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Abstract 

This study aimed to determine the effects of individual and combined applications of different organic fertilizers on 

marketable tuber yield and tuber size distribution of potato grown under high-altitude ecological conditions over two growing 

seasons (2020-2021). In the experiment, cattle (C), sheep (S), vermicompost (V), and poultry (P) manures were applied either 

individually or in specific combinations. The results indicated that fertilizer treatments significantly affected total yield, 

marketable yield, and tuber size distribution in both years. Generally, combined applications outperformed individual 

applications. Specifically, the highest marketable tuber yield (22.0 t ha⁻¹) and marketable tuber proportion (87.9%) were 

obtained from the T16 treatment. While the highest large tuber yields were recorded in T13 (14.3 t ha⁻¹) and T16 (13.5 t ha⁻¹) 

treatments, the maximum medium and small tuber yields were found in T11 (9.6 t ha⁻¹) and T4 (3.7 t ha⁻¹) treatments, 

respectively. Increasing the number of organic fertilizers applied in combination enhanced the proportion of marketable and 

large tubers while reducing the proportion of small and cull tubers. The application of cattle, sheep, vermicompost, and poultry 

manures at 25% each of their recommended doses (T16 - C×S×V×P) provided the highest marketable tuber yield and the 

most balanced size distribution among all treatments. In this treatment, the proportion of marketable tubers reached 87.9%, 

whereas the cull tuber ratio decreased to 3.6%. The combined use of diverse organic fertilizers enhanced nutrient availability 

and tuber bulking, providing a sustainable strategy to improve both productivity and market quality in high-altitude potato 

production. These findings suggest that in high-altitude ecological conditions, the complementary use of diverse organic 

fertilizers with different characteristics instead of a single fertilizer source is a sustainable and effective method for both yield 

and market quality. 
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1. Introduction 

Potato is a strategic product in global agricultural 

systems due to their high yield potential and versatile 

uses, as well as being a primary source of carbohydrates 

for a significant portion of the world's population. 

Tubers have a rich nutritional profile, with high energy 

content, approximately 2.1% protein, starch constituting 

75-80% of dry weight,  carbohydrates, vitamins C and 

B, and various mineral elements (Devaux et al., 2014; 

Ingallina et al., 2020). Owing to these attributes, 

potatoes have been reported as the fifth most produced 

agricultural product in the world after sugar cane, maize, 

rice, and wheat (FAO, 2022). 

In recent years, increasing population and food demand 

have placed potato production at the centre of food 

security, particularly in developing countries (Vilvert et 

al., 2022). However, the long-term and intensive use of 

chemical fertilizers to achieve high yields has caused 

serious environmental problems such as soil structure 

degradation,  reduced organic matter content, and 

weakened soil biological activity (Hargreaves et al., 

2008; Seaman, 2011). These negative impacts have 
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necessitated sustainable agriculture approaches and 

alternative nutrient management strategies. In this 

context, the use of organic fertilizers stands out as an 

important option in terms of both environmental 

sustainability and product quality. Numerous studies 

have reported that organic fertilizers improve soil 

structure, increasing its aeration and water retention 

capacity, promoting microbial activity, and contributing 

to a more balanced supply of plant nutrients (Leytem & 

Westermann, 2005; Perez et al., 2007; Ahmad et al., 

2023). Consequently, the impact of organic fertilization 

on the yield and quality of potato has become a focal 

point of intensive research in recent years. 

Among animal-based organic amendments, 

vermicompost (worm castings) is distinguished by its 

high biological activity and its capacity to enhance the 

bioavailability of essential plant nutrients. Research 

indicates that vermicompost applications promote 

vegetative growth, increase total tuber yield, and 

improve the percentage of marketable tuber in potato, 

while also positively influencing tuber size and size 

distribution (Yourtchi et al., 2013; Kmeťová et al., 

2013). Similarly, El-Sayed et al. (2014) demonstrated 

that organic fertilizer applications lead to significant 

increases in both total and marketable tuber yields. 

Poultry manure has likewise been extensively 

investigated in potato cultivation, primarily due to its 

substantial nitrogen and phosphorus concentrations. 

Zandian et al. (2015) reported that poultry manure 

applications enhanced both the number and weight of 

tubers within the 25-35 mm diameter range, thereby 

improving marketable tuber yield. Furthermore, 

Hussain et al. (2024) documented those various 

organic fertilizers increased tuber diameter, an effect 

directly correlated with the nutrient profile of the 

amendments. Investigations involving leonardite and 

other organic materials have similarly reported 

substantial gains in marketable tuber yield (Şanlı et al., 

2013). Blecharczyk et al. (2023) demonstrated that in 

cold environments, low temperatures decelerate 

nutrient release from organic fertilizers, which fails to 

satisfy the requirements of potato production and 

paradoxically results in yield losses. Walia et al. 

(2023) reported that potato yield under organic 

fertilizer application increased by approximately 

19.79% compared to the sole chemical fertilizer 

treatment, and within a certain range, the yield 

increased progressively with the application rate of 

organic fertilizer. Despite potato can grow in any soil, 

the crop will perform better if the soil is rich with 

organic matter (Edwards & Arancon, 2022). 

Despite the extensive research conducted on the 

utilization of organic fertilizers in potato production, 

there is a paucity of studies that comparatively assess 

the effects of diverse animal-based organic fertilizers on 

tuber size distribution and commercial quality. 

However, tuber size distribution is a quality criterion as 

decisive as total yield in terms of potato marketability 

and economic value. The objective of this study is to 

ascertain the impact of utilizing diverse animal-derived 

organic materials, including worm, chicken, cattle, and 

sheep manure, as fertilizers in potato cultivation, on the 

distribution of tuber size and commercial quality.  The 

study is to contribute to the existing literature on this 

subject by determining the effects of different types of 

organic fertilizer and the manner of its application on 

the marketable tuber ratio of potato. 

2. Material and Method 

This research was conducted during the summer 

growing seasons of 2020 and 2021 at the experimental 

field of the Plant Production Application and Research 

Center, Atatürk University, Erzurum, Türkiye, to 

evaluate the effects of various organic fertilizer types 

and application methods on potato tuber size and tuber 

size distribution. The experimental site, a high-altitude 

region situated at an elevation of 1853 m above sea 

level, is characterized by a continental climate. The 

region experiences significant diurnal temperature 

fluctuations, with cold and snowy winters and a notably 

short growing season. Air temperature, rainfall, and 

relative humidity during the crop-growing period 

(May–September) are presented in Figure 1. During 

both experimental seasons, the average air temperature 

remained above the long-term average (15.2 °C), 

reaching 16.5 °C in 2020 and 17.1 °C in 2021. 

Significant variability was observed in the amount and 

distribution of precipitation. While the 2020 growing 

season received considerably higher rainfall (234.6 mm) 

than the long-term average (180.4 mm), the 2021 season 

was notably drier, with a total precipitation of only 

121.6 mm. During the study years (2020 and 2021), soil 

analysis of the research area revealed sand contents of 

32.1% and 33.7%, silt contents of 36.8% and 46.7%, 

and clay contents of 26.7% and 29.2%, respectively. 

The soil texture was identified as clay-loam, with pH 

values measured at 7.4 and 7.2. In the experimental site 

soils, where organic matter levels were 1.39% and 

1.15%, total nitrogen (N) was determined as 0.07% and 

0.06%. Additionally, plant-available phosphorus (P₂O₅) 

and potassium (K₂O) were measured at 6.6–5.3 kg da⁻¹ 

and 230.8-220.5 kg da⁻¹, respectively. Consequently, 

the soils were characterized as slightly alkaline, with 

low levels of total nitrogen, available phosphorus, and 

lime, and very low organic matter content; conversely, 

they were found to be rich in plant-available potassium 

(Sezen, 1991). 
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Figure 1. Precipitation and air temperature at the experimental area in the eastern Türkiye in 2020 and 2021 

(LYAP: Long-year average precipitation; LYAT: Long-year average temperature) 

In the study, the potato cultivar Agria, characterized by 

high yield potential, medium-to-late maturity, and long-

oval tubers with yellow skin and flesh color, was used 

as plant material. In addition, cattle manure (3 t da⁻¹; 

1.64% N, 0.69% P₂O₅, and 0.3% K₂O), sheep manure (2 

t da⁻¹; 4.0% N, 0.6% P₂O₅, and 2.9% K₂O), poultry 

manure (1 t da⁻¹; 25% organic matter, 2% N, 1.91% 

P₂O₅, 1.88% K₂O, and 37% moisture), and 

vermicompost (200 kg da⁻¹; 65.5% organic matter, 1.1% 

N, 30% humic–fulvic acids, 1.5% K₂O, 0.7% P₂O₅, 23% 

moisture, pH=8.1) were applied as organic fertilizer 

sources in the experiment.  

 The experiment was conducted in a Randomized 

Complete Block Design with three replications (Yıldız, 

1994). Organic fertilizers were applied both individual 

and in specific combinations, uniformly distributed and 

incorporated into the soil during the plot layout process 

before planting. Detailed information on the amounts 

and combinations of the organic fertilizers used is 

provided in Table 1. Planting was performed on May 4 

and 14, 2020 and 2021, at a spacing of 70 cm between 

rows and 35 cm within rows. To prevent the mixing of 

fertilizers between treatments, the plots were organized 

into basins. 

 Once the plants reached a height of 5–10 cm 

following emergence, the first hoeing was performed. 

Approximately 20-25 days later, a second hoeing was 

carried out, including earthing-up (hilling) applications. 

Irrigation was initiated at the onset of the flowering 

stage via the furrow irrigation method. Depending on 

climatic and soil conditions, the crop was irrigated four 

times in the first year and six times in the second year, 

the latter due to higher temperatures and insufficient 

precipitation. Furthermore, weed control was 

maintained throughout the growing season through both 

hoeing and manual weeding. The harvest was conducted 

between September 24 and 28 in 2020 and 2021, when 

the foliage turned yellow and dried, stolons detached 

from the mother plant, and tubers reached a specific size 

with a firm (non-peeling) skin. 

Table 1. Details of treatments used in the experiment in 

2020 and 2021  

Treatment 
Fertilizer and treatment 

combination 

Fertilizer combination 

ratios 

T1 Control  No fertilizer applied 

T2 Cattle Manure (C) 100% 

T3 Sheep Manure (S) 100% 

T4 Vermicompost (V)  100% 

T5 Poultry Manure (P) 100% 

T6 C×S 50%+50% 

T7 C×V 50%+50% 

T8 C×P 50%+50% 

T9 S×V 50%+50% 

T10 S×P 50%+50% 

T11 V×P 50%+50% 

T12 C×S×V 33.3%+33.3%+33.3% 

T13 C×S×P 33.3%+33.3%+33.3% 

T14 C×V×P 33.3%+33.3%+33.3% 

T15 S×V×P 33.3%+33.3%+33.3% 

T16 C×S×V×P 25%+25%+25%+25% 

 

The harvested tubers were graded into four size classes 

using 5.0, 3.5, and 2.8 cm sieves: large (>5.0 cm), 

medium (3.5–5.0 cm), small (2.8–3.5 cm), and cull 

(<2.8 cm). Additionally, tubers with a diameter 

exceeding 35 mm were classified as marketable tubers. 

These graded tubers were first weighed individually to 

determine plot yields, which were then used to calculate 

the yield per hectare (t ha⁻¹) for each size category. 
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Furthermore, the weight-based proportions of these 

size-graded tubers within the total yield were 

determined and expressed as percentages (%). 

Data were analyzed using the SPSS package (SPSS, 

Version 20.0, SPSS Inc, Chicago, IL, USA). When the 

F-test indicated statistical significance at the p=0.05 

level, the protected least significant difference 

(Protected DUNCAN) was used to separate the means 

(Steel & Torrie, 1980). 

3. Results 

Marketable tuber yield (>3.8 cm), large tuber yield 

(>5.0 cm), medium tuber yield (3.5-5.0 cm), small tuber 

yield (2.8-3.5 cm), and cull tuber yield (<2.8 cm) were 

statistically significant at the p<0.01 level between 

years. The application of organic fertilizers, applied 

either individual or in combination, significantly 

affected (p<0.01) the yields of different tuber size 

classes, particularly marketable tuber yield, whereas no 

significant effect was observed on cull tuber yield. 

Furthermore, tuber size distribution was not 

significantly influenced by the organic fertilizer 

treatment × year interaction (Table 1). 

3.1. Marketable tuber yield (>3,8 mm) and 

proportion of the total tuber yield 

Marketable tuber yield was 24.2 t ha⁻¹ in 2020, 

accounting for 92.3% of the total tuber yield; however, 

it declined to 11.1 t ha⁻¹ in 2021, representing 66.5% of 

the total yield. The application of organic fertilizers, 

either alone or in combination, resulted in significant 

differences in marketable tuber yield and tuber size 

distribution in potato. Marketable tuber yields ranged 

from 12.8 to 22.0 t ha⁻¹ across treatments, with 

combined organic fertilizer applications generally 

producing higher yields than individual applications. 

The highest marketable tuber yield was recorded in the 

T16 (C×S×V×P) treatment (22.0 t ha⁻¹), which also 

exhibited the greatest proportion of marketable tubers 

within the total yield (87.9%). This treatment was 

followed by T11 (V×P) (20.5 t ha⁻¹) and by T13 

(C×S×P) and T12 (C×S×V), with yields ranging from 

19.9 to 20.1 t ha⁻¹. The proportion of marketable tubers 

in these treatments varied between 82% and 85%, 

indicating that the combined use of different organic 

fertilizers positively influenced both tuber yield and 

marketable quality. Among the individual organic 

fertilizer treatments, T5 (P) resulted in a notable 

increase in marketable tuber yield (20.0 t ha⁻¹) 

compared with the control (13.9 t ha⁻¹). In contrast, 

cattle (T2), sheep (T3), and vermicompost (T4) 

applications produced moderate yields ranging from 

17.2 to 18.3 t ha⁻¹. The lowest marketable tuber yields 

were observed in T8 (C×P) and the control treatment 

(T1), with 12.8 and 13.9 t ha⁻¹, respectively (Table 2, 

Figure 2). 

3.2. Tuber yields across various size categories 

Large tuber yield was 18.5 t ha⁻¹ in 2020, accounting for 

68.6% of the total tuber yield; however, it declined 

sharply to 2.9 t ha⁻¹ in 2021, representing only 17.4% of 

the total yield. Significant differences were observed 

among organic fertilizer treatments and their 

combinations regarding large tuber yield. The highest 

large tuber yields were obtained from T13 (C×S×P) and 

T16 (C×S×V×P), with 14.3 and 13.5 t ha⁻¹, respectively. 

These treatments also exhibited the highest proportions 

within the total tuber yield at 60.7% and 53.9%. 

Treatments T5 (P), T6 (C×S), T10 (S×P), and T12 

(C×S×V) provided moderate-to-high yields, with large 

tuber proportions ranging approximately between 49% 

and 54%. In contrast, the lowest large tuber yield was 

recorded in T8 (C×P) at 7.0 t ha⁻¹ (41.5%). In the control 

treatment, large tuber yield was 8.4 t ha⁻¹, accounting 

for 47.2% of the total yield (Table 2, Figure 2). Overall, 

multi-organic fertilizer combinations enhanced both 

large tuber yield and its relative proportion compared to 

single applications. 

Medium tuber yield (3.5–5.0 cm) was 6.4 t ha⁻¹ in 2020, 

accounting for 23.8% of the total tuber yield, whereas it 

increased to 8.2 t ha⁻¹ in 2021, representing 49.1% of 

the total yield. Among the organic fertilizer treatments, 

the highest medium tuber yield was recorded in T11 

(V×P) (9.6 t ha⁻¹; 38.6%). This was followed by T4 (V), 

T2 (C), and T3 (S), with yields ranging from 8.1 to 8.4 

t ha⁻¹. In contrast, relatively lower medium tuber yields 

were observed in T1 (Control) and T6 (C×S) (Table 1, 

Figure 2). Overall, the marked increase in the proportion 

of medium-sized tubers, particularly in the second year, 

suggests that medium tuber formation becomes more 

pronounced under environmental stress conditions that 

restrict tuber bulking. 

Small tuber yield (2.8-3.5 cm) was 1.3 t ha⁻¹ in 2020, 

accounting for 4.7% of the total tuber yield, whereas it 

increased to 4.2 t ha⁻¹ in 2021, representing 26.6% of 

the total yield. When evaluated on a treatment basis, the 

highest small tuber yields and proportions were 

generally observed in T4 (V) and T8 (C×P), where 

marketable and large tuber yields were comparatively 

lower. In these treatments, small tuber yields were 3.7 

and 2.9 t ha⁻¹, accounting for 16.9% and 17.7% of the 

total yield, respectively. In contrast, among the multiple 

organic fertilizer combinations, T15 (S×V×P) and T16 

(C×S×V×P) produced lower yields of small tubers, 

ranging between 2.1 and 2.2 t ha⁻¹, with corresponding 

proportions of 10.1% and 8.68% of the total tuber yield 

(Table 2, Figure 2). 
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Table 2. Effects of different organic fertilizers and their combinations on marketable (>3.8 cm), large (>5.0 cm), 

medium (3.5-5.0 cm), small (2.8-3.5 cm), cull tuber yields (<2.8 cm), and the percentage distribution of tuber size 

classes within total tuber yield of potatoes 

Treatments 

Marketable tuber 

yield (>3.8 cm) 

Large tuber yield 

(>5.0 cm) 

Medium tuber yield 

(3.5-5.0 cm) 

Small tuber yield 

(2.8-3.5 cm) 

Cull tuber yield 

(>2.8 cm) 

t ha-1 % t ha-1 % t ha-1 % t ha-1 % t ha-1 % 

Year           

2020 24.9 a 92.3 18.5 a 68.6 6.4 b 23.8 1.3 b 4.7 0.6 b 2.2 

2021 11.1 b 66.5 2.9 b 17.4 8.2 a 49.1 4.2 a 26.6 1.7 a 9.9 

Organic fertilizers and treatment combinations        

T1 (Control) 13.9 bc 78.3 8.4 ab 47.2 5.5 b 31.0 2.6 ab 14.8 1.2 6.9 

T2 (Cattle, C) 18.3 ac 85.3 10.2 ab 47.4 8.1 ab 37.9 2.6 ab 12.0 1.2 5.7 

T3 (Sheep, S) 17.5 ac 81.1 9.4 ab 43.4 8.1 ab 37.1 3.0 ab 13.9 1.1 5.3 

T4 (Vermicompost, V) 17.2 ac 79.9 8.8 ab 41.1 8.4 ab 39.1 3.7 a 16.9 1.2 5.5 

T5 (Poultry, P) 20.0 ac 84.4 12.6 ab 53.2 7.4 ab 31.1 3.0 ab 12.8 1.2 4.9 

T6 (C×S) 17.5 ac 83.9 11.2 ab 54.2 6.2 b 29.9 2.5 ab 11.9 1.4 6.5 

T7 (C×V) 18.1 ac 80.6 10.1 ab 44.9 8.0 ab 35.5 2.9 ab 13.3 1.2 6.3 

T8 (C×P) 12.8 c 76.3 7.0 b 41.5 5.8 b 34.5 2.9 ab 17.7 1.1 6.3 

T9 (S×V) 17.4 ac 75.7 10.2 ab 44.5 7.2 ab 31.3 2.8 ab 12.3 1.1 4.7 

T10 (S×P) 19.0 ac 82.7 11.3 ab 48.7 7.8 ab 33.4 2.9 ab 12.9 1.1 4.7 

T11 (V×P) 20.5 ab 82.1 10.9 ab 43.6 9.6 a 38.6 3.3 ab 13.1 1.2 4.7 

T12 (C×S×V) 19.9 ac 84.5 11.9 ab 50.4 8.0 ab 33.9 2.7 ab 11.6 0.9 3.9 

T13 (C×S×P) 20.1 ac 85.4 14.3 a 60.7 5.8 b 24.8 2.6 ab 10.9 1.3 5.4 

T14 (C×V×P) 17.4 ac 83.7 11.3 ab 54.3 6.1 b 29.5 2.5 ab 12.2 0.9 4.1 

T15 (S×V×P) 17.2 ac 84.8 10.5 ab 51.9 6.7 ab 33.0 2.1 b 10.1 1.0 5.0 

T16 (C×S×V×P) 22.0 a 87.9 13.5 a 53.9 8.5 ab 33.8 2.2 b 8.68 0.9 3.6 

Mean 18.1 82.3 10.7 48.8 7.3 32.8 2.8 12.8 1.2 5.3 
            

Variation 

sources 
df 

       

Y 1 ** ** ** ** ** 

T 15 * * * * ns 

Y×T 15 ns ns ns ns ns 

Error 62      
Statistically significant at 5% (p<0.05)* and 1% (p<0.01)**, ns: nonsignificant. Values followed by the same letter are insignificant. 

 

Cull tuber yield increased markedly between years; the 

values recorded in 2020 (0.6 t ha⁻¹, accounting for 2.2% 

of the total tuber yield) rose to 1.7 t ha⁻¹ in 2021, 

representing 9.9% of the total yield. When evaluated in 

terms of organic fertilizer treatments, the lowest cull 

tuber yields and proportions were observed in T12 

(C×S×V), T14 (C×V×P), and T16 (C×S×V×P). In these 

treatments, the cull tuber yield was 0.9 t ha⁻¹, with 

proportions ranging from 3.9% to 4.1% of the total 

yield. In contrast, the proportion of cull tuber was found 

to be higher in the T6 (C×S) and T1 (Control) treatments 

(Table 2, Figure 2). 

4. Discussion 

The variations observed in marketable and different tuber 

size yields between years can be largely attributed to the 

adverse ecological conditions prevailing during the 

second experimental year. In the first year, more 

favorable temperature and moisture conditions during the 

tuber growth and development likely enhanced the 

mineralization of nutrients derived from organic 

fertilizers, resulting in higher proportions of marketable 

and large-sized tubers. Conversely, high temperatures 

and low humidity in June and July of the second year 

likely increased respiratory losses, thereby limiting tuber 

bulking and reducing the proportions of marketable and 

large tubers. Under these stress conditions, limited 

translocation of photosynthates to the tubers may have 

contributed to the increased proportions of small and cull 

tubers. Furthermore, the reduced mineralization rate of 

nutrients from organic sources under hot and dry 

conditions may have delayed nutrient availability and 

uptake, thereby adversely affecting tuber size 

distribution. Although rainfall increased and 

temperatures declined in August, these changes were 

insufficient to adequately stimulate mineralization 

processes (Figure 1). Overall, these findings indicate that 

the effectiveness of organic fertilizer applications on 

marketable tuber yield is strongly dependent on climatic 

conditions. Similarly, previous studies have reported that 

climatic factors may exert a more decisive influence on 

potato yield and tuber size distribution than fertilizer type 

(Honeycutt, 1997; Warman & Havard, 1998; Kjellenberg 

& Granstedt, 1998). 
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Figure 2. Effects of year and organic fertilizer treatments on marketable (>3.8 cm), large (>5.0 cm), medium (3.5-

5.0 cm), small (2.8-3.5 cm), and cull (<2.8 cm) tuber yield 

The growth and tuber quality enhanced by organic 

fertilizer applications are associated with increases in 

soil organic matter content, cation exchange capacity 

(CEC), and mineral nutrient levels. Furthermore, these 

fertilizers contribute to meeting crop requirements and 

supporting production by increasing the availability of 

macro and micro nutrients in the soil (Mirdad, 2010). 

These findings are consistent with the results of Shahein 

et al. (2014), Amara et al. (2015), and Bilkis et al. 

(2018), who reported that organic fertilizer applications 

significantly improve yield and crop characteristics in 

potato as well as other crops such as eggplant, cowpea, 

and watermelon. Numerous studies have demonstrated 

that, compared to the application of chemical fertilizers 

alone, the use of organic fertilizers can significantly 

improve soil quality, thereby playing a crucial role in 

enhancing crop yields (Zhou et al., 2022; Liu et al., 

2023). It is widely recognized that fertilizers such as 

manure and straw provide a more comprehensive 

nutrient profile and a greater overall input of organic 

matter than commercial organic fertilizers, thereby 

ensuring a more adequate and sustained nutrient supply 

for optimal potato growth (Lin et al., 2023; Qiao et al., 

2024). 

The results of the study indicated that, rather than the 

sole application of individual fertilizers, the application 

of recommended doses in specific combinations 

generally produced better results in obtaining tubers of 

different sizes (Table 2). On the other hand, the 

application of 100% of the same nutrient source alone 

was not found to be highly effective in producing tubers 

of varying sizes. This situation may be attributed to 

nutrient losses under single-fertilizer use, resulting in 

insufficient nutrient availability during the tuber growth 

period (Keisham et al., 2015). It has been reported that 

the application of recommended fertilizer doses in 

combination increases the production of tubers of 

different sizes (Kumar et al., 2008; Das et al., 2009). 

The increased quantity of marketable and large tubers 

through co-application of organic fertilizers is thought 

to result from improved soil friability, which creates a 

more conducive environment for tuber expansion. 

Furthermore, the likely reason for the increase in 

marketable yield is the enhanced availability of soil 

nutrients for vegetative growth, subsequently leading to 

higher production of photosynthates (photo 

assimilates). It has been demonstrated that organic 

fertilizer treatments lead to a significant increase in 

marketable yield compared to the control (Kahlel, 
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2014). Al-Sahaf and Atee (2007) reported that organic 

compounds and amino acids formed during the 

decomposition of organic fertilizers promote vegetative 

growth, positively reflecting on total and marketable 

yields. These results align with findings reported by 

Mohamed et al. (1999), Al-Zahawi (2007), Al-Zubi et 

al. (2007), Abdul-Rasol et al. (2009) and Al-Qaesi 

(2009). Ahmed et al. (2019) also noted that organic 

fertilizer types influence the formation of different tuber 

sizes and increase large tuber yield. Similar studies have 

reported significant differences between different 

cultivars (Bhardwaj et al., 2008) and treatments 

(Banjare et al., 2014; Chilephake & Trautz, 2014) 

regarding tuber yields of different sizes. In addition, the 

combined application of specific organic fertilizer doses 

reduced small tuber yield. This effect may be explained 

by the more balanced and growth-promoting nutrient 

supply provided through combined applications 

(Grappelli et al., 1985; Tomati et al., 1990). Indeed, the 

combined use of organic fertilizers has been reported to 

enhance soil nutrient availability and biological activity 

(Pengthamkeerati et al., 2011). As a consequence of 

improved plant growth, tuber volume increased, leading 

to a proportional reduction in the proportion of small 

tubers. 

In this study, marketable tuber yield and size 

distribution were significantly influenced by organic 

fertilizer type, application method, and inter-annual 

climatic variations. Favorable climate conditions in the 

first year enhanced the mineralization of nutrients, 

increasing marketable and large tuber ratios. However, 

high temperatures and low humidity in the second year 

restricted tuber bulking, resulting in higher proportions 

of small and cull tubers. 

5. Conclusion 

Overall, the results clearly indicate that increasing the 

number of organic fertilizers applied in combination 

improved not only total yield but also the proportion of 

marketable and large tubers, while reducing the 

proportions of small and cull tubers. The results 

indicated that fertilizer treatments significantly affected 

total yield, marketable yield, and tuber size distribution 

in both years. Generally, combined applications 

outperformed individual applications. Specifically, the 

highest marketable tuber yield (22.0 t ha⁻¹) and 

marketable tuber proportion (87.9%) were obtained 

from the T16 treatment. While the highest large tuber 

yields were recorded in T13 (14.3 t ha⁻¹) and T16 (13.5 

t ha⁻¹) treatments, the maximum medium and small 

tuber yields were found in T11 (9.6 t ha⁻¹) and T4 (3.7 t 

ha⁻¹) treatments, respectively. The positive response of 

potato to the combined application of organic fertilizers 

may be attributed to their different solubility and 

mineralization rates, which enable a gradual and 

balanced supply of nutrients throughout the growing 

period. The application of cattle, sheep, vermicompost, 

and poultry manures at 25% each of their recommended 

doses (T16 - C×S×V×P) provided the highest 

marketable yield and the most balanced size distribution 

compared to individual applications. These findings 

suggest that in high-altitude ecological conditions, the 

complementary use of diverse organic fertilizers with 

different characteristics instead of a single fertilizer 

source is a sustainable and effective method for both 

yield and market quality. 
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