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ABSTRACT 

A field experiment was conducted on the Arizona potato variety (Solanum tuberosum L.), 

during the spring season of 2025 in one of the research fields belonging to the College of 

Agricultural Engineering Sciences, University of Baghdad. The aim of this study is to 
determine the optimal fertilizer combination of Bulky  and non-Bulky  organic fertilizers for 

potato yield and growth indicators. The results showed that treatment   (NG2B2) gave  the 
highest indicators of high plant , number of shoot , chlorophyll , dry wight m in value (88.00 

cm , 7.11 plant-1    ,40.20 SPAD ,4.56 mg   h-1  ) respectively and treatment B2M2 give the 

highest value of tuber yield 59.9 mg   h-1, These results highlight the importance of integrating 
both Bulky  and non-Bulky  organic fertilizers with mineral fertilizers to achieve an optimal 

combination that supplies essential nutrients to the plants while maintaining soil health. 
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1. Introduction 
Bulky fertilizers refer to organic amendments characterized by low nutrient concentrations and high application volumes, such as 

farmyard manure and compost. Their primary role is to improve the physical, chemical, and biological properties of soil rather than to serve 

as direct sources of plant nutrition. Several studies have evaluated the use of these fertilizers either alone or in combination with mineral 

fertilizers, focusing on their effects on soil fertility, crop productivity, and the efficiency of handling and field application.( Chen,et al ,.2024) 

Non-bulky fertilizers are derived from natural organic materials capable of supplying readily available nutrients to plants. They can 

be in the form of powder, irregular granules, or liquid and are obtained from plant and animal residues, organic waste, and by-products from 

slaughterhouses and industrial processes, including blood, bones, horns, hooves, fish residues, molasses processing, food manufacturing, 

livestock and poultry manure, ash, and other organic materials. These organic fertilizers contain essential nutrients such as nitrogen, 

phosphorus, and potassium (Gaudutis et al., 2023) In 2024, Taki investigated a set of fertilizer combinations containing dried blood fertilizer, 

plant-based organic residues, rock phosphate, and animal bone. The results showed increases in most essential soil nutrients, including 

7.21% nitrogen, 2.71% phosphorus, 10.78% potassium, 1174 mg/kg iron, 4.53 mg/kg manganese, 29.43% organic carbon, 2.95% humic 

acid, and 3.55% fulvic acid. The study recommended the use of these combinations due to their effectiveness in supplying nutrients for 

organic farming systems. 

Potato (Solanum tuberosum L.)  belong to the family solanaceae and its crops have international  important  because it's a nutritive 

value and ability of acclimatation. potato one of the most vegetable widespread in the world and one of the major mills because it has roles  

in facing global challenge like Malnutrition , poverty, climate change . (Siamalube, et al., 2025) 

The low productivity microregulated to decrease in soil fertility and involved use for fertilizers, pests , disease quality and low 

yielding cultivars through all this factor effect on potato growth and yield the, agriculture lands productivity it is one of the important 

requirements of sustainable agriculture and these the basic things too  increase this value is organic fertilization we can define organic 

fertilization it is a neutral materials like plant residue, animal, food residue, industry waste, it's in a different state of decomposition this 

material  promote plant growth due to contain a difference in nutrients are added to soil to improvement the chemical and physical and 

biological properties .the research problem lies in lack of clarity and differences between type of fertilizers in effect on potato yield ,growth 

indicators, growing in calcareous soil as well as the research on non-bulky fertilizers is low this is promoted as to constitute comparative 

study of bulky and non-bulky fertilizer (Mugo,et al .2020 ) 

(Martirosyan , et al.,  2024) in his study about effects of use mineral fertilizers and organic fertilizers(poultry and sheep manure) on 
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potato yield results show that the addition of organic fertilizers give a significant difference for a plant heigh  also as soil healthy and 

productivity increase with use organic fertilizers in combination  with soil traits with manual fertilizers in which the organic matter has an effect 

on soil properties like water conductivity,  soil pH change, so combined  fertilization necessary to save soil healthy and productivity 

consequently it's increase economic return . 

Gelaye, (2023) Mentioned that farmers use a different quantity from nitrogen and organic fertilizers when they cultivate  potato and 

this will lead to improving growth parameters and protection like number and weight tuber  quality such as starch content was also affected 

by this addition .based on research reports worldwide 31 ton H-1 of organic fertilizers and 187.5 kg of nitrogenous fertilizers H-1 constitute 

the optimal combination for achieving the highest potato yield. a study was conducted to evaluate moisture content, proteins, fiber content 

,vitamin A , mineral content in potato with  use 130 kg H-1 for mineral fertilizers and 3ton kg H-1  from organic fertilizers it was found that 

organic fertilizers increase all these indicator and chemical fertilizers increase only carbohydrates content in tuber therefore we can conclude 

organic fertilizers application and increased from quantitative and qualitative traits of potato tuber(Kareem, et al.,2020) 

(Jaafar, 2025 )motioned   in his study about effect of different type of fertilizers on availability and redness of some nutrients NPK 

the results show that application organic and mineral fertilizers with agriculture sulfur and increase the availability of mineral nutrients this 

treatment achieved on construction of P 0.47% , 7% N 1.29% K1.56% in potato tuber. A previous study indicated that the use of Bulky  

fertilizers enhances added value and agricultural income in a sustainable and environmentally friendly manner, due to their slow solubility 

and reduced susceptibility to runoff in irrigated or wet soils. Furthermore, strengthening farmers’ institutions and their skills in managing these 

fertilizers supports green economy initiatives and promotes sustainability in rural areas(Hatta, et al .,2024) 

The main objective of this study was to evaluate the performance of a locally prepared organic fertilizer mixture of blood, bone, 

and date residues in comparison with chemical and conventional organic fertilizers. Specific objectives were to: Measure plant growth and 

potato  yield response. 

 

2. Materials and methods 
The field experiment was conducted at the Agricultural Research Station, College of Agriculture, University of Baghdad, during the 

2025 spring season. And the field the field was divided into plots 4m2 for every plot Our representative soil sample was taken from the field, 

and all analysis was connected to determined soil fertility Table 1show the result of it. Organic materials were collected locally, dried, and 

ground before mixing. Samples were analyzed for total N (Kjeldahl method), available P (Olsen method), and K (flame photometry). As 

shown in Table 2, potato tuber  (Arizona) was planted, and standard agronomic practices were followed. Growth parameters (plant height, 

yield ,dry weight , SPAD Chlorophyll content content)  

Table 1 : soil properties 

Property Value    Measurement unit 

1:1(pH) 7.50 --- 

1:1(EC)   1.90 dS m⁻¹ 

 (CEC) 9.6 cmol₍c₎ kg⁻¹ soil 

Organic matter  2.3  
gm kg -1 soil Organic Carbone  1.3 

Available nitrogen  91.0  
 
ppm  

Available phosphor  27.0 

Available potassium 272.0 

sand 516 gm kg -1 soil 

Salt  400 

clay 84 

Texture  Loamy -- 

 

Table 2 : properties of non-Bulky  fertilizer 

 
Property  

Fertilizers   

unit  Bone meal dry blood date residue 

pH 1:5 7.5 6.5 6.7 - 

1:5EC 1.5 7.5 3.6 1-dS m 

Organic carbon  35.0 48.7 33.1  

% Organic matter  60.3 84.0 57.1 

Total nitrogen  2.9 9.0 1.4  
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Total phosphor  4.7 0.80 0.82  
% Total Potasium  0.35 0.53 1.2 

Total iron  0.3 0.8 0.2 

Total manganese  60 70 90 1-mg kg 

C/N 12.1 5.4 23.6 - 

Water holding 
capacity  

165 385 290 % 

 

 Experimental factor 
 first factor : Non - Bulky  organic fertilizers 

* Competition one ( 500 kg ha -1  bone mail  +100 kg ha -1  dried blood +500 kg ha -1  date residue powder ) 

*Competition tow (100 kg ha -1  bone mail  +100 kg ha -1  dried blood +500 kg ha -1  date residue powder ) 

Second factor: Bulky  organic fertilizers  

*Control treatment  

*10 megagram h-1 sheep manure 

**10 megagram h-1 cow manure 

Third factor  : mineral fertilization 

*Control treatment  

*50% from fertilization commendation 

*75% from fertilization recommendation  

 

3. Results and Discussion 

1- Plant Hight : 
Table 3 :plant Hight (cm) 

Non-Bulky  
organic 

fertilizers 
NG 

Bulky  
organic 

fertilizers 
B 

Mineral fertilizers   M      
NG * B 

M0 M1 M2 

NG 1 

B0 58.67 61.67 65.00 61.78 

B1 68.33 71.67 74.33 71.44 

B2 70.33 73.00 77.00 73.44 

NG 2 

B0 62.33 64.67 68.00 65.00 

B1 72.33 77.67 82.67 77.56 

B2 83.33 87.00 93.67 88.00 

LSD 0.05 N.S LSD 1.976 

NG  * M 

Non-Bulky  organic fertilizers M0 M1 M2 
Mean of the non-Bulky  

treatment   

NG 1 65.78 68.78 72.11 68.89 

NG 2 72.67 76.44 81.44 76.85 

LSD N.S LSD 1.141 

 B * M 

Bulky  organic fertilizers M0 M1 M2 Mean of the Bulky  fertilizers  

B0 60.50 63.17 66.50 63.39 

B1 70.33 74.67 78.50 74.50 

B2 76.83 80.00 85.33 80.72 

LSD N.S LSD 1.397 

M 

Mineral fertilizers M0 M1 M2 
  

Mean of  Mineral fertilizers  69.22 72.61 76.78 
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LSD 1.397 

 

Table 3 indicates effect of additional Bulky  organic fertilizers, non -Bulky  organic fertilizers and mineral fertilizers  in potato plant 

height , results showed the presence of significant difference with addition the second combination from  non-Bulky  organic fertilizers NG2 

reaching 76.83cm compared with NG1 reaching 68.89 cm. As for the Bulky  organic fertilizer’s treatment B2 which represents second level 

reaching 80.72 cm of Bulky  organic fertilizers compared with B0 which represents control treatment reaching 63.39 cm , as for  mineral 

fertilizer treatment M2 significantly outperformed reaching 76.78 cm compared with control treatment (69.22 cm) .The result of the two- way 

interaction indicated between organic Bulky  and non-Bulky  fertilizers NG2B2 significantly outperformed  ( 88.00 cm )compared with N G1 

B0 (61.78 cm) for non-Bulky  organic mineral fertilizers on the Bulky  organic and mineral fertilizers the results show that they are not  

significantly. The third- way interaction indicated between Bulky  and non-Bulky  fertilizer with mineral fertilizers no significant between were 

among the treatments. 

2-Number of shoots 

Table 4 : Number of shoots( plant-1  ) 

 Non-Bulky  
organic 

fertilizers 
NG 

Bulky  organic 
fertilizers 

B 

Mineral fertilizers   M      

NG * B 

M0 M1 M2 

NG 1 

B0 4.000 4.333 5.000 4.444 

B1 4.333 5.000 5.333 4.889 

B2 4.667 5.000 5.667 5.111 

NG 2 

B0 3.667 3.667 4.333 3.889 

B1 5.333 6.000 6.667 6.000 

B2 6.333 7.333 7.667 7.111 

LSD 0.05 N.S LSD 0.647 

NG  * M 

Non-Bulky  organic fertilizers M0 M1 M2 Mean of the non-Bulky  
treatment   NG 1 4.333 4.778 5.333 4.815 

NG 2 5.111 5.667 6.222 5.667 

LSD N.S LSD 0.374 

 B * M 

Bulky  organic fertilizers M0 M1 M2 Mean of the Bulky  fertilizers  

B0 3.833 4.000 4.667 4.167 

B1 4.833 5.500 6.000 5.444 

B2 5.500 6.167 6.667 6.111 

LSD N.S LSD 0.458 

M 

Mineral fertilizers M0 M1 M2 

  Mean of Mineral fertilizers 4.722 5.222 5.778 

LSD 0.458 

 

Results shown in Table 4 are significantly outperformed when we used the second combination from non-Bulky  organic fertilizers 

in number of shoots NG2 give the height value r Reaching 5.667 shoot plant-1 compare with treatment control NG 1 reaching 4.815 shoot 

plant-1, As for the organic Bulky  fertilizers treatment B2 reaching 6.111 shoot plant-1  significantly performed compared with B0 4.167 shoot 

plant-1 . 

The results showed there is significantly when we use mineral fertilizers M2 significantly outperformed reaching 5.778 shoot plant-

1 compare with treatment control M0 reaching 4.7 22 shoot plant-1    , As for the two -way interaction  between Bulky  and non-Bulky  organic 

fertilizers treatment NG2B2 significantly outperformed reaching 7.111 shoot plant-1 compare with NG1B0 give us the low value 4.444 shoot 

plant-1   

As for the tow- way and interaction indicated between organic non-Bulky  organic fertilizers and mineral fertilizers, results show 

there is no significant between these treatments in number of shoots for each plant, on the 3rd- way introduction indicated between Bulky  , 

non-Bulky   and mineral the effect was not significant. 
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3-Chlorophyll content 
Table 5: Chlorophyll content SPAD 

 Non-Bulky  
organic 

fertilizers 

Bulky  
organic 

fertilizers 
Mineral fertilizers   M      

NG * B 

NG B M0 M1 M2 

NG 1 

B0 27.00 28.50 30.10 28.50 

B1 31.00 32.80 34.10 32.60 

B2 34.10 35.80 38.60 36.20 

NG 2 

B0 30.30 30.70 32.90 31.30 

B1 36.80 37.40 40.40 38.20 

B2 38.30 39.80 42.40 40.20 

LSD 0.05 N.S LSD 0.96 

NG  * M 

Non-Bulky  organic fertilizers M0 M1 M2 Mean of the non-Bulky  
treatment   NG 1 30.70 32.40 34.30 32.40 

NG 2 35.10 36.00 38.60 36.60 

LSD N.S LSD 0.56 

 B * M 

Bulky  organic fertilizers M0 M1 M2 Mean of the Bulky  fertilizers  

B0 28.70 29.60 31.50 29.90 

B1 33.90 35.10 37.20 35.40 

B2 36.20 37.80 40.50 38.20 

LSD N.S LSD 0.68 

M 

Mineral fertilizers M0 M1 M2 

  Mean of  Mineral fertilizers  32.90 34.20 36.40 

LSD 0.68 

 

Result in Table 5 showed there is significant effect for study factors in Chlorophyll content content value in the plant, the treatment 

NG 2 When we   used 2nd combination of non -Bulky  organic fertilizers - it gives the high value reaching 36.60 SPAD . and  when we use 

second Combination of Bulky  fertilizers there is significant effect in Chlorophyll content value in plant  B2  give the high value reaching 38.20 

SPAD compared with control treatment B0 reaching 29.90 SPAD . As for the mineral fertilizer’s treatment, M2 outperformed significantly 

compared with M0 reaching 36.40, 32.90 SPAD Respectively  

As for the two- way interaction between Bulky  and non-Bulky  organic fertilizers NG2B2 have the highest value reaching 40.20 

SPAD compared with NG 1B0 reaching to 28.50 SPAD.  

As well as the results show there is no  significance effect in  two interactions between non-Bulky  organic fertilizers with mineral 

fertilizers and  no significant effect with third interaction between Bulky  and non - Bulky  fertilizers with mineral fertilizers in  Chlorophyll 

content between treatments. 

Analysis of the three Tables indicated that the two-way and three-way interactions among the studied factors had significant effects 

on plant height, number of shoots, and Chlorophyll content. This was attributed to differences in plant responses to the interaction between 

fertilizer type and rate, accompanied by improved nutrient availability and enhanced uptake efficiency the application of bone meal at different 

rates resulted in a noticeable increase in soil pH, organic matter content, and improved availability of phosphorus and calcium, which 

positively reflected on potato growth parameters. Furthermore, the addition of organic matter through Bulky  and non-Bulky  organic fertilizers 

in combination with mineral fertilizers improved soil chemical properties and contributed to enhanced plant growth, These findings are 

consistent with previous studies reporting that bone meal application increases soil pH, organic matter content, and enhances phosphorus 

and calcium availability, thereby promoting plant growth (Amin et al.,2025 ; Rafiif et al., 2024 ; Zaidan, 2024) 
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4- Dry weight  
Table 6 : dry weight mg   h-1 

 Non-Bulky  
organic 

fertilizers 
NG 

Bulky  
organic 

fertilizers 
B 

Mineral fertilizers   M      
NG * B 

M0 M1 M2 

NG 1 

B0 3.23 3.30 3.46 3.33 

B1 3.59 3.76 3.88 3.74 

B2 3.78 3.93 4.17 3.96 

NG 2 

B0 3.41 3.51 3.60 3.51 

B1 4.02 4.23 4.33 4.19 

B2 4.41 4.48 4.56 4.48 

LSD 0.05 0.086 LSD 0.05 

NG  * M 

Non-Bulky  organic fertilizers M0 M1 M2 Mean of the non-Bulky  
treatment   NG 1 3.53 3.66 3.83 3.68 

NG 2 3.95 4.08 4.16 4.06 

LSD 0.05 LSD 0.029 

 B * M 

Bulky  organic fertilizers M0 M1 M2 Mean of the Bulky  fertilizers  

B0 3.32 3.41 3.53 3.42 

B1 3.80 3.99 4.10 3.97 

B2 4.09 4.21 4.36 4.22 

LSD N.S LSD 0.035 

M 

Mineral fertilizers M0 M1 M2 

  Mean of  Mineral fertilizers  3.74 3.87 4.00 

LSD 0.035 

 

Table 6 indicates the effect of factors  study in dry weight results show there is significant effect when we add the first combination 

from  non - Bulky  organic fertilizers NG 2 amounting to 4.06 mg   h-1 

As for the Bulky  organic fertilizer’s retreatment  B2 was the height value 4.22 mg   h-1 compared with control treatment amounting 

to 3.42 mg   h-1 then treatment M2 gives the height value amounting to 4.00 mg   h-1 when we use  the height level of fertilizer compared 

with control treatment 3.47 mg   h-1  

two -way interaction between Bulky  and non-Bulky  organic fertilizers in value of dry weight for potato plant treatment NG2B2 

gives the high volume amounting to 4.4 8 mg   h-1  ,as for the two- way interaction between Bulky  organic and mineral fertilizers treatment 

NG2M2 give the high value 4.16 mg   h-1 this is attributed to  the application of varying levels of organic and mineral fertilizers significantly 

influences the availability of nitrogen, phosphorus, and potassium in the soil, thereby enhancing soil fertility. A clear relationship exists 

between the availability of these nutrients in the soil and their concentration in plant tissues, which provides valuable insight into how 

combined fertilization strategies can improve crop productivity and nutritional quality, that’s agree with (Jaafar. and Abdul Rasool, 2025),The 

interaction between Bulky  organic and mineral  fertilizers the effect was not significant in dry weight value but the three-way interaction 

between study factors the results show in NG2B2M2 give the high value amounting to 4.56 mg   h-1   compared with control treatment 

NG1B0M0 amounting to 3.23 mg   h-1   this is attributed to  "The complementary role of organic and mineral sources in improving soil 

structure, increasing organic matter content and the availability of nutrients, and stimulating microbial activity has been shown to enhance 

nutrient uptake efficiency, thereby promoting better plant growth and higher crop yield , This is consistent with the findings of (Linda et al., 

2025) 
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5-Tuber yield mg   h-1 
Table 7: Tuber yield mg   h-1 

Non-Bulky  
organic 

fertilizers 
NG 

Bulky  organic 
fertilizers 

B 

Mineral fertilizers   M      

NG * B 
M0 M1 M2 

NG 1 

B0 25.1 34.4 36.2 31.9 

B1 35.4 42.6 50.4 42.8 

B2 39.5 48.3 54.3 47.3 

NG 2 

B0 35.2 39.5 48.9 41.2 

B1 37.7 47.6 61.1 48.8 

B2 45.8 56.6 65.6 56.0 

LSD 0.05 N.S LSD 1.9 

NG  * M 

Non-Bulky  organic fertilizers M0 M1 M2 Mean of the non-Bulky  
treatment   NG 1 33.3 41.8 47.0 40.7 

NG 2 39.5 47.9 58.5 48.6 

LSD 1.9 LSD 1.1 

 B * M 

Bulky  organic fertilizers M0 M1 M2 Mean of the Bulky  fertilizers  

B0 30.1 37.0 42.6 36.5 

B1 36.5 45.1 55.8 45.8 

B2 42.6 52.4 59.9 51.7 

LSD 2.3 LSD 1.4 

M 

Mineral fertilizers M0 M1 M2 

  mean of Mineral fertilizers  36.4 44.8 52.7 

LSD 1.4 

 

 

Table 7 showed that effect of factors study in tuber yield that effect of non-Bulky  organic fertilizers was significant in yield the 

second level NG2 give the height yield  amounting to 48.6 mg   h-1  and  the effect of Bulky  organic fertilizers was significant too with  

treatment B2 give the high volume amounting to 51.7 mg   h-1  As for the mineral  fertilizers quantity significant effect in tuber yield  M2 give 

the Hight  value of tuber yield amounting to 52.7 mg   h-1  Table 6 evolve revolve revolt revealed the two- way interaction between non Bulky   

and Bulky  fertilizers was significant treatment Ng 2B2 give the high volume amounting to 56.0 mg   h-1    Theis attributed to the presence of 

Bulky  fertilizers, as they are characterized by slow solubility and resistance to leaching Consequently, nutrients remain available for a longer 

period to the plant, leading to higher yield, which is consistent with previous studies reporting improved crop performance under Bulky  

fertilization(Hatta et al.,2024) .the two- way interaction between not the Bulky  and mineral fertilizers was significant right As for the treatment 

NG2M2 give the high yield from tuber amounting to 58.5 mg   h-1  on the interaction between Bulky  and mineral fertilizers was significant 

treatment B2M2 give the high tuber amounting to 59.9 mg   h-1  this is attributed to  combination of Bulky  organic with mineral fertilizers 

improved soil environment  and  increased  the activity of biomass Can you watch it uptake on achieving nutritional  balance therapy 

enhancing  potato yield and that agree with (Blecharczyk et al., 2023) the third way instruction has no significant effect in tuber yield 

 

4. Conclusion 
The combined application of Bulky  organic and mineral fertilizers produced the highest growth indices and yield in potato plants, 

reflecting the complementary benefits of these nutrient sources. Bulky  organic fertilizers provide a gradual release of nutrients, ensuring 

their availability throughout critical growth stages, while mineral fertilizers supply readily available nutrients that enhance nutrient uptake 

efficiency and promote plant development. In parallel, non-Bulky  organic fertilizers derived from blood and bone residues and date by-

products stimulated the activity of beneficial soil microorganisms, improving soil fertility through organic matter decomposition, humus 

formation, and sustained nutrient supply. These inputs not only supported plant growth and physiological regulation but also contributed to 
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overall crop health in a natural and sustainable manner. Furthermore, the use of non-Bulky  organic fertilizers helps mitigate environmental 

impacts and offers a practical strategy for managing surplus livestock waste, thereby promoting agricultural sustainability and environmentally 

sound recycling practices. Collectively, these findings highlight that integrating organic and mineral fertilization with consideration for soil 

microbial activity and sustainability maximizes potato productivity while maintaining soil health and environmental balance. 
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