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Excessive use of inorganic fertilizers degrades soil health by disrupting the microbiota, reducing 
organic matter, and leading to compaction, acidity, and nutrient imbalance. This study aimed at the 
combined application of organic and inorganic fertilizers as an environmentally friendly approach 
increasing soil organic matter and crop yields. From January to April 2022, a field experiment was 
carried out at the Crop Physiology & Ecology Department of Hajee Mohammad Danesh Science 
and Technology University in Dinajpur to assess the effects of integrated fertilization on onion 
(Allium cepa L.). Three replications employing a two-factorial Randomized Complete Block Design 
(RCBD) were performed to set up the experiment.  Factor A contained three onion varieties (V1: 
Taherpuri, V2: BARI Piaz 4, and V3: BARI Piaz 6) while Factor B comprised four fertilization 
treatments: T1 (RDF + Cowdung @ 5 t ha⁻¹), T2 (RDF + PLBC @ 5 t ha⁻¹), T3 (PLBC @ 15 t ha⁻¹), 
and T4 (Biochar @ 10 t ha⁻¹). Measurements were made concerning growth traits such as plant 
height, leaf number, SPAD value, bulb diameter, neck diameter, average bulb weight, and total 
yield. The findings showed that variety and fertilization provided a significant effect on growth 
performance, yield and yield traits. Taherpuri (V1), performed better than V2 and V3. The majority 
of growth and yield traits were most effectively performed by fertilization treatment T2 (RDF + 
PLBC), which was followed by T1, T3, and T4. Performance appeared lowest for the V3T4 
interaction and got maximum for the V1T2 interaction. These results demonstrate that the 
combination of organic and synthetic fertilizers leads to sustainable onion production. 
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Introduction 

Onion (Allium cepa L.), a member of the Alliaceae 
family, is one of the world's most widely cultivated and 
valuable vegetables, with over 4,000 years of agriculture 
(Shigyo and Kik, 2008; Hanelt, 1990). It is grown 
commercially across the world, including Bangladesh. 
Onion is packed with nutritional value and is mostly 
consumed for its particular flavor or potential to increase 
the flavor of other dishes. It is a staple vegetable, spice, and 
condiment that contributes strongly to the human diet 
considering its nutritional and medicinal features, 
including its richness in vitamin C and E content (Randle, 
2000) and about 2.547 million metric tons of onions were 
produced in Bangladesh (BBS, 2023).  

Despite its importance, onion cultivation poses 
challenges, especially for small-scale farmers, due to the 
high expenses of chemical fertilizers and pest 
management. Excessive use of synthetic fertilizers 
decreases soil properties, reduces nutrient availability, and 
negatively impacts beneficial soil organisms, ultimately 
threatening long-term productivity (Blanco et al., 2013; 
Chhonkar, 2003). Organic manure, notably poultry 
manure, has emerged as an affordable and cost-effective 
solution to synthetic fertilizers. Poultry manure is abundant 
in vital nutrients consisting of nitrogen, phosphorus, and 
potassium, which improves soil characteristics and crop 
yields (Zang et al., 1998; Ishak et al., 1999). Biochar, 
another soil amendment, enhances organic fertilizers by 
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improving the quality and texture of the soil, promoting 
nutrient availability, and microbial activity (Haque et al., 
2018; Gambo et al., 2008) and minimizing greenhouse gas 
emissions (Mukherjee and Lal, 2013; Jaafar et al., 2014). 

The key problem with onion production is the low-quality 
soil of the majority of cultivated land, which is the result of 
continuous farming without a resting duration necessary to 
recover lost fertility. Supplying or combining the application 
of organic and inorganic fertilizers is the only approach 
addressing this threat (Santhi et al., 2005). While applied, 
inorganic fertilizers provide nutrients to crop plants rapidly for 
healthy growth and development. In addition, NPK fertilizer 
contains nitrogen, phosphorus, and potassium, the three main 
elements that plants need in big quantities. The application of 
organic manure with inorganic fertilizers such as nitrogen, 
phosphate, and potassium greatly increased bulb production 
in sandy loam soils, demonstrating that combining organic 
manure with inorganic fertilizers may improve onion yield 
(Stolton, 1997; Hossin et al., 2022) and additionally, applying 
of organic manure along with integrated inorganic fertilizers 
lead to improve the production, quality, and shelf life of the 
onion (Gupta et al., 1999) 

To address increasing the production of onion in 
Bangladesh and concerns about soil degradation and 
establish sustainable strategies, this study aims to 
investigate the combined impacts of organic and inorganic 
fertilizers on onion growth performance, yield and yield 
traits. Findings determine that resource-efficient 
fertilization in an environmentally friendly approach 
improving onion production in sustainable ways. 

 
Material and Methods 

 
Location and duration 
The experiment was carried out from January to April 

2022 on the research sites of the Department of Crop 
Physiology and Ecology at Hajee Mohammad Danesh 
Science and Technology University in Dinajpur, 
Bangladesh. The field trial site is located in the Sadar 
Upazila in Dinajpur District. 

Soil Properties 
The experimental site was in the Crop Physiology and 

Ecology Field of Hajee Mohammad Danesh Science and 
Technology University in Dinajpur, in the Old Himalayan 
Piedmont Plain (AEZ-1). The soil was categorized as a 
non-calcareous brown floodplain soil, derived from 
piedmont alluvium, with a sandy loam texture. The 
drainage system was moderately well-drained, and the 
topography was above flood level. The soil having a bulk 
density of 0.86 to 1.07 g cm⁻³ and contains 60% sand, 27% 
silt, and 13% clay. Chemical examination found 
moderately acidic soil (pH 5.40-5.50), low organic carbon 
(0.69%), and very low total nitrogen (0.07%). The cation 
exchange capacity (CEC) was 5.60 meq/100g soil, whereas 
available phosphorus (6.75 mg/kg) was medium and 
exchangeable potassium (0.17 meq/100g soil) was medium 
to low. Soil analysis was performed at SRDI in Dinajpur, 
Bangladesh (Table 1). 

 
Weather and Climate 
The experimental area in northern Bangladesh is 

located at 25.39° N latitude and 88.41° E longitude, at an 
elevation of 37.58 meters above sea level. The region is in 
the subtropical climatic zone, which can be recognized by 
significant rainfall, high humidity, high temperatures, and 
relatively long days during the Kharif season (April to 
September). In contrast, the Rabi season (October to 
March) is notable for less rainfall, low humidity, and 
shorter day lengths. 

 
Experimental Design and Layout 
The study employed a two-factorial Randomized 

Complete Block Design (RCBD) with three replications, 
resulting in 12 treatment combinations (4 × 3). The 
experimental field was divided into three blocks, each with 
12 plots, for a total of 36 unit plots (3 × 12). Each unit plot 
sized 1.5 m×1.0 m. The spacing between plots and blocks 
was kept at 40 and 60 cm, respectively. 

 
 

 
Table 1. Characteristics of the soil of the experimental site  

General Characters Description 
Location Crop Physiology and Ecology Field  
AEZ Old Himalayan Piedmont Plain (AEZ-1) 
General soil type Non-Calcareous Brown Floodplain Soil  
Parent material Piedmont alluvium 
Soil series  Ranishankail  
Drainage Moderately well drained 
Flood level Above flood level 
Topography High land 
Physical characteristics Value 
Bulk density (g cm^-3) 0.86-1.07 
Sand (2-0.02 mm)  60.0 
Silt (0.02-.002 mm)  27.0 
Clay (< 0.002) 13.0 
Textural class  Sandy loam 
Chemical characteristics Content Interpretation 
pH 5.40-5.50 Moderately acidic  
Organic carbon (%) 0.69 Low 
Organic matter (%) 1.19 Low 
CEC (meq /100g soil)  5.60 Low 
Total N (%) 0.07 Very low 
Available P (mg/kg )  16.75 Medium 
Exchangeable K (meq/100g soil ) 0.17 Medium-low 
Source: Analysis of initial soil samples was done in SRDI, Dinajpur, Bangladesh  
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Figure 1. Maximum and minimum temperature, relative humidity and rainfall of the study region from January to May 2022 

 

 
Figure 2. Overview of experimental design and treatment applications. 

 
Experimental Treatments 
The investigation was conducted with two factors in 

mind. Factor A included three different onion varieties: V1: 
Taherpuri, V2: BARI Piaz-4, and V3: BARI Piaz-6, all of 
which were renowned in Bangladesh for their effective 
yield, pungency, size of the bulb, and additional features. 
In accordance with the study's objectives, factor B was 
generated for varying levels of organic and synthetic 
fertilizers. Different organic and synthetic fertilizer sources 
were used, using RDF (Recommended Dose of Fertilizer), 
CD (Cowdung), and PLBC (Poultry Litter-Based 
Compost). The study utilized four fertilization levels: T1 
(control): RDF + Cowdung (CD) @ 5 t ha⁻¹, T2: RDF + 
Poultry Litter-Based Compost (PLBC) @ 5 t ha⁻¹, T3: 
PLBC @ 15 t ha⁻¹, and T4: Biochar @ 10 t ha⁻¹.This 
arrangement allowed for an accurate assessment of the 
interaction effects between onion varieties and fertilization 
treatments. 

 

Application of Manure and Fertilizer 
During land preparation, all cow dung, TSP, gypsum, 

biochar, and PLBC, as well as one-third of the urea and half 
of the MoP, got incorporated into the soil employing the 
experimental design. The remaining MoP and the second split 
of urea were utilized 21 days after transplantation, and the 
final split of urea was applied 45 days later (Table 2). 

 
Plantation and Intercultural Operations 
The experiment included three onion varieties: 

Taherpuri, BARI Piaz 4, and BARI Piaz 6. BARI Piaz 4 
and 6 were collected from the Bangladesh Agricultural 
Research Institute (BARI) in Dinajpur, whilst Taherpuri 
was sourced locally. Seedlings were treated with fungicide 
prior to transplantation by soaking their roots in a prepared 
solution for 15 minutes. Transplantation took place on 
January 4, 2022, with 10 cm plant-to-plant and 15 cm row-
to-row spacing at a depth of 1.5 cm. Each plot had 150 
seedlings, that were placed in 10 rows of 15 each. 
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Table 2. Doses of RDF fertilizers and Manure 
Fertilizers and Manures Dose/ha Dose/Plot 

Urea 150 kg 324.000 g 
TSP 200 kg 58.500 g 
MoP 175 kg 303.750 g 
Gypsum 100 kg 24.750 g 
Well-decomposed cow dung 5 ton 1.125 kg 
Biochar 10 ton 2.250 kg 
Poultry Litter Based Compost (PLBC) 15 ton 3.375 kg 
Poultry Litter Based Compost (PLBC) 5 ton 1.125 kg 

 
To promote aeration, suppress weeds, and preserve soil 

moisture, weeding was done by hand. A second weeding 
and thinning was done 40 days following the first one, 
which took place 21 days after the first sowing. Watering 
cans were used for irrigation at first, and flood irrigation 
was employed as necessary. Optimal soil condition was 
maintained by mulching and excess water drainage. 

The fungicides Rovral 50 WP (2 g/L) and Acrobat MZ 
(4 g/L) were used as needed to control purple blotch. The 
flowering stalks, were cut off to encourage the growth of 
bulbs. The harvest took place on April 14, 2022. In 
accordance with Brewster (1994), plants were bent at the 
neck seven days before harvest in order to speed up 
maturity. To avoid damaging the bulbs, onions were 
carefully plucked. Drying took three days under a shed, 
following which tops were clipped to a 2 cm neck and 
bulbs were stored in a ventilated area.  

Data collection 
Data was collected by selecting randomly five plants 

per plot and analyzing multiple growth and yield and yield 
traits at 20-day intervals. The parameters measured include 
plant height, leaf number, leaf length, bulb diameter, neck 
diameter, SPAD value, bulb weight, and total yield. A 
measuring tape was used to measure the plant's height (cm) 
from the soil base to the tip of the longest leaf. The number 
of leaves was calculated by carefully counting all fully 
developed green leaves on each plant. Leaf length (cm) was 
determined by measuring the longest leaf from base to apex 
utilizing a measuring tape. A Vernier caliper was utilized 
to precisely measure the bulb diameter (cm) and neck 
diameter (cm) to determine the optimum bulb size and neck 
diameter. The SPAD value, which indicates darkness and 
photosynthetic efficiency, was determined using a SPAD 
meter. Individual bulb weights (g) were recorded on a 
digital weighing scale, and the average weight per plant 
was calculated. The total yield (t ha⁻¹) was estimated by 
converting the plot yield to a per-hectare basis using the 
following formula: 

 
 
Statistical Analysis 
The collected data was analyzed using Statistix 10 

software and regression analysis was done using MS Excel 
program. Principal component analysis (PCA) biplot and 
dendrogram cluster analysis were performed on 
morphological attributes, including plant height, the 
number of leaves plant-1, neck diameter, bulb diameter, 
average bulb weight, and yield, using the OriginPro 
software. The diagram was designed using Napkin 
illustration. 

Results 
 
Plant height 
The impact of various fertilization treatments and onion 

varieties on plant height at three growth stages: 20, 40, and 
60 days after transplantation (DAT). Plant height varied 
significantly across treatments along with stages. At 20 
DAT, the highest plants were recorded in V3T2 (30.75 cm), 
followed by V1T2 (29.29 cm), while V3T4 had the shortest 
height (14.88 cm). Similarly, at 40 DAT, V3T2 exhibited 
the longest height (34.49 cm), whereas V3T4 attended the 
lowest (19.19 cm). By 60 DAT, V3T2 had regained the 
maximum height (38.00 cm), outperforming the other 
treatments, while V3T4 remained the shortest (22.53 cm). 
Statistical analysis found substantial variations in plant 
height between treatments, with coefficients of variation 
(CV) ranging from 11.29% at 20 DAT to 10.46% at 60 
DAT, demonstrating data consistency across observations. 
These findings demonstrate the combined effect of 
fertilization and variety selection on onion growth 
performance (Table 3). 

 
Number of Leaf 
A significant difference in the number of leaf was 

observed across treatments at all stages, as indicated by the 
degree of significance (*). At 20 DAT, V1T1 exhibited the 
greatest number of leaf (4.67), followed by V3T4 with the 
least (2.80). At 40 DAT, V1T2 produced the maximum 
number of leaf (7.00), whereas V3T4 produced less (3.87). 
Similarly, at 60 DAT, V1T2 retained the highest number of 
leaf (6.13), whereas V3T4 had the lowest number of leaf 
(3.47). The coefficients of variation (CV) for 20, 40, and 
60 DAT were 11.62%, 11.34%, and 14.69%, showing that 
the results varied significantly (Table 4). 

 
SPAD value 
Table 4 shows the effect of different fertilization 

treatments and onion varieties on SPAD values, which are 
indicators of chlorophyll content, examined at 20, 40, and 
60 days after transplanting (DAT). At 20 DAT, there were 
no significant variations across the treatments, with SPAD 
values ranging from 58.87 (V2T3) to 78.23 (V1T2). 
However, significant variation was observed at 40 and 60 
DAT. At 40 DAT, V1T2 exhibited the maximum SPAD 
value (32.9), while V2T4 was the lowest (23.30). At 60 
DAT, V1T4 had the highest SPAD value (35.70), whereas 
V3T3 had the least (26.47). The coefficients of variation 
(CV) were 16.88%, 8.12%, and 9.41% for DATs 20, 40, 
and 60, respectively, showing significant variability.  
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Table 3. Effect of different fertilization and varieties of onion on plant height  

Treatment Plant height (cm) 
20 DAT 40 DAT 60 DAT 

V1T1 28.29a 31.79a 33.41a-c 
V1T2 29.29a 32.75a 35.79a-c 
V1T3 25.37ab 27.99ab 31.92a-d 
V1T4 18.99b-d 23.62ab 26.77b-d 
V2T1 27.51a 31.22a 34.05a-c 
V2T2 27.03ab 30.46ab 32.95a-c 
V2T3 26.28ab 30.55ab 33.17a-c 
V2T4 16.24cd 23.49ab 26.09cd 
V3T1 23.26a-c 32.02a 35.39a-c 
V3T2 30.75a 34.49a 38.00a 
V3T3 27.79a 33.15a 36.15ab 
V3T4 14.88d 19.19b 22.53d 
Level of significance * * * 
CV (%) 11.29 13.18 10.46 

 * denoted the significance at 5% level of probability 
 
Table 4. Effect of different fertilization and varieties of onion on leaf number and SPAD value. 

Treatment Number of leaf SPAD value 
20 DAT 40 DAT 60 DAT 20 DAT 40 DAT 60 DAT 

V1T1 4.67a 6.33ab 5.73ab 61.03 29.33ab 33.63ab 
V1T2 4.33ab 7.00a 6.13a 78.23 32.90a 32.23ab 
V1T3 4.13a-c 5.47a-c 5.33a-c 67.87 25.77b 31.33ab 
V1T4 3.87a-c 5.27a-c 4.53a-c 75.33 27.23ab 35.70a 
V2T1 3.87a-c 5.2a-c 4.20a-c 64.50 27.83ab 31.00ab 
V2T2 4.13a-c 5.67a-c 5.27a-c 70.30 25.07b 31.73ab 
V2T3 4.33ab 5.27a-c 5.00a-c 58.87 24.70b 27.37ab 
V2T4 3.13bc 4.27c 4.00bc 64.63 23.30b 27.77ab 
V3T1 3.87a-c 5.50a-c 5.17a-c 59.23 29.53ab 33.23ab 
V3T2 4.27ab 5.67a-c 4.93a-c 59.23 28.80ab 33.30ab 
V3T3 4.10a-c 5.00bc 4.40a-c 62.43 27.30ab 26.47b 
V3T4 2.80c 3.87c 3.47c 59.53 25.80b 31.20ab 
Level of significance * * * NS * * 
CV (%) 11.62 11.34 14.69 16.88 8.12 9.41 

 * denoted the significance at 5% level of probability 
 
Table 5. Effect of different fertilization and varieties of onion on yield attributes 

Varieties Bulb diameter (cm) Neck diameter(cm) Average bulb weight (g) Yield (t ha-1) 
V1T1 3.67a 1.03a 20.55ab 8.46b 
V1T2 3.47a 0.94ab 18.33a-c 12.77a 
V1T3 3.09ab 0.80a-d 13.97c 7.56bd 
V1T4 2.35b-d 0.62b-d 7.51d 3.45e 
V2T1 3.04a-c 0.86a-c 17.48bc 6.58bd 
V2T2 3.25ab 0.88ab 20.66ab 8.58b 
V2T3 2.88a-c 0.76a-d 16.74bc 7.64b-d 
V2T4 2.06cd 0.71a-d 6.75d 2.96e 
V3T1 2.90a-c 0.76a-d 13.52c 5.75d 
V3T2 3.67a 0.88ab 22.47a 8.06bc 
V3T3 2.95a-c 0.55cd 16.28bc 6.26cd 
V3T4 1.75d 0.49d 6.50d 1.60e 
Level of significance * * * * 
CV (%) 11.79 14.44 10.9 10.63 

 * denoted the significance at 5% level of probability 
 
Bulb Diameter 
In terms of bulb diameter, significant variation was 

found across the treatments. V1T1 had the largest bulb 
diameter (3.67 cm), followed by V3T2 (3.67 cm) and V1T2 
(3.47 cm), with V3T4 having the smallest bulb diameter 
(1.75 cm) (Table 5). 

Neck Diameter 
In regard to neck diameter, the largest (1.03 cm) was 

measured from V1T1, followed by 0.94 cm from V1T2, and 
the smallest (0.49 cm) from V3T4 which was a notable 
difference among them (Table 5). 
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Average Bulb Weight 
Similarly, Table 5 highlights that a range of variation 

was observed in average bulb weight. The average weight 
of the bulb varied from 6.50 g to 22.47g. A maximum of 
(22.47 g) was found in V3T2 treatment, while the lowest 
was (6.50 g) in V3T4. 

 
Yield per Hectare 
Regarding yield, the impact of different combined 

fertilizer applications on onion resulted in significant. V1T2 
exhibited the maximum yield (12.77 t ha⁻¹), followed by 
V1T1 (8.46 t ha-1) and V2T2 (8.58 t h-1). While extremely 
over V3T4, which provided the lowest yield (1.60 t ha⁻¹) 
(Table 5). 

 
PCA biplot and dendrogram cluster analysis 
The Principal Component Analysis (PCA) biplot 

demonstrated the associations between treatments and 
yield and yield attributes, accounting for 83.41% of the 
variation in PC1 and 10.11% in PC2, for an overall figure 

of 93.52% reported variance. The traits such as plant 
height, bulb diameter, average bulb weight, yield, leaf 
number, and neck diameter, with length and orientation 
showed the impact on the principal components. Findings 
including V1T2, V1T1, V2T2, and V3T2 were more in line 
with attributes related to better yields and bulb size, 
however treatments like V1T4, V2T4, and V3T4 form 
varying clusters, indicating distinctive characteristics. The 
research finds strong positive connections between 
parameters such as plant height, bulb diameter, and yield, 
while traits such as neck diameter have conflicting 
associations (Figure 3a).  

The dendrogram depicted the hierarchical clustering of 
treatments (V1T1 to V3T4) based on trait similarity. The 
clustering showed various groupings, featuring V1T1, 
V1T2, and V1T3 forming an identical cluster and V1T4, 
V2T4, and V3T4 were grouped individually, indicating 
divergent traits. Intermediate clusters, including V2T1, 
V2T2, and V2T3, indicated significant similarities according 
to their yield and yield attributes (Figure 3b). 

 

 
 

(a) (b) 
Figure 3. PCA biplot (3a) and dendrogram cluster (3b) analysis across the treatment 

 
Regression Analysis 
The relationship between plant height, leaf number, and 

important crop growth parameters such as bulb diameter, 
average bulb weight, and yield were depicted in Figure 4. 
Every parameter was subjected to regression analysis, and 
the findings showed strong positive connections. 
Regression analysis revealed a positive linear relationship 
between plant height and bulb diameter, described by the 
equation y=0.1143x-0.7561 with an R2 value of 0.7781. 
This indicates that approximately 77.81% of the variation 
in bulb diameter was attributable to changes in plant height. 
The strong correlation suggests that taller plants were 
associated with larger bulb diameters, highlighting the 
critical role of plant height as a determinant of bulb growth. 
Similarly, the equation y=1.0306x-18.108 with the R2 
value of 0.7466 represented the correlation between plant 

height and average bulb weight. According to the findings, 
plant height contributed to 74.66% of the variability in 
average bulb weight. The positive slope of the regression 
line illustrated the relationship between taller plants and 
heavier bulbs, indicating the role of plant height. The 
regression equation y=0.4965x-9.3396, with an R2 value of 
0.5978, showing a partially positive relationship between 
plant height and yield. Plant height contributed to 
approximately 59.78% of the variability in onion 
production, indicating that taller plants yielded higher. 
With an R2 value of 0.6537, the regression equation 
y=0.6453x−0.204 was established after evaluating the 
interaction between the number of leaves and bulb 
diameter. The number of leaves appeared to be responsible 
for 65.37% of the variation in bulb diameter.  
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Figure 4.  Illustration of the relationship between plant height, the number of leaves, and key growth features for a crop, 

including bulb diameter, average bulb weight, and yield. 
 
Considering the regression equation y=4.8164x-8.2804 

and the R2 value of 0.43, there was a positive correlation 
between the average bulb weight and the number of leaves 
was slightly favorable. On average, it indicated that the 
number of leaves accounts for 43.00% of any disparity in 
bulb weight. Additionally, the equation y=3.4888x-10.27 
depicted the interaction between the number of leaves and 
yield, showing a strong positive correlation with an R2 
value of 0.7785. The number of leaves accounted for about 
77.85% of the variability in yield (Figure 4). 

 

Discussion 
 
Plant height is an important agronomic feature that 

influences plant vigor, photosynthetic efficiency, and the 
entire production in sight of the study. Deviations in plant 
height across various growth phases in onion production 
provide insight into the interaction of genetic potential with 
environmental factors such as combined fertilization. 
Significant variations in plant height were reported 
between fertilization practices and onion varieties at 20, 40, 
and 60 days after transplantation (DAT). The V3T2 
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treatment provided the tallest plants at 20 DAT, whereas 
V3T2 demonstrated the strongest growth at 40 and 60 DAT, 
showing that the applied approach possesses the potential 
for long-term growth. The coefficients of variation (CV) 
for plant height reduced from 11.29% at 20 DAT to 10.46% 
at 60 DAT, indicating that plants matured more 
consistently at significance (P > 0.05) variation. The 
findings showed that taller plants produced better yields, 
which is according to the findings of Jayathilake et al. 
(2003). These findings highlight the importance of 
selecting appropriate fertilization strategies and varieties to 
maximize growth and productivity, with both organic and 
inorganic fertilization positively influencing plant growth 
and above-ground biomass, as reported by Anisuzzaman 
(2009) and  Gererufael et al. (2020). 

The number of leaves illustrated an effect on yield and 
quality since it contributes to bulb growth and nutrient 
uptake capacity (Arisha et al., 2013). A study by Mandal et 
al., (2013) confirmed that the application of organic 
fertilizer along with NPK increased the number of leaves. 
The combined impacts of fertilization and varietal 
selection were reflected in the significant differences in 
leaf number between treatments at all growth stages (20, 
40, and 60 DAT). V1T1 displayed the greatest number of 
leaf at 20 DAT, suggesting beneficial early vegetative 
growth, perhaps as a result of less-than-ideal nutritional 
conditions. V1T2 had the highest number of leaves at 40 
DAT, indicating that it had the most potential for further 
growth. At 60 DAT, the same trend persisted, with V1T2 
tending to be superior. Considering a range of 11.34% to 
14.69%, the coefficients of variation (CV) indicated 
treatment variability while maintaining statistical 
reliability. According to Babajide et al. (2008), these 
results demonstrate the necessity of integrated fertilization 
approaches (V1T2) to enhance leaf production on particular 
onion varieties, enhancing photosynthetic efficiency and 
yield potential. 

SPAD values, measuring chlorophyll content proved an 
essential role in determining photosynthetic efficiency and 
overall crop vigor  (Islam et al., 2024; Babajide et al., 
2008). Although there were no significant differences in 
SPAD values at 20 DAT. At 40 DAT, a significant 
variation demonstrated potential treatment effects, with 
V1T2 having the highest value. At 60 DAT, V1T4 showed 
the highest SPAD value, indicating that it is beneficial in 
preserving plant health and vigor in later growth stages. 
The CVs for SPAD values minimized from 16.88% at 20 
DAT to 8.12% at 40 DAT and 9.41% at 60 DAT, indicating 
more reliability as the plants developed. There were also 
significant differences (P > 0.05) at 40 and 60 DAT. Islam 
et al. (2024) also state that the influences of PLBC play an 
important role in the formation of chlorophyll content. 
These findings emphasize the importance of SPAD values 
as an indication for integrated fertilization with organic 
manure (PLBC) and (RDF)inorganic fertilizer to improve 
crop management practices. 

The yield attributes of onions, consisting of bulb 
diameter, neck diameter, average bulb weight, and yield 
per hectare, are important indications of crop performance 
and productivity. Significant variations in bulb diameter, 
an important factor of accessibility and customer 
preference, were seen among treatments, with V1T1 
possessing the most significant diameters, demonstrating 

its effect in increasing bulb size. Similarly, neck diameter, 
a crucial feature that influences storage quality and market 
value, ranged significantly, with V1T1 having the 
maximum values, indicating particular varietal and 
fertilization implications. The average bulb weight, 
resulting in a direct impact on overall yield, performed 
better in V3T2, indicating that this treatment combination 
can assist in facilitating bulb development. Yield per 
hectare highlighted the significance of maximizing 
fertilization and variety selection, with V1T2 achieving a 
superior yield, demonstrating its potential for maximum 
production under the given conditions. Furthermore, 
significant variations (P > 0.05) appeared at 20, 40, and 60 
DAT. El-Gizawy et al. (2013), Mouna et al. (2013), and 
Rizk et al. (2014) concluded that combining organic and 
inorganic fertilizers lead to higher yields and yield 
attributes for onion bulbs than using inorganic fertilizers 
alone, whereas Serana et al. (2010) noted that inorganic 
fertilizers alone produced higher yields than organic 
manure. 

Additionally, the Principal Component Analysis (PCA) 
and dendrogram cluster analysis provided insightful data 
on the interactions between treatments and yield-related 
aspects (Ahmad et al., 2015). PCA concluded that plant 
height, bulb diameter, average bulb weight, yield, leaf 
number, and neck diameter together accounted for 93.52% 
of the variance, with PC1 and PC2 responsible for 83.41% 
and 10.11%, respectively. Plant height, bulb diameter, and 
yield all showed notable positive connections, although 
variables like neck diameter had conflicting associations, 
exhibiting the complexities of trait interaction. Treatments 
like V1T1 and V1T2 were strongly connected with increased 
yield and bulb size. Although regarding yield, V1T2 
demonstrated maximum. However, treatments like V1T4, 
V2T4, and V3T4 constituted distinct clusters, indicating 
diverging growth patterns and reduced productivity.  

Dendrogram analysis confirmed the indication of 
hierarchical clustering among treatments, with V1T1 and 
V1T2 clustering together due to improved performance, 
while V1T4, V2T4, and V3T4 grouped separately, reflecting 
distinct but lower-performing characteristics. Intermediate 
clusters, such as V2T1 and V2T2, attended moderate 
similarities, indicating the possibility of enhancing certain 
yield measuring factors. These findings emphasize the 
significance of combining fertilization studies such as PCA 
and clustering to identify optimal treatment combinations 
for increased productivity and provide complicated 
interactions across yield-related attributes. The same 
approach has been extended to various crops under varying 
environmental conditions (Islam et al., 2007; Ghodke et al., 
2019; Kołton et al., 2020). 

Regression studies showed considerable beneficial 
associations between these variables, emphasizing the 
importance of vegetative growth in bulb characteristics and 
productivity. Plant height emerged as a significant 
predictor, accounting for 77.18% of the variance in bulb 
diameter, with taller plants resulting in bigger bulb 
dimensions. Furthermore, plant height explained 74.66% 
of the variation in average bulb weight, highlighting the 
role it plays in increasing bulb size, similarly, its 
contribution to yield variability was significant, accounting 
for about 59.78% of the overall variation. Leaf numbers 
also played a crucial part, accounting for 65.37% of the 
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fluctuation in bulb diameter and having a positive impact 
on weight and yield. These findings indicate that 
improving vegetative growth parameters, specifically plant 
height and leaf number, can greatly improve bulb 
characteristics and increase production in onion farming. 

 
Conclusion 

 
In conclusion, the findings of this study highlight the 

significant impact of fertilization and varietal differences 
on onion growth and yield. The combination of Poultry 
Litter-Based Compost (PLBC) @ 5 t ha⁻¹ and 
Recommended Doses of Fertilizer (RDF) (T2) were 
superior to other fertilization approach by increasing key 
morphological attributes such as plant height, leaf number, 
bulb diameter, and average bulb yield. The combination of 
Taherpuri with T2 fertilization (V1T2) resulted in the 
maximum yield, demonstrating the synergistic effect of 
combining high-performing varieties with effective 
fertilization approaches. These findings suggest that 
applying the Taherpuri (V1) variety with the combination 
of (T2) fertilization is a promising strategy for increasing 
onion production under similar agroecological factors. 
Future research might investigate and explore the long-
term consequences of these approaches and their viability 
across varied soil types and locations. 
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