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INTRODUCTION 

In modern agriculture, it is highly important to use sus-

tainable and eco-friendly practices to meet the rising 

global demand for food (Food and Agriculture Organi-

zation, 2019). Properly applying fertilizers is important 

to this endeavor, as it plays a critical role in increasing 

crop yields and quality. Fertilizers are the sole source of 

providing macro and micronutrients to crops for sustain-

ing growth and yield as well as soil fertility (Dhaliwal et 

al., 2019). These nutrients are essential for various life 

processes such as photosynthesis, energy production, 

etc., and are crucial for the growth and development of 

the plant (Ahmed et al., 2020). In addition to better 

plant growth and development, fertilizers are crucial in 

maintaining soil health through improved pH, soil struc-

tures, microbiota, etc. (Singh and Ryan, 2015). Insuffi-

cient fertilization may result in economic losses for 

farmers and low soil fertility since it limits nutrition to 

plants, reducing yield and food availability (Li et al., 

2022 and Goud et al., 2022). 

Historically, India’s agriculture systems relied on organ-

ic manures as nutrient sources (Verma et al., 2021). 

The use of inorganic fertilizers became highly popular 

in the Green Revolution at the end of the nineteenth 

century. Their use in agriculture boosts yield and cre-

ates a spark in the field of agriculture (Zhen et al., 

2014). Nonetheless, they remain critical for global food 

security, and their negative consequences cannot be 

overlooked, especially as sustainable agriculture be-

comes increasingly important (Wani et al., 2021 and 

Kang et al., 2022). Due to the higher application of 

chemical fertilizers in fields, they change into inert 

forms and the plant cannot absorb the resulting com-

pounds (Alalaf et al., 2023). These excess fertilizers 

carried out by water and deposited into water bodies, 
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causing various problems like pollution, eutrophication, 

and algal blooms (Khan and Mohammad, 2014 and 

Srivastav, 2020). For a long, organic fertilizers have 

been known to improve various physical characteristics 

of the soil, like reduced bulk density and alkalinity, im-

proved soil porosity, aeration, water holding capacity, 

etc. (Meena et al., 2023). With increasing organic mat-

ter by organic manures, humus content also increases, 

which results in various changes in the biological prop-

erties of the soil and allows beneficial microbes and 

other soil organisms to grow (Tiwari et al., 2023 and 

Didawat et al., 2023). Organic fertilizers improve soil 

fertility and boost output by increasing soil carbon, nitro-

gen, and other nutrients while being eco-friendly and 

cheap (Elidar, 2018 and Singh et al., 2020). 

According to Singh et al. (2019), maintaining soil health 

and increasing crop production solely through organic 

nutrient sources will require significant organic fertilizer 

at regular intervals. In contrast, using inorganic fertiliz-

ers alone may result in enhanced crop yields in a short 

period. However, it has a prominent effect on soil 

health, causing soil organic matter loss and affecting 

the natural environment (Li et al., 2020). Due to the 

negative consequences of applying inorganic or organic 

fertilizers separately, a mixture of organic manure and 

inorganic fertilizers has emerged as a feasible option 

for improving soil health and productivity. As a result, 

combining inorganic and organic fertilizers improve soil 

productivity and fertility in less expensive ways while 

minimizing the negative effects that chemical fertilizers 

can have (Ayeni and Ezeh, 2017 and Farid et al., 

2023). Organomineral fertilizers are preferable options 

because they contain both organic (slow-releasing) and 

inorganic (fast-releasing) components that increase 

yield while maintaining soil fertility (Smith et al., 2020). 

Plant species rely on seeds to survive. Seed germina-

tion is the first and crucial stage in optimizing crop yield 

(Wolny et al., 2018). The effect of various fertilizers like 

vermicompost, agricultural compost, sewage sludge, 

mineral fertilizers, etc. was studied by the scientific 

community on seed germination, seedling growth, and 

development (Sarma and Gogoi, 2015 and Mog et al., 

2017). When evaluating the effect using soil or media, 

various other factors also interfere with seed germina-

tion and seedling emergence. Assessing the direct rela-

tionship between fertilizers and growth parameters is 

difficult in this scenario. So, filter paper seed germina-

tion bioassay is the best alternative for establishing an 

obvious correlation between fertilizers, germination, and 

growth parameters of seeds (Eyheraguibel et al., 2008 

and Pan et al., 2022). 

 Cluster bean (Cyamopsis tetragonoloba (L.) Taub.) 

and brinjal (Solanum melonjena L.) are grown at a larg-

er scale in India. Cluster bean is a highly important leg-

ume crop and India accounts for approx. 80 % of global 

production (Bhatt et al., 2017). Behind potatoes and 

tomatoes, brinjal is the third most extensively produced 

crop in the Solanaceae family and Asia accounts for 

almost 90% of global output, primarily China and India 

(Wei et al., 2020). The present study aimed to evaluate 

the efficacy of different nutrient sources like Farmyard 

manure (FM), Poultry + Vermicompost (PV), Pond slur-

ry (PO), one organomineral fertilizer (OM), and three 

inorganic fertilizers used were Diammonium phosphate 

(DAP), Urea (U) and combined mineral fertilizer (CM) 

on cluster bean and brinjal.  

MATERIALS AND METHODS 

Study material and treatments 

Two crop species Brinjal (Solanum melonjena L.) and 

Cluster bean (Cyamopsis tetragonoloba (L.) Taub.) 

were used for seed germination bioassay. Both the 

crop species follow the recommendations of the Organ-

isation for Economic Co-operation and Development 

(2006) for seed germination and early growth testing. 

The crops were widely grown in the area as crops. The 

seeds were obtained from Indian Farmers Fertiliser 

Cooperative Limited, New Delhi. Before proceeding to 

germination bioassay, seeds were surface sterilized in 

a 14% sodium hypochlorite solution for 10 minutes and 

washed with double distilled water. All fertilizers were 

ground into powdered form, and stock solutions were 

prepared at 5 g/L for further use. 

A total of 7 organic, organomineral, and inorganic ferti-

lizers having a definite ratio of N, P, and K content were 

selected to assess their potential and efficacy. The 

three organic fertilizers used were Farm yard manure 

(0.8:0.4:0.4), Poultry + Vermicompost (1.6:1.2:1.5), 

Pond slurry (1.8:1.9:1.2), one organomineral fertilizer 

(12:9.2:9.8) and three inorganic fertilizers used were 

Diammonium phosphate (18:46:0), Urea (46:0:0) and 

combined mineral fertilizer (21.3:15.3:16.6). Inorganic 

fertilizers were obtained from Indian Farmers Fertiliser 

Cooperative  limited, New Delhi. The organomineral 

fertilizer was prepared from organic (pond slurry, poul-

try) and inorganic (N, P, and K) fractions, while organic 

fertilizers were collected from the rural areas of Ku-

rukshetra, Haryana. 

 

Seed germination bioassay 

Aqueous solutions of the seven different fertilizers were 

prepared in deionized water at four varying concentra-

tions: 110, 220, 330, and 440 mg/L while the deionized 

water served as blank.  According to the standard ger-

mination protocol suggested by American Society for 

Testing Materials (2003) and Pan et al. (2022), 10-20 

seeds of particular crop species were placed into a Pe-

tri plate with filter paper, and 5 ml of each fertilizer solu-

tion was added through syringe filtration into the petri 

dish. After covering the Petri dishes, they were placed 

in the growth chambers in triplicates with a temperature 
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of 25°C and 80% humidity in total light conditions in 

accordance with the test crop species. If necessary, 

water loss from the Petri dishes was regularly moni-

tored and added. During the test, fertilizer absorption 

and degradation were minimal. The root and shoot 

lengths were measured and their fresh weight, dry 

weight (oven-dried), and the relative seed germination 

percentage were determined. The average incubation 

period for both the crops was 12 days. 

 

Statistical analysis 

All the statistical analyses were conducted using soft-

ware R version 4.3.1. Firstly, to assess the variance 

among different fertilizers, ANOVA was performed us-

ing the package ‘stats’ (Table 6). Subsequently, the 

data was visualized to see the differences in means 

alongside their corresponding standard deviations. Fur-

thermore, regression equations were derived to under-

stand the correlation between N, P, and K content pre-

sent in fertilizers and different growth parameters. This 

was achieved using the same ‘lm’ function within the 

package ‘stats’. R-squared values and p-values were 

then computed to evaluate the strength and signifi-

cance of the relationships identified. 

RESULTS AND DISCUSSION 

Relative germination ratio 

Overall, organic fertilizers promoted seed germination 

rate compared to control, while organomineral and inor-

ganic fertilizers inhibited seed germination in their high-

er concentration. In brinjal seeds, inorganic fertilizers 

inhibited germination compared to control, while in the 

case of cluster bean, a lower concentration of 110 mg/L 

promoted germination while a higher concentration 

showed inhibitory effects (Table 1). The highest relative 

germination ratio (RGR) in brinjal (103%) was observed 

with organic fertilizer (FM) at a concentration of 440 

mg/L and organomineral fertilizer (OM) at 220 mg/L. 

For cluster bean, the highest RGR (112.5%) was 

achieved with organic (PO) and organomineral fertilizer 

(OM), both at a concentration of 330 mg/L. Cluster 

beans at 110 mg/L concentration of urea also showed a 

higher RGR value (112.5%). Urea, the most abundantly 

used fertilizer in our cropping system, significantly af-

fects seed germination, but its long-term usage nega-

tively impacts soil (Oli et al., 2024). The lowest relative 

germination ratios were recorded in the higher concen-

tration of mineral fertilizers. Similar findings were also 

reported that poultry, vermicompost, and farmyard ma-

nure results in better seed germination in mulberry and 

certain other crops (Wani et al., 2017 and Rasool et al., 

2023). Organic and organomineral fertilizers provided 

more satisfactory results because having organic car-

bon fraction, micronutrients, and other micronutrients 

that are essential for seed to grow (Abd-El-Hamid and 

Bugaev, 2020 and Shafique et al., 2021). 

 

Effect of varying fertilizer concentration on various 

growth parameters 

The present study identified ideal fertilizer concentra-

tions to promote shoot and root growth. Shoot and root 

length in different fertilizer concentrations were com-

pared with the control, which had double distilled water. 

Different fertilizer concentrations show a significant 

(p<0.001) effect on shoot and root promotion. In brin-

jal seeds, organic fertilizers (FM, PV and PO) promoted 

shoot and root length with increasing concentrations. 

Among organic fertilizers, the highest promotion rate 

was observed at 440 mg/L concentration of PO with 

50.4% in shoot length (1.76 cm) and 45% root length 

(8.24 cm) promotion compared to control (1.17 cm 

shoot length and 5.68 cm root length) (Fig.1 a-c & h). 

Organomineral fertilizer served as the most effective 

fertilizer at 220 mg/L concentration with 53.8% promo-

tion in the shoot length (1.8 cm) and 72.1% in the root 

length (9.78 cm) compared to control (Fig.1 d). No in-

formation regarding the study of pond slurry as fertilizer 

was reported, while some workers suggested that sew-

age sludge is a potential source of nutrients for plants. 

Studies carried out by Rodrigues et al. (2021) on soy-

beans suggested that sewage sludge-based organic 

fertilizer results in better growth parameters, increased 

no. of pods, nodulations and higher accumulation of N, 

P, and K. Jannat et al. (2023) reported that integrated 

application of vermicompost in brinjal results into in-

creased plant height, no. of fruits/plant, fruit weight, 

other physiological and biochemical parameters. 

Among inorganic fertilizers, DAP and Urea  at 110 mg/

L concentration showed promotion in shoot and root 

length, while their higher concentration inhibited shoot 

and root growth. The highest promotion rate among 

inorganic fertilizers was observed at 220 mg/L concen-

tration of combined mineral fertilizer, with 36.7% pro-

motion in shoot length (1.6 cm) and 41.5% in root 

length (8.04 cm)  compared to control (Fig. 1 e-g). In 

the soil, urea produces ammonia and carbon dioxide 

on hydrolysis, followed by a reduction in nitrates and 

nitrites by soil microbes. As ammonia is toxic in nature, 

excessive amounts will inhibit seed germination and 

seedling growth (Shilpha et al., 2023). Combined min-

eral fertilizers were proven to be better because having 

three major macronutrients (N, P, and K). In addition to 

DAP, combined mineral fertilizer contains potassium 

which activates various enzymes involved in metabolic 

processes essential for seed germination, such as the 

breakdown of stored food reserves and the formation 

of growth regulators; similar findings were also report-

ed by Rawat et al. (2016). 

In cluster bean seeds (Fig.2 a-h), farmyard manure 

promoted shoot and root length with increasing con-

centration of the fertilizer. Among organic fertilizers, the 
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  Brinjal Cluster beans 

Treat-

ments 

Relative 

germina-

tion ratio 

Fresh weight 

(in mg) 

Dry weight 

(in mg) 

Relative 

germina-

tion ratio 

Fresh weight 

(in mg) 

Dry weight (in 

mg) 

FMC1 100 25.06±0.36 1.58±0.04 100 157.8±3.27 15.44±0.35 

FMC2 103 26.58±0.37 1.74±0.08 100 159.8±2.38 16.68±0.37 

FMC3 103 28.32±0.41 1.88±.04 100 170.8±4.32 17.92±0.67 

FMC4 103 29.78±0.26 2.06±.05 100 219±2.54 21.14±0.69 

PVC1 84.48 25.7±0.23 1.88±0.04 107.5 
         

195.2±3.96 
18.7±0.31 

PVC2 84.48 28.9±0.39 2.02±0.13 100 175.2±8.40 16.92±0.37 

PVC3 86.18 29.74±0.31 2.06±0.05 100 206.8±5.31 20.34±0.32 

PVC4 103 30.2±1.03 2.28±0.1 87.5 231.4±5.72 23.3±0.42 

POC1 84.48 27.02±0.13 1.84±0.05 112.5 164±4.41 15.46±0.40 

POC2 100 28.68±0.43 2.28±0.08 107.5 173±2.91 19.4±1.14 

POC3 94.82 30.24±0.47 2.42±0.13 112.5 214.2±3.56 21.34±0.42 

POC4 87.94 33.26±0.77 3.04±0.11 100 239.2±3.76 26.12±0.95 

OMC1 91.36 28.7±1.39 2.28±0.08 100 232±4.94 23±0.58 

OMC2 103 38.12±1.34 3.1±0.1 100 254±4.06 24.16±0.27 

OMC3 93.11 30.4±0.65 2.4±0.1 112.5 218±13.3 21.6±0.28 

OMC4 93.11 26.98±0.22 1.84±0.05 91.2 200±18.70 22.54±0.49 

DC1 99.94 26.12±0.79 1.8±0.07 112.5 181±10.14 22.06±0.44 

DC2 87.94 16.64±0.47 1.6±0.07 87.5 159.8±6.05 16.88±0.35 

DC3 77.59 11.4±0.99 1.24 78.7 135±5.74 15.36±0.43 

DC4 0 0 0 0 0 0 

UC1 86.18 25.42±0.49 2±0.07 112.5 189.2±14.25 20.16±0.84 

UC2 72.42 11.2±0.52 1.6±0.07 100 157.8±4.76 18.92±0.43 

UC3 0 0 0 66.2 135±5.78 17.78±0.49 

UC4 0 0 0 0 0 0 

CMC1 87.94 26.82±0.47 1.48±0.08 107.5 222.8±1.78 22.58±0.54 

CMC2 100 32.86±0.56 2.6±0.14 100 238±4.56 28.24±0.40 

CMC3 87.94 23.7±0.72 1.9±0.07 87.5 155.2±4.65 18.6±0.29 

CMC4 0 0 0 0 0 0 

CON-

TROL 
-  24.86±0.23 1.5±0.1 - 151.8±4.20 15.04±0.26 

Table 1. Data showing the effect of varying concentrations of different organic, inorganic and organomineral fertilizers on 

relative germination ratio, fresh and dry weight of brinjal and cluster bean seedlings 
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Fig. 1 (a-h): Seven tested fertilizers showing effect on root and shoot elongation in brinjal seeds (Grey bars =root length, 

black  bars =shoot length). All data were statistically analysed by ANOVA (P< 0.001). The error bars showing the stand-

ard deviation of all data. 
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Fig. 2 (a-h). Seven tested fertilizers showing effect on root and shoot elongation in cluster bean seeds (Grey bars = root 

length, black bars =shoot length). All data were statistically analysed by ANOVA (P< 0.001). The error bars showing the 

standard deviation of all data. 
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highest promotion rate was observed at 440 mg/L con-

centration of PV with 49.5%  promotion in shoot length 

(3.62 cm), while maximum promotion in root length 

(3.68 cm) in organic fertilizers was observed at 440 mg/

L concentration of PO with 62.86% promotion com-

pared to control (2.42 cm shoot length and 2.26 cm root 

length). No inhibition on shoot and root length promo-

tion was observed with increasing concentration com-

pared to control. Organomineral fertilizer served as the 

most effective fertilizer at 220 mg/L concentration with 

71 % promotion in the shoot length (4.14 cm) and 

72.5% in the root length (3.9 cm). Organic fertilizers 

seem to be a better source of nutrients in terms of plant 

growth and reducing soil pollution. Studies suggested 

that poultry manure-based organomineral fertilizers 

improve seed germination, seedling growth, and yield 

by maintaining a steady supply of nutrients to plants 

and reducing the flux of nutrients to the environment 

(Aitbayev et al., 2018 and Mažeika et al., 2021). Among 

inorganic fertilizers, DAP and Urea at 110 mg/L con-

centration promoted shoot and root length while their 

higher concentration showed toxic effects in shoot and 

root growth. The highest promotion rate among inor-

ganic fertilizers was observed at 220 mg/L concentra-

tion of combined mineral fertilizer with 22.3% promotion 

in shoot length (2.96 cm) and 42% in root length (3.22 

cm) compared to control. Combined N, P, and K fertiliz-

er with other nutrient sources on cucumber gives prom-

ising results in promoting growth and yield (Wang et al., 

2023). Combined mineral fertilizer seems to be better 

than urea and DAP alone because inadequate levels of 

potassium can lead to reduced germination rates and 

seedling growth (Thornburg et al., 2020). Therefore, 

ensuring adequate nutrient availability is crucial for im-

proving seed germination and successive seedling 

growth. 

In addition to root length and shoot length, other ob-

served growth parameters included the seedling's fresh 

weight and dry weight. As the concentration of organic 

fertilizers increased, the fresh and dry weight of the 

seedling increased as well; the opposite was seen with 

inorganic fertilizers (Table 1). The highest fresh weight 

(38.12 mg) and dry weight (3.1 mg) in brinjal was rec-

orded with organomineral fertilizers at a concentration 

220 mg/L. Similarly, higher fresh weight (254 mg) and 

dry weight (24.1 mg) in cluster beans was reported with 

organomineral fertilizers at the same concentration. 

Semida et al. (2015) worked on the effect of or-

ganomineral fertilizers on brinjal and observed that or-

ganomineral fertilizers showed increased seedling 

growth, photosynthetic efficiency, and seedling anato-

my. Studies recorded that organic and mineral fertilizers 

improve seedling vigor, dry weight, and other growth 

parameters (Angadi et al., 2017). Higher concentrations 

of fertilizers may affect seed germination, seedling 

emergence, and growth (Erşahin et al., 2017). So, it is 

highly recommended that the optimum concentration of 

fertilizers be used to improve growth and yield. 

 

Optimizing suitable concentrations of fertilizers for 

growth and development 

For both crop species, ideal concentrations of FM, PV, 

and PO were more than 440 mg/L, whereas in the case 

of organomineral fertilizers, the optimal concentration 

was 220 mg/L. Brinjal and cluster bean concentrations 

below 110 mg/L of Urea and DAP seem optimal, while 

concentrations below 220 mg/L were optimal for com-

bined mineral fertiliser. Apart from organic fertilizers, 

overfertilization was observed with other fertilizer types. 

Studies carried out by Shaji et al. (2021) showed that 

manures are generally used as a source of N, P,  and 

K, also contains other macro and micronutrients. Or-

Shoot elongation in brinjal 

Types Fertilizers N P K 

Organic 
Farmyard ma-

nure 

y=.058x2-0.094x+1.205 

(R2= .87) 

y=0.413x2-0.251x+1.205 

(R2= .87) 

y=.23x2-0.188x+ 

1.205 (R2= .87) 

  
Poultry+ Ver-

micomposting 

y=-0.006x2+.10x+1.295 

(R2= .71) 

y=0.010x2+0.13x+1.295 

(R2= .71) 

y=0.006x2+0.10x+1.29

5 (R2= .71) 

  
Pond slurry 

  

y=0.008x2-0.036x+1.42 

(R2= .88) 

y=0.007x2-0.034x+1.42 

(R2= .88) 

y=0.017x2-0.052x+ 

1.42 (R2= .88) 

Organomineral OMF 
y=-0.0006x2+.04x+1.012 

(R2= .72) 

y=-0.001x2+.053x+1.012 

(R2= .72) 

y=-0.0009x2+.05x+ 

1.012 (R2= .72) 

Inorganic 
Diammonium 

phosphate 

y=0.00015x2-.038x+1.205 

(R2= .98) 

y=0.00002x2-.015x+ 

1.205 (R2= .98) 
NA 

  Urea 
y=0.0001x2-0.034x+2.873 

(R2= .99) 
NA NA 

  CMC (N.P.K.) 
y=-0.00064x2+0.056x+ 

0.402 (R2= .99) 

y=-0.001x2+.079x+0.402 

(R2= .99) 

y=-0.001x2-0.072x+ 

0.402 (R2= .99) 

Table 2. Regression equations analyzing the effect of N, P, and K content in various organic, inorganic and organominer-

al fertilizers on shoot length in brinjal seedlings 
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ganic manures have a salutary effect on soil fertility, 

improving soil  structure and plant growth. Poultry ma-

nure had higher nutrient content in comparison to other 

types (Adekiya et al., 2020). Inorganic fertilizers provide 

necessary elements essential for germinating and es-

tablishing the seedling, which is one of the crucial steps 

in the life cycle of a plant (Dhaliwal et al., 2019). Their 

employment in agriculture boosts output, but their ineffi-

cient use negatively influences environmental quality 

and soil productivity, posing serious environmental con-

cerns (Dar et al., 2021).  

Optimal concentration of the macro and micronutrients 

in the soil is essential for the growth of the plants and 

soil fertility. However, inhibitory effects may also be 

seen in most of the crops when these elements in-

crease beyond permissible limits (Shrivastav et al., 

2020). Nutrient availability in the soil also affects the 

pH, which plays a crucial role in the germination and 

growth of seed. 

 

Regression analysis of nutrient content and their 

effect on shoot and root elongation 

Regression analysis is frequently used to evaluate the 

impact of various fertilizers and their varied concentra-

tions on growth metrics. Regression models are gener-

ally used to forecast predicted growth parameters at 

Root elongation in brinjal 

Types Fertilizers N P K 

Organic 
Farmyard ma-

nure 

y=0.025x2+0.14x+5.540 

(R2=0.93) 

y=0.183x2+0.38x+5.540 

(R2=0.93) 

y=0.10x2+0.29x+5.540 

(R2=0.93) 

  
Poultry+ Ver-

micomposting 

y=0.001x2+0.127x+5.405 

(R2=0.91) 

y=0.002x2+0.165x+5.405 

(R2=0.91) 

y=0.001x2+0.127x+5.405 

(R2=0.91) 

  Pond slurry 
y=-0.06x2+1.09x+3.85 

(R2=0.98) 

y=-0.06x2+1.04x+3.85 

(R2=0.98) 

y=-0.14x2+1.58x+3.85 

(R2=0.98) 

Organomineral OMF 
y=-0.002x2+0.080x+ 

6.955 (R2=0.78) 

y=-0.004x2+0.105x+ 

6.955 (R2=0.78) 

y=-0.004x2+0.099x+ 

6.955 (R2=0.78) 

Inorganic 
Diammonium 

phosphate 

y=0.001x2-0.21x+9.845 

(R2=0.95) 

y=0.0001x2-0.084x+ 

9.845 (R2=0.95) 
NA 

  Urea 
y=0.0005x2-0.181x+.135 

(R2=0.94) 
NA NA 

  CMC(N.P.K.) 
y=-0.002x2+0.187x+ 

4.285 (R2=0.98) 

y=-0.004x2+0.26x+4.285 

(R2=0.98) 

y=-0.004x2+0.24x+4.285 

(R2=0.98) 

Table 3. Regression equations analyzing the effect of N, P, and K content in various organic, inorganic and  

organomineral fertilizers on root length in brinjal seedlings 

Shoot elongation in cluster beans 

Types Fertilizers N P K 

Organic Farmyard manure 
y=0.23x2-0.69x+2.90 

(R2=0.84) 

y=1.65x2-1.85x+2.90 

(R2=0.84) 

y=0.92x2-1.39x+2.90 

(R2=0.84) 

  
Poultry+ Ver-

micomposting 

y=-0.01x2+0.34x+2.17 

(R2=0.86) 

y=-0.03x2+0.44x+2.17 

(R2=0.86) 

y=-0.01x2+0.34x+2.17 

(R2=0.86) 

  Pond slurry 
y=-0.03x2+0.54x+1.08 

(R2=0.91) 

y=-0.02x2+0.52x+1.08 

(R2=0.91) 

y=-0.06x2+0.79x+1.08 

(R2=0.91) 

Organomineral OMF 
y=-0.001x2+0.10x+2.3 

(R2=0.57) 

y=-0.002x2+0.13x+2.3 

(R2=0.57) 

y=-0.002x2+0.12x+2.3 

(R2=0.57) 

Inorganic 
Diammonium 

phosphate 

y=-0.0009x2+0.063x+ 

1.37 (R2=0.91) 

y=-0.0001x2+0.024x+ 

1.37 (R2=0.91) 
NA 

  Urea 
y=-0.0001x2+0.002x+ 

2.89 (R2=0.95) 
NA NA 

  CMC(N.P.K.) 
y=-0.0013x2+0.124x+ 

0.07 (R2=0.89) 

y=-0.002x2+0.173x+0.07 

(R2=0.89) 

y=-0.0021x2+0.159x+ 

0.07 (R2=0.89) 

Table 4. Regression equations analyzing the effect of N, P, and K content in various  organic, inorganic and  

organomineral fertilizers on shoot length in cluster bean seedlings  
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fertilizer concentrations beyond the available range and 

optimise fertilizer doses to get the expected growth and 

development (Monika et al., 2022). Tables 2, 3, 4 and 5 

represent the regression equations that show the rela-

tionship between the N, P, and K content of different 

fertilizers and their effect on shoot and root elongation 

of cluster bean and brinjal. It would help to determine 

whether the observed effects were statistically signifi-

cant or not. The brinjal R2 value for shoot and root elon-

gation ranges from 0.71 to 0.99 (Tables 2 and 3). R
2
 is 

higher when there is a linear relationship between the 

predictor and response variable. For example, shoot 

and root elongation increased with increasing concen-

tration of fertilizers in the case of organic fertilizers 

while decreasing in the case of inorganic fertilizers, and 

both show higher R2 values. In the case of cluster 

bean, similar trends were observed as in the case of 

brinjal. R2 value ranged from 0.57 to 0.95, in shoot 

elongation (Table 4) and 0.72 to 0.97 in root elongation 

(Table 5). Studies suggested that organic fertilizers like 

poultry, farmyard manure, and vermicompost promote 

soil microbiota, which is essential for nutrient recycling 

and soil fertility, leading to better growth parameters 

and higher yield (Joshi et al., 2015; Wani et al., 2017). 

Adekiya et al. (2022) reported that using poultry ma-

nure increases sorghum yield and positively influences 

the soil properties. Organomineral fertilizers provide a 

variety of macro, micronutrients and organic matter, 

making them preferable to other fertilizers. Or-

ganomineral fertilizers enhance plant growth, including 

yield and absorption of nutrients, compared to using 

manure or inorganic fertilizers separately (Ojo et al., 

2014 and Smith et al., 2020). Moreover, many workers 

suggested that organomineral fertilizers derived from 

animal manure and mineral fertilizers have a higher 

potential to increase plant height, no of leaves, seed 

weight, fruit size, etc, in various crops like maize, toma-

to, corn, etc. (Sakurada et al.,2016 and Ayeni and 

Ezeh, 2017). It has been found that urea and other wa-

ter-soluble fertilizers were highly beneficial for the veg-

etative growth of soybeans and enhanced plant height, 

no. of branches, fruit, other physiological and biochemi-

cal parameters (Kılınçoğlu et al., 2023). Continuous 

use of inorganic fertilizers without organic fractions 

leads to several changes in soil properties like high 

acidification, leaching, and depletion of energy for soil 

Root elongation in cluster beans 

Types Fertilizers N P K 

Organic Farmyard manure 
y=-0.33x2+1.92x-0.13 

(R2=0.88) 

y=-2.38x2+5.13x-0.13 

(R2=0.88) 

y=-1.34x2+3.85x-0.13 

(R2=0.88) 

  
Poultry+ Ver-

micomposting 

y=0.02x2+0.02x+1.58 

(R2=0.95) 

y=0.04x2+0.02x+1.58 

(R2=0.95) 

y=0.02x2+0.02x+1.58 

(R2=0.95) 

  Pond slurry 
y=-0.01x2+0.47x+1.06 

(R2=0.93) 

y=-0.01x2+0.45x+1.06 

(R2=0.93) 

y=-0.03x2+0.68x+1.06 

(R2=0.93) 

Organomineral OMF 
y=-0.001x2+115x+0.43 

(R2=0.72) 

y=-0.001x2+151x+0.43 

(R2=0.72) 

y=-0.001x2+142x+0.43 

(R2=0.72) 

Inorganic 
Diammonium 

phosphate 

y=-0.0006x2+0.01x+ 

2.80 (R
2
=0.97) 

y=-0.00009x2+0.005x+ 

2.80 (R
2
=0.97) 

NA 

  Urea 
y=0.00003x2-

0.01x+3.12 
NA NA 

  CMC(N.P.K.) 
y=-0.0005x2+0.016x+ 

3.14 (R2=0.91) 

y=-0.001x2+0.023x+ 3.14 

(R2=0.91) 

y=-0.0009x2+0.021x+ 

3.14 (R2=0.91) 

Table 5. Regression equations analyzing the effect of N, P, and K content in various  organic, inorganic and  

organomineral fertilizers on root length in cluster bean seedlings 

  Brinjal Cluster beans 

Response Fertilizer Concentration 
Fertilizer:  

Concentration 
Fertilizer 

Concentra-

tion 

Fertilizer:  

Concentration 

Shoot length >0.001 >0.001 >0.001 >0.001 >0.001 >0.001 

Root length >0.001 >0.001 >0.001 >0.001 >0.001 >0.001 

Fresh Weight >0.001 >0.001 >0.001 >0.001 >0.001 >0.001 

Dry weight >0.001 >0.001 >0.001 >0.001 >0.001 >0.001 

Germination >0.001 >0.001 >0.001 >0.001 >0.001 >0.001 

Table 6. ANOVA significance levels (p-values) for various growth parameters 
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microbes, ultimately affecting crop health (Menšík et 

al., 2018). Applying organic fertilizers blended with inor-

ganic fertilizers maintains sustainable growth and yield 

without compromising soil health. 

Conclusion 

The present study on the effects of various organic, 

inorganic, and organomineral fertilizers on brinjal and 

cluster bean showed that organomineral fertilizer at a 

concentration of 220 mg/L was the most effec-

tive, offering the highest growth parameters like RGR, 

shoot length, root length, fresh weight and dry 

weight.This study suggested that increasing the dose of 

fertilizers for higher yield can also inhibit seed germina-

tion and growth. Additionally, organomineral fertilizers 

seemed good for plants because they serve both or-

ganic and inorganic fractions. These fertilizers ensured 

a steady supply of nutrients to plants and better surviv-

al of crop species because of their slow-releasing or-

ganic and fast-releasing inorganic components.  

ACKNOWLEDGEMENTS 

The author would like to thank the Council of Scientific 

and Industrial Research (CSIR), New Delhi, for provid-

ing adequate financial assistance as a Senior Research 

Fellowship to Aman Kumar. The authors would also like 

to thank the Department of Botany, Kurukshetra Uni-

versity, Kurukshetra, India, for supporting the present 

research work. 

Conflict of interest 
The authors declare that they have no conflict of  
interest. 

REFERENCES 

1. Abd-El-Hamid, S. E. A. & Bugaev, P. D. (2020). Impact of 

seed treatments pre-sowing and organo-mineral fertilizer 

on spring Barley production. Indian Journal of Agricultural 

Research, 54(5), 611-616. http://dx.doi.org/10.18805/

IJARe.A-519  

2. Adekiya, A. O., Agbede, T. M., Aboyeji, C. M., Olaniran, A. 

F., Aremu, C., Ejue, W. S., Iranloye, Y. M. & Adegbite, K. 

(2022). Poultry and green manures effects on soil proper-

ties, and sorghum performance, and quali-

ty. Communications in Soil Science and Plant Analysis, 53

(4), 463-477. https://

doi.org/10.1080/00103624.2021.2017450  

3. Adekiya, A. O., Ejue, W. S., Olayanju, A., Dunsin, O., 

Aboyeji, C. M., Aremu, C., Adegbite, K. & Akinpelu, O. 

(2020). Different organic manure sources and NPK fertiliz-

er on soil chemical properties, growth, yield and quality of 

okra. Scientific Reports, 10(1), 1-9. https://

doi.org/10.1038/s41598-020-73291-x  

4. Ahmed, M., Hasanuzzaman, M., Raza, M. A., Malik, A. & 

Ahmad, S. (2020). Plant nutrients for crop growth, devel-

opment and stress tolerance. In: Sustainable agriculture in 

the era of climate change, (pp 43-92). Springer, Cham. 

https://doi.org/10.1007/978-3-030-45669-6_3  

5. Aitbayev, T. E., Mamyrbekov, Z. Z., Aitbayeva, A. T., Tu-

regeldiyev, B. A. & Rakhymzhanov, B. S. (2018). The 

influence of biorganic fertilizers on productivity and quality 

of vegetables in the system of" green" vegetable farming 

in the conditions of the south-east of Kazakhstan. OnLine 

Journal of Biological Sciences, 18(3), 277-284. DOI: 

10.3844/ojbsci.2018.277.284  

6. Alalaf, A. H., Abbas, A. K., Mahmood, S. S., AlTaey, D. K., 

Al-Tawaha, A. R., Al-Tawaha, A. R., Mehdizadeh, M. & 

Abbas, G. (2023). Using Clean Alternatives and Reducing 

Reliance on Chemical Fertilizers Added to Soil to Achieve 

Agricultural Sustainability. In IOP Conference Series: 

Earth and Environmental Science (Vol. 1158, No. 2, p. 

022011). IOP Publishing. DOI 10.1088/1755-

1315/1158/2/022011  

7. Angadi, V., Rai, P. K. & Bara, B. M. (2017). Effect of or-

ganic manures and biofertilizers on plant growth, seed 

yield and seedling characteristics in tomato (Lycopersicon 

esculentum Mill.). Journal of pharmacognosy and phyto-

chemistry, 6(3), 807-810. 

8. ASTM, American Society for Testing Materials. (2003). 

Standard guide for conducting terrestrial plant toxicity 

tests. ASTM International, West Conshohocken, PA, 1534

-1554. 

9. Ayeni, L. S. & Ezeh, O. S. (2017). Comparative effect of 

NPK 20: 10: 10, organic and organo-mineral fertilizers on 

soil chemical properties, nutrient uptake and yield of toma-

to (Lycopersicon esculentum). Applied Tropical Agricul-

ture, 22(1), 111-116. 

10. Bhatt, R. K., Jukanti, A. K. & Roy, M. M. (2017). Cluster 

bean [Cyamopsis tetragonoloba (L.) Taub.], an important 

industrial arid legume: A review. Legume Research-An 

International Journal, 40(2), 207-214. http://10.0.73.117/

lr.v0iOF.11188  

11. Dar, G. H., Bhat, R. A., Mehmood, M. A. & Hakeem, K. R. 

(2021). Microbiota and Biofertilizers, Vol 2. Springer 

Cham. https://doi.org/10.1007/978-3-030-61010-4  

12. Dhaliwal, S. S., Naresh, R. K., Mandal, A., Walia, M. K., 

Gupta, R. K., Singh, R. & Dhaliwal, M. K. (2019). Effect of 

manures and fertilizers on soil physical properties, build-

up of macro and micronutrients and uptake in soil under 

different cropping systems: a review. Journal of Plant Nu-

trition, 42(20), 2873-2900. https://

doi.org/10.1080/01904167.2019.1659337  

13. Didawat, R. K., Sharma, V. K., Nath, D. J., Patra, A., Ku-

mar, S., Biswas, D. R., Chobhe, K. A., Bandyopadhyay, K. 

K., Trivedi, A., Chopra, I., Dutta, A., Mahopatra, K. K. & 

Anil, A. S. (2023). Soil biochemical properties and nutri-

tional quality of rice cultivated in acidic inceptisols using 

long-term organic farming practices. Archives of Agrono-

my and Soil Science, 69(8), 1282-1297. https://

doi.org/10.1080/03650340.2022.2084084  

14. Elidar, Y. (2018). Seed emergence and growth of the 

short age sugar palm (Arenga pinnata) as a response of 

seed scarifcation and liquid organic fertilizer application. 

Asian Journal of Agriculture, 2(01), 8–13. https://

doi.org/10.13057/asianjagric/g020102  

15. Erşahin, Y. Ş., Ece, A. & Karnez, E. (2017). Differential 

effects of a vermicompost fertilizer on emergence and 

1150 

http://dx.doi.org/10.18805/IJARe.A-519
http://dx.doi.org/10.18805/IJARe.A-519
https://doi.org/10.1080/00103624.2021.2017450
https://doi.org/10.1038/s41598-020-73291-x
https://doi.org/10.1038/s41598-020-73291-x
https://doi.org/10.1007/978-3-030-45669-6_3
http://10.0.73.117/lr.v0iOF.11188
http://10.0.73.117/lr.v0iOF.11188
https://doi.org/10.1007/978-3-030-61010-4
https://doi.org/10.1080/01904167.2019.1659337
https://doi.org/10.1080/03650340.2022.2084084
https://doi.org/10.13057/asianjagric/g020102
https://doi.org/10.13057/asianjagric/g020102


 

Kumar, A. and Jakhar,  S. / J. Appl. & Nat. Sci. 16(3), 1141 - 1152 (2024) 

seedling growth of tomato plants. Turkish Journal of Agri-

culture-Food Science and Technology, 5(11), 1360-1364. 

https://doi.org/10.24925/turjaf.v5i11.1360-1364.1458  

16. Eyheraguibel, B., Silvestre, J. & Morard, P. (2008). Effects 

of humic substances derived from organic waste enhance-

ment on the growth and mineral nutrition of 

maize. Bioresource technology, 99(10), 4206-4212. 

https://doi.org/10.1016/j.biortech.2007.08.082  

17. Farid, I. M., Abbas, M. H. & El-Ghozoli, A. (2023). Wheat 

productivity as influenced by integrated mineral, organic 

and biofertilization. Egyptian Journal of Soil Science, 63

(3), 287-299. https://dx.doi.org/10.21608/

ejss.2023.192023.1590  

18. Food and Agriculture Organization (2019). The State of 

the World’s Biodiversity for Food and Agriculture. Rome, 

Italy. Retrieved from http://www.fao.org/3/CA3129EN/

ca3129en.pdf. 

19. Goud, B. R., Raghavendra, M., Prasad, P. S., Hatti, V., 

Halli, H. M., Nayaka, G. V., Suresh G., Maheshwari, K. S., 

Adilakshmi, G., Reddy, G. P. & Rajpoot, S. K. (2022). 

Sustainable management and restoration of the fertility of 

damaged soils. In: Agriculture Issues and Policies, 113. 

Nova Science Publishers, New York. 

20. Jannat, S. A., Haque, M. A., Nahar, K., Ali, M. K. J., 

Chowhan, S., Hossian, M. M. & Rahman, M. H. (2023). 

Integrated effect of vermicompost and chemical fertilizers 

on the yield & yield contributing characteristics of brinjal 

(Solanum melongena L.). Asian Journal of Advances in 

Agricultural Research, 23(4), 39 – 43. https://

doi.org/10.9734/ajaar/2023/v23i4477  

21. Joshi, R., Singh, J. & Vig, A. P. (2015). Vermicompost as 

an effective organic fertilizer and biocontrol agent: effect 

on growth, yield and quality of plants. Reviews in Environ-

mental Science and Bio/Technology, 14, 137-159. https://

doi.org/10.1007/s11157-014-9347-1  

22. Kang, M. W., Yibeltal, M., Kim, Y. H., Oh, S. J., Lee, J. C., 

Kwon, E. E. & Lee, S. S. (2022). Enhancement of soil 

physical properties and soil water retention with biochar-

based soil amendments. Science of The Total Environ-

ment, 836, 155746. https://doi.org/10.1016/

j.scitotenv.2022.155746  

23. Khan, M. N. & Mohammad, F. (2014). Eutrophication: 

challenges and solutions. Eutrophication: Causes, Conse-

quences and Control: Volume 2, 1-15. https://

doi.org/10.1007/978-94-007-7814-6_1  

24. Kılınçoğlu, N., Karaman, A., Ramazanoğlu, E., Beyyavas, 

V., Cevheri, C. İ. & Sakin, E. (2023). The Impact of Differ-

ent Fertilizers on Physiological and Biochemical Attributes 

of Soybean Plants Grown in Saline and Non-Saline 

Soils. Gesunde Pflanzen, 75(5), 1933-1944. https://

doi.org/10.1007/s10343-023-00862-z  

25. Li, T., Zhang, Y., Bei, S., Li, X., Reinsch, S., Zhang, H. & 

Zhang, J. (2020). Contrasting impacts of manure and inor-

ganic fertilizer applications for nine years on soil organic 

carbon and its labile fractions in bulk soil and soil aggre-

gates. Catena, 194, 104739. https://doi.org/10.1016/

j.catena.2020.104739  

26. Li, Y., Huang, G., Chen, Z., Xiong, Y., Huang, Q., Xu, X. & 

Huo, Z. (2022). Effects of irrigation and fertilization on 

grain yield, water and nitrogen dynamics and their use 

efficiency of spring wheat farmland in an arid agricultural 

watershed of Northwest China. Agricultural Water Man-

agement, 260, 107277. https://doi.org/10.1016/

j.agwat.2021.107277  

27. Mažeika, R., Arbačiauskas, J., Masevičienė, A., Narutytė, 

I., Šumskis, D., Žičkienė, L., Rainys, k., Drapanauskaite, 

D., Staugaitis, G. & Baltrusaitis, J. (2021). Nutrient dynam-

ics and plant response in soil to organic chicken manure-

based fertilizers. Waste and Biomass Valorization, 12, 371

-382. https://doi.org/10.1007/s12649-020-00978-7  

28. Meena S. N., Sharma S. K., Singh P., Ram A., Meena B. 

P., Prajapat K., Sharma N. K., Kumhar B. L. and Meena 

B. S. (2023). Conservation and organic management 

practices influenced wheat (Triticum aestivum) productivi-

ty, profitability and weed dynamics. Indian Journal of Agri-

cultural Sciences 93 (5): 501–505. https://

doi.org/10.56093/ijas.v93i5.134868  

29. Menšík, L., Hlisnikovský, L., Pospíšilová, L. & Kunzová, E. 

(2018). The effect of application of organic manures and 

mineral fertilizers on the state of soil organic matter and 

nutrients in the long-term field experiment. Journal of Soils 

and Sediments, 18, 2813-2822. https://doi.org/10.1007/

s11368-018-1933-3  

30. Mog, B., Nayak, J. A. M. & Mohana, G. S. (2017). Germi-

nation and seedling establishment in cashew (Anacardium 

occidentale L.): An interaction between seed size, relative 

growth rate and seedling biomass. Journal of Plantation 

Crops, 45(2), 110-120. doi:10.19071/jpc.2017.v45.i2.3305  

31. Monika, K., Ramprakash, B., Muthuramalingam, S. & Mir-

dula, K. (2022). Crop Fertilizer Prediction using Regres-

sion analysis and Machine Learning algorithms. In 2022 

5th International Conference on Contemporary Computing 

and Informatics (IC3I) (pp. 1261-1266). IEEE. 

32. OECD (2006), Test No. 208: Terrestrial Plant Test: Seed-

ling Emergence and Seedling Growth Test, OECD Guide-

lines for the Testing of Chemicals, Section 2, OECD Pub-

lishing, Paris. https://doi.org/10.1787/9789264070066-en   

33. Ojo, J. A., Olowoake, A. A. & Obembe, A. (2014). Efficacy 

of organomineral fertilizer and un-amended compost on 

the growth and yield of watermelon (Citrullus lanatus 

Thumb) in Ilorin Southern Guinea Savanna zone of Nige-

ria. International Journal of Recycling of Organic Waste in 

Agriculture, 3, 121-125. https://doi.org/10.1007/s40093-

014-0073-z  

34. Oli, S., Tatrari, G., Chauhan, H. K., Bisht, A. K. & Bhatt, I. 

D. (2024). Effects of Graphene-Based Metal Composite 

and Urea on Seed Germination and Performance of Ber-

beris chitria Buch.-Ham. ex Lindl. Applied Biochemistry 

and Biotechnology, 196(4), 2219-2232. https://

doi.org/10.1007/s12010-023-04624-5  

35. Pan, M., Yau, P. C., Lee, K. C. & Man, H. Y. (2022). Ef-

fects of different fertilizers on the germination of tomato 

and cucumber seeds. Water, Air, & Soil Pollution, 233(1), 

25. https://doi.org/10.1007/s11270-021-05494-5  

36. Rasool, A., Ghani, A., Nawaz, R., Ahmad, S., Shahzad, 

K., Rebi, A., Zhou, J., Ahmad, M. I., Tahir, M. F., Alwahibi, 

M. S., Elshikh, M. S. & Ercisli, S. (2023). Effects of poultry 

manure on the growth, physiology, yield, and yield-related 

traits of maize varieties. ACS Omega, 8(29), 25766-

25779. https://doi.org/10.1021/acsomega.3c00880  

37. Rawat, J., Sanwal, P. & Saxena, J. (2016). Potassium and 

its role in sustainable agriculture. In: Potassium solubiliz-

ing microorganisms for sustainable agriculture (pp 235-

253). Springer, New Delhi, India. https://

1151 

https://doi.org/10.24925/turjaf.v5i11.1360-1364.1458
https://doi.org/10.1016/j.biortech.2007.08.082
https://dx.doi.org/10.21608/ejss.2023.192023.1590
https://dx.doi.org/10.21608/ejss.2023.192023.1590
http://www.fao.org/3/CA3129EN/ca3129en.pdf
http://www.fao.org/3/CA3129EN/ca3129en.pdf
https://doi.org/10.9734/ajaar/2023/v23i4477
https://doi.org/10.9734/ajaar/2023/v23i4477
https://doi.org/10.1007/s11157-014-9347-1
https://doi.org/10.1007/s11157-014-9347-1
https://doi.org/10.1016/j.scitotenv.2022.155746
https://doi.org/10.1016/j.scitotenv.2022.155746
https://doi.org/10.1007/978-94-007-7814-6_1
https://doi.org/10.1007/978-94-007-7814-6_1
https://doi.org/10.1007/s10343-023-00862-z
https://doi.org/10.1016/j.catena.2020.104739
https://doi.org/10.1016/j.catena.2020.104739
https://doi.org/10.1016/j.agwat.2021.107277
https://doi.org/10.1016/j.agwat.2021.107277
https://doi.org/10.1007/s12649-020-00978-7
https://doi.org/10.56093/ijas.v93i5.134868
https://doi.org/10.56093/ijas.v93i5.134868
https://doi.org/10.1007/s11368-018-1933-3
https://doi.org/10.1007/s11368-018-1933-3
https://doi.org/10.1787/9789264070066-en
https://doi.org/10.1007/s40093-014-0073-z
https://doi.org/10.1007/s40093-014-0073-z
https://doi.org/10.1007/s12010-023-04624-5
https://doi.org/10.1007/s11270-021-05494-5
https://doi.org/10.1021/acsomega.3c00880
https://doi.org/10.1007/978-81-322-2776-2_17


 

Kumar, A. and Jakhar,  S. / J. Appl. & Nat. Sci. 16(3), 1141 - 1152 (2024) 

doi.org/10.1007/978-81-322-2776-2_17  

38. Rodrigues, M. M., Viana, D. G., Oliveira, F. C., Alves, M. 

C. & Regitano, J. B. (2021). Sewage sludge as organic 

matrix in the manufacture of organomineral fertilizers: 

Physical forms, environmental risks, and nutrients recy-

cling. Journal of Cleaner Production, 313, 127774. https://

doi.org/10.1016/j.jclepro.2021.127774  

39. Sakurada L, R., Batista, M. A., Inoue, T. T., Muniz, A. S. & 

Pagliari, P. H. (2016). Organomineral phosphate fertiliz-

ers: agronomic efficiency and residual effect on initial corn 

development. Agronomy Journal, 108(5), 2050-2059. 

https://doi.org/10.2134/agronj2015.0543  

40. Sarma, B., & Gogoi, N. (2015). Germination and seedling 

growth of Okra (Abelmoschus esculentus L.) as influenced 

by organic amendments. Cogent Food & Agriculture, 1(1), 

1030906. https://doi.org/10.1080/23311932.2015.1030906  

41. Semida, W. M., El-Mageed, A., Howladar, S. M., Mo-

hamed, G. F. & Rady, M. M. (2015). Response of Sola-

num melongena L. seedlings grown under saline calcare-

ous soil conditions to a new organo-mineral fertiliz-

er. JAPS: Journal of Animal & Plant Sciences, 25(2). 

42. Shafique, I., Andleeb, S., Aftab, M. S., Naeem, F., Ali, S., 

Yahya, S., Tabasum, T., Sultan, T., Shahid, B., Khan, A. 

H., Islam, G. & Abbasi, W. A. (2021). Efficiency of cow 

dung based vermi-compost on seed germination and plant 

growth parameters of Tagetes erectus 

(Marigold). Heliyon, 7(1). https://doi.org/10.1016/

j.heliyon.2020.e05895  

43. Shaji, H., Chandran, V. & Mathew, L. (2021). Organic 

fertilizers as a route to controlled release of nutrients. 

In: Controlled release fertilizers for sustainable agricul-

ture (pp. 231-245). Academic Press. https://

doi.org/10.1016/B978-0-12-819555-0.00013-3  

44. Shilpha, J., Song, J. & Jeong, B. R. (2023). Ammonium 

phytotoxicity and tolerance: An insight into ammonium 

nutrition to improve crop productivity. Agronomy, 13(6), 

1487. https://doi.org/10.3390/agronomy13061487  

45. Shrivastav, P., Prasad, M., Singh, T. B., Yadav, A., Goyal, 

D., Ali, A. & Dantu, P. K. (2020). Role of nutrients in plant 

growth and development. In: Contaminants in agriculture: 

Sources, impacts and management, (pp 43-59), Springer 

Cham. https://doi.org/10.1007/978-3-030-41552-5_2  

46. Singh, B. & Ryan, J. (2015). Managing fertilizers to en-

hance soil health. International Fertilizer Industry Associa-

tion, Paris, France, 1.  

47. Singh, R., Singh, P., Singh, H. & Raghubanshi, A. S. 

(2019). Impact of sole and combined application of bio-

char, organic and chemical fertilizers on wheat crop yield 

and water productivity in a dry tropical agro-

ecosystem. Biochar, 1(2), 229-235. https://

doi.org/10.1007/s42773-019-00013-6  

48. Singh, T. B., Ali, A., Prasad, M., Yadav, A., Shrivastav, P., 

Goyal, D. & Dantu, P. K. (2020). Role of organic fertilizers 

in improving soil fertility. In: Contaminants in agriculture: 

sources, impacts and management, (pp 61-77), Springer, 

Cham. https://doi.org/10.1007/978-3-030-41552-5_3  

49. Smith, W. B., Wilson, M. & Pagliari, P. (2020). Or-

ganomineral fertilizers and their application to field 

crops. Animal Manure: Production, Characteristics, Envi-

ronmental Concerns, and Management, 67, 229-243. 

https://doi.org/10.2134/asaspecpub67.c18  

50. Srivastav, A. L. (2020). Chemical fertilizers and pesticides: 

role in groundwater contamination. In: Agrochemicals 

detection, treatment and remediation (pp. 143-159). But-

terworth-Heinemann. https://doi.org/10.1016/B978-0-08-

103017-2.00006-4  

51. Thornburg, T. E., Liu, J., Li, Q., Xue, H., Wang, G., Li, L., 

Fontana, J. E.,  Davis, K. E., Liu, W., Zhang, B., 

Zhang, Z., Liu., M. & Pan, X. (2020). Potassium deficiency 

significantly affected plant growth and development as 

well as microRNA-mediated mechanism in wheat 

(Triticum aestivum L.). Frontiers in Plant Science, 11, 

1219. https://doi.org/10.3389/fpls.2020.01219  

52. Tiwari, R., Dwivedi, B. S. & Sharma, Y. M. (2023). Soil 

properties and soybean yield as influenced by long term 

fertilizer and organic manure application in a Vertisol un-

der Soybean-Wheat Cropping Sequence. Legume Re-

search-An International Journal, 1, 7. 

53. Verma, P., Tomar, B. & Tripathi, L. K. (2021). Role of or-

ganic manure in agriculture–A review. Marumegh, 6(3), 22

-28. 

54. Wan, L. J., Tian, Y., He, M., Zheng, Y. Q., Lyu, Q., Xie, R. 

J., Ma, Y.Y., Deng, L. & Yi, S. L. (2021). Effects of chemi-

cal fertilizer combined with organic fertilizer application on 

soil properties, citrus growth physiology, and 

yield. Agriculture, 11(12), 1207. https://doi.org/10.3390/

agriculture11121207  

55. Wang, M., Xu, Y., Ni, H., Ren, S., Li, N., Wu, Y., Yang, Y., 

Liu, Y., Liu, Z., Liu, Y., Shi, J., Zhang, Y., Jiang, L. & Tu, 

Q. (2023). Effect of fertilization combination on cucumber 

quality and soil microbial community. Frontiers in Microbi-

ology, 14, 1122278. https://doi.org/10.3389/fmicb.202 

3.1122278  

56. Wani, M. Y., Mir, M. R., Baqual, M. F., Zia-ul-Haque, S., 

Lone, B. A., Maqbool, S. A. & Dar, S. A. (2017). Influence 

of different manures on the Germination and Seedling 

growth of Mulberry (Morus sp.). Journal of Pharmacogno-

sy and Phytochemistry, 6(4), 04-09. 

57. Wei, Q., Wang, J., Wang, W., Hu, T., Hu, H. & Bao, C. 

(2020). A high-quality chromosome-level genome assem-

bly reveals genetics for important traits in egg-

plant. Horticulture research, 7, 153. https://

doi.org/10.1038/s41438-020-00391-0  

58. Wolny, E., Betekhtin, A., Rojek, M., Braszewska-

Zalewska, A., Lusinska, J. & Hasterok, R. (2018). Germi-

nation and the early stages of seedling development in 

Brachypodium distachyon. International Journal of Molec-

ular Sciences, 19(10), 2916. https://doi.org/10.3390/

ijms19102916  

59. Zhen, Z., Liu, H., Wang, N., Guo, L., Meng, J., Ding, N., 

Wu, G. & Jiang, G. (2014). Effects of manure compost 

application on soil microbial community diversity and soil 

microenvironments in a temperate cropland in China. PloS 

one, 9(10), e108555. https://doi.org/10.1371/journal.po 

ne.0108555  

1152 

https://doi.org/10.1007/978-81-322-2776-2_17
https://doi.org/10.1016/j.jclepro.2021.127774
https://doi.org/10.1016/j.jclepro.2021.127774
https://doi.org/10.2134/agronj2015.0543
https://doi.org/10.1080/23311932.2015.1030906
https://doi.org/10.1016/j.heliyon.2020.e05895
https://doi.org/10.1016/j.heliyon.2020.e05895
https://doi.org/10.1016/B978-0-12-819555-0.00013-3
https://doi.org/10.3390/agronomy13061487
https://doi.org/10.1007/978-3-030-41552-5_2
https://doi.org/10.1007/s42773-019-00013-6
https://doi.org/10.1007/978-3-030-41552-5_3
https://doi.org/10.2134/asaspecpub67.c18
https://doi.org/10.1016/B978-0-08-103017-2.00006-4
https://doi.org/10.1016/B978-0-08-103017-2.00006-4
https://doi.org/10.3389/fpls.2020.01219
https://doi.org/10.3390/agriculture11121207
https://doi.org/10.3390/agriculture11121207
https://doi.org/10.3389/fmicb.2023.1122278
https://doi.org/10.3389/fmicb.2023.1122278
https://doi.org/10.1038/s41438-020-00391-0
https://doi.org/10.1038/s41438-020-00391-0
https://doi.org/10.3390/ijms19102916
https://doi.org/10.3390/ijms19102916
https://doi.org/10.1371/journal.pone.0108555
https://doi.org/10.1371/journal.pone.0108555

