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ABSTRACT

The present field study was carried out during summer season of 2020 and 2021 at Jaguli Instructional Farm, 
Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West Bengal to study the effect of solid and foliar grade 
of N and K along with trace elements in groundnut (Arachis hypogaea L.). The experiment was laid out in a split-plot 
design with 3 replications. In main plot; F0, control; F1, 50% RDN and K; F2, 75% RDN and K and; F3, 100% RDN 
and K and sub-plot T1, Starter dose of N and K @2% with 10:20 ratio + micronutrient mixture of Fe, B, Zn and Mo 
foliar spray at 30 DAE; T2, Booster dose of N and K @2% with 5:40 ratio + micronutrient mixture of Fe, B, Zn and 
Mo foliar spray at 45 and 60 DAE; and T3, Starter dose + Booster dose. Growth and yield attributes of groundnut 
were significantly influenced by application of inorganic fertilizer and maximum were recorded with 100% of RDN 
and K. Foliar applications of RDN and K with a micronutrient mixture responded better at later stages (45 and 60 
DAE) than at an earlier stage (30 DAE). Higher groundnut pod yield was obtained with basal application of 100% of 
RDN and K but performed statistically same response to the treatment 75% of RDN and K. The pod yield increased 
by 5–12% with each incremental dose of inorganic fertilizer, while it decreased in control. Booster dose of N and K 
gave higher pod and oil yield to starter dose. Maximum BCR of 2.38 and 1.99 was found in 100% of RDN and K 
and in booster doses of N and K. Inorganic fertilizer as basal and foliar application + micronutrients increased the 
groundnut pod yield but foliar application was not substitute to any quantity of inorganic fertilizer. 
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Groundnut (Arachis hypogaea L.) is an important 
oilseed crop, grown on an area of 30.19 million hectares 
with a yield of 49.55 million metric tonnes and productivity 
of 1.64 metric tonnes/ha (USDA 2022). Although, it is an 
energy-rich crop, groundnuts are typically cultivated in 
energy-starved conditions in rain-fed environments and the 
productivity remains low. Aside from that, when the crop 
loses significant amount of nutrients, the soil is susceptible 
to a number of losses, including leaching, volatilization 
and fixation of basic, and secondary nutrients that support 
growth and production (Roy et al. 2016). Groundnut is a 
leguminous oilseed crop that is intrinsically unpredictable 
due to its subpar nutritional response (Sagveker et al. 2015). 
Foliar application that promotes root development and 
increases nutrient uptake actually significantly increases root 
absorption of nutrients and a rapid supply of food, reducing 
the need for fertilizer (Ahmad et al. 2019). Micronutrients 
are just as important as macronutrients, even though they 
are required in relatively smaller levels for plant growth. 

Micronutrients, in particular, are extremely important for the 
physiological processes of respiration and photosynthesis 
(Mengel et al. 2001), and the lack of them might be limiting 
yield improvement. Due to the ineffectiveness of soil-applied 
iron fertilizers, foliar spray is more frequently employed in 
crop production (Zhang et al. 2018, Malhotra et al. 2020). 
The creation of cell walls, both structural and functional 
integrity of the membrane, the breakdown of nucleic acids, 
carbohydrates, proteins, and indole acetic acid, as well as 
the metabolism of phenol are all metabolic processes that 
involve the element borax (Tanaka and Fujiwar 2008). Zinc 
is currently regarded as the fourth most important nutrient 
in India that restricts output, after nitrogen, phosphorus and 
potassium. Zinc enhances the energy source for chlorophyll 
synthesis, catalyzes the oxidation process in plant cells, 
facilitates plant water uptake, affects IAA production and 
slows dehydrogenase enzyme activity, which causes poor 
plant metabolism. Groundnut yields have decreased by 
15–20% and 13–19%, respectively, due to Zn and Mo 
deficits (Singh 2001). Molybdenum acts as a catalyst for 
nitrate reduction and subsequent fixation in legumes and 
boosts nodulation in groundnut. Thus, an effort has been 
made to boost crop output by balancing the usage of solid 
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and liquid-grade fertiliser with varying quantities and ratios, 
as well as different application times.

MATERIALS AND METHODS
The field experiment was conducted during summer 

season of 2020 and 2021 at Jaguli Instructional Farm 
under Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, 
Nadia (22°56'N and 86°48’E and 9.75 m amsl), West 
Bengal. The soil had an alluvial sandy loam texture and 
the soil's pH, electrical conductivity, and organic carbon 
content were all 7.21, 0.15 Ds/m and 0.42%, respectively. 
The initial soil's nitrogen, phosphorus, and potassium was 
198.3, 23.1, and 143.6 kg/ha, respectively and the soil's 
micronutrients, including iron (Fe), manganese (Mn), and 
zinc (Zn), were 0.202, 1.854, and 0.624 parts per million, 
respectively. Average rainfall of 1498 mm (last five-year 
average), most rainfall occurred in rainy (kharif) season 
including some light rains throughout the summer. High 
temperatures and high relative humidity are traits of the 
summer season. The second fortnight of February marks 
the beginning of the temperature rise, which typically peaks 
in April–May. The experimental period's highest monthly 
average temperatures were recorded in April 2020 (33.9°C) 
and 2021 (36.5°C), while the lowest monthly average were 
in January 2020 (8.8°C) and 2021 (11.3°C). The amount 
of rain that fell throughout the experiment was 417.7 mm 
in 2020 and 379.8 mm in 2021. Maximum and minimum 
mean monthly relative humidity occurred in January 2020 
(97.2%) and 2021 (95%) and March 2020 (62.3%) and 
2021 (37%), respectively. 

A split-plot design with 3 replications was considered 
to set up the experiment where the main plot comprising 
four fertilizer dosages, viz. F0, control; F1, 50% of RDN 
and K; F2, 75% of RDN and K and; F3, 100% of RDN 
and K and sub-plot containing water soluble fertilizer with 
micronutrients, viz. T1, Starter dose of N and K @2% with 
10:20 ratio + micronutrient mixture of Fe, B, Zn and Mo 
foliar spray at 30 DAE; T2, Booster dose of N and K @2% 
with 5:40 ratio + micronutrient mixture of Fe, B, Zn and Mo 
foliar spray at 45 and 60 DAE and; T3, Starter dose + Booster 
dose. Foliar application of water soluble nitrogen (urea) and 
potassium (muriate of potash) used in 10:20 and 5:40 ratio 
as starter and booster dose respectively, with trace elements 
(micronutrient mixture) like Fe (800 ppm), Boron (B) (200 
ppm), Zn (200 ppm) and Mo (50 ppm) @2% were followed 
during both the years. The recommended fertilizer dosage 
was 20:60:40 kg/ha of N:P2O5:K2O administered as basal 
from the source of urea, single super phosphate, and muriate 
of potash (MOP), respectively. The same supply of urea and 
MOP commercial fertilizer was used to apply both the solid 
and foliar grade of inorganic nitrogen and potassium. With 
the exception of the control (F0), Phosphorus was uniformly 
applied in all the treatments as basal. The administration 
of starter and booster doses of foliar grade fertilizer was 
accompanied by blanket water spraying in the control 
treatment. The individual experimental plot (sub-plot) has 
36 unit plots, each measuring 3 m × 4 m. Groundnut variety 

TG51 was manually sown with 30 cm × 10 cm spacing in 
the last week of January and first week of February of 2020 
and 2021, respectively.

Pre-harvest observations were made, including 
measurements of growth-related traits such plant height, 
generation of aerial dry matter, crop growth rate, and 
nodulation at various growth stages. Post-harvest 
observations, such as yield-attributing traits like number of 
pods and pod dry weight/plant, shelling out turn, hundred 
kernel weight, etc. were also recorded. The crop was 
manually harvested after it reached the physiological stage 
of maturity, sun-dried for a period of four to five days in the 
field, and then the total biomass output was calculated. The 
pod yield was measured at 12% moisture after stripping, 
cleaning and drying. Petroleum ether (40–60°C) was used 
to extract the oil using a Soxhlet device. Oil content and 
oil yield were determined as: 
Oil content (%) = 100 × (Weight of oil extracted (g)/Weight 

of the seed sample).

Oil yield (kg/ha) = Seed yield (kg/ha) × Oil content (%)
Before the experiment began and after it was finished, 

soil samples were taken for analysis of available N and K, 
(Jackson 1973) and available P (Olsen et al. 1954). NPK 
balance sheets for each treatment were created, showing the 
initial availability of nutrients in the soil, nutrients added to 
grow the crop, nutrients absorbed by the crop, nutrients left 
in the soil after harvest, actual gain/loss over initial status, 
and apparent nutrient balance in the soil. The numerous 
inputs required and outputs realized in accordance with 
the prevalent cost of inputs and outputs during the relevant 
years were taken into consideration while calculating the 
economics of various treatments. Using the F-test method 
described by Gomez and Gomez (1984), all of the collected 
data were statistically analysed. The results showed a 
similar trend over the course of the two years, therefore, 
the data were pooled for analysis to produce results and 
make comparisons.

RESULTS AND DISCUSSION
Effect on crop growth: Application of inorganic fertilizer 

to groundnut had the advantageous impact of improving root, 
shoot, and leaf growth, as well as enhancing internode length 
(Table 1). Plant height increased with increasing doses of 
inorganic fertilizer and maximum plant height (53.4 cm) was 
recorded in the treatment F3 (100% of NPK). This finding 
is in agreement with Chavan et al. (2014), according to 
their findings, each additional dose of inorganic fertilizer 
considerably increased plant height by 6.1–27.1%. Foliar 
grade fertilizer application (with micronutrient mixture), 
whether as a starter dose, booster dose, or both, significantly 
influenced the plant height at harvest. Foliar application 
was therefore, more advantageous during the crop growth 
phase. However, Aboyeji et al. (2019) revealed that B, 
compared to zinc, had a substantial impact on vegetative 
features, and both had a significant impact on the quantity, 
weight, and quality of seeds.

RESPONSE OF SUMMER GROUNDNUT TO FOLIAR APPLICATION OF N AND K
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Dry matter production peaked in the treatment F3 
(100% of RDN and K) which was statistically at par to 
F2 (75% of RDN and K) but significantly better than F1 
(50% of RDN and K) and F0 (control) during all stages 
of crop growth. Booster dose of foliar grade fertilizer was 
more conducive to starter dose and was more responsive 
at later stage as compared to early stage. This was because 
during the early stage crop received sufficient nutrients from 
soil reserve whereas at later stage of the crop the nutrient 
demand would be more to fasten the growth followed by 
developmental process and this stage was more sensitive 
to crop. Zn, Mn, B and their combinations were applied 
as foliar spray recorded the greatest value of all evaluated 
features of crop growth (Sabra et al. 2019).

Crop growth rate was faster in the early stages and 
persisted up to 45–60 DAE; after that, growth rate declined 
as crop age at maturity increased. Up to 75% of RDN and 
K, the crop growth rate was more consistent, but as fertilizer 
doses were further reduced, the growth rate likewise fell. 
Foliar grade fertilizer of N and K at different growth stages 
along with micronutrient mixture was more responsive to 
CGR.

With the application of foliar grade fertilizer, nodule 
numbers and dry weight increased at all growth stages, but 
there was little inter-stage variation. This might be because 
nitrogen fertilizer applications have a tendency to suppress 
the development of root nodules (Namo and Dowyaro 
2009). According to data shown in Table 1, nodulation 
increased with crop age and peaked at 60 DAE regardless 
of the treatments. 

Effect on yield attributes: The treatment F3 (100% RDN 
and K) showed a significantly higher number of pods and 
pod dry weight/plant compared to other treatments, and 

rigorously decreased under control (without fertilizer). 
In comparison to either the starter or booster dose, the 
treatment T3 (Starter + booster dose) was shown to produce 
the maximum pods and pod dry weight/plant (Table 2). This 
was caused by the different grades of foliar fertilizer and 
micronutrients application, which was continued from the 
early to the later stages. Shelling percentage or SMK, and 
hundred kernels weight, were increased with treatment F3 
(100% N and K), while there was no significant difference 
between fertilizer treatments. 

Effect on yield: The higher pod yield (3974 kg/ha) was 
obtained with treatment F3 (100% RDN and K). The pod 
yield increased by 5–12% with each additional dose of 
inorganic fertilizer, while it decreased significantly where 
fertilizer application was restricted (F0). Similar findings 
were also stated by Satpute et al. (2020), they claimed that 
the different quantities of fertilizer had a substantial impact 
on the dry pod yield of groundnut. In order to maintain 
the groundnut yield, fertilizer application reduction by up 
to 75% of RDN and K was similarly effective. Manasa 
et al. (2020) agreed that the crop responded similarly by 
increasing the production of pods when RDF was cut by 
15%, although 100% RDF would yield a larger yield. Dry 
pods and haulm was significantly impacted by N and K's 
foliar grade fertilizer, however, the yield of groundnut was 
directly correlated with the timing of application. Higher 
pod yield was obtained with treatment T3 (Starter + booster 
dose) followed by T2 (booster dose at 45 and 60 DAE) and 
T1 (starter dose at 30 DAE). Data presented in the Table 2, 
revealed that the booster doses (T2) responded higher yield 
to a tune of 3.2% over to starter doses (T1). However, yield 
increment was recorded from 2.9–6.2% when both starter 
and booster dose (T3) was followed. This finding is in 

Table 1  Effect of water-soluble fertilizer on growth of summer groundnut (pooled over 2020 and 2021) 

Treatment Plant 
height 
(cm) at 
harvest

Dry matter production  
(g/m2)

Crop growth rate  
(g/m2/day)

No. of nodule/
plant

Nodule dry weight 
(mg/plant)

45  
DAE

60  
DAE

75 
DAE

Harvest 45–60  
DAE

60–75 
DAE

75– 
harvest

45  
DAE

60  
DAE

45  
DAE

60  
DAE

Doses of fertilizer (F)
F0 41.3 138.0 158.1 175.6 224.4 1.33 1.17 1.53 15.7 26.2 0.29 0.49
F1 46.3 168.3 263.1 345.8 433.6 6.32 5.51 2.74 26.2 34.4 0.51 0.65
F2 48.7 184.1 286.3 393.4 458.5 6.81 6.92 2.03 29.7 43.9 0.79 0.93
F3 53.4 201.6 304.3 407.9 480.5 6.84 7.15 2.27 34.0 46.1 0.74 1.04
  SEm± 1.25 2.67 3.34 3.06 4.72 0.22 1.90 0.21 2.74 1.93 0.07 0.06
  CD (P=0.05) 3.89 8.30 10.39 9.50 14.67 0.75 6.51 NS 8.53 6.01 0.21 0.18

Time of application (T)
T1 46.7 169.6 249.3 327.2 387.7 5.3 5.2 1.89 23.4 34.2 0.50 0.73
T2 47.6 173.9 253.5 331.1 399.9 5.3 5.0 2.15 26.7 38.6 0.59 0.77
T3 48.1 166.7 256.1 333.8 410.3 5.3 5.1 2.39 29.0 40.2 0.66 0.82
  SEm± 0.19 0.51 0.45 0.36 0.96 0.19 0.09 0.14 2.50 1.04 0.01 0.04
  CD (P=0.05) 0.56 1.49 1.30 1.06 2.81 NS NS NS NS 3.02 0.04 NS

Treatment details are given under Materials and Methods.
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Table 2	Effect of water soluble fertilizer on yield attributes, yield and harvest index of summer groundnut (pooled over 2020 and 2021) 

Treatment Yield attributes and  
yield

Available N, P2O5 and 
K2O (kg/ha)

Oil  
content

BCR

Number 
of pods/

plant 

Pod dry 
weight 

(g/plant)

Shelling 
(%)

SMK 
(%)

100 
kernel 
weight 

(g)

Pod 
yield 

(kg/ha)

Haulm 
yield 

(kg/ha)

Nitrogen P2O5 K2O Oil 
content 

(%)

Oil 
yield 

(kg/ha)

Doses of fertilizer (F)
F0 12.2 10.7 64.1 75.6 44.0 1600 2250 140.5 21.9 92.4 46.9 750 1.05

F1 25.1 38.4 70.1 88.2 46.6 3551 4336 176.7 31.6 104.5 47.6 1690 2.19
F2 29.9 56.6 70.4 89.0 47.7 3787 4585 206.6 39.9 124.7 48.8 1848 2.28
F3 33.4 65.0 70.9 90.3 48.3 3974 4805 231.3 45.2 132.1 49.8 1979 2.38
  SEm± 0.31 0.46 0.69 0.88 0.48 4762 47.52 0.91 1.32 1.49 0.14 - -
  CD (P=0.05) 0.95 1.43 2.39 2.74 1.49 148.15 147.83 2.82 4.11 4.64 0.48 - -

Time of application (T)
T1 22.4 38.3 68.1 85.0 46.0 3130 3878 182.8 32.6 109.6 47.7 1493 1.96
T2 25.7 43.6 68.7 85.9 46.8 3230 3999 190.0 35.0 113.0 48.2 1557 1.98
T3 27.1 46.2 69.5 86.4 47.3 3323 4104 193.5 36.3 117.8 48.8 1622 1.99
  SEm± 0.31 0.49 0.23 0.28 0.08 8.97 9.55 0.64 0.30 0.61 0.12 - -
  CD (P=0.05) 0.90 1.44 0.66 0.81 0.23 26.13 27.81 1.85 0.88 1.78 0.36 - -

BCR, Benefit:cost ratio. Treatment details are given under Materials and Methods.

and oil yield were obtained with treatment F3. Oil yield 
continued to drop when fertilizer dosages were progressively 
decreased, and it was determined to be at its lowest under 
treatment F1 or F2. The starter dose was more suitable than 
the booster dose. Even though the starter dosage + booster 
dose, achieved the highest oil output and content (Table 2). 
Similar finding was also reported by Reddy et al. (2020) 
where they revealed that DAP, humic acid and micronutrient 
mixture foliar application records higher values oil content 
and oil yield. The treatment F3 recorded the highest BCR and 
lowest was F0 (control) where both starter and booster dose 
was comparatively more remunerative to individual ones. 

Effect on matrix of nutrient uptake pattern: The 
percentage of fertilizer recovery, partial factor productivity, 
agronomic efficiency, physiological efficiency, and recovery 
efficiency of individual nutrients (NPK) all increased 
with increasing fertilizer doses up to 75% of RDN and K, 
after which they decreased with increasing fertilizer doses 
(Table  3). The total nutrient productivity (NPK) peaked 
at F2 (50% N and K), after which it started to decrease as 
the doses were increased. Both starter and booster dose 
(T3) boosted higher value of the total fertilizer recovery, 
the recovery efficiency of NPK, and the nutrient uptake 
efficiency including other matrixes compared to individual 
ones.

Therefore, it can be concluded that with each subsequent 
dose of inorganic fertilizer, yield increased by 5–12%, and 
booster doses resulted in greater yields by 3.2% compared 
to starter doses. On the other hand, when both the starter 
and booster doses were used, a yield increment of 2.9–6.2% 
was noted. In addition, water soluble fertilizer that was 

agreement with Roy et al. (2016) where they reported that the 
liquid grade fertilizer was applied, either as a starter dosage, 
booster dose, or both, the groundnut pod yield increased by 
up to 4–6% over RDF alone; foliar urea spraying at 30 and 
60 DAS improved pod yield by 11.6% compared to control 
(Patro et al. 2014); combining basal and foliar treatments 
considerably increased yields (Shahid et al. 1999); 
combination of B, Zn, Mn, Fe and Mo at 100 ppm and 50 
ppm, respectively, reported a noticeably greater output from 
the control (Patil et al. 2014); comparison to RDF, combined 
foliar application of secondary and micronutrients resulted 
in conspicuously higher pod and haulm yield (Rajitha et 
al. 2018). According to the above stated results it may be 
assumed that the foliar grade fertilizer, regardless of dose, 
administered at the end of the growth phase (45 and 60 DAE) 
was relatively more beneficial to early stage (30 DAE) of 
the plant growth. This might be because foliar application 
of nutrients typically minimizes loss through absorption, 
leaching, and other processes related to soil application, 
and legume being a protein-rich, high-energy crop, direct 
absorption through foliar application in particular, N was 
more crucial components to take part in developmental 
processes including other macro and micronutrients. 

Effect on available NPK: The highest fertilizer doses, 
i.e. F3 (100% of RDN and K), were found to have the 
most soil nitrogen, phosphorus, and potassium that was 
readily available. The foliar grade fertilizer coupled with 
a combination of micronutrients increased the availability 
of nitrogen, phosphorous and potassium in the soil. The 
booster dose performed better than the starter dose (Table 2). 

Effect on oil content and economics: Higher oil content 
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applied at the end of the growth phase (45 and 60 DAE), 
regardless of dose, was considerably more advantageous to 
early stages (30 DAE) of the plant growth. Furthermore, it 
was stated that, supplementation of water-soluble fertilizer 
+ micronutrient mixture along with each incremental doses 
of inorganic fertilizer as basal, increased the groundnut 
pod yield but water-soluble fertilizer along with or without 
mixture of micronutrients was not substitute to any quantity 
of inorganic fertilizer.
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