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Abstract 

The experiment was conducted during the winter season of 2023-2024 at the College of Medicinal and Industrial Plants, 
University of Kirkuk, to study the role of poultry manure and two types of soil  calcareous and gypsum  on wheat plant 
growth the experiment was conducted in pots using a completely randomized design (CRD) the experiment included 
36 experimental units resulting from matching six levels of fertilization and two types of soil (calcareous and gypsum) 
with three replicates on wheat plants, the fertilization treatments of 400 g/pot showed an increase in all studied 
characteristics, as it gave in calcareous soils 91.3 cm plant length, 15.9 g plant-1 dry weight and 5.9, 4.6, and 5.3% 
concentration of each of K, P, and N in the plant and 2.4 and 2.8 mg g-1 concentration of each of the elements Zn, Cu in 
the results showed that in gypsum soils, plant length was 82.6 cm, dry weight was 14.1 g. plant-1 and 5.1, 4.1 and 5.0% 
concentration of each of K, P, N in the plant and 1.7 and 1.9 mg. g-1 concentration of each of Zn, Cu in the plant compared 
with the control sample, which gave the lowest values in gypsum soils and reached 62.4 cm plant length, dry weight was 
10.2 g. plant-1 and 1.1, 0.9 and 1.9% the concentrations of K, P, and N in the plant were 1.7 and 1.9 mg g-1, and the 
concentrations of Zn and Cu in the plant were 1.7 and 1.9 mg g-1.  The addition of poultry manure at 400 g/anvil was the 
best treatment, as it increased all growth characteristics and nutrient concentrations. Calcareous soils were superior to 
gypsum soils in all traits.  
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Zn); Nutrient concentration; Plant growth 

1. Introduction

Wheat (Triticum aestivum L.) is considered one of the most important food crops worldwide, serving as the staple diet 
for over one-third of the global population and playing a critical role in achieving global food security. It is a primary 
source of carbohydrates and also provides substantial amounts of protein, fats, and essential minerals such as iron and 
zinc, making it vital for human growth and proper nutrition [1]. In addition to its nutritional value, wheat exhibits high 
adaptability to a wide range of ago-ecological conditions from cold to hot and arid regions making it the most widely 
cultivated crop in terms of global acreage [2]. Wheat ranks first among cereal grains in terms of global consumption, 
ahead of rice and maize, and it is extensively used in the production of bread, pasta, and various food products, which 
underscores its economic and strategic importance for many nations [3], organic fertilizers are used in agriculture, 
which are considered the most important source for improving the nutritional level of the soil it contributes to 
increasing the availability of nutrients, especially nitrogen, and is used for most crops. Poultry manure is one of the most 
important of these organic fertilizers, as it contains the highest percentage of nutrients. It also works to improve the 
composition and aeration of the soil and increase the soil’s ability to hold water and nutrients the importance of organic 
fertilizers is not only estimated by their high content   of nutrients but through its high content of organic acids that 
work to reduce the degree of soil reaction and the dissolution of some insoluble compounds and [4] that the addition of 
poultry manure led to improving soil productivity by increasing its content of microorganisms and carbon organic 
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fertilizers also improve soil structure and availability of nutrients in the soil, and N is a major component of poultry 
manure [5]. Soil is one of the most important natural resources and the first pillar of agriculture. In Iraq gypsum soils 
are widespread, as they constitute about 20% of the area of Iraq and extend from the north of Iraq to its south. these 
soils are characterized by it has low fertility characteristics due to the dissolution of gypsum in the soil solution, which 
leads to nutritional imbalance in these soils due to the saturation of the soil solution with calcium and sulfate ions[6], 
which in turn affects the availability of nutrients necessary for plant growth [7]as for mixed soils, they are among the 
most suitable soils for agriculture due to the availability of most of the nutrients The study aims to investigate the effect 
of adding poultry manure to two types of soil on increasing the availability of certain nutrients, as well as the impact of 
these additives on wheat plant growth . Objectives of the study.        

• To study the effect of poultry manure on the concentrations of Cu and Zn in wheat plants grown in two soil 
types.                                                  

• To determine the effect of soil type on the growth characteristics of wheat plants. 

2. Materials and Methods 

The experiment was carried out during the winter season 2023-2024 in the College of Medicinal and Industrial Plants 
/ University of Kirkuk. 5 kg was added / pot and planted on 11/4/2023 in pots at a rate of 6 plants / pot of the type 
Abaa (95). The first factor was two types of gypsum and calcareous soil, and the second factor was six levels of 
fertilization with poultry waste (0, 100, 200, 300, 400, 800) g / pot. The treatments were distributed randomly 
according to the complete random design (CRD) with three replicates to become (36) Experimental unit. The soil was 
air dried, ground, sieved with a sieve with a diameter of 2 mm, and mixed well to homogenize it. A sample was taken 
from each soil and the physical and chemical analyses were conducted in Table No (1) the soil was incubated after 
adding the waste for ten days and the pH was measured after incubation Table (2). Some properties of poultry waste 
were measured (Table (3) light three plants were planted per pot. Manual weed control was carried out. Field 
measurements were taken 12 weeks after planting, and the following traits were studied: plant height (cm), dry weight, 
and elemental concentrations of Cu and Zn in the plant. Statistical analysis was carried out using the least significant 
difference (LSD) test at a 5% probability level [8]. 

Table 1 Some chemical and physical characteristics of the study soils 

            Soil  

type 

Soil components Texture type EC Ph 

clay % silt% sand % 

calcareous 27.9 51.8 20.3 Loam sandy 0.4 7.9 

gypsum 11.1 43.3 45.6 Loam clay 2.2 7.3 

 

Table 2 Shows the pH values after incubation 

                                                       Amount of waste g/pot 

Soil type  

T1 

0  

T2 

100 

 T3 

200 

T4 

300 

 T5 

400   

T6 

800 

Calcareous soil 8.1   8.4   8.3 8.2  8.4   8.5   

Gypsum soil 7.8 8.3 8.5 8.4 8.6 8.7 

 

Table 3 Shows some properties of poultry waste 

Ph Eco N% Total P% Total K% Total C/N 

7.1 10.42 4.12 1.48 3.24 8.17 
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3. Results and Discussion 

3.1. Analysis of Variance 

It is noted from Table (4) of the analysis of variance that the treatments differed significantly from each other. The 
results showed highly significant differences between treatment (A) and soil type in the traits Zn, Cu, K, P, N, Dry Weight, 
and Plant Height, and significant differences at a 5% probability level in the trait N. This is due to the effect of soil type 
on the traits. 

While all traits showed highly significant differences at a 1% probability level between treatments (B) and the level of 
waste addition, regarding the (A*B) overlap, traits K, N, and Zn showed highly significant differences among themselves 
at a 1% probability level, while the remaining traits (Cu, P, Dry Weight, and Plant Height) did not reach the statistical 
significance level.  

Table 4 Analysis of variance for treatments 

Zn Cu K P N Dry weight Plant Height S. o. V. 

0.08 0.11 0.05 0.01 0.17 0.59 8.33 R 

0.84** 0.93** 2.89** 1.52** 0.93* 15.73** 434.03** A 

0.46** 0.38** 6.64** 9.98** 13.05** 17.67** 505.09** B 

0.03n.s 0.02N.S 0.36n.s 0.13n.s 0.60n.s 0.58ns 19.52ns A*B 

0.02 0.03 0.05 0.07 0.15 1.48 10.08 Error 

** = Significant at the 1% probability level * Significant at the 5% probability level. N.S. = Not significant Texture soil = A Spray parameter = B  

3.2. Plant Height 

Table (5) shows the plant height value the table shows significant effect that soil type and poultry manure have a on 
plant height the treatment containing 400 grams of poultry manure gave the highest plant height, reaching 91.3 cm, 
compared to the rest of the treatments. the lowest height was for the comparison treatment, reaching 63.2 cm in 
calcareous soils. As for the soils gypsum treatment with 400 grams of poultry waste gave the highest height, reaching 
82.6 cm, and the lowest height for the comparison treatment, reaching 62.4 cm. This increase came as a result of adding 
poultry waste, which increased the plant’s supply of nutrients, especially nitrogen, and improved the physical properties 
of the soil [9], which led to better growth conditions and thus increased the plant’s height. thus, the characteristic Plant 
height was affected by soil type as calcareous soil outperformed gypsum soil due to its calcium and sulfate content, 
which restricts nutrients and makes them unavailable to the plant [10]. As for the best soil addition, calcareous soil 
outperformed the soil with the addition of 800 grams of poultry manure giving the highest plant height [11] the 
interaction between the two factors was not significant at the plant length. 

Table 5 Arithmetic averages of spray treatments, soil texture, and their interaction for wheat plants in terms of plant 
height (cm) 

                                               Soil type 

Compost Levels g/pot 

Calcareous 
soil 

Gypsum soil Fertilization coefficient averages 

0 63.2 62.4 62.8 

100 75.6 64.2 69.9 

200 79.9 72.7 76.3 

300 81.7 76.3 79.0 

400 91.3 82.6 86.95 

800 89.2 81.1 85.15 

Soil averages 80.15 73.21 
 

LSD 5% LSD(A)=2.20 LSD(B)=3.8 LSD(A*B)=ns 
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3.3. Dry weight  

Table (6) shows the significant effect of adding poultry manure to the soil. The treatment with 400 g of poultry waste 
gave an increase in dry weight of 15.9 g. plant-1 and 14.1 g. plant-1 compared to the control treatment, which gave the 
lowest dry weight, which amounted to 11.3 g. plant-1, 10.2 g. plant-1 in calcareous and gypsum soils, respectively [12]. 
Adding poultry manure to the soil improved the chemical and physical properties of the soil by providing nutrients [13] 
and increased the soil’s ability to prepare water and increased aeration, which encouraged vegetative growth [14]. 
While calcareous soil outperformed gypsum soil in increasing dry weight, the best addition was with the soil, the 
treatment was 800 grams of poultry waste, while the lowest dry weight was achieved by the gypsum soil with the 
control sample, the interaction between the two factors was not significant at the dry weight.                

Table 6 Arithmetic averages of spray treatments, soil types, and their interaction for wheat plants in terms of dry weight 
(g/plant-1) 

                                             Soil type 

Compost Levels gm/pot 

Calcareous soil Gypsum soil Fertilization coefficient averages 

0 11.3    10.2 10.75    

100 12.1    11.0 11.55     

200  12.8  11.8 12.3      

300  13.5  12.4 12.8     

400  15.9  14.1 15.0   

800  14.8  13.9 14.35   

Soil averages 13.4    12.23     

LSD 5% LSD(A)=0.84  LSD(B)=1.64 LSD(A*B)=ns 

3.4. Concentration of plant nutrients (N, P, K) 

Table (7) shows the effect of adding poultry manure to the soil it was found that there is a significant effect on the 
concentration of elements N,P,K the 400 g  treatment of poultry manure was superior as it resulted in an increase in the 
concentration of the elements K, P, and N in the plant compared to the control treatment, which resulted in the lowest 
concentration of these elements in the plant increasing the amount of poultry manure led to an increase in the 
availability of nutrients and growth regulators in the soil[15], which encouraged the plant to absorb a larger amount of 
the nutrients, which led to an increase in the accumulation of nutrients in the plant, while the calcareous soil 
outperformed the gypsum soil in the concentration of nutrients, and the best addition was with the calcareous soil 400 
g  of poultry manure, as it gave the highest amount and reached 5.9, 4.6, 5.1% of the elements N.P, K, respectively while 
the lowest amount of elements was achieved by the gypsum soil with the comparison treatment and reached 1.1, 0.9,1.9 
% for the elements N, P, and K. the resulting increase may be attributed to the efficiency of the calcareous soil in 
providing nutrients to the plant [16] however the interaction was not significant between the two factors: soil type and 
poultry manure levels.         
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Table 7 Arithmetic averages of spray treatments and soil types and their interaction in wheat plants in the 
concentration of major nutrients N, P, and K% 

                              Soil type  

 

Compost Levels gm/pot 

Calcareous soil  %  Gypsum soil   %  

N P K N P K 

0 1.5 1.2 2.3 1.1 0.9 1.9 

100 2.0 1.9 3.9 1.8 1.4 2.4 

200 3.4 2.4 4.1 2.4 2.0 3.6 

300 4.7 3.3 4.6 4.7 2.8 4.1 

400 5.9 4.6 5.3 5.1 4.1 5.0 

800 4.7 4.0 4.6 4.8 3.7 4.1 

LSD 5%N LSD(A)=0.26 LSD(B)=0.46 

LSD 5% P LSD(A)=0.17 LSD(B)=0.31 

LSD 5% K LSD(A)=0.16 LSD(B)=0.27 

3.5. Concentration of Cu and Zn elements in wheat plants 

Table (8) shows the effect significant of adding poultry manure to two types of soil  the treatment of 400 g   of poultry 
manure to calcareous soil was superior, as it gave the highest concentration of Zn and Cu elements,[17] compared to 
the comparison treatment with gypsum soil, which gave the lowest concentration of Zn and Cu elements the addition of 
poultry manure improved the chemical properties of the soil, which led to an increase in the concentration of the 
elements Zn, Cu, while the calcareous soil with the addition of 400 g  of poultry manure was superior, as it gave the 
highest concentration of 2.4, 2.8 mg. g-1 for Zn, Cu, respectively, compared to the control sample , which gave 1.9, 2.2 
mg. g-1 for Zn, Cu, respectively, while in the gypsum soil with the addition of 400 g of poultry manure it gave 1.9, 2.2 mg. 
g-1. for Zn, Cu respectively, and the lowest concentration was achieved by the gypsum soil with the comparison 
treatment, as it reached 1.7, 1.9 mg. gm-1 for Zn, Cu respectively. The reason for the superiority of the calcareous soil 
treatment over the gypsum soil treatment may be attributed to the increased availability of nutrients in the calcareous 
soil due to the low presence of calcium and sulfate ions that combine with the ions of the elements It leads to the 
precipitation of elements and transforms them into more stable compounds [18]. The reason for the superiority of the 
400-gm treatment in calcareous soils over the other treatments may be due to the positive effect of the interaction 
between the two factors: the calcareous soil factor and the increase in the addition of poultry waste, which was reflected 
in an increase in the concentration of Zn and Cu. [19]. The interaction between the two factors was not significant, 
including adding poultry manure and types of soil. 

 Table 8 Arithmetic averages of spray treatments, soil types, and their interaction together for wheat crops in the 
concentration of Cu and Zn elements (mg. g-1) 

                               Soil type 

 

Compost Levels gm./pot 

calcareous soil (mg. g-1) Gypsum soil  (mg. g-1) 

Cu Zn Cu Zn 

0 1.9 2.2 1.7 1.9 

100 1.6 1.8 1.4 1.6 

200 1.7 2.0 1.3 1.8 

300 2.0 2.4 1.8 2.1 

400 2.4 2.8 1.9 2.2 

800 2.1 2.2 1.7 2.0 

LSD 5%Cu LSD(A)=0.11  LSD(B)=0.19  

LSD 5%Zn LSD(A)=0.11  LSD(B)=0.19  
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4.  Conclusion 

• Calcareous soil outperformed other soils in all studied characteristics        
• The 400 g   poultry manure treatment outperformed all studied treatments  
• The combined treatment of calcareous soil and 400 g of poultry manure was superior in all studied 

characteristic 

Suggestions 

• We recommend studying other trace elements.  
• Use other soil types with additives at different time intervals.  
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