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 Abstract Fertilizers are essential for agricultural success, significantly enhancing plant growth 
and productivity. However, the excessive use of chemical fertilizers can harm soil health and 
compromise long-term sustainability. Balancing the use of inorganic fertilizers with bio-fertilizers 
offers a promising alternative. This study, conducted over two years (2022 and 2023) at the Post 
Graduate Research Farm, M.S. Swaminathan School of Agriculture, focused on groundnut 
cultivation. The experiment used a robust factorial randomized block design with three replications 
and twelve treatments. The treatments included four levels of inorganic fertilizers: F1 (0% RDF), 
F2 (50% RDF), F3 (100% RDF), and F4 (150% RDF), combined with three bio-fertilizer levels: 
B1 (Control), B2 (Rhizobium seed inoculation @ 2.4 kg/ha), and B3 (Rhizobium soil application 
@ 2 kg/ha). The findings revealed that optimal growth and yield were achieved with the 
application of 150% RDF combined with Rhizobium seed inoculation @ 2.4 kg/ha. This 
performance was comparable to the application of 100% RDF with the same Rhizobium 
inoculation. Consequently, this combined application stands as a viable recommendation for 
farmers in southern Odisha who aim to cultivate groundnut during the summer season, ensuring 
enhanced growth and productivity. 
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Introduction 

Groundnut (Arachis hypogaea L.) stands as a vital staple legume and oilseed crop, often referred 
to as the "poor man's nut" or the sovereign of vegetable oilseed crop. Globally, it holds the 
distinction of being the second most prevalent grain legume and the fourth most significant edible 
oilseed crop (Tiwari et al., 2018). India, notably, assumes a pivotal role as the world's second-
largest producer of groundnut (Hauser, 2018). In the realm of vegetable protein sources, groundnut 
claims a formidable position, ranking third (Kamble et al., 2018). Renowned for its nutritional 
richness, groundnut boasts an array of proteins, minerals, and vitamins including vitamins A, B, 
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and E, alongside various B2 group members, albeit excluding B12, with protein content reaching 
an impressive 21.43%, complemented by carbohydrates ranging from 6% to 24.9%, and a 
spectrum of minerals (Satpute et al., 2020). During the 2019-2020 period, groundnut adorned 
approximately 4.75 million hectares in India, yielding 1422 kg/ha, resulting in a total production 
of 6.73 million metric tonnes (Gautam and Singh, 2020).  
After the green revolution in India, application of synthetic fertilizers had become a part of crop 
management practices (Somvanshi et al., 2020). Modern agriculture is highly dependent on 
chemical fertilizers, which give vital nutrients to support the growth and development of plants 
(Kumar et al., 2019). Immediate improvements in plant growth and yield can be achieved using 
inorganic fertilizers like urea, superphosphate and potassium chloride which contain readily 
available nutrients (Yahaya et al., 2023; Somvanshi et al., 2020). However, heavy dependence on 
such fertilizers in groundnut cultivation has consequences of soil degradation, decrease in 
microbial activity and environmental pollution caused by nutrient leaching and runoff (Baweja et 
al., 2020; Weight and Kelly, 1999). Meanwhile biofertilizers are made from natural sources 
including Rhizobium, Azospirillum and phosphate-solubilizing bacteria that are beneficial for soil 
health and environment friendly (Rabani et al., 2023; Singh et al., 2016). These biofertilizers help 
access to more nutrients out of the soil leading to sustainable agriculture (Shome et al., 2022). 
Biofertilizer utilization improves plant nutrition efficiency, promotes more crop production 
stimulation while reducing the need for chemical fertilizers hence minimizing their negative 
impacts on the environment (Salleh et al., 2021; Singh et al., 2016). 
Synergistic benefits can potentially be offered by combining inorganic and biofertilizers, thus 
enhancing the availability and use of nutrients while promoting sustainable soil health in 
groundnut crop (Choudhary et al., 2011). This integrated nutrient management approach has the 
potential to optimize the growth environment for groundnut plants thereby improving their growth 
attributes leading to higher yields (Rao et al., 2018; Patil et al., 2017). On one hand, inorganic 
fertilizers provide quick access to nutrients that would support early growth stages of plants; on 
the other, bio-fertilizers enhance long-term soil fertility and health through improved microbial 
activity and organic matter decomposition (Dey et al., 2024; Arsalan et al., 2024). 
Combination of biofertilizer and inorganic fertilizer helps to reduce the cost of cultivation and 
increases the yield of the crop. Biofertilizer plays an important role in increasing the nutrient use 
efficiency (Anzuay et al., 2024; Ghosh et al., 2023). So, application of inorganic fertilizer along 
with biofertilizer helps to improve the overall productivity. Keeping this in view an experiment 
was performed to study the influence of inorganic and bio fertilizers on growth and performance 
of groundnut under brown forest soils of Odisha. 
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Materials and Methods 

The field experiment was conducted at the Post Graduate Research Farm, M.S. Swaminathan 
School of Agriculture, Centurion University of Technology and management located in the 
Gajapati district of Odisha, at 18o48’16” N latitude, 84o10’48” E longitude, and at an altitude of 
64 meters above sea level. The study was conducted during the summer seasons of 2022 and 2023, 
with the experimental crop sown in February of each year and harvested in May of 2022 and 2023. 
Throughout the growth period, the weekly minimum and maximum temperatures ranged from 
15°C to 40°C, accompanied by a weekly relative humidity fluctuating between 33% and 95% 
(Figure 1). The soil in the experimental field exhibited a sandy loam texture. The experiment 
followed a factorial randomized block design (FRBD) with three replications. Treatments 
comprised combinations of four levels of inorganic fertilizers (F1- 0% RDF, F2-50% RDF, F3-
100% RDF, F4-150% RDF) and three levels of biofertilizers (B1: Control, B2: Rhizobium seed 

inoculation @ 2.4kg/ha, B3: Rhizobium soil application @ 2kg/ha). Groundnut variety Kadiri-6 
was sown with a spacing of 30cm x 10 cm with seed rate of 120 kg/ha. All recommended 
agronomic practices were meticulously followed to ensure successful crop establishment. The 
prescribed fertilizer dose of 20:40:40 kg N, P2O5, K2O was applied, with the entire dose of P2O5 
and K2O administered as basal application, while N was split into two equal parts basal and top 
dressing, respectively. Statistical analysis was performed using standard ANOVA techniques, and 
the significance of differences between treatment means was evaluated using appropriate critical 
difference (CD) values at a significance level of 5% (Gomez and Gomez, 1984). 

Results and Discussion 

Growth parameters  
Significant impacts were observed on various parameters such as plant height (cm), dry matter 
accumulation (g/m), leaf area index, crop growth rate (g/m/day), number of nodules per plant, and 
weight of nodules per plant due to the application of different levels of inorganic fertilizers at 
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Fig. 1 Meteorological observation prevailed during the years crop period February to June 2022 and 2023 
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various crop growth stages (refer to Table 1). Notably, the highest plant height in groundnut (75.77 
cm) was attained with the application of 150% RDF, closely followed by 100% RDF (74.62 cm), 
while the lowest plant height was recorded with 0% RDF (64.95 cm). Regarding biofertilizer 
levels, Rhizobium seed 
Table 1: Effect of inorganic and biofertilizer on growth parameters of groundnut 
 

Treatment 

Plant 
height       
at 
harvest 

Dry matter 
accumulation at 
harvest 

Leaf 
area 
index 
(90 
DAS) 

Crop 
growth 
rate 
(90 
DAS) 

Number of 
nodules 
per plant 
(60 DAS) 

Weight of 
nodule 
per plant 
(60 DAS) 

Inorganic Fertilizer Levels (F) 

F1: 0%RDF 64.95 344.87 1.19 2.82 53.17 1.62 

F2: 50%RDF 69.39 368.12 1.73 3.08 55.28 2.01 

F3: 100%RDF 74.62 389.89 2.48 3.61 62.00 2.80 

F4: 150%RDF 75.77 391.61 2.74 3.65 63.06 2.90 

S.Em.± 1.23 5.81 0.11 0.15 1.54 0.16 

CD (P=0.05) 3.61 17.04 0.32 0.43 4.53 0.46 

Biofertilizer Levels (B) 

B1: Control 68.95 362.26 1.77 3.02 55.35 2.04 

B2: Seed Inoculation 74.50 392.94 2.41 3.76 63.03 2.81 

B3: Soil Application 70.10 365.67 1.96 3.09 56.74 2.16 

S.Em.± 1.07 5.03 0.10 0.13 1.34 0.14 

CD (P=0.05) 3.13 14.76 0.28 0.37 3.92 0.40 

Interaction (F×B) 

S.Em.± 2.13 10.07 0.19 0.26 2.67 0.27 

CD (P=0.05) NS NS NS NS NS NS 

General Mean 71.18 373.62 2.03 3.28 58.37 2.33 

 
 inoculation @2.4 kg/ha 
significantly increased plant height (74.50 cm) compared to the control, showing comparable 
results to Rhizobium soil application @ 2 kg/ha (70.10 cm). This trend was consistent across 
parameters such as dry matter accumulation (g/m), leaf area index, crop growth rate (g/m/day), 
number of nodules per plant, and weight of nodules per plant.  
The influence of nitrogen and phosphorus levels on plant height was significant, likely attributable 
to enhanced meristematic growth and increased number and size of internodes. This improvement 
in meristematic activity led to increased leaf length, thereby elevating the leaf area index and 
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enhancing photosynthetic activity, ultimately resulting in higher accumulation of photosynthates 
and increased dry matter accumulation. Consequently, the crop growth rate experienced an overall 
boost. Similar findings were reported by Kulkarni et al. (1986) and Karunakaran et al. (2010). 
Furthermore, Rhizobium spp. contributed to nitrogen supply, augmenting vegetative growth and 
leading to enhanced growth parameters. Adequate nitrogen and phosphorus supply improved root 
length, while the application of rhizobium increased the number of nodules, consequently 
increasing the weight of nodules per plant. These outcomes are in conformity with the findings of 
More et al. (2002) and Dhadge et al. (2014). 
Yield attributes  

The impact of inorganic 
and biofertilizers on 
yield attributes was 
notably significant 
(refer to Table 2). 
Among the various 
inorganic fertilizer 
treatments, the 
application of 150% 
RDF demonstrated 
superior performance, 
although statistically 
equivalent to 100% 
RDF. The highest 
number of pods per 
plant (35.14) was 
achieved with 150% 
RDF, on par with 100% 
RDF (25.91), while the 
lowest pod count was 
recorded with 0% RDF. 
A similar trend was 
observed in pod weight 
per plant and 100 kernel 
weight. The levels of 
biofertilizer exhibited a 
significant effect on the 
number of pods per 
plant. Rhizobium seed 
inoculation @ 2.4 kg/ha 
yielded the highest 
number of pods (35.16), 
followed closely by 
Rhizobium soil 
application @ 2 kg/ha 
(29.17) and the control 

Number of pods 
plant-1 

Weight of pod plant-1 

(g) 
100 kernel weight 
(g) 
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(28.37). ThisTable 2: 
Effect of inorganic 
and biofertilizer on 
yield attributes of 
groundnutTreatments 

Inorganic Fertilizer Levels (F) 

F1: 0%RDF 25.91 34.04 40.91 

F2: 50%RDF 28.39 35.63 43.59 

F3: 100%RDF 34.16 39.72 45.77 

F4: 150%RDF 35.14 40.59 46.07 

S.Em.± 1.07 1.00 1.40 

CD (P=0.05) 3.15 2.93 NS 

Biofertilizer Levels (B) 

B1: Control 28.37 35.63 43.21 

B2: Seed Inoculation 35.16 40.55 45.55 

B3: Soil Application 29.17 36.30 43.50 

S.Em.± 0.93 0.87 1.21 

CD (P=0.05) 2.73 2.54 NS 

Interaction (F×B) 

S.Em.± 1.86 1.73 2.42 

CD (P=0.05) NS NS NS 

General Mean 30.90 37.62 44.08 

 pattern was mirrored in pod weight 
per plant and 100 kernel weight. Increased levels of inorganic fertilizer contributed to improved 
values of various yield attributes such as pod number, pod weight per plant, and seed indexes, 
likely due to enhanced vegetative growth and nodulation, resulting in augmented pod count and 
pod weight per plant. These findings are corroborated by previous studies conducted by Patil et 
al. (2018) and Vala et al. (2017). Rhizobium, by enhancing the availability of nitrogen and 
phosphorus, facilitated better translocation of photosynthesis toward the sink, leading to higher 
values in yield attributing characters. This aligns with the findings of Chaudhary (2014), Patil et 
al. (2014), and Alsamowal et al. (2016) in groundnut. 
Yield 
The perusal of data on yield differed significantly with the application of inorganic and 
biofertilizer except harvest index are presented in (Table 3). The highest kernel yield (2019.18 
kg/ha) was achieved with 150% RDF which was statistically at par with 100% RDF (1909.61 
kg/ha), followed by 50% RDF (1563.93 kg/ha). The lowest kernel yield was recorded by 0% RDF 
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(1377.74 kg/ha) when compared with other treatments. The haulm yield and biological yield 
followed the similar trend with that of kernel yield. Levels of biofertilizer recorded the highest 
kernel yield by Rhizobium seed inoculation @ 2.4 kg/ha (2016.91 kg/ha) which is at par with 
Rhizobium soil application @ 2 kg/ha (1607.18 kg/ha) followed by control (1528.77 kg/ha). 
Similarly, the haulm yield and biological yield also followed the same trend. Under proper 
fertilization, accumulation of photosynthates in the developing reproductive structures led to the 
increment in growth and yield attributing characters of plant. Further, proper fertilization resulted 
in the higher uptake of nutrients by the plants. This might be attributed to the higher yield of 
groundnut under different levels of inorganic fertilizers. These results are in conformity with the 
above finding of Bhalerao et al. (1993), and Chavan et al. (2014). Rhizobium inoculation helped 
to increase the growth and yield attributing characters of the plant.  As a consequence, higher grain 
and straw yield were achieved due to the increment in the nodulation of root which led to the 
increment in root length. These results were found to be in conformity with Raychandhuri et al. 
(2003) and Chavan et al. (2014). 
 
Regression analysis 
The linear regression analysis plotted by considering the two years mean data between the growth 
and yield attributes with grain yield also found a strong coefficient of determination (Figures 2 to 
8).  
Table 3. Effect of inorganic and biofertilizer on the yield (kg/ha) of groundnut 

Treatment 
Kernel yield (kg 
ha-1) 

Haulm yield (kg 
ha-1) 

Biological yield 
(kg ha-1) 

Harvest 
index (%) 

Inorganic Fertilizer Levels (F) 

F1: 0%RDF 1383.30 2308.16 3685.90 38.18 

F2: 50%RDF 1563.93 2805.34 4369.28 35.77 

F3: 100%RDF 1909.61 3295.89 5205.50 36.62 

F4: 150%RDF 2019.18 3760.11 5779.29 335.75 

S.Em.(±) 93.32 235.46 256.41 2.23 

CD (P=0.05) 273.71 690.58 752.04 NS 

Biofertilizer Levels (B) 

B1: Control 1528.77 2666.08 4194.84 37.00 

B2: Seed Inocul
ation 

2016.91 3589.99 5606.90 36.12 

B3: Soil Applica
tion 

1607.18 2871.06 4478.23 36.62 

S.Em.(±) 80.82 203.91 222.06 1.93 

CD (P=0.05) 237.04 598.06 651.28 NS 



 

145 
 

Ann. For. Res. 67(1):  2024 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
  

 

© ICAS March 2024 

Interaction (F×B) 

S.Em.(±) 161.64 407.83 444.12 3.86 

CD (P=0.05) NS NS NS NS 

General Mean 1717.61 3042.37 4759.99 36.57 

 
 

  
Fig. 2 Simple regression analysis of grain yield on plant height at harvest of groundnut 

 
Fig. 3 Simple regression analysis of grain yield on dry matter accumulation at harvest of 

groundnut  
Fig. 4 Simple regression analysis of grain yield on leaf area index at 90 DAS of groundnut 

 
Fig. 5 Simple regression analysis of grain yield on number of nodules per plant of groundnut 
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Fig. 6 Simple regression analysis of grain yield on weight of nodules per plant of groundnut 

 
Fig. 7 Simple regression analysis of grain yield on number of pods per plant of groundnut 

 
Fig. 8 Simple regression analysis of grain yield on weight of pods per plant of groundnut 
The linear graphs were plotted by taking dependent variable (grain yield) in Y-axis and 
independent variable (agronomic traits) in X-axis. The linear regression model analyzed that there 
was a medium to strong coefficient of determination between the attributes and yield. The 
regression equation drawn between growth attributes and yield attributes with yield are presented 
in Figs. 3, 4 and 5. The regression analysis of growth attributes with grain yield for both the year 
were found to be strongly correlated with a R2 ranging from 0.94 to 0.91 for both the years, 
respectively. Similarly, yield attributing characters also showed a strong correlation with grain 
yield with a derived R2 value of 0.97 for both the years. The regression analysis clearly proved 
the impact of growth attributes and yield attributes on obtaining grain yield in groundnut. 

Conclusion 

The results of the study highlight the significant impact of inorganic and biofertilizers on the 
growth and yield of groundnut crops during the summer season in southern Odisha. Specifically, 
the combined application of 150% RDF and Rhizobium seed inoculation at 2.4 kg ha-1 emerged 
as the most effective strategy for achieving optimal growth and yield, closely followed by the 
combination of 100% RDF with the same Rhizobium inoculation rate. These findings offer 
valuable insights for farmers in the region, providing a practical and sustainable approach to 
enhance groundnut cultivation during the summer season. 
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