 

capacity. The experiment lasted within the 

greenhouse conditions, the mean long-term 

temperatures and relative humidity are 24.9 °C and 

38.04%, respectively from November to May month 

(Fig. 2) until the maturity stage. Plant samples were 

taken at harvest (1
st
 May 2023).  Fresh samples of 

plants were collected after 100 days to measure 

Chlorophyll-A, Chlorophyll-B and carotenoid 

contents according to a protocol approved by 

Lichtenthaler (1987).     

 The growth parameters such as plant height, shoot 

dry weight, stem diameter, dry weight capsule, and 

number of capsules were also recorded. Plant 

samples were taken at the experiment end; the plant 

sample was ground kept for chemical analysis. Using 

H2SO4-HClO4 acid mixture, the total content of the 

nitrogen, phosphorus and potassium nutrients in the 

plant material was estimated according to Zarcinas et 

al., (1987). The meteorological data of the 

experimental site during the period of the study (Fig. 

1) and the complete methodology of this study is 

depicted in (Fig. 2). 

 

pH (1: 2.5) EC (dS/m) (1:2.5) N % Organic carbon % K2O % P2O5 % 

7.10 8.40 1.54 10.60 1.00 1.38 
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Fig. 1. Basic climatic data of the experimental site during the period of the study. Max, maximum 

temperature (°C); Min, minimum temperature (°C); RH, relative humidity (%); W.S, wind speed 

(km/h).   

 

        Fig. 2. General description of the research paper.

2.5. Statistical analyses 

The analysis of variance (ANOVA) at a 5% level of 

probability was used to test the significance of 

differences between the treatments. Data analysis 

was conducted using a one-way analysis of variance 

via Costat software (Steel and Torrie, 1986). 

 

3. Results 

3.1 Soil chemical characteristics  
Application of all types of fertilizers to soil caused a 

decrease in soil acidity compared to the unamended 

control (Fig. 3). The soil pH declined as the time 

proceeded for all treatments. After 14-days of 

incubation, exhibited a rapid decrease of soil pH with 

all treatments was observed. The lowest value (7.96) 

of soil acidity was observed by applying 50% rabbit 

manure + 50% urea formaldehydes + bio-fertilizer 

(RUBF) treatment after 60 days. The soil pH ranged 

between 8.11-8.13, 8.01-8.12, 7.98-8.09 and 7.96-

8.08 for BF, UF, RUF and RUBF treatments, 

respectively under incubation period. The evolution 

of salinity in the soil over time is depicted in Fig. (4). 

Soil salinity (EC) increased as a result of the 

application of 50% rabbit manure + 50% urea 

formaldehydes (RUF) and RUBF treatments in 

comparison with control CK treatment. While soil 

EC declined with BF and UF treatments compared 

with the CK treatment. In general, data indicated that 

the soil EC from BF and UF treatments is less than 

that resulted from CK treatment after incubation 

periods, while soil EC from RUBF treatment is high 

than that resulted from CK treatment after incubation 

periods. The highest value of soil EC (1.07 dS m
-1

) 

was recorded after 14 days of RUBF treatment. The 

lowest one (0.68 dS m
-1

) was recorded after 60 days 

of BF treatment. 
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Fig. 3. Effect of fertilizer types on soil pH under incubation periods. 
 

Control without fertilization= (CK), 50% Urea formaldehyde fertilizer= (UF), Bio-fertilizer= (BF), 50% Rabbit manure + 

50% Urea formaldehyde = (RUF) and 50% Rabbit manure + 50% Urea formaldehyde + Bio-fertilizer= (RUBF). 

 

 
Fig. 4. Effect of fertilizer types on soil EC under incubation periods. 
 

Control without fertilization= (CK), 50% Urea formaldehyde fertilizer= (UF), Bio-fertilizer= (BF), 50% Rabbit 

manure + 50% Urea formaldehyde = (RUF) and 50% Rabbit manure + 50% Urea formaldehyde + Bio-fertilizer= 

(RUBF). The same letter indicates insignificant difference according to Duncan’s test at p < 0.05. 

 

Soil organic matter (SOM) of soil increased with 

addition of all fertilizer types (Fig. 5). The highest 

values of soil organic matter were observed due to 

the application of RU treatment under incubation 

periods in comparison with other treatments. In 

general, the soil organic matter declined as time 

proceeded for all treatments. The soil organic matter 

ranged between 1.12-1.03, 1.01-1.12, 1.05-1.17 and 

1.00-1.13 g kg
-1

 for BF, UF, RUF and RUBF 

treatments, respectively under incubation periods. 

 

3.2 Nitrogen Kinetics and its release 

Fig. (6) illustrates the influence of various fertilizer 

types on nitrogen release through different 

incubation periods. The available nitrogen content 

gradually increased with various fertilizer types 

application over control (CK). The highest available 

nitrogen was recorded with RUBF (80.78 mg kg
-1

) 

followed by RUF (78.76 mg kg
-1

) which increased by 

about 19.68% and 16.67%, respectively, over the 

control (CK). While the lowest available nitrogen 

(70.09 mg kg
-1

) was recorded for BF treatment with 

3.84% more than the control under 60 days. It is 

observed that the available nitrogen content from BF 

treatment is less than that from either RUF or RUBF 

treatment. However, among fertilizer types the 

available nitrogen content was numerically in the 

order: BF< UF< RUF< RUBF.   
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Fig. 5. Effect of fertilizer types on organic matter under incubation periods. 
 

Control without fertilization= (CK), 50% Urea formaldehyde fertilizer= (UF), Bio-fertilizer= (BF), 50% Rabbit manure + 

50% Urea formaldehyde = (RUF) and 50% Rabbit manure + 50% Urea formaldehyde + Bio-fertilizer= (RUBF). The 

same letter indicates insignificant difference according to Duncan’s test at p < 0.05.  
 

 

Fig. 6. Effect of fertilizer types on available nitrogen release during the incubation periods. 
 

Control without fertilization= (CK), 50% Urea formaldehyde fertilizer= (UF), Bio-fertilizer= (BF), 50% Rabbit 

manure + 50% Urea formaldehyde = (RUF) and 50% Rabbit manure + 50% Urea formaldehyde + Bio-fertilizer= 

(RUBF). The same letter indicates insignificant difference according to Duncan’s test at p < 0.05.  

 

Six equations (Zero, First, Second-order, Pseudo-

second order, Power function and Parabolic 

diffusion) were tested to study the kinetics of 

nitrogen release from different fertilizers in soil clay 

loam (Tables 4 and 5). In general, the correlation 

coefficient (R
2
) was used to compare the equations. It 

indicates how well the experiment results match the 

theoretical results of these kinetic equations. The 

Pseudo-second order equation (R
2
= 0.99–1.00) is the 

best kinetic equation for explaining the release of 

nitrogen in the soil compared to other equations. The 

Pseudo-second order kinetic constants of nitrogen 

resulted from different treatments were CK (-

0.0336), BF (-0.0469), UF (0.0196) RUF (0.0101) 

and RUBF (0.0094). Negative constant values 

indicate that there is not much nitrogen being 

released, but increasing values of constant suggest 

that there is more nitrogen being released. The 

coefficient of determination (R
2
) using the Pseudo-

second order kinetic equation varies between 0.99 

(CK, BF, RUF and RUBF) and 1.00 (UF). When UF, 

RUF, and RUBF are applied, both k2 and Qe-2 

increases, suggesting that fertilizer types can enhance 

both the release rate and released compared to the 

unamended control, Qe−2 of treatment (RUBF) is 

most, Qe−2 of treatment (RUF) is next while Qe−2 of 

Ureaform fertilizer (UF) is smallest.  
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Table 4. Kinetic parameters and R2 of the Zero, First and Second-order describing the kinetic of nitrogen release.  

Treatments 
Zero-order First-order Second-order 

Qe K0 R
2
 Qe K1 R

2
 Qe K2 R

2
 

CK 69.31 -0.0170 0.12 69.31 0.00244 0.12 69.31 0.000036 0.12 

UF 70.40 0.0897 0.83 70.41 0.00123 0.82 70.42 - 0.000017 0.81 

BF 71.07 0.0043 0.01 71.06 0.00006 0.01 71.05 - 0.000001 0.01 

RUF 70.99 0.1293 0.99 71.06 0.00170 0.99 71.13 - 0.000020 0.99 

RUBF 73.11 0.1124 0.89 73.19 0.00145 0.99 73.26 -.000019 0.90 

Control without fertilization= (CK), 50% Urea formaldehyde fertilizer= (UF), Bio-fertilizer= (BF), 50% Rabbit manure + 50% 

Urea formaldehyde = (RUF) and 50% Rabbit manure + 50% Urea formaldehyde + Bio-fertilizer= (RUBF). 
 

Table 5. Kinetic parameters and R
2
 of the Pseudo-second order, Power function and Parabolic diffusion 

equations describing the kinetic of nitrogen release.  

Treatments 
Pseudo-second order Power function Parabolic diffusion 

Qe-2 K
'
2 R

2
 А B R

2
 kp R

2
 

CK 60.76 - 0.0336 0.99 - 0.0014 60.91 0.01 - 0.1114 0.05 

UF 70.59 0.0196 1.00 0.0333 60.58 0.97 0.9827 0.91 

BF 70.06 - 0.0469 0.99 0.0066 60.97 0.11 0.1209 0.04 

RUF 70.96 0.0101 0.99 0.0421 60.56 0.96 1.3491 0.99 

RUBF 80.12 0.0094 0.99 0.0318 60.92 0.70 1.1132 0.80 

Control without fertilization= (CK), 50% Urea formaldehyde fertilizer= (UF), Bio-fertilizer= (BF), 50% Rabbit manure + 50% 

Urea formaldehyde = (RUF) and 50% Rabbit manure + 50% Urea formaldehyde + Bio-fertilizer= (RUBF). 

 

3.3 Phosphorus kinetics and its release 

The effect of fertilizer types on the cumulative P 

release was also a matter of study herein (Fig.7). 

Also, the data indicated that the cumulative P release 

values were increased in all treatments under 

different incubation periods. The amount of 

cumulative P release from RUBF treatment was the 

highest one during all incubation periods compared 

to other treatments. The cumulative P release ranged 

from 5.99 to 8.79 and from 5.92 to 7.38 mg kg
-1

 for 

RUBF and RUF treatments respectively, under 

incubation periods. The lowest values were observed 

in incubation period of 2 days, while it began to 

gradually increase with time for all treatments. 

Several kinetic equations (Tables 6 and 7) were 

employed to explain how phosphorus was released 

into the soil. Under the influence of different 

treatments in this experiment, since these kinetic 

equations are most.  second-order, pseudo-second 

order, power function, and zero). In general, all 

models fit the describe release phosphorus kinetic 

quite well, depending on the measures associated 

with each equation. frequently used to describe 

phosphorous release in the soil.  

Fig. 7. Effect of fertilizer types on cumulative P during the incubation periods. 

 

Control without fertilization= (CK), 50% Urea formaldehyde fertilizer= (UF), Bio-fertilizer= (BF), 50% Rabbit 

manure + 50% Urea formaldehyde = (RUF) and 50% Rabbit manure + 50% Urea formaldehyde + Bio-fertilizer= 

(RUBF). The same letter indicates insignificant difference according to Duncan’s test at p < 0.05. 
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The values of (R
2
) factor determine which model is 

the most suited for the provided data. The results 

indicate that the Pseudo-second order equation is the 

best and most effective kinetic equation for 

explaining soil P release (R
2
= 0.99-1.00) followed by 

Zero, First, Second order (R
2
=0.64-0.98), Parabolic 

diffusion (R
2
= 0.55- 0.95) and Power function (R

2
= 

0.43-0.93). According to the parameters of 

phosphorus kinetic equations in Table (6 and 7) the 

release of phosphorus from UF, RUF, and RUBF 

follows a pseudo-second order, with kinetic constants 

(k) of 0.0588, 0.0404, and 0.0132, respectively.  As 

shown in (Fig. 7), our findings validate a quick 

release of phosphorus from these fertilizers into the 

soil. Similarly, the release constants for parabolic 

diffusion equation (kp) and power function (a & b), 

varied with fertilizer types treatments compared to 

CK treatment. Parabolic diffusion constant (kp) and 

power function constant (a) showed linear increase 

with fertilizer types addition. 
 

 

Table 6. Kinetic parameters and R2 of the Zero, First and Second-order describing the kinetic of phosphorus release.  
 

Treatments 
Zero-order First-order Second-order 

Qe K0 R
2
 Qe K1 R

2
 Qe K2 R

2
 

CK 5.7912 - 0.0059 0.64 5.7935 - 0.0011 0.65 5.7960 0.00019 0.65 

UF 5.7014 0.0251 0.81 5.7136 0.0039 0.80 5.7239 - 0.00062 0.80 

BF 5.8697 0.0035 0.68 5.8696 0.0006 0.68 5.8695 - 0.00009 0.68 

RUF 5.7180 0.0299 0.93 5.7498 0.0045 0.92 5.7756 - 0.0007 0.91 

RUBF 5.3885 0.0604 0.98 5.5526 0.0082 0.98 5.6650 - 0.0011 0.98 

Control without fertilization= (CK), 50% Urea formaldehyde fertilizer= (UF), Bio-fertilizer= (BF), 50% Rabbit manure + 

50% Urea formaldehyde = (RUF) and 50% Rabbit manure + 50% Urea formaldehyde + Bio-fertilizer= (RUBF). 
 

Table 7. Kinetic parameters and R2 of the Pseudo-second order, Power function and Parabolic diffusion equations 

describing the kinetic of phosphorus release.  
 

Treatments 
Pseudo-second order Power function Parabolic diffusion 

Qe-2 K'2 R2 А B R2 kp R2 

CK 5.37 - 0.2046 0.99 - 0.0213 6.00 0.43 - 0.0567 0.55 

UF 7.27 0.0588 0.99 0.1032 4.56 0.89 0.2724 0.87 

BF 6.08 0.5426 1.00 0.0161 5.68 0.85 0.0382 0.77 

RUF 7.70 0.0404 0.99 0.1128 4.63 0.93 0.3154 0.95 

RUBF 9.80 0.0132 0.98 0.1940 3.88 0.88 0.6187 0.94 
 

Control without fertilization= (CK), 50% Urea formaldehyde fertilizer= (UF), Bio-fertilizer= (BF), 50% Rabbit manure + 

50% Urea formaldehyde = (RUF) and 50% Rabbit manure + 50% Urea formaldehyde + Bio-fertilizer= (RUBF). 
 

3.4 Effect of fertilizer types on plant growth and 

nutrient uptake 

As shown in Table (8), it could be noticed that the 

application of RUBF mostly improved the values of 

dry weight and plant height over control in cases 

throughout the experimental period, which increased 

by 131.67 and 40.91% respectively on black cumin 

plants. The second rank was occupied by treatment 

RUF which recorded less weight than RUBF with 

significant differences which increased by 108.33 

and 26.45 to dry weight and plant height respectively 

over control. On the other hand, the utmost high 

values of the stem diameter were shown at treatments 

RUF and RUBF which increased by 42.31 and 11.54 

% compared to control. It is evident from data 

recorded in Fig (8), that all treatments significantly 

affected the nutrient uptake of black cumin plants. 

The highest uptake of nitrogen, phosphorus, and 

potassium were obtained at RUBF treatment which 

increased by 175.77, 98.08 and 158.91% respectively 

over the control. On the other hand, the lowest 

uptake of the aforementioned constituents was 

mostly gained by UF and BF treatments. 
 

3.5 Effect of applied fertilizers on photosynthesis 

Data in (Fig.9) showed the impact of rabbit manure 

alone or with urea formaldehyde with or without bio- 

fertilizer on chlorophyll a, b, and carotenoids ratio in 

black cumin plants. The addition of RUBF 

significantly enhanced the leaf chlorophyll content 

(p < 0.05) by 28.87, 39.08 and 45.02%, respectively, 

compared to the control. The impact of fertilizers on 

chlorophyll a, b, and carotenoids content could be 

arranged in descending order of RUBF > RUF > UF 

> BF > CK treatment.  
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Table 8. Effect of rabbit manure, chemical fertilizer, and or bio-fertilizer on some growth parameters of black cumin 

plants. 

Treatments Dry weight (g plant
-1

) Plant height (cm) Stem diameter 

CK 20.00b 80.67d 0.87b 

UF 25.00b 88.00cd 0.97b 

BF 36.33a 95.00bc 1.30a 

RUF 41.67a 102.00b 1.23a 

RUBF 46.33a 113.67a 0.97b 
Control without fertilization= (CK), 50% Urea formaldehyde fertilizer= (UF), Bio-fertilizer= (BF), 50% Rabbit manure + 

50% Urea formaldehyde = (RUF) and 50% Rabbit manure + 50% Urea formaldehyde + Bio-fertilizer= (RUBF). The same 

letter indicates insignificant difference according to Duncan’s test at p < 0.05. 
 

 

Fig. 8. Effect of rabbit manure, chemical fertilizer, and/or bio-fertilizer on nutrient uptake of black cumin 

plants. 
 

Control without fertilization= (CK), 50% Urea formaldehyde fertilizer= (UF), Bio-fertilizer= (BF), 50% Rabbit manure + 

50% Urea formaldehyde = (RUF) and 50% Rabbit manure + 50% Urea formaldehyde + Bio-fertilizer= (RUBF). The same 

letter indicates insignificant difference according to Duncan’s test at p < 0.05. 
 
 

 

Fig. 9. Effect of rabbit manure, chemical fertilizer, and/or bio-fertilizer on photosynthesis of black cumin 

plants. 

Control without fertilization= (CK), 50% Urea formaldehyde fertilizer= (UF), Bio-fertilizer= (BF), 50% Rabbit manure + 

50% Urea formaldehyde = (RUF) and 50% Rabbit manure + 50% Urea formaldehyde + Bio-fertilizer= (RUBF). The 

same letter indicates insignificant difference according to Duncan’s test at p < 0.05. 
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3.6 Effect of applied fertilizers on yield 

parameters 

Our results showed that yield parameters (dry weight 

capsule, number of capsules and seed weight) 

increased significantly with the soils amended by 

rabbit manure + urea formaldehyde + bio-fertilizer 

(RUBF) as compared to other treatments (Table 9). 

The highest values were of the dry weight capsules, 

number of capsules, and seed weight for RUBF 

treatment, which increased by 27.40, 101.67, and 

34.47% respectively, compared with control (CK) 

treatment. The dry weight capsules, number of 

capsules, and seed weight followed the descending 

order of RUF > RUF > BF > UF > CK treatments.  

Table 9. Effect of rabbit manure, chemical fertilizer, and/or bio-fertilizer on some yield parameters of black cumin 

plants. 

Treatments Dry weight capsule (g plant
-1

) Number of capsules Seed weight (g plant 
-1

) 

CK 17.40d 36.87d 10.67c 

UF 21.20cd 58.67c 14.27c 

BF 25.20bc 74.73b 21.27b 

RUF 29.33ab 78.00b 24.47ab 

RUBF 34.47a 101.67a 27.40a 

Control without fertilization= (CK), 50% Urea formaldehyde fertilizer= (UF), Bio-fertilizer= (BF), 50% Rabbit 

manure + 50% Urea formaldehyde = (RUF) and 50% Rabbit manure + 50% Urea formaldehyde + Bio-fertilizer= 

(RUBF). The same letter indicates insignificant difference according to Duncan’s test at p < 0.05. 
 

4. Discussion 

4.1 Soil properties 
Fertilizers addition considerably enhanced tested soil 

chemical properties, i.e. pH, EC, and SOM of the 

soil. Substantial decrease in soil pH was noticed as 

the time proceeded for all treatments. In this concern, 

the highest reductions were recorded for RUBF 

treatment. The decrease of soil pH was more 

pronounced with addition of RUBF treatment. The 

decrease in soil pH may be due to the increased 

microbial activity in release of organic acids and 

carbon dioxide, these organic acids (cysteine, humic 

acid, amino acid, and glycine) are formed during the 

mineralization of organic materials (ammonization 

and ammonification) by heterotrophs and 

nitrification (autotrophs) are responsible for the soil 

pH decrease, these results are agreement with those 

obtained by (Adekiya et al., 2019; Zhang et al., 

2023;). After two months of incubation, rabbit 

manure and urea formaldehyde, either with or 

without bio-fertilizer, were caused lower soil acidity 

in a way that differed than the control treatment (Al-

Sayed et al., 2024). Moreover, the soil pH was 

decreased by the application of rabbit manure due to 

the production of organic acids during the 

mineralization of organic manure (Youssef and 

Eissa, 2017). Adding rabbit manure and ureaform 

without or with bio-fertilizers to the soil induces 

increases in soil EC compared to CK control, these 

fertilizers high concentration of salt may be the cause 

of the soil's high EC values and the release of 

dissolved salts from it after addition to soil. The 

electrical conductivity increased owing to both 

organic and chemical fertilizer application 

(Yaganoglu and Aydin, 2024). El-Mogy et al., (2020) 

reported that rabbit manure fertilizer increased soil 

EC compared to chemical fertilization. Compost + 

bio-fertilizer increased electrical conductivity by 

10.9 % compared to the non-amended control during 

the incubation period (Al-Sayed et al., 2022). The 

data demonstrated that amount of organic matter 

increased as result applying different fertilizer 

compared to the unamended control.  

Organic fertilizer combined with chemical fertilizer 

can provide a timely replenishment of available 

nutrients, compared with only chemical fertilizer 

input. Consequently, combination of chemical 

fertilizer and organic fertilizer may provide sufficient 

nutrient substrates and energy for microorganisms, 

even with slow decomposition of organic fertilizer, 

resulting in the higher OM content (Li et al., 2022). 

This organic matter served as a substrate for 

microorganisms that may have played a vital role in 

breaking down complex compounds, organic manure 

may have introduced a diverse array of beneficial 

microorganisms to the soil and may have contributed 

to increased soil organic carbon (Elsherpiny et al. 

2023; Elbaalawy et al. 2023). These results 

corroborate the findings of Adekiya et. al., (2020) 

discovered that rabbit manure increased soil organic 

matter compared to organic manures other, this 

increase in organic matter of rabbit manure may be 

related to its high C/N ratio and lignin amount. 

Zhang et al., (2022) found that the organic matter 

(OM) was significantly increased by 13.30 to 

40.56%, with increasing amounts of organic manure. 

 

4.2 Nitrogen release and its kinetics  
Addition of organic, chemical and bio-fertilizers 

significantly affected available nitrogen. The results 

obtained herein showed that the highest value of 

available nitrogen concentration was observed in 

RUBF treated soil, which was 80.78 g kg
-1

 after 60 

days from incubation. It is anticipated that the 

breakdown of organic fertilizers will reduce soil 

acidity, promote soil microbial activity, improve 

plant nutrient availability, and accelerate the release 

of nitrogen from the acid-soluble pool. These results 

corroborate the findings of this could be the result of 
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(Yousef et al., 2023). Also, nitrogen availability may 

have increased as a result of increased bacterial 

nitrogen fixation and increased native soil nitrogen 

by the microorganisms in the bio-fertilizer (Almaroai 

and Eissa, 2020). Kalita et al (2023) found that the 

available nitrogen increased by 26.47% and 24.17% 

with application of pig manure and poultry 

respectively, over control. According to Sathish et al. 

(2011), applying organic manures and mineral 

nitrogen together raises the amount of nitrogen in the 

soil. 

The kinetics of nitrogen releases from different 

fertilizer types conform to the Pseudo-second order 

kinetics, while second-order kinetics shows the 

immobilization of nitrogen, because the constant (k2) 

has negative values, meaning that not a lot of 

nitrogen is released, which is consistent with Kong et 

al (2020) stated that the Pseudo-first-order kinetic 

models give better outcomes. Kalita et al (2023) 

found that the nitrogen release from different organic 

sources conform to the first-order kinetics. It is 

obvious that the nitrogen release was slower from BF 

treatment than UF, RUF and RUBF treatments, this 

may be due to a mineral nitrogen addition in form 

urea formaldehyde, allowing the majority of the 

nitrogen to be released straight from these 

treatments. Also, using ureaform in combination with 

bio and organic fertilizer increased the N availability 

compared to that of other treatments. Maybe du that 

the presence of organic fertilizer with bio-fertilizer 

activated the soil microorganisms causing an 

increase in the activity of soil enzymes and an 

improvement in the availability of essential nutrients 

(Abd Allah Azab et al., 2024; Kumar et al.2022; 

Martin et al., 2024). 

 

4.3 Phosphorus release and its kinetics 

The addition of chemical, organic and bio-fertilizers 

raised the amount of phosphorus available compared 

with the control. Among of these treatments, RUBF 

had the highest values of phosphorus. This increases 

could be because those soils receiving organic matter 

alone or in combination with mineral nitrogen 

improved the organic carbon, phosphorus content. 

Also, as a result of mineralization process of organic 

matter. Also, the respiration of heterophylic bacteria 

(Azotobacter and Azospirillum) produced carbon 

dioxide that solved in soil solution formed carbonic 

acid that help to release some nutrient from insoluble 

minerals. All organic sources (rabbit manure, poultry 

manure and green manure) and NPK fertilizer of soil 

amendment increased P significantly (p < 0.05) with 

respect to the control (Adekiya et. al., 2020). 

Application of both organic and chemical fertilizers 

led to a significant increase in the available 

phosphorus content in soil (Yaganoglu and Aydin, 

2024). Organic fertilizer may have contributed to 

improved soil structure and water retention helping 

to maintain a more favorable pH range for 

phosphorus availability (Farid et al., 2023; 

Elshaboury et al. 2024). The positive influence of 

rabbit manure on soil nutrient availability can be 

attributed to multiple mechanisms. rabbit manure 

likely had a higher nutrient content, providing an 

enriched source of (N, P, and K) to the soil which is 

inherently rich in essential nutrients. This can be 

attributed to organic composts harboring beneficial 

microorganisms contributing to nutrient cycling and 

mineralization (Biratu et al., 2018). 

In this experiment, the six models all rather well 

depict the variability in release phosphorus kinetics. 

The model appropriateness for the given data is 

determined by the determination factor (R
2
) value, 

which is based on the measures associated with each 

equation. Among various equations, the pseudo-

second order is the one that most accurately 

describes the release phosphorus. The equation of the 

pseudo-second order equation, has explained the 

release of phosphorus in the soil from all treatments, 

these fertilizers play a vital role in this process. As 

well the released amount from p depends on the time 

factor, it is directly proportional to time. The results 

revealed that the high values of (K2) of the pseudo-

second order for all treatments compared to the 

control treatment indicates that the amount released 

from P is high and may meet the plant's need at the 

stages where the plants need is high (Etesami 2020). 

According to Lyu et al. (2020), the equations of 

pseudo-second order could better describe the 

kinetics of the available phosphorus release process 

in each manure treatments, followed by power 

function equation, whereas the parabolic equation 

performed poorly in terms of fitting. Habeeb et al 

(2023) reported that the equations (first order and 

power function) unequivocally demonstrate that the 

concentration, quantity, and the temporal variables of 

phosphorus all affect how much phosphorus is 

released into the soil solution and how well it may be 

absorbed by the plant.  

 

4.4 Growth and parameters of black cumin 
In the present study, addition of chemical, organic, 

and bio-fertilizers increased growth parameters, 

nutrient uptake, photosynthesis and yield parameters 

of black cumin compared with the control. Among 

different amendment applied, 50% Rabbit manure + 

50% urea formaldehyde + bio-fertilizer (RUBF) had 

the highest values of these studied parameters. This 

improvement may be related to the significantly 

higher nitrogen accumulation and nitrogen use 

efficiency (Zhao et al., 2024). Along with being 

essential for the formation of proteins, amino acids, 

chlorophyll, and nucleic acids, nitrogen also controls 

a variety of chemical reactions that take place in 

plant cells and aids in the movement of electrons 

(Gupta et al., 2024; Martin et al., 2024).  

Numerous studies have demonstrated that organic 

additives enhance the growth of microorganisms, 

which in turn improve nutrient uptake by lengthening 

root growth, which increasing growth parameters and 
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causes soil nutrient sources to become more soluble. 

Additionally, microorganisms promote the 

manufacture of phytohormones in the rhizosphere, 

including auxins, various amino acids, antibiotics, 

hydrogen cyanide, and siderophores, all of which 

ultimately enhance development (Al-Sayed et al., 

2023). Azotobacter, and Azospirillum were used to 

inoculated black cumin plant and their height, 

number of branches, and capsules were increased 

significantly (Moradzadeh et al., 2021). Additionally, 

by combining bio-fertilizers with chemical and 

organic fertilizers, more nutrients can be provided, 

which increases seed weight, improves 

photosynthetic capacity through bacterial secretions 

and pH regulation, and effectively boosts output by 

producing more assimilates (Alami Milani et al., 

2015; Kour et al., 2019). When combined with 

minimal amounts of chemicals, bio-fertilizer 

improved growth more than when applied alone with 

chemical fertilizer, organic manure and bio-fertilizer 

(Zainuddin et al., 2022).  

It’s important to note that adding bio-fertilizers in the 

presence of rabbit manure increased the microbial 

biomass in the soil, which in turn increased their 

effectiveness in improving the growth of plants, root 

development and increases nutrient uptake by plants 

via the production of growth-promoting compounds 

like cytokinins, indole acetic acid, gibberellins 

(Saharan and Nehra, 2011; Elbagory, 2023; Mosaad 

et al., 2024 and Rashwan et al., 2024). These results 

are in harmony with those obtained by (Sarhan and 

Bashandy, 2021; Gupta,et al. 2024 ) who reported 

that the bio-fertilizer, revealed that, using 

Azotobacter and Azospirillum as a bio-fertilizer gave 

highest N, P, and K concentration than without bio-

fertilizer treatment. 

 

5. Conclusions 

Application of rabbit manure, urea formaldehyde and 

bio-fertilizer were most effective in improvement in 

soil as evidenced by changes in properties like pH, 

EC, availability nitrogen, phosphorus and organic 

matter content. The rabbit manure and urea 

formaldehyde considered a slow-release N and P 

sources, therefore the combination of these fertilizers 

contributed to an increased the N and P released. 

Relatively, compared to other treatments. 

Furthermore, an excellent idea for assessing the 

fitting of six kinetic equations is these fertilizers; The 

best equation to describe the release of nitrogen and 

phosphorus from soils was pseudo-second order, 

which produced a better correlation coefficient. Also, 

black cumin plant vegetative growth, yield and 

development were all favourably impacted by the 

addition of rabbit, urea formaldehyde, and bio-

fertilizer together, from between five treatments, the 

best treatment (RUBF) was that gives the greatest 

increase in growth metrics, NPK uptake, yield 

parameters and photosynthetic pigments (chlorophyll 

a and b) by black cumin plants. We may conclude 

that combining rabbit manure, urea formaldehyde, 

and bio-fertilizer improves plant growth, soil 

fertility, N and P release. 
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