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Abstract 

 

Daily energy demand in Pakistan is increasing due to industrialization and growth in different sectors. Wastage and improper 

use of energy also exert a high pressure on energy resources and the environment, which can be overcome by discovering new 

alternative energy resources like biofuels. Therefore, a study was planned to minimize the cost of production through sustainable 

agronomic approaches to get the maximum biodiesel from castor beans. This investigation was executed by employing a 

randomized complete block design (RCBD) under factorial arrangements with four phosphorus levels (0, 30, 60, and 90 kg P2O5 

ha-1) and two castor bean varieties (NIAB-Gold and DS-30) and replicated three times. Concluding the findings of the study, the 

highest number of capsules (109.0), the maximum seed yield (1336.00 kg ha-1), the maximum oil percentage (42.45%), and the 

maximum oil yield (839.0 kg ha-1) were recorded when 60 kg of phosphorus fertilizer were applied in NIAB-Gold as compared 

to the DS-30 variety. However, DS-30 exhibited the highest oil calorific value (44.0 K j g-1) as compared to NIAB-Gold with 

respect to combustion of the unit value of fuel. In conclusion, applying 60 kg of phosphorus fertilizer to the NIAB-Gold variety 

resulted in the highest oil and seed yield, as well as the highest oil content percentage, indicating its potential as a sustainable 

agronomic approach for maximizing biodiesel production from castor beans. 
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Introduction 

 

The lack of an approach to energy resources is the key 

element that confirms the consequences of the energy crisis 

in developing countries for economic development. An 

unremitting supply of food and energy is vital to supporting 

human activities such as agriculture, industrialization, and 

transportation. There is a dire need to produce energy from 

non-conventional sources due to a lack of conventional 

resources to overcome the energy shortfall throughout the 

world (Singh et al., 2019). The finite nature of fossil fuels, 

combined with the need for more sustainable and 

economically viable energy resources, has led to a shift 

towards environmentally friendly alternatives as the 

depletion of these non-renewable resources becomes 

imminent (Chen et al., 2012; Javed et al., 2021; Mahmood 

et al., 2021). One of the proposed solutions to the energy 

shortage is to use crop biomass to make biofuel, which is a 

renewable energy device (Yusuf et al., 2015). Biomass for 

bioenergy is a divisive and frequently debated topic. 

Researchers can help overcome the problem by 

independently evaluating the opportunities of biomass use 

for bioenergy and its implications for food security (Vanaj 

et al., 2008; Englund et al., 2020). The production of 

biofuel is very important for developing countries to 

overcome the energy crises (Adekanbi et al., 2021). Edible 

and non-edible oil are sustainable energy sources that are 

dynamically similar to petro-diesel (Ahmad et al., 2022). 

Biodiesel is an environmentally friendly, nontoxic, 

fewer greenhouse gas emissions as compared to other 

petro-diesel and renewable energy sources. It can be 

employed as an alternative in any diesel engine (Zahan et 

al., 2018). Biodiesel produced from non-conventional 

crops retains the potential to revolutionize the petroleum 

industry and simultaneously mitigate environmental 

damage (Carvalho et al., 2020; Muanruksa et al., 2020). It 

is a good alternative to petro-diesel due to rising petroleum 

prices, diminishing fossil fuel reserves, and the 

environmental benefits of lowering net CO2 emissions, 

biodiesel is becoming more significant. After the existing 

supply of crude oil runs out, diesel engines will be 

unusable. Biodiesel has the potential to address current and 

future energy shortages while also helping to clean up the 

environment, boost economic growth, and increase farmer 

income (Shrirame et al., 2011). 

Phosphatic fertilizer plays a significant role in 

enhancing agricultural productivity and soil quality. The 

addition of phosphorus as a fertiliser to the soil is necessary 

for energy metabolism and the development of plant 

structural components, which ultimately enhance seed 

production in various crops. Moreover, nitrogen and 

phosphorus enrichments in the soil can potentially improve 

the nutritional quality of plants for both human and animal 

consumption (Yousefi et al., 2020; Gupta et al., 2020). An 

adequate amount of phosphorus fertilization stimulates 

root development, establishes a vigorous plant stand, 

enhances flowering, increases physiological maturity, 

improves seed formation, enhances grain yield, and 

increases resistance against cold stress. It performs an 

integral role in many reactions and metabolic functions of 

the cell, such as protein synthesis, fats and the formation of 

structures such as phospholipids, which are part of several 

cell components (Mitran et al., 2018). The uptake of 

phosphorus in plants regulates several metabolic processes 

such as respiration, photosynthesis, the transfer of energy 

in the form of ADP and ATP, and nucleic acid biosynthesis 

(Malhotra et al., 2018). Castor bean is extensively 

cultivated in Brazil, and the global situation indicates that 

castor bean is an excellent choice for biodiesel production. 

Chemically, its oil contains almost 90% ricinoleic acid, 
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which offers some helpful properties due to its alcohol 

solubility at 30 degrees Celsius (Silva et al., 2006). 

Generally, in an arid and semi-arid area, one hectare of 

castor beans produces 355-660 kg per hectare, making it an 

attractive crop. Castor bean is grown commercially all over 

the world, as well as in developed countries. India, China, 

Brazil, Ethiopia, Paraguay, Vietnam, and Thailand are the 

leading producers of castor beans, which make up 97% of 

the world's production (Anon., 2012). Castor bean is one of 

the most important oilseeds that has acclimated well to 

Pakistani climates. Castor-bean seed contained 30-50% oil. 

In order to achieve the full potential output of oilseeds, 

there are various obstacles that need to be overcome, 

including the high cost and low quality of seeds, 

competition with other non-oilseed crops, the need for 

significant labour input, unstable market conditions, 

inadequate planting density, and improper fertilization 

(Cheema et al., 2013; Reza et al., 2020). 

Castor bean is a very important crop that provides raw 

material in many industries and is used in by-products like 

cosmetics, lubricants, and paints. Pakistan spends a lot of 

money on the import of castor oil to fulfil the industry's need 

(Anon., 2018). Castor bean is an annual oilseed crop, and its 

seed comprises 80-90% glycerides of ricinoleic acid. Owing 

to the presence of these glycerides, castor oil is widely used 

in biodiesel production (Kumar & Sharma, 2011). Keeping 

in view the above-mentioned facts this study was arranged 

to assess the effect of phosphorus on two castor bean 

varieties with respect to growth, seed yield, oil yield and oil 

percentage. Moreover, phosphorus dose optimization was 

also done regarding aforementioned traits. 
 

Table 1. Soil analysis traits. 

Analysis Determination Value Unit 

Structural 

analysis 

Sand 65.5 % 

Silt 17.6 % 

Clay 16.9 % 

Texture class Sandy loam (Hydrological group A) - 

Chemical 

analysis 

Nitrogen 0.046 % 

Phosphorus 9.2 ppm 

Potassium 141 ppm 

Sulfur 9.05 ppm 

Organic matter 0.65 % 

E.C 1.4 dS m-1 

pH 7.9 - 

 

Material and Methods 

 

The investigation was executed at the Agronomic 

Research Farm, University of Agriculture, Faisalabad (31.26º 

North latitude, 73.06º East longitude, and altitude of 184.4m) 

on July 15, 2021. Before one week of sowing, soil samples at 

0-30 cm were collected from different locations using an 

auger and mixed to form a composite soil sample. Soil 

analysis was done at the Ayyub Agriculture Research Institute 

Faisalabad (AARI) and is shown in (Table 1). The 

experimental site was subtropical in nature and characterized 

by moderate rainfall, a dry summer, and a cold winter. The 

weather data collected from the University of Agriculture, 

Faisalabad metrological observatory during the growing 

season is given in (Figs. 1 & Fig. 2). The study was carried 

under randomized complete blocks design (RCBD) under 

factorial arrangements having two castor bean varieties 

(NIAB-Gold and DS-30) and four phosphorus levels (0, 30, 

60 and 90 kg P2O5 ha-1) using the SSP source. NIAB-Gold 

seed was purchased from Nuclear Institute for Agriculture and 

Biology (NIAB), Faisalabad, Pakistan and DS-30 castor bean 

was purchased form Ayub Agricultural Research Institute, 

Faisalabad. Net plot size was 4m×3m and row to row and 

plant to plant distance was kept 56 cm and 24 cm, respectively. 

Total three irrigation was employed during the whole crop 

season (1st irrigation of 4-acre inches was applied after 2nd 

week of germination, 2nd and 3rd on flowering and seed filling 

stage respectively). Moreover, 100 kg/ha nitrogen (urea as a 

source of nitrogen) and 30 kg/ha potassium (K2O5 as a source) 

was applied. Phosphorus, potassium and ½ nitrogen were 

applied during field preparation at seedbed preparation 

whereas, the rest half of nitrogen was used at stem elongation. 

Agronomic traits including, plant height of five plants was 

measured with the help of meter rod at the time of harvesting 

whereas, number of branches and number of capsules/plants 

also counted on the selected five plants. Hundred seed weight 

was recorded on analytical balance whereas, seed yield was 

calculated of each experimental plot and converted into yield 

kg ha-1. Oil content was determined by using electric Soxhlet 

apparatus. A 200 g seed was collected, de-husked and placed 

in oven to dry. Seed was ground and powder was packed into 

thimble. Thimbles were fixed in device. For the extraction of 

oil, N-hexane solvent was utilized, and the temperature was 

maintained at 65°C for five hours. Following this, the mixture 

of N-hexane and oil was separated from Soxhlet once the 

apparatus had cooled down to room temperature. The oil was 

subsequently isolated from the N-hexane using a rotary 

evaporator, and its content was quantified using the formula 

given below and unit was kg ha-1 (Velioglu et al., 2017). 

 

Oil % = 
Weight of resiude 

x 100 
Weight of sample 

 

Synthesis of biodiesel: To produce biodiesel from castor 

bean, the refined oil was first converted into fatty acid 

methyl esters. In the process of transesterification, a precise 

amount of potassium hydroxide was combined with a 

measured quantity of methanol (in a ratio of 5:1 of 

methanol to oil), and the oil was subsequently added to the 

resulting mixture. Moreover, this solution was heated at 

65°C for three hours, and the sample was centrifuged for 

three hours continuously at 400 rpm. Stirring was done, 

which is necessary for assisting the reaction mixture in the 

production of fatty acid methyl esters. Hereafter, the 

mixture was put in a funnel and left for 24 hours to settle. 

Glycerin was settled in the lower portion of the funnel and 

collected separately. The top layer comprises biodiesel 

known as FAME (fatty acid methyl esters), shown in (Fig. 

3). The calorific value was recorded by an oxygen bomb 

calorimeter (Model: DSHY-1A+ZHAUHAI Dshing). 

 

Statistical analysis 
 

The data analysis was performed using Statistix 8.1 

software (Analytical Software, Tallahassee, FL, USA), 

and a least significant difference (LSD) test was 

conducted for mean comparison at a significance level of 

p≤0.05. Furthermore, Pearson correlation analysis was 

conducted with the assistance of Microsoft Excel, 

employing a two-tailed t-test (df-2). 
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Fig. 1. Max. and Mini. Temp. during course of study. 

 

 
 

Fig. 2. Relative humidity and rainfall data during experimentation. 

 

 
 

Fig. 3. Biodiesel synthesis procedure. 

 

Data recorded: As per (Table 2) showed that the mean 
comparison for all studied traits as main effect had 
significant (p≤0.05) effect expect spikes per plant and 100 
seed weight for castor varieties. However, the interactive 
responses of castor bean varieties with phosphorus regimes 
were also observed significant for all variables. Both 
cultivars selection and phosphorus fertilizer application 
significantly influenced the height of castor bean plants, 
which is a critical factor in determining yield. On the other 
hand, NIAB-Gold has the highest number of branches (4.6) 
in 60kg/ha phosphorus whereas, the DS-30 and NIAB-
Gold showed the lowest number of branches (2.35) in 0 

kg/ha phosphorus. Figs. 4 and 5 showed that the spike 
length has a significant variation among castor bean 
varieties and phosphorus treatments. The longest spike 
length (52.33 cm) was recorded in NIAB-Gold under 60 
kg/ha phosphorus whereas DS-30 exhibited the shortest 
spike length (30.00 cm) under 0 kg kg/ha. NIAB-Gold has 
a greater number of spikes per plant (4.33) in 60 kg/ha 
phosphorus and the lowest number of spikes per plant was 
accumulated in DS-30 at 0 kg/ha. Moreover, the maximum 
number of capsules per plant (109.67) was gathered in 
NIAB-Gold at 60 kg/ha phosphorus whereas the minimum 
capsule per plant was taken in DS-30 under 0 kg/ha. 
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Fig. 4. Effect of differential phosphorus doses on castor bean varties for studied tratits and similar letters are statiscally inginficant at 

5% probabolity using LSD test. 
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Fig. 5. Effect of differential phosphorus doses on castor bean varties for studied tratits and similar letters are statiscally inginficant at 

5% probabolity using LSD test. 
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However, phenological variable like days to flower 
inanition was the highest days (63.0) in DS-30 at 0 kg/ha that 
is recorded with statistically similar trend of NIAB-Gold at 30 
kg/ha phosphorous whereas, the least days for flowering was 
observed in NIAB-Gold at 60 kg/ha phosphorus. The highest 
100 seed weight (28.43g) was recorded in NIAB-Gold at 
60kg/ha that was statistically recorded at par findings of 
remaining all treatments whereas, the least (22.23g) 100 seed 
weight was obtained from DS-300 variety when exposed to 
0kg/ha phosphorus. The interaction between phosphorus and 
different varieties were found statistically significant with 
respect to the total seed yield of castor bean. The maximum 
seed yield (1336.0 kg/ha) was calculated in NIAB-Gold at 60 
kg/ha, but the lowest seed yield (1078.0 kg/ha) was calculated 
in DS-30 at 0 kg/ha phosphorus application. 

The interaction between phosphorus doses and variety 
was found significant regarding oil yield. The highest oil 
yield (839.00 kg/ha) was taken in NIAB-Gold at 60kg/ha 
phosphorus whereas, the minimum oil yield (682.7 Kg/ha) 
was recorded in DS-30 at 0 kg/ha phosphorus application. 
The maximum oil content percentage (42.45%) was 
extracted from NIAB-Gold at 60 kg/ha phosphorus while 
the NIAB-Gold and DS-30 at 30kg/ha had showed the 
identical oil content (37.60%). The minimum oil content 
percentage (34.18%) was measured in NIAB-Gold at 0 
kg/ha which is statistically similar to DS-30 at 0 kg/ha. 

The highest biodiesel yield (457.2 L/ha) was recorded in 

NIAB-Gold at 60kg/ha. The minimum biodiesel yield (240.6 

L/ha) was calculated in DS-30 at 0kg/ha phosphorus which is 

statistically similar to NIAB-Gold at 0 kg/ha. Similarly, the 

data regarding calorific value was responded significantly. 

The maximum calorific value (43.8 KJ/g) was recorded in 

NIAB-Gold at 60 kg/ha that is statistically at par with DS-30 

at 60 kg/ha; however, the lowest calorific value (41.1) was 

recorded in Ds-30 at 0 kg/ha phosphorus. Along with this the 

interaction between different doses of phosphorus fertilizer 

and verities was found significant for biodiesel yield. 

 

Correlation analysis 

 

The Pearson's correlation analysis was used to ascertain 

the possible relationship/s among different doses of 

phosphorus of both castor bean cultivars. (Table 3) showed 

that the correlation between the number of spikes per plant 

and spike length was found highly significant (R2=0.969) 

thus showing that more spike length had a greater number of 

spikes. The correlation between days to flower inanition to 

spike length, spike per plant and number of branches were 

found negative correlations consequently a greater number 

of days for flowering had inverse relationship with motioned 

traits. The correlation between oil content percentage with 

respect to other parameters like spike length, spike per plant, 

number of branches and number of capsules were found 

highly significant (R2= 0.956, 0.943, 0.968 and 0.955 

respectively) showing that correlated traits had significantly 

contributed to oil % age. However, seed yield was 

significantly increased due to more spike length, spike per 

plant, number of branches, number of capsules and oil 

content. A positive correlation was found between oil yield 

and spike length, spike per plant, number of branches, 

number of capsules, oil content, seed yield, biodiesel yield, 

calorific value. It showed that oil yield was substantially 

increased with increasing of aforementioned traits. 

Discussion 

 
The application of phosphorus nutrient influenced the 

yield and related attributes in both castor bean cultivars. In 
the current study, the application of phosphorus result in 
increased plant height, number of branches and capsules 
per plants. The current findings are similar to the results of 
(Vanaha et al., 2008) who explained that yield is directly 
proportional to number of branches and number of capsules 
per plant. Moreover, the highest spike length recorded in 
our study was also in line with the results of Jamil et al., 
2008 and Srinivas et al., 2005 who concluded that nitrogen 
and phosphorus application increase the spike length and 
capsules per plants. 

However, the seed yield is directly related to higher 
capsules per plants and 100 grain weight. The seed yield 
increased by the adding of mineral nutrition that was also 
reported by Pacheco et al., (2008) Neto et al., (2009); 
Hadvani et al., (2010) in castor bean. The higher seed yield 
in castor bean cultivars may be attributed due to more 
mobilization of phosphorus nutrients in soil for root uptake 
which resulted less shrinkage of proper plant metabolism 
in the plant body and higher proliferation of cell 
functioning to produce grain yield. 

Moreover, the phosphorus fertilizer enhanced the seed 
yield of castor bean because of the release of more 
concentration of phosphatases, phytase and organic acids 
(Tarafdar & Gharu, 2006; Chen et al., 2006). Nonetheless, 
phosphorus uses can enhanced the growth and diminishing 
the time until harvest. The higher value of castor seed yield 
was the result of higher value of different growth and yield 
contributing characters. These findings are following the 
result of (Singh et al., (2013); Yadav & Yadav (2015) and 
lower yield was recorded without application of 
phosphorus fertilizer. 

Castor bean seed yield, hundred seed weight and oil 
content % was increased due to more occurrence of 
phosphorus in soil. This is in line with earlier finding that 
phosphorus applications accelerated the growth of the 
hyperaccumulator and boosted the shoot yield of spinach 
(Dheri et al., 2007; Chen et al., 2012). Additionally, prior 
research has shown that the addition of KH2Po4 increased 
the production of biomass (Bolan et al., 2003). Our 
experiment showed significant results regarding oil content 
percentage. Our finding of oil content % was the same as 
reported by Tomar et al., (2004) who reported that 
inoculation and phosphorus application increased oil 
contents of soybean. Similar research finding has been 
reported by (Singh et al., 2013; Vaghasia et al., 2017). 

 

Conclusion and Recommendations 
 

The present study was concluded that NIAB-Gold 
caster bean variety showed excellent performance against 
60 kg phosphorus application while DS-30 castor bean 
variety showed least performance against different 
concentration of phosphorus. It is recommended that for 
better oil yield, biodiesels production at 60 kg phosphorus 
application is ideal in NIAB-Gold castor bean variety. 
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