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ABSTRACT

The effect of fertilizer application based on “fertilizing the soil versus
fertilizing the crop,” which ensures real balance between the applied and
available soil nutrients, is urgently needed. Hence, the present study was
conducted during Kharif 2022 at Zonal Agricultural Research Station, Mandya
to assess the effect of imbalance and balance fertilization based on initial
soil test values and targeted yields, and to determine the effect of different
approaches of fertilizer recommendation on yield, nutrient uptake and use
efficiency of finger millet crop. The experiment was laid out in a randomized
complete block design comprising seven treatments. The results revealed
that significantly higher grain yield (46.30 g ha™), straw yield (67.90 g ha™),
total uptake of nitrogen (218.49 kg ha™'), phosphorus (24.75 kg ha™) and
potassium (165.74 kg ha™) of finger millet was observed in STCR based
NPK + FYM application for the targeted yield of 45 q ha™* based on actual
soil test values which was superior compared to general recommended dose
(GRD) and soil fertility rating approach (SFR) approach. The higher apparent
recovery efficiency (ARE), agronomic nutrient use efficiency (ANUE) of NPK,
and partial factor productivity (PFP) of N and K were recorded in the STCR
approach compared to SFR and GRD. Whereas the PFP of phosphorus
was noticed to be higher in the soil fertility rating approach, and the IUE
of NPK was recorded as higher in the absolute control. Further, the higher
economics in terms of benefit cost ratio (BCR) was recorded in treatment
with the STCR NPK alone application for yield target of 45 q ha=* based on
soil test value compared to other treatments, thus proving the superiority
of the STCR approach over other approaches of fertilizer recommendation.

Keywords: Soil test crop response, Finger millet, Soil fertility rating, General recommended fertilizer, Nutrient
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INTRODUCTION

history dating back over 2000 years. It was a staple

Finger millet (Eleusine coracana L. Garten) is food in ancient Indian diets and was even mentioned
one of the oldest cultivated cereals in India, with a  in ancient Indian texts like the Yajurveda. It is India’s
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third most crucial millet, besides sorghum and pearl
millet. It can be cultivated under adverse soil and
climatic conditions, mainly as a rainfed crop. It is
rich in protein, calcium, phosphorus, iron, fibre, and
vitamin content (Mathyam Prabhakar et al., 2023).
Out of the total minor millets produced, finger millet
(Eleusine coracana L. Garten.) accounts for about 85%
of production in India. The crop is cultivated over an
area of 1.19 million hectares with a production of 1.98
million tons, giving an average productivity of 1661 kg
ha. Karnataka accounts for 56.21% and 59.52% of
the area and finger millet production, followed by Tamil
Nadu (9.94% and 18.27%). Unfortunately, the land
area cultivated with this crop has decreased, displaced
by maize and rice. Reversing this trend will involve
achieving higher yields, including improvements in
crop nutrition, and synchronizing nutrient supply with
crop demand, which is essential to maximize yield and
fertilizer use efficiency.

Fertilizer nutrients are the primary and important
inputs in modern agriculture to fulfill the needs of the
ever-increasing population of India. However, Indian
agriculture is operating on a net negative balance of
plant nutrients, and fertilizer recommendation plays
an important role to improve it. It also helps meet
crop requirements and obtain better yields. General
recommended dose, Soil fertility rating approach,
Targeted yield concept, and Site-Specific Nutrient
Management are some approaches for fertilizer
recommendation.

Achieving the potential yields of high-yielding crop
varieties require applying optimum nutrient doses.
However, using inadequate and imbalanced fertilizers
without knowledge of the inherent soil capabilities
and crop requirements hinders the ability to harness
the potential yield of crops, deteriorates soil health,
and leads to economic losses for farmers (Krishna
Murthy et al., 2024a). Therefore, a comprehensive
approach that considers soil tests, field research,
and profitability should be employed for fertilizer use.
Thus, the soil test crop response (STCR) methodology
can be adopted to calculate nitrogen (N), phosphorus
(P), and potassium (K) requirements for crops. NPK
requirements are linearly correlated with the target
yield (TY), depending on the soil test values (STVs).
As a result, precise fertilizer recommendations can be
made using this approach, as it uses data from soil and
plant analysis (Krishna Murthy et al., 2024b). A higher
economicreturn andyield response are observed when
nutrient application is based on crop demand, and soil

nutrient imbalances can be corrected (Ramasamy
Arulmani et al., 2025).

Considering the above facts, the experiment
was conducted to validate the developed soil test
crop response-targeted yield equations for finger
millet at various locations, along with other fertilizer
recommendation approaches.

MATERIALS AND METHODS

Soil Test Crop Response field investigation was
conducted during Kharif season 2022 at Zonal
Agricultural Research Station, Vishweshwaraih Canal
Farm, Mandya, located in the Southern Dry Zone of
Karnatakaat12° 34’ 6.58" N latitude, 76° 49’ 11.10”
E longitude with an altitude of 695 meters above mean
sea level. The climate condition of this area is a dry
tropical savanna environment characterized by fairly
hot summers and relatively cool winters. The annual
precipitation level recorded at the site was 943.9
mm. The area is well-drained red soil at the research
site, which belongs to the taxonomically defined large
group known as Typic Kandic Paleustalfs, a member of
the fine mixed Isohyperthermic family.

Before the initiation of the investigation, the EC and
pH of the soil were 7.20 and 0.30 dS m™™. The textural
soil class was sandy loam with 68.00% sand, 8.00 %
siltand 24.00% clay determined using the international
pipette method (Black 1965). The soil's potassium
dichromate oxidizable organic carbon content was
3.20 g kg*. Soil available nitrogen, phosphorus, and
potassium were 232.73-286.12 kg ha™*, 38.44-57.48
kg ha™, and 196.08-214.70 kg ha™, respectively.

Fertilizer prescription equations for finger
millet

Development of fertilizer prescription equations
based on the STCR approach involves two consecutive
field experiments, the fertility gradient experiment
and the test crop experiment. A fertility gradient
experiment was conducted to create variations in soil
nitrogen, phosphorus, and potassium levels within the
experimental field (Ramamoorthy et al., 1970). After
confirming the variation in soil fertility with respect to
available NPK, a test crop experiment was conducted
to develop the targeted yield equation for finger millet.
The data on basic parameters for the development of
targeted yield equations viz., nutrient requirement,
contribution of nutrients from soil, fertilizer, and organic
manure, were computed from the main experiment.

Fertilizer recommendations were
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provided separately for the use of chemical fertilizers
alone (NPK) and for the integrated application of
chemical fertilizers and organic manure (NPK + FYM),
based on the following STCR fertilizer adjustment
equationsF.N =3.29T-71.17 S (OC %) - 0.00281
oM

F.P,0,=1.798T-0.189 SP,0, - 0.00173 OM
FK,0 =1.775 T-0.150 SK,0 - 0.0015 OM.
Where, FN, FP,O_ and FK,0O are fertilizer N, P,0, and

’7 275
K,0 in kg ha™, respectively, OM is percent contribution
of nutrients from FYM, T is the yield target in g ha-
%, §(0C), SP,0, and SK,0O respectively are organic
carbon, Olsen-P and NH,OAc-K in initial soil.

Experimental design and treatments

The field experiment consists of seven fertilization
treatments and one absolute treatment, arranged
in a randomized complete block design with three
replications. The treatment comprised viz., T,: STCR
NPK TY 45 g ha™, T,: STCR NPK + FYM TY 45 q ha™*,
T,: STCRNPK TY 40 q ha™*, T,: STCR NPK + FYM TY40
g ha’, T.: General recommended dose, T,: Soil fertility
rating, and T Absolute control. The experimental
layout was prepared, and soil samples were collected
from a depth of 0-20 cm to determine the available
nitrogen, phosphorus, and potassium for each plot
before sowing and after harvest. Farmyard manure
(FYM) was applied 15 days before sowing and it
contains 0.57% N, 0.34% P and 0.51% K, and half of
the nitrogen, as well as the full amount of phosphorus
and potassium, were applied as a basal dose through
urea, single super phosphate and muriate of potash
respectively. The fertilizer dose added under each

treatment is presented in Table 1. The crop was
cultivated following the standard package of practices
and harvested at full maturity.

The response yard stick (RYS), percent deviation,
and value cost ratio (VCR) were computed via the
standard formulae shown below (Ramamoorthy et al.,
1967).

Tield response (kg ha"—}

RYS = 2
Total nutrient applied (kgha?)

[Actual yield obtained (kg ha™) — Targeted yield (kg ha™)]
x

Targeted yield (kgha?) 100

Percent deviation =

. [¥ield in treated plot (kgha™ ) — Yield in control plot (kg ha™ )]
B Cost of fertilizers and FYM applied to treated plot

% Cost kg™t of seed

Analysis of soil and plant samples

The soil samples were air-dried and sieved through
a 2 mm mesh. Bulk density was determined using
rings with a known volume, and soil cores were dried
in an oven at 105°C for 48 hours. Bulk density was
calculated by dividing the weight of the dried soil by the
core’s volume (Veihmeyer and Hendrickson, 1948).
The soil pH was measured in a 1:2.5 soil-to-water
suspension using a glass electrode, and electrical
conductivity was determined in the supernatant
liguid of a 1:2.5 soil-to-water suspension using a
conductivity meter (Jackson 1973). Soil organic
carbon was determined using 1N K, Cr,0, and back
titrated with 0.5 N FAS (Walkley and Black 1934).
Available nitrogen was estimated using the alkaline
KMnO, method (Subbiah and Asija, 1956), available
phosphorus was extracted with Bray's extractant
(0.025 M HCI and 0.03 M NH,F) and measured

Table 1. Quantity of nutrients applied for different approaches of fertilizer recommendation and

finger millet yield

Nutrients applied (kg hat) Yield (g ha™?)
Treatments .

N P,0, K,0 Grain Straw
T, STCRNPKTY 45 qha™* 125.28 72.56 48.44 46.07 66.47
T,STCRNPK + FYMTY 45 q ha™* 97.18 54.68 34.82 46.30 67.90
T, STCR NPKTY 40 g ha™ 108.83 63.25 39.37 42.48 64.14
T,STCRNPK + FYMTY 40 g ha™ 80.73 45.71 24.18 41.23 56.93
T, General recommended dose 100.00 50.00 50.00 42.20 60.90
T, Soil fertility rating approach 100.00 37.50 50.00 41.96 58.21
T, Absolute control 0.00 0.00 0.00 20.00 20.96
S.Em. - - - 1.72 2.17
C.D.@ 5% - - - 5.04 6.38
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colorimetrically by the ascorbic acid method (Bray and
Kurtz, 1945), and available potassium was extracted
with 1 N ammonium acetate (pH 7.0) and measured
using a flame photometer (Page et al., 1982).

Plant samples were collected from each treatment,
dried in shade and then in a hot air oven at 65°C,
and were ground in a Willey mill. The micro Kjeldahl
method determined nitrogen content in plant samples
(Piper 1966). Di-acid extract was prepared using a 9:4
mixture of HNO_:HCIO, (Jackson 1973) to determine
P and K content in the plant samples. The sample
was pre-digestion using 10 mL of HNO, g* of sample.
Phosphorus was determined spectrophotometrically
by vanadomolybdate phosphoric acid yellow colour
method (Jackson 1973), and potassium was estimated
using a flame photometer (Jackson 1973). From the
chemical analytical data, the uptake of each nutrient
was calculated.

Nutrient uptake (kg ha-t) = Nutrient content (%) x
dry weight in kg ha* / 100

Nutrient Use Efficiency

Nutrient (N/P/K) use efficiency parameters viz.,
Agronomic nutrient use efficiency (AE), Recovery
efficiency (RE), Partial factor productivity (PFP), and
Reciprocal internal utilization efficacy (RIUE) were
calculated using the following formulae, as per Singh
et al (2021):

[Grain yield in treated plot (kg ha*) - Grain yield in control plot (kgha* )]
h Fertilizer nutrient applied (kghat)

AE(kg kg™t

[Nutrient uptake in treated plot (kgha™ ) - Nutrient uptake in control plot (kg ha™)]

RE(kg kg™t
(kg kg™) Fertllizernutrient applied (kgha)

[Tield obtained in treated plot (q ha ~*)]

PFP (g ha™') =
9 fe Fertilizer nutrient applied (kg ha=1)

Mutrient uptake by grain {kg ha"*}
Grain yield (Mgha2)}

RILE(%6) =

Statistical Analysis

Descriptive statistics were used for the gradient
and test crop experiment using SPSS 16.0 software.
Data recorded in verification experiments were
analyzed using the ANOVA technique (Gomez and
Gomez 1984).

RESULTS AND DISCUSSION
Grain and straw yield
The grain yield of finger millet was significantly

higher in the treatment receiving fertilizers through
STCR NPK + FYM application for the targeted yield

of 45 q ha*(46.30 g ha™t) compared to STCR NPK
+ FYM TY 40 g ha™*(41.23 g ha™), and absolute
control (20.00 g ha™?), respectively (Table 1). Similarly,
significantly higher straw yield was recorded in STCR
NPK + FYM TY 45 q ha"*(67.90 q ha") compared to
all other treatments. The lower grain and straw yields
were recorded in absolute control plots.

Irrespective of the yield targets, the yield obtained
in the STCR-based NPK + FYM application was higher
when compared to the corresponding STCR-NPK
application. Farmyard manure contributed relatively
higher contents of available forms of most of the
nutrient elements and better retention of moisture
in the soil during crop growing seasons, which is also
linked to increased photosynthetic accumulation,
higher biomass output, and improved growth and yield
attributes (Parvathi Sugumari et al., 2021). The grain
yield under the 45 q ha*fixed yield target was 9.72
and 10.34% higher than the general recommendation
dose and soil fertility rating approach, respectively.
This might be due to balanced application of nutrients,
which is based on soil analysis, amount of nutrients
removed by crops, initial levels of soil fertility, efficiency
of nutrients present in the soil, and added through
fertilizers. These factors might have provided the
optimum time for better uptake and ultimately resulted
in higher dry matter production and yield (Suganya et
al., 2025)

Nutrient uptake

Nutrient uptake data (Table 2) reveal that combined
application of NPK and FYM for STCR targeted yield of
45 g ha-tbased on soil test value recorded significantly
higher nitrogen (218.49 kg hat), phosphorous (24.75
kg ha') and potassium (165.74 kg ha!) uptake
by finger millet compared to all the treatments. The
lower uptake of nutrients (N: 64.27 kg ha™*, P: 2.23
kg ha™t, K: 23.47 kg ha?, respectively) was observed
in the absolute control, where no fertilizer nutrients
and FYM were applied. Whereas treatments receiving
the general recommended dose and the soil fertility
rating approach of fertilizer recommendation recorded
lower uptake of NPK compared to the STCR approach,
this might be due to the imbalanced application of
fertilizer, which may lead to a loss of nutrients.

The greater nutrient uptake in STCR-IPNS
treatments could be attributed to creating a conducive
environment for crop growth through applying FYM by
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Table 2. Influence of different approaches of fertilizer recommendation on major nutrients uptake

in finger millet

Treatments Nutrient uptake (kg ha™t)

N P K
T, STCRNPK TY 45 g ha™* 204.47 24.00 160.13
T, STCR NPK + FYM TY 45 g ha™* 218.49 24.75 165.74
T, STCR NPKTY 40 g ha™ 195.94 21.09 150.32
T, STCR NPK + FYM TY 40 g ha™* 162.87 9.60 129.16
T, General recommended dose 175.51 10.36 131.27
T, Soil fertility rating approach 168.01 10.27 119.67
T, Absolute control 64.27 2.23 23.47
S.Em. £ 6.67 0.91 5.19
C.D.@5% 19.56 2.66 15.22

Table 3. Nutrient use efficiency in finger millet as influenced by different approaches of fertilizer

recommendation

Treatment Nitrogen use efficiency Phosphorus use efficiency Potassium use efficiency

ARE AUE  PFP IUE ARE  AUE PFP IUE ARE  AUE PFP IUE

kg kg* kg kg kg* kg Mg* kg kg* kg

Mgt Mgt
T, 20.81 112 36.77 2253 3593 0.30 63.49 191.99 53.82 282 9511 28.77
T, 27.06 159 4764 2119 4810 0.41 84.67 187.04 7553 4.09 13297 27.94
T, 20.66 1.21 39.03 21.68 3554 0.30 6716 201.42 5710 3.22 10790 28.26
T, 26.30 1.22 51.07 25.32 46.44 0.16 90.20 429.47 8780 4.37 170.51 31.92
T, 2220 111 4220 24.04 4440 0.16 84.40 40741 4440 216 84.40 32.15
T, 2196 1.04 4196 2497 5856 0.21 111.89 408.41 4392 1.92 83.92 35.06
T, 0.00 0.00 0.00 3112 0.00 0.00 0.00 89734 0.00 0.00 0.00 8521

ARE: Apparent recovery efficiency AUE: Agronomic use efficiency, PFP: Partial factor productivity IUE: Internal

utilization efficiency

enhancing soil properties, nutrient retention and water
holding capacity. This would mobilize the unavailable
nutrientsand also positively affect root growth, ensuring
improved uptake of nutrients (Sugumari et al., 2021).
Significantly higher NPK uptake in the STCR approach
was recorded compared to other approaches due to
the application of the required quantity of nutrients
through inorganic fertilizers, resulting in higher uptake
and high dry matter production because of higher
availability of nutrients (Krishna Murthy et al., 2024c).

Agronomic nutrient use efficiency

The higher agronomic nitrogen use efficiency
(28.12 kg kg1) was recorded in the treatment receiving
STCR-based NPK + FYM application based on soil test
values for a targeted yield of 45 g ha™%, respectively
(Table 3). Similarly, higher phosphorus use efficiency

was also recorded in the same treatment. However,
the higher potassium use efficiency was recorded in
STCR-based NPK + FYM application for a targeted yield
of 40 q ha* (87.80 kg kg?) based on soil test values.
The lower agronomic nutrient use efficiency of NPK
was noticed in treatments that recorded lower yield
with higher application of fertilizer nutrients.

Apparent recovery efficiency

The higher apparent recovery efficiency in nitrogen
(1.59 kg kg1) and phosphorus (0.41 kg kg™?) was
recorded in T, STCR NPK + FYM TY 45 q ha* but a
higher apparent recovery efficiency of potassium
was recorded in STCR NPK + FYM TY 40 g ha* (4.37
kg kg?). The lower apparent recovery efficiency of
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nitrogen (1.04 kg kg!) and potassium (1.92 kg kg)
was recorded in the soil fertility rating approach. At the
same time, lower phosphorus recovery efficiency was
recorded in absolute control (0.14 kg kg1).

Higher agronomic nutrient use efficiency and
apparent crop recovery efficiency was recorded in
treatment receiving STCR based NPK + FYM due to
application of fertilizers as per the crop demand along
with incorporation of 10 t ha™ FYM which resulted in
higher yield and uptake of nutrients per kg of fertilizer
added, without any loss of nutrient due to excessive
usage, there by increased ANUE and ARE in finger
millet. It is also associated with lower fertilizer rate,
cultural practices meant for promoting integrated
nutrient management, which helped for effective
saving in the amount of fertilizer nutrient applied to
the crops and thereby improved fertilizer use efficiency
(Rangaiah et al., 2023a).

Partial factor productivity

The higher partial factor productivity of nitrogen
and potassium was recorded in STCR NPK + FYM TY
40 g hat (51.07 kg kg1). However, the higher partial
factor productivity of phosphorus was recorded in the
soil fertility rating approach (111.89 kg kg™?), which
recorded a higher yield (41.96 g hat) with a lower dose
of phosphorus fertilizer (37.50 kg ha?) application.

Partial factor productivity was higher in the
treatment, showing higher yields with respect to a
lower fertilizer application rate (Karthika et al., 2024).

Internal utilization efficiency

The internal utilization efficiency of nitrogen,
phosphorus, and potassium recorded a higher value
in the absolute control plot than all treatments
(Table 3). This may be attributed to the higher utilization
efficiency of NPK, which was recorded with no fertilizer

application compared to fertilized treatments. This
signifies the deficiency of nutrients in the control plot
(Krishna Murthy et al., 2023b).

Response Yard Stick

The response yard stick (RYS) indicates the yield
obtained in kg per kg of NPK applied in that particular
ratio of each treatment. The response yard stick was
recorded at 14.10 kg kg™t in STCR NPK + FYM with a
yield target of 40 g ha™* based on soil test values.

Response yard stick recorded higher in STCR
based NPK + FYM application than compared general
recommended dose and soil fertility rating approach it
may be attributed to that fertilizers were applied along
with FYM to crop in balanced manner by considering
soil test values and nutrient requirement of the crop
which was effectively utilized by the crop to achieve
the target as compared to all other treatments (Bhavya
et al., 2023) and organic manures also contain both
micro and macronutrients, unlike NPK fertilizer that
contains only N, P and K which contributed to the
higher grain yield in crop (Spoorthishankar et al.,
2025).

Per cent Deviation

The percent deviation indicated the yield variation
from the targeted yield (Table 4). In the present study,
it was found to be higher in STCR-based NPK + FYM
application for the target of 40 g ha-1 based on soil
test values (6.20%), where the yield obtained was
higher than the fixed targets. All remaining treatments
found positive deviation from the fixed target. Here,
the higher negative deviation indicates that the crop
could not achieve the genetic potential yield in these
treatments. The per cent deviation of + 10.00 will
generally be considered the best equation; otherwise,
the equations will be modified (Patel et al., 2001).

Table 4. Influence of different approaches of fertilizer recommendation on response yard stick,
percent deviation and benefit cost ratio of finger millet

Treatments RYS % Deviation BCR
T, STCRNPKTY 45 q ha™ 10.59 2.38 2.93
T,STCR NPK + FYMTY 45 g ha™* 14.09 2.89 2.38
T, STCR NPKTY 40 g ha™ 10.63 6.20 2.81
T,STCRNPK + FYMTY 40 g ha™ 14.10 3.08 2.12
T, General recommended dose 11.10 5.50 214
T, Soil fertility rating approach 11.71 4.90 212
T, Absolute control - - 1.39
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Benefit Cost Ratio

The higher benefit cost ratio (BCR) of 2.93 was
recorded where fertilizer nutrients were applied
through STCR NPK alone for a yield target of 45 q ha™
based on soil test values, followed by 2.81 in STCR NPK
TY 40 g ha™*. The lower benefit-cost ratio of 1.39 was
recorded in the absolute control plot, where fertilizers
and FYM were not applied.

The benefit-cost ratio was highest in STCR
treatments with a purely inorganic approach compared
to any other treatments. The highest BCR could be
mainly due to lower levels of NPK fertilizer application
associated with higher yield (46.07 g ha™) production
compared to all other treatments. Even though higher
yields were recorded in the STCR integrated approach,
the BCR was lower, mainly due to the high cost of FYM
(Krishna Murthy et al., 2023c). BCR was found to be
36.92 and 38.21% higher in fertilizer treatments based
on STCR methodology as compared to the general
recommended dose and soil fertility rating approach
at both locations respectively, it may be attributed to
the balanced application of nutrients based on crop
requirement and contribution from soil, fertilizer and
organic matter had reduced excess application of
fertilizers thereby reduced cost of fertilizer application
(Spoorthishankar et al., 2025).

CONCLUSION

Based on this study, it can be concluded that the
STCR targeted yield equations developed for finger
millet crop is most suitable for Zone-6 of Karnataka
and Dhartimitra software can be used to prescribe
fertilizer dose for finger millet where frequent soil
testing could be avoided for getting higher grain and
straw yield compared to all other different approaches
of fertilizer recommendation. Even though BCR was
recorded lower in STCR-based NPK + FYM application
due to high cost of FYM, these treatments should
be recommended for applying a balanced dose of
fertilizer nutrients to encourage farmers to utilize their
compost/FYM to reduce the cost of production and
maintain soil sustainability.

ACKNOWLEDGMENTS

We greatly acknowledge the Indian Council of
Agricultural Research, Indian Institute of Soil Science,
Bhopal (ICAR_IISS), and the University of Agricultural
Sciences, Bangalore, for funding the research.

Originality and Plagiarism:

We hereby declare that the work presented in this
manuscript is original and has not been published
elsewhere, nor is it currently under consideration
for publication by any other journal. All sources that
have been used or quoted are properly cited and
acknowledged. We affirm that the manuscript is
free from plagiarism, including self-plagiarism, and
complies with the ethical standards for academic
publishing.

Data availability statement:

The data that support this study will be shared
upon reasonable request to the corresponding author.

Conflict of interest:

The author reported no potential conflicts of
interest.

REFERENCES

Arulmani, R., Sellamuthu, K.M., Maragatham, S., Senthil,
A., Thamaraiselvi, S.P., Malathi, P., and Sridevi,
G. 2025. Development and validation of soil
test crop response model for beetroot (Beta
vulgaris) grown in Ultisols of India. Frontiers in
Plant Science, 15(24). https://doi.org/10.3389/
fpls.2024.1481882

Bhavya, N., Krishna Murthy, R., Govinda, K., Uday Kumar,
S.N., Basavaraj, P.K., Mohamed Sageebulla,
H., Gangamrtuha, G.V., and Srivastava, S.
2023. Fertilizer prescription model through
soil test crop response approach for carrot
(Daucus carota) on an Alfisols of southern India.
Theoretical Biological Forum, 93-100. https://
doi.org/10.5281/zen0do.8126816

Black, C.A. 1965. Methods of Soil Analysis: Part | Physical
and Mineralogical Properties. American Society
of Agronomy, Madison, Wisconsin, USA. https://
doi.org/10.1126/science.151.3713.982.b

Bray, R.H., and Kurtz, L.T. 1945. Determination of

total, organic and available phosphorus
in soil. Soil Science, 9: 39-46. https:/doi.

0rg/10.1097/00010694-194501000-00006

Jackson, M.L. 1973. Soil Chemical Analysis. Prentice Hall
of India Pvt. Ltd., New Delhi, 151-154.

Karthika, C., Santhi, R., Maragatham, S., Parimala Devi,
R., and Vijayalakshmi, D. 2024. Unleashing the
potential of black gram: Exploring the impact
of diverse nutrient prescription techniques on

112| 1-3 |100


https://doi.org/10.3389/fpls.2024.1481882
https://doi.org/10.3389/fpls.2024.1481882
https://doi.org/10.5281/zenodo.8126816
https://doi.org/10.5281/zenodo.8126816
https://doi.org/10.1126/science.151.3713.982.b
https://doi.org/10.1126/science.151.3713.982.b
https://doi.org/10.1097/00010694-194501000-00006
https://doi.org/10.1097/00010694-194501000-00006

(e
Erz

Madras Agric.J.,2025; https://doi.org/10.29321/MAJ.10.701201

Alfisols. Communications in Soil Science and Patel, K.S., Nayak, G.S., and Dwivedi, A.K. 2001.

Krishna

Plant Analysis, 56(10): 1500—1520. https://doi.or
9/10.1080/00103624.2025.2459329

Murthy, R., Basavaraja, P.K., Bhavya, N., Dey,
P., Mohamed Sageebulla, H., Gangamrutha,
G.V., and Venkata Shiva Reddy, J.S. 2023b.
Development and validation of soil test-based
fertilizer prescription equations for enhancing
yield, uptake and nutrient use efficiency of foxtail
millet (Setaria italica) under dryland condition.
Journal of Plant Nutrition, 46(13): 3082—-3100.
https://doi.org/10.1080/01904167.2023.218806
5

Krishna Murthy, R., Bhavya, N., Govinda, K., Basavaraja,

P.K., Uday Kumar, S.N., Mohamed Sageebulla,
H.S., Gangamrutha, G.V., Srivastava, S., and
Dey, P. 2024a. Optimizing nutrient management
for Kodo millet (Paspalum scrobiculatum L.) in
the Alfisols of Southern India through modeling
soil, plant, and fertilizer interactions. Scientific
Reports, 14: 31852. https://doi.org/10.1038/

$41598-024-83265-y

Krishna Murthy, R., Bhavya, N., Govinda, K., Basavaraja,

Krishna

Krishna

P.K., Uday Kumar, S.N., Mohamed Sageebulla,
H.S., Gangamrutha, G.V., Srivastava, S., and
Dey, P. 2024b. Soil test crop response nutrient
prescription equations for improving soil health
and yield sustainability — a long-term study
under Alfisols of southern India. Frontiers in
Plant Science, 15. https://doi.org/10.3389/

fpls.2024.1439523

Murthy, R., Bhavya, N., Govinda, K., Nevatoor,
A.N., Basavaraja, P.K., Uday Kumar, S.N.
Mohamed Saqgeebulla, H.S., Gangamrutha,
G.V,, Srivastava, S., and Dey, P. 2024c. Inductive
cum targeted yield model-based integrated
fertilizer prescription for sweet corn (Zea mays L.
saccharata) on Alfisols of Southern India. PLOS
ONE, 19(8): e0307168. https://doi.org/10.1371/

journal.pone.0307168

Murthy, R., Bhavya, N., Spoorthishankar, K.S.,
Govinda, K., Basavaraja, PK., Uday Kumar,
S.N., Mohamed Saqeebulla, H.S., and Dey, P.
2023c. Enhancing yield, uptake and nutrient
use efficiency of brinjal through soil test crop
response approach. Communications in Soil
Science and Plant Analysis, 55(7): 998-1014.

https://doi.org/10.1080/00103624.2023.228998
8

Page, A.L., Miller, R.H., and Keeney, D.R. 1982. Methods

of Soil and Plant Analysis. American Society of
Agronomy, Madison.

Balanced use of fertilizers in urdbean and
pigeonpea on Vertisol of Jabalpur. Journal of
Soils and Crops, 11(2): 173-177.

C.S. 1966. Soil and Plant Analysis. Hands
Publishers, Bombay, pp. 137-153.

Prabhakar, M., Gopinath,K.A., SaiSravan, U.,Kumar, G.S.,

Thirupathi, M., Samba Siva, G., Meghalakshmi,
G., Kumar, N.R., and Singh, V.K. 2023. Potential
for yield and soil fertility improvement with
integration of organics in nutrient management
for finger millet under rainfed Alfisols of Southern
India. Frontiers in Nutrition, 10. https://doi.

0rg/10.3389/fnut.2023.1095449

Ramamoorthy, B.R., Narasimha, L., and Dinesh, R.S.

1967. Fertilizer application for specific yield
targets of Sonara-64. Indian Farming, 5: 43—45.

Rangaiah, K.M., Bhavya, N., Govinda, K., Uday Kumar,

S.N., Basavaraja, P.K., Mohamed Sageebulla,
H.S., Srivastava, S., and Dey, P. 2023a.
Modelling soil, plant and fertilizer relationship
to optimize nutrient management for chilli
(Capsicum annuum L) under Alfisols of Southern
India. Archives of Agronomy and Soil Science,
69(15): 3570-3586. https://doi.org/10.1080/036
50340.2023.2264210

Spoorthishankar, K.S., Krishna Murthy, R., Kadalli, G.G.,

Vasanthi, B.G., Pushpa, K., and Muthuraju,
R. 2025. Comparative study on nutrient
recommendation approaches for optimizing
green gram productivity in Alfisols. Mysore
Journal of Agricultural Sciences, 59(1): 386—397.

Spoorthishankar, K.S., Krishna Murthy, R., Kadalli, G.G.,

Vasanthi, B.G., Pushpa, K., and Muthuraju, R.
2024. Comparison of STCR and conventional
fertilizer approaches for improved yield, uptake
and nutrient use efficiency in green gram. Journal
of Advances in Biology and Biotechnology,
27(11): 312-323. https://doi.org/10.9734/

jabb/2024/v27i111614

Subbiah, B.V., and Asija, G.L. 1956. A rapid procedure for

the determination of available nitrogen in soils.
Current Science, 25: 259-260.

Suganya, S., Maragatham, S., Arunkumar, V., and

Santhi, R. 2025. Optimizing STCR-IPNS
fertilizer prescription for targeted rice yield in
North Eastern agro climatic zone of Tamil Nadu.
Plant Science Today, 12(2): 1-8. https:/doi.

112| 1-3 |101


https://doi.org/10.1080/00103624.2025.2459329
https://doi.org/10.1080/00103624.2025.2459329
https://doi.org/10.1080/01904167.2023.2188065
https://doi.org/10.1080/01904167.2023.2188065
https://doi.org/10.1038/s41598-024-83265-y
https://doi.org/10.1038/s41598-024-83265-y
https://doi.org/10.3389/fpls.2024.1439523
https://doi.org/10.3389/fpls.2024.1439523
https://doi.org/10.1371/journal.pone.0307168
https://doi.org/10.1371/journal.pone.0307168
https://doi.org/10.1080/00103624.2023.2289988
https://doi.org/10.1080/00103624.2023.2289988
https://doi.org/10.3389/fnut.2023.1095449
https://doi.org/10.3389/fnut.2023.1095449
https://doi.org/10.1080/03650340.2023.2264210
https://doi.org/10.1080/03650340.2023.2264210
https://doi.org/10.9734/jabb/2024/v27i111614
https://doi.org/10.9734/jabb/2024/v27i111614
https://doi.org/10.14719/pst.7172

(e
Erz

Madras Agric.J.,2025; https://doi.org/10.29321/MAJ.10.701201

0rg/10.14719/pst.7172

Sugumari, M.P., Maragatham, S., Santhi, R., and Swarna
Priya, R. 2021. Development of soil test crop
response based fertilizer prescriptions through
integrated plant nutrition system for aggregatum
onion (Allium cepa L.) under drip fertigation.
Journal of Applied and Natural Science, 13(3):
1094-1101. https://doi.org/10.31018/jans.
v13i3.2907

Veihmeyer, F.J., and Hendrickson, A. 1948. Soil density
and root penetration. Soil Science, 65(6): 487—
494,

Walkley, A., and Black, I.A. 1934. An examination of the
Degtjareff method for determining soil organic
matter, and a proposed modification of the
chromic acid titration method. Soil Science,
37(1): 29-38. https://doi.org/10.1097/00010694-
193401000-00003

112] 1-3 102


https://doi.org/10.14719/pst.7172
https://doi.org/10.31018/jans.v13i3.2907
https://doi.org/10.31018/jans.v13i3.2907
https://doi.org/10.1097/00010694-193401000-00003
https://doi.org/10.1097/00010694-193401000-00003

