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ABSTRACT

Site-specific targeted fertilizer recommendations integrated with organic amendments
and nano-fertilizers offer a promising strategy to enhance nutrient use efficiency and
maize productivity. In Rabi 2024 verification trials at ZARS, GKVK (low,
medium and high fertility strips) and farmers’ fields in the Southern Transition
Zone (Shivamogga), seven nutrient management approaches were compared each
other. The treatments are, STCR NPK (targeted yield 100 and 90 q ha') with and
without farmyard manure and nano-DAP, general recommended dose, soil fertility
rating and absolute control. Growth (plant height, leaf number, leaf area index),
physiological (chlorophyll meter readings) and yield attributes (cob length,
kernels per row, rows per cob, test weight) were recorded at 30, 60, 90 DAS and at
harvest. Kernel and stover yields were estimated at harvest. Data were analysed
using ANOVA and DMRT. STCR NPK + FYM targeted for 100 g ha™' (T,) consistently
produced superior vegetative growth, higher chlorophyll readings and larger
LAT across fertility strips and the farmers’ field. Treatment T (T,: STCR NPK + FYM
Targeted Yield 100 q ha') recorded the highest kernel and stover yields, significantly
outperforming GRD, SFR and control. Other STCR variants (T,, T,, T,) were
comparable but generally numerically lower. Yield components including cob length,
kernels per row and rows per cob were noted maximum under T, while test weight
was also higher under STCR + FYM at most sites. The enhanced performance under
STCR + FYM is attributed to balanced, target-oriented nutrient supply, improved
soil physical especially soil moisture and biological properties through FYM and
improved nutrient synchrony aided by nano-DAP. These findings demonstrated that
STCR integrated with organic inputs and nano-fertilizers can increase maize
productivity in Alfisols of Karnataka.

Keywords : Maize, Farmyard manure, STCR, Nano-DAP, Maize productivity, Site-specific nutrient management

MAIZE (Zea mays L.) is a major cereal crop
cultivated across tropical and subtropical

regions, valued for its versatility as food, feed and
industrial raw material (Dey et al., 2024). Its
adaptability to diverse agro-climatic conditions, short
duration and high yield potential make it a vital
component of India’s agricultural economy (Murdia
et al., 2016). Beyond human consumption, maize
supports livestock and poultry industries, while also

serving as a raw material for starch, ethanol and other
agro-industrial products (Shiferaw et al., 2011).
However, achieving optimal yields in maize requires
effective nutrient management, which is influenced
by soil fertility levels, crop requirements and external
nutrient inputs.

Nutrient management in maize has traditionally
relied on generalized fertilizer recommendations or
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farmer practices, which prescribe uniform doses of
fertilizers irrespective of site-specific soil conditions
(Khan, 2024). These blanket recommendations often
overlook inherent variability in soil fertility, leading
to over or under-application of nutrients. Such
imbalances can reduce crop yield, increase input
costs and deteriorate soil health over time. To
improve in nutrient management approaches such as
Low, Medium and High (LMH) nutrient applications
were developed, where fertilizer doses are adjusted
according to soil fertility categories. While more
refined than blanket doses, the LMH approach still
lacks the precision required for site-specific nutrient
management (Krishna Murthy et al., 2024c).

In response to these limitations, the Soil Test
Crop Response (STCR) approach has emerged as
a scientifically robust method of fertilizer
recommendation. STCR prescriptions are based on
actual soil test values, crop nutrient requirements and
defined yield targets, allowing for more accurate and
efficient nutrient application (Basavaraj et al., 2014).
This approach not only enhances maize productivity
but also improves nutrient use efficiency, thereby
reducing losses through leaching, volatilization and
runoff, which are common under conventional
practices (Govindasamy et al., 2023).

The major advantage of STCR lies in its ability to
generate targeted yield equations that relate soil
nutrient availability and crop response to applied
fertilizers, thereby optimizing nutrient inputs for
achieving predetermined yield goals. This contrasts
sharply with LMH or generalized recommendations,
which disregard actual soil nutrient reserves and crop-
specific nutrient uptake dynamics (Krishnamurthy
et al., 2023). As a result, STCR-based fertilizer
recommendations often outperform traditional
approaches by synchronizing nutrient supply with
crop demand of maize during critical growth stages,
leading to improved yields and resource-use efficiency
(Ashok et al., 2013).

Post-harvest soil nutrient availability in maize
systems is strongly influenced by initial soil fertility,
fertilizer application and crop nutrient uptake.
Continuous cultivation under blanket or LMH

recommendations can deplete soil reserves, while
STCR-based recommendations balance nutrient
removal and replenishment, thereby maintaining soil
fertility (Suresh and Santhi, 2018). Recent advances
also include the integration of organic manures and
nano-fertilizers into STCR models, further improving
nutrient recovery and soil health (Marella et al., 2021
and Pudhuvai et al., 2024).

Therefore, evaluating the performance of different
fertilizer recommendation approaches - including
general recommendation, LMH and STCR - in maize
systems is essential. Such comparisons not only
validate the accuracy of STCR equations but also
highlight their superiority in sustaining productivity,
nutrient use efficiency and profitability under A/fiso/
conditions. With this brief background, a study on
‘Evaluation of Fertilizer Recommendation
Approaches on Maize Growth, Yield and Yield
Attributes in Alfisols of Karnataka’ was conducted
with a major objective to compare the effectiveness
of different nutrient recommendation approaches such
as general recommended dose (GRD), low-medium-
high and soil test crop response in maize cultivation
under Alfisol conditions.

MATERIAL AND METHODS

Verification Trial

The verification trials with maize were conducted
during Rabi 2024 to validate the fertilizer prescription
equations developed through the Soil Test Crop
Response approach for growth and yield parameters
of maize. These trials were laid out both at the Zonal
Agricultural Research Station (ZARS), GKVK,
Bengaluru and at farmers fields in the Southern
Transition Zone, Shivamogga. The experiments were
designed to test the efficacy of different nutrient
recommendation approaches under varying fertility
situations.

Location and Site Details

At ZARS, GKVK, the verification trials were
conducted in Low Fertility Strip (LFS), Medium
Fertility Strip (MFS) and High Fertility Strip (HFS)
developed through fertility gradient experiments. The
station is located at 13° 04’ 55.23” N latitude and
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77° 34> 10.03” E longitude, at an altitude of 930 m
above mean sea level (MSL), falling in the Eastern
Dry Zone (Zone 5) of Karnataka. The parallel
verification trial at farmers fields in Shivamogga
was conducted in the Southern Transition Zone
(Zone 7), situated at 14° 03° 06.93” N latitude and
75° 14> 54.73” E longitude, with an altitude of
654 m above MSL.

Crop and Season

The test crop was maize hybrid var. MAH-14-5,
sown during Rabi 2024. The crop was planted at a
spacing of 60 cm x 30 cm in plots of 12.10 m? at
ZARS and 13.5 m? at the farmer’s field. The
date of sowing was 20" September 2024 at ZARS
and 5" October 2024 at Shivamogga. The crop was
harvested on 17" January 2025 and 3" February 2025,
respectively.

Experimental Conditions

At ZARS, GKVK, the total rainfall received during
the crop growth period was 724.6 mm. Minimum air
temperatures ranged between 15.2-19.6 °C and
maximum temperatures between 26.9-29.4 °C.
Relative humidity varied from 53-67% (minimum)
and 86-89 per cent (maximum). Bright sunshine

hours ranged from 4.3 to 8.1 hr and potential
evapotranspiration (PET) varied from 3.3-4.5 mm

(Fig. 1).

At Shivamogga (Farmers Field), The total rainfall
received was 178.4 mm. The minimum temperature
ranged from 15.2-20.0 °C and maximum from
27.4-32.2 °C. Relative humidity varied between
45-66% (minimum) and 80-88% (maximum). Bright
sunshine hours ranged between 5.7-9.2 hr, while
PET varied between 3.7-4.8 mm (Fig. 2).

The verification trials were undertaken to validate
the applicability of STCR-based targeted yield
equations for maize under real field conditions.
These trials specifically aimed to compare the
performance of different nutrient recommendation
approaches, including recommended dose of
fertilizers (GRD), low-medium-high (LMH) and
STCR-based prescriptions with or without the
integration of farmyard manure. By evaluating these
approaches simultaneously at the research station and
in farmers fields, the study sought to determine their
relative effectiveness in enhancing maize growth,
yield and nutrient use efficiency. The key focus was
on assessing whether the targeted yield prescriptions

Meteorological Data during Rabi 2024 at Farmer’s Field, Shivamogga (Southern Transition Zone)
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Fig. 1 : Meteorological data of the verification trial experimental site during Rabi 2024 at ZARS, GKVK, Bengaluru
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Meteorological Data during Rabi 2024 at ZARS, GKVK, Bengaluru
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Fig. 2 : Meteorological data of the verification trial experimental site during Rabi 2024 at farmers field,
Southern Transition Zone, Shivamogga

could achieve the expected productivity R, R, R,
levels within a permissible deviation of
+10 per cent, thereby ensuring their T T Ts
reliability and practical utility for farmers ' N
across varying soil fertility situations.

Soil Characteristics of the
Experimental Site

. . T T T
A composite soil sample was collected ) 1 Treatments :

from 0-20 cm depth of each plot after T,=STCR NPK TY 10 t ha'
laying out the plan but before the ! T -
commencement of experiment. The
collected soil samples were air dried,
pounded and passed through a 2 mm
sieve and was analyzed for physical and Ts T Ts
chemical properties. The results of T, = General Recommended dose

physical and chemical properties of soils T, = Soil Fertility Rating Approach
are presented in Table 1. g i 2

T,=STCR NPK + FYM TY 10 t ha™'

“Water channel (0 Smt)

T,=STCRNPK TY 9tha

T,=STCRNPK+FYMTY 9 tha"
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The experiment was laid out in
randomized complete block design
having seven treatments and replicated Fig. 3 : Layout plan of the verification trial

thrice. The plan of layout of the Note : Same layout of low fertility strip followed for medium, high fertility strip
verification trial is shown in Fig. 3. and farmers field of southern transition zone of shivamogga
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TaBLE 1

Initial soil physico-chemical characteristics of the verification trials of ZARS, Gandhi Krishi Vignyan
Kendra, Bengaluru and Farmers fields in the Southern Transition Zone, Shivamogga

ZARS, GKVK, Bengaluru Farmers fields in the Southern

Particulars LFS MES HFS Transition Zone, Shivamogga
Physical properties of soil
Sand (%) 68.50 67.95 67.90 68.40
Silt (%) 13.40 13.55 13.30 12.40
Clay (%) 18.10 18.50 18.80 19.20
Texture Sandy loam Sandy loam Sandy loam Sandy loam
Bulk Density (Mg m™) 1.35 1.33 1.31 1.35
Maximum water holding 35.83 6.47 37.13 9.40
capacity (%)
Chemical properties of soil
pH (1:2.5) 6.29 6.25 6.21 6.01
Electrical conductivity (dS m™) 0.22 0.25 0.31 0.08
Organic carbon (g kg™') 4.70 4.72 4.78 10.90
Available N (kg ha™') 195.57 237.87 305.97 489.55
Available P (kg ha™) 215.01 372.66 447.03 27.83
Available K (kg ha™) 147.64 239.04 315.86 201.84
Fertilizer Schedule T, : General Recommended dose
Nitrogen, phosphorus and potassium were applied T : Soil Fertility Rating Approach

through urea, SSP and MOP. 75% of RDN was T, : Absolute Control
supplied through conventional fertilizers (50% of
75% RDN at sowing, 25% of 75% RDN at 45 DAS
and remaining 25% of 75% RDN at 75 DAS) and

Biometric Observations

Biometric observations on various growth parameters

foliar application of Nano fertilizers at 30 DAS and
60 DAS through Nano DAP @ 4mL L. 75% of RDP
was supplied through conventional fertilizers at
basal and foliar application of Nano DAP at 30 DAS
and 60 DAS @4 mL L. 100% of RDK was supplied
through conventional fertilizers at basal.

Treatment details :

T, : STCR NPK Targeted Yield 100 q ha'!

: STCR NPK + FYM Targeted Yield 100 g ha!
: STCR NPK Targeted Yield 90 q ha'!
: STCR NPK + FYM Targeted Yield 90 q ha'!

2

3

T
T
T

4

at 30 DAS, 60 DAS, 90 DAS and at harvest and
various yield parameters after harvest of crop were
recorded on five randomly selected and tagged
representative plant hills in each plot and expressed
as mean values.

Growth Parameters

Plant growth parameters were recorded at different
growth stages of maize. Plant height was measured
from ground level to the base of the flag leaf at
vegetative stages and to the tip of the tassel at maturity
from five randomly selected plants and the mean was
expressed in centimeters (Ghaffari et al., 2011). The
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total number of fully expanded leaves per plant was
counted at the peak vegetative stage from five
randomly selected plants and the average was
recorded (Ghaffari et al., 2011). Leaf areca was
determined using a Leaf Area Meter by selecting
three representative plants per plot, measuring all
fully expanded leaves and expressing the mean value
in square centimeters (cm?) (Ghaffari et al., 2011).
Chlorophyll content was estimated using a Field
Scout Chlorophyll Meter (CM 1000), where three
readings were taken from each plant at different leaf
positions and averaged. A CM 1000 reading of 250
corresponds to a SPAD value of 41.60, equivalent to
1.90 mg g of chlorophyll content (Mahajan et al.,
2014).

Yield Parameters

Yield and yield-attributing characters of maize were
recorded following standard procedures. Cob length
was measured from base to tip (excluding the
peduncle) from three randomly selected cobs and
expressed in centimetres, while the number of
kernel rows per cob and the number of kernels
per row were counted manually from the same cobs
and the respective averages were calculated
(Ghaffari et al., 2011). Test weight was determined
by counting one hundred kernels from the harvested
lot of each plot, weighing them on a digital balance
and expressing the value in grams (Ghaffari et al.,
2011). Kernel yield was obtained by manually
shelling the harvested cobs from each plot,
sun drying, cleaning and weighing the kernels and
then converting the net plot yield into quintals per
hectare (q ha'). Stover yield was recorded after
removing the cobs, sun drying the stover for about 10
days and computing the yield per hectare from plot-
wise data, expressed in q ha! (Ghaffari et al., 2011).

Statistical analysis of data

Experimental data generated in the verification trial
was subjected to statistical analysis adopting Fisher’s
method of analysis of variance as outlined by Krishna
Murthy et al. (2024a). The level of significance used
in ‘F” and ‘t’ test was 5 per cent. Critical difference
(CD) values were calculated at 5 per cent level of

significance whenever ‘F’ test was found significant.
Post-harvest soil test value prediction equations were
developed by multiple regression analysis from SPSS
16.0 software.

RESULTS AND DISCUSSION

Influence of Various Approaches of Fertilizer
Recommendation on Growth Parameters of Maize

Plant Height

The data on plant height (cm) of maize recorded at
30, 60 and 90 DAS, as well as at harvest, under
different nutrient management approaches are
presented in Table 2.

Maize plant height was markedly affected by the
various fertilizer prescription approaches across all
growth stages, namely 30, 60 and 90 DAS, as well as
at harvest. Among the treatments, significantly
higher plant height was noticed in STCR NPK +
FYM (100 q ha') (T,: 78.12 ¢m, 167.17 cm, 192.25
cm and 198.17 cm in LFS, 81.22 ¢cm, 192.67 cm,
219.64 cm, 225.66 cm in MFS and 86.33 cm, 189.07
cm, 215.54 cm and 220.33 cm in HFS, respectively)
compared to soil fertility rating approach (T: 65.00
cm, 146.33 cm, 168.27 cmand 174.10 cm, respectively
in LFS, 71.00 cm, 150.33 cm, 171.38 cm and 177.40
cm, respectively in MFS and 65.02 cm, 158.13 cm,
180.27 c¢cm and 185.06 cm, respectively in HFS),
general recommended dose (T: 63.08 cm, 142.00 cm,
163.63 cm and 169.19 cm, respectively in LFS,
70.78, 145.67, 166.06 and 172.08 cm, respectively
in MFS and 62.67 cm, 155.23 c¢cm, 176.96 cm and
181.75 cm, respectively in HFS) and absolute control
(T,:60.67 cm, 117.33 cm, 134.83 cm and 145.83 c¢m,
respectively in LFS, 66.22 cm, 132.67 cm, 151.50 cm
and 158.17 cm, respectively in MFS and 60.90 cm,
143.47 cm, 164.56 cm and 168.00 cm, respectively in
HEFS). However, STCR treatments were on par with
each other.

The study revealed significant difference in maize
plant height across all growth stages under various
nutrient management approaches in farmers fields
of the southern transition zone, Shivamoga. The
STCR NPK + FYM treatment for the 100 q ha™! yield
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target (T,) consistently produced the highest plant
height, recording 81.73 cm at 30 DAS, 193.53 c¢m at
60 DAS, 220.17 cm at 90 DAS and 226.17 cm at
harvest. These values were statistically superior to
other approaches, including the soil fertility
rating method (T,: 69.07, 150.87, 171.90 and 177.93
cm), general recommended dose (T,: 68.30, 146.20,
166.57 and 172.57 cm), and absolute control
(T.: 62.93, 135.10, 152.77 and 158.00 c¢m) at the
respective growth stages. Other STCR-based nutrient
recommendations showed on par results with T,
[STCR NPK +FYM (100 q ha')] except T, [STCR
NPK (90 q ha!)] at 60, 90 DAS and at harvest
recorded 168.83, 192.43 and 198.43 cm, respectively.

Number of Leaves Per Plant

The number of leaves per plant varied with different
nutrient management practices at all growth stages
(30, 60,90 DAS and at harvest) across fertility strips
and locations (Table 3). At 30 DAS, the differences
among treatments were statistically non-significant in
all fertility srtips; however, significant differences
were observed at later stages except in farmer field of
Shivamogga.

Among the treatments, T, [STCR NPK + FYM (100
q ha')] recorded significantly higher number of leaves
per plant across all growth stages. In LFS, T, [STCR
NPK +FYM (100 g ha')] recorded 6.89, 12.67, 11.67
and 11.00 leaves at 30, 60, 90 DAS and harvest,
respectively. In MFS, it recorded 6.56, 13.00, 12.68
and 12.35 leaves at 30, 60, 90 DAS and harvest,
respectively and in HFS, it showed 8.00, 13.56,
12.56 and 11.90 leaves at 30, 60, 90 DAS and
harvest, respectively. These values were significantly
higher compared to T, (absolute control) treatment,
which recorded comparatively fewer leaves at all
stages.

The farmer field of Shivamogga recorded significantly
higher number of leaves per plant under T, [STCR
NPK + FYM (100 q ha")] with 6.87, 13.80, 12.50
and 12.37 leaves at 30, 60, 90 DAS and harvest,
respectively, which was significantly higher
compared to T, [soil fertility rating approach]
(6.00, 11.90, 10.30 and 10.30 leaves at 30, 60, 90

DAS and harvest, respectively), T, [general
recommended dose] (5.90, 11.70, 10.00 and 10.00
leaves at 30, 60, 90 DAS and harvest, respectively)
and T, [absolute control] (6.01, 10.77, 8.70 and 8.70
leaves at 30, 60, 90 DAS and harvest, respectively).
Other STCR-based nutrient recommendation
approaches showed comparable results with T,
[STCR NPK + FYM (100 q ha™')] but were slightly
lower, particularly at 90 DAS and harvest.

Chlorophyll Meter Reading

Chlorophyll meter readings of maize leaves were
significantly influenced by different fertilizer
management approaches at various crop growth stages
(30, 60, 90 DAS and at harvest) across all locations
and fertility strips (Table 4).

Across the treatments, T, [STCR NPK + FYM
(100 g ha™')] recorded higher chlorophyll meter
readings throughout the crop growth period. In LFS,
T,[STCRNPK +FYM (100 q ha")] (252.33, 345.44,
291.67 and 250.78 at 30, 60, 90 DAS and harvest,
respectively). These were significantly higher than T,
[absolute control] (189.89 and 230.22 at 30 and 60
DAS, respectively). The same treatment, T, [STCR
NPK + FYM (100 q ha')] recorded significantly
higher values than T, [soil fertility rating approachl],
T, [general recommended dose] and T, [absolute
control] at 90 DAS and at harvest in LFS. In MFS,
the T, [STCR NPK + FYM (100 q ha™')] values were
284.56,362.78,315.51 and 273.56 at 30, 60, 90 DAS
and harvest, respectively and in HFS, the readings
were 290.22, 398.44, 298.13 and 255.22 at 30, 60,
90 DAS and harvest, respectively, which were
significantly higher compared to T, [absolute control],
which showed lower chlorophyll meter readings of
189.89, 230.22,212.89 and 172.00 at 30, 60, 90 DAS
and harvest, respectively in LFS; 189.33, 263.67,
208.18 and 166.22 at 30, 60, 90 DAS and harvest,
respectively in MFS and 218.22, 246.00, 251.58 and
208.67 in HFS at 30, 60, 90 DAS and harvest,
respectively.

Across locations, the farmer field of Shivamogga
recorded significantly higher chlorophyll meter values
under T, [STCR NPK + FYM (100 q ha™')] with
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285.46, 372.33, 340.96 and 278.17 at 30, 60, 90
DAS and harvest, respectively. These were
significantly higher than the values recorded under
T, [soil fertility rating approach] (245.67, 320.00,
286.67 and 225.00), T, [general recommended
dose] (240.33, 310.00, 275.33 and 215.00) and T,
[absolute control] (192.33, 264.33, 236.00 and
173.49). Other STCR-based nutrient recommendation
treatments showed readings on par with T, [STCR
NPK + FYM (100 q ha™!)] in the early phase of crop
growth but were comparatively lower at 90 DAS and
at harvest.

Leaf Area Index (LAI)

The LAI of maize was significantly influenced by
different fertilizer management approaches across
the growth stages in different fertility strips
(Table 5).

Among the treatments in LFS, T, [STCR NPK +
FYM (100 q ha')] recorded significantly higher
LAI across growth stages, with values of 0.36 at
30 DAS, 2.98 at 60 DAS, 3.63 at 90 DAS and 1.71 at
harvest, compared to T, [general recommended dose]
(0.27, 2.14 and 2.63 at 30, 60 DAS and at harvest),
T, [soil fertility rating approach] (0.28, 2.21 and
1.27 at 30, 60 DAS and at harvest) and T, [absolute
control] (0.27, 0.86, 0.93 and 0.97, respectively at 30,
60, 90 DAS and at harvest). T, [STCR NPK +
FYM (90 q ha')] and T, [STCR NPK (100 q ha )]
were statistically on par with T, [STCR NPK +
FYM (100 q ha")] at 60 and 90 DAS but recorded
significantly lower LAl than T, [STCR NPK + FYM
(100 q ha')] at harvest. Other treatments like
T, [STCR NPK (90 q ha')], T, [general
recommended dose] and T, [soil fertility rating
approach] recorded significantly lower LAI than
T, [STCR NPK + FYM (100 q ha")] at 30, 60 DAS
and at harvest.

In MFS, among the treatments, T, [STCR NPK +
FYM (100 q ha')] recorded the highest LAI across
all stages with values of 0.36, 3.01, 3.70 and 1.82
at 30, 60, 90 DAS and at harvest, respectively. These
values were significantly higher compared to T,
(absolute control), which recorded lower LAI of 0.30,

0.87, 1.10 and 0.57 at the respective stages. T, was
significantly superior over T, [general recommended
dose] (0.27, 2.24, 2.75 and 1.35 at 30, 60, 90 DAS
and at harvest) and T, [soil fertility rating approach]
(0.28, 2.32, 2.85 and 1.40 at 30, 60, 90 DAS and at
harvest). Other STCR-based approaches, such as
T, [STCR NPK (100 q ha")] and T, [STCR NPK +
FYM (90 q ha')] were found to be on par with
T, [STCR NPK + FYM (100 q ha™')] at most stages
but were slightly lower in LAI, particularly at 90 DAS
and at harvest.

In HFS, the treatment T, [STCR NPK + FYM (100 g
ha™')] recorded the higher LAI across stages, with
values 0f0.37, 3.03, 3.76 and 1.88 at 30, 60, 90 DAS
and at harvest, respectively. These values were
significantly higher compared to the absolute control
(T.), which recorded the lowest LAT of 0.31, 1.01,
1.23 and 0.65 at 30, 60, 90 DAS and at harvest,
respectively. T, [STCR NPK + FYM (100 q ha")]
was significantly superior to T, [general recommended
dose] (0.27, 2.27, 2.82 and 1.41 at 30, 60, 90 DAS
and at harvest, respectively), T, [STCR NPK (90 q
ha')] (0.29, 2.37, 2.94 and 1.47 at 30, 60, 90 DAS
and at harvest, respectively) and T, [soil fertility rating
approach] (0.28, 2.34, 2.90 and 1.45 at 30, 60, 90
DAS and at harvest, respectively) at all stages. Other
STCR-based treatments like T, [STCR NPK (100 q
ha')] and T, [STCR NPK + FYM (90 q ha'')]
performed on par with T, [STCR NPK + FYM
(100 g ha')] at 30 and 60 DAS, but recorded
slightly lower LAI at 90 DAS and at harvest.

In the farmer field of STZ, Shivamogga, T, [STCR
NPK + FYM (100 q ha')] recorded significantly
higher LAI values of 0.38, 2.98, 3.71 and 1.84 at 30,
60, 90 DAS and at harvest, respectively. These values
were significantly superior to T, [absolute control],
which recorded the lowest LAI values of 0.31, 0.84,
1.12 and 0.60 at 30, 60, 90 DAS and harvest,
respectively. The performance of T, [STCR NPK +
FYM (100 g ha™')] was significantly higher than that
of T, [STCR NPK (90 q ha")] (0.30, 2.31, 2.89 and
1.43), T, [general recommended dose] (0.29, 2.21,
2.76 and 1.37) and T, [soil fertility rating approach]
(0.30,2.29,2.86 and 1.42) across all stages. The other
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STCR-based treatments, T, [STCR NPK (100 q
ha)] and T, [STCR NPK + FYM (90 q ha™')], were
statistically on par with T, at 30, 60, 90 DAS and at
harvest.

The STCR NPK+FYM (100 q ha') targeted
yield demonstrated significantly improved growth
parameters, such as plant height, number of leaves
per plant, chlorophyll content and leaf area index.
This enhancement can be attributed to the balanced
nutrient supply from a combination of chemical
fertilizers, organic sources and nano fertilizers.
The initial nutrient demand was fulfilled by
fertilizers, while organic matter gradually released
nutrients upon decomposition. Thapar et al. (2019)
observed a gradual increase in rice plant height
under the STCR approach, attributing this growth
to adequate NPK levels, which support the synthesis
of nucleic acids essential for crop development.
The study highlighted that the combined application
of organic and inorganic fertilizers improved nutrient
availability and uptake, thereby promoting better
vegetative growth in plants. The sustained nutrient
availability throughout the growth period enhanced
nutrient uptake, thereby improving physiological
processes and promoting better crop growth. These
findings align with previous research by Verma et al.
(2006), Karki and Ashok (2005) and Chandrakant
(2015) in maize.

Use of nano fertilizers, due to their higher surface
area and controlled release mechanisms, enhances
nutrient use efficiency and promotes rapid cell
division and elongation (Adhikari et al., 2021).
This observation aligns with findings by Shah et al.,
(2022), who reported increased biomass accumulation
and stem elongation in maize under nano-fertilizer-
supplemented STCR strategies.

Similarly, the number of leaves per plant was
significantly higher in STCR NPK+FYM (100 q ha"!
targeted yield), especially from 60 DAS onward.
Leaf proliferation is directly linked to nitrogen
availability and nano DAP used in the STCR
approach likely facilitated enhanced nitrogen uptake,
as also indicated by higher chlorophyll content and

LAI Goudar et al., (2020) highlighted the integrated
use of STCR-based NPK with organics and nano
fertilizers promoted vigorous vegetative growth,
increasing leaf count and surface area.

Chlorophyll content is strongly correlated with
nitrogen status in the leaf tissue (Yousaf et al., 2019).
The sustained release of nitrogen from nano DAP
under STCR ensured a steady supply of N during
critical growth phases, resulting in prolonged
greenness and delayed senescence (Krishna Murthy
et al.,2025). Furthermore, elevated chlorophyll meter
readings contributed to greater photosynthetic
efficiency and biomass production (Sharma et al.,
2023).

A well-developed LAI enhances light interception
and canopy photosynthesis, crucial for yield
maximization. The increase in LAI under nano
DAP-aided STCR treatments aligns with the findings
of Prasad et al. (2018), demonstrated that
nano-formulated fertilizers improve LAI and crop
productivity by reducing nutrient losses and
optimizing nutrient availability in the rhizosphere.

In contrast, T, (General recommended dose), T,
(soil fertility rating) and T, (absolute control)
consistently showed lower values across all
parameters, highlighting the inefficiency of blanket
or conventional approaches compared to STCR,
especially when enhanced with nano DAP and
FYM. Notably, the T, [STCR NPK+FYM (90 g ha'")]
and T, [STCR NPK (100 q ha')] treatments also
showed relatively higher performance but were
statistically lower than T, [STCR NPK+FYM (100 q
ha')] during later growth stages, emphasizing the
advantage of integrated nutrient management
including nano inputs.

The results emphasize that STCR-based nutrient
management along with nano DAP and FYM not
only improves nutrient uptake and utilization but
also significantly enhances maize growth and
development. These findings are in line with recent
studies promoting the synergy between targeted
nutrient application and nanotechnology in
sustainable crop production (Kumar et al., 2020;
Singh et al., 2024).
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Influence of Various Approaches af Fertilizer
Recommendation on Yield and Yield Attributes
of Maize

The data pertaining to kernel yield (q ha), stover yield
(q ha'), cob length (cm), number of kernels per row,
number of rows per cob and test weight (g) as
influenced by different approaches of fertilizer
recommendations is depicted in Table 6.

Kernel Yield and Stover Yield of Maize

Influence of different approaches of nutrient
application on kernel yield and stover yield of maize
is presented in Fig. 4. In low fertility strip, the
treatment T, [STCR NPK + FYM (100 q ha')]
recorded significantly higher kernel yield (97.09 q
ha™') and stover yield (137.87 q ha™') compared to
general recommended dose (T,: 82.32 q ha' and
116.90 g ha™!, respectively), soil fertility rating
approach (T,: 83.79 q ha' and 118.98 q ha'!,
respectively), STCR NPK (90 q ha™') (T,: 85.31 and
121.14 q ha'') and absolute control (T.: 47.91 q
ha!and 68.04 q ha!, respectively). Other STCR-
based nutrient recommendation approaches like
STCRNPK (100 gha') (T,: 94.91 and 134.77 g ha™")
and STCR NPK+FYM (90 q ha™') (T,: 90.00 and
127.80 q ha™') were statistically on par with T, [STCR
NPK + FYM (100 g ha™')] but showed numerically
lower yield.

In the medium fertility strip, significantly higher
kernel yield (98.05 q ha™') and stover yield (141.38 q
ha™') was observed under T, [STCR NPK + FYM
for a target yield of 100 q ha™'], compared to T,
[general recommended dose] (83.30 and 120.12 q
ha™'), T, [soil fertility rating approach] (84.77 and
122.23 q ha'), T, [STCR NPK for 90 q ha'']
(86.27 and 124.40 q ha'') and T, [absolute control]
(49.18 and 70.92 q ha™'), all of which recorded
significantly lower values. Among the STCR
treatments, T, [STCR NPK (100 q ha')] and T,
[STCR NPK + FYM (90 q ha™")] produced yields
of 95.87 and 138.24 q ha! and 90.96 and 131.16 q
ha™!, respectively, which were statistically comparable
with T, [STCR NPK + FYM (100 q ha™")], though
slightly lower in yield.

In high fertility strip, the trend continued with
T,[STCR NPK + FYM for 100 q ha'] producing the
maximum kernel yield (98.98 q ha™!) and stover yield
(144.51 q ha!), which were significantly higher than
the yields under T, [general recommended dose]
(84.24 and 122.99 q ha'), T, [soil fertility rating
approach] (85.70 and 125.12 g ha™'), and T, [absolute
control] (50.11 and 73.17 q ha'). Among the STCR-
based treatments, T [STCR NPK (100 q ha )] (96.80
and 141.33 q ha'!), T, [STCR NPK for 90 q ha']
(87.20and 127.32qha ') and T, [STCR NPK + FYM
(90 q ha')] (91.89 and 134.16 q ha!) were on par
with T, [STCR NPK + FYM for 100 q ha'] but
numerically lower.

In the southern transition zone (Shivamogga), the
treatment T, [STCR NPK + FYM (100 q ha™')]
recorded the highest kernel yield (97.82 q ha™') and
stover yield (145.75 q ha™"), which was significantly
superior to T, [general recommended dose] (82.95
and 122.06 q ha'), T, [soil fertility rating approach]
(84.67 and 125.23 q ha'') and T, [absolute control]
(48.58 and 74.01 q ha!'). Other STCR-based
treatments, including T, [STCR NPK for 100 q
ha'](95.77 and 142.26 g ha™"), T, [STCR NPK (90 q
ha')] (86.15 and 129.90 g ha™') and T, [STCR NPK +
FYM (90 g ha')] (91.06 and 134.02 q ha™!), were
found to be statistically on par with T, [STCR NPK +
FYM (100 g ha")], though T, [STCR NPK + FYM
(100 g ha')] consistently recorded numerically
higher yields. This result highlights the efficacy of
the STCR approach, particularly when integrated with
FYM.

Cob Length

The yield parameters data is presented in Table 6. The
cob length of maize was significantly influenced by
different fertilizer management approaches across all
fertility strips. The treatment T, [STCR NPK + FYM
(100 q ha™")] consistently recorded the longest cob
length in all three fertility strips-18.67 cm in
LFS, 18.92 cm in MFS and 19.00 cm in HFS, which
was significantly superior to the general recommended
dose (T,: 16.94, 17.00 and 17.18 c¢m, in LFS, MFS
and HFS, respectively), soil fertility rating approach
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(T, 16.92, 17.12 and 17.22 cm, in LFS, MFS and
HFS, respectively) and absolute control (T.: 16.75,
17.00 and 15.08 cm, in LFS, MFS and HFS,
respectively). Other STCR-based nutrient
recommendations such as T, [STCR NPK for 100 q
ha™'], T, [STCR NPK for 90 q ha'] and T, [STCR
NPK + FYM for 90 q ha™'] were statistically on par
with T, [STCR NPK + FYM (100 q ha™")] across all
strips but recorded slightly lower cob length values.
The mean values of cob length, farmers field of
Shivamogga (STZ) also confirmed this trend, with T,
[STCR NPK + FYM (100 q ha')] registering the
highest average cob length (18.92 cm), followed
closely by T, [STCR NPK for 100 q ha '] (18.80 cm)
and T, [STCR NPK + FYM for 90 q ha '] (18.50 ¢cm),
all of which outperformed T, [general recommended
dose] (17.00 cm), T, [soil fertility rating approach]
(17.10 cm) and T, [absolute control] (16.50 cm)
significantly.

Number of kernels per row

The number of kernels per row in maize was notably
enhanced by the application of integrated nutrient
management practices (Table 6). Across all fertility
strips-LFS, MFS and HFS-the treatment T, [STCR
NPK + FYM for 100 q ha™!] consistently registered
the higher number of kernels per row, with 40.00,
40.17 and 40.50, in LFS, MFS and HFS, respectively.
A significantly greater value was observed in
comparison with the absolute control (T.: 32.78,32.83
and 32.00 in LFS, MFS and HFS, respectively).

Although T, [STCR NPK for 100 q ha™'] (39.83,39.92
and 40.00 in LFS, MFS and HFS, respectively), T,
[STCR NPK for 90 q ha'] (38.83,39.00 and 39.33 in
LFS, MFS and HFS, respectively), general
recommended dose (T,: 34.98, 36.33 and 37.00 in
LFS, MFS and HFS, respectively), soil fertility rating
approach (T,: 36.50, 36.00 and 37.25 in LFS, MFS
and HFS, respectively) and T, [STCR NPK + FYM
for 90 q ha''] (39.17, 39.33 and 40.00 in LFS, MFS
and HFS, respectively) improved kernel numbers
compared to T, [absolute control] their showed a
marginal decline compared to T, [STCR NPK + FYM
for 100 g ha™'] and statistically comparable. The mean
values across Shivamogga revealed a similar trend,

with T, [STCR NPK +FYM for 100 q ha"'] achieving
significantly maximum number of kernels per row
(40.86) compared to T, [absolute control] (32.83),
however T, [STCR NPK + FYM for 100 q ha™']
found on par with T, [STCR NPK for 100 q ha™']
(40.00), T,[STCR NPK for 90 gha'], T, [STCR NPK
+ FYM for 90 q ha''] (39.67), T, [general
recommended dose] (37.33), T, [soil fertility rating
approach] (37.60).

Number of rows per cob

Application of STCR-based nutrient management
practices had a positive effect on the number of
rows per cob in maize (Table 6). In the low fertility
strip, the maximum number of rows per cob was
observed in the treatment T, [STCR NPK + FYM for
100 g ha''], recording 18.80, found to be on par
with T, [STCR NPK + FYM for 90 q ha'] (18.00)
and T, [STCR NPK for 100 q ha''] (17.20).
The recorded values were markedly higher than
those in T, [STCR NPK (90 q ha')] (16.40),
T, [general recommended dose] (15.20), T, [soil
fertility rating approach] (15.60) and T, [absolute
control] (14.80).

In the medium fertility strip, T, [STCR NPK + FYM
for 100 q ha!] (19.20) showed comparable
results with T, [STCR NPK + FYM for 90 q ha'']
(19.20), T, [STCR NPK (90 q ha')] (17.60) and T,
[STCR NPK for 100 q ha'] (18.40). Significant
reduction in number of rows per cob was noticed
in T, [general recommended dose] (16.40), T, [soil
fertility rating approach] (17.20) and in absolute
control (T.) recorded 16.00, indicating a significant
reduction in the absence of nutrient application.
In the high fertility strip, T, [STCR NPK + FYM
for 100 q ha'] showed the highest number of rows
per cob (20.00), which was statistically comparable
with T, [STCR NPK + FYM for 90 q ha'] (19.60), T,
[STCR NPK for 100 q ha''] (19.20) and T, [STCR
NPK for 90 q ha''] (18.40). In contrast, reduced
values were noticed under T, [general recommended
dose] (17.20), T, [soil fertility rating approach]
(17.40) and absolute control (T.), which recorded
16.80 rows per cob.
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In the farmers field of STZ, Shivamogga, the
treatment T, [STCR NPK + FYM for the targeted
yield of 100 q ha™!] recorded the higher number of
rows per cob (19.60), which was statistically on
par with T, [STCR NPK + FYM for the targeted
yield of 90 q ha'] (19.20) and T, [STCR NPK for
the targeted yield of 100 q ha™'] (18.40). The recorded
values were considerably higher than those observed
in T, [STCR NPK for the targeted yield of 90 g ha™']
(17.60), T, [general recommended dose] (16.40),
T, [soil fertility rating approach] (16.80) and
T, [absolute control], which recorded the lowest
number of rows per cob (16.40).

Test Weight

Maize kernel test weight responded distinctly to
nutrient management approaches across varying soil
fertility gradients (Table 6). In the low fertility strip,
although numerical differences were observed, the
variation in test weight across treatments was
statistically non-significant, with T, [STCR NPK +
FYM for targeted yield of 100 g ha™'] recording 33.00
g, slightly ahead of T,[STCR NPK + FYM for the
targeted yield of 90 q ha'] (32.00 g), T, [STCR NPK
for the targeted yield of 100 q ha™'] (31.33 g) and
others like T, [STCR NPK for the targeted yield of
90 q ha''] (30.33 g), T, [general recommended dose]
(29.33 g), T, [soil fertility rating approach] and
T, [absolute control] (30.33 g each).

In medium fertility soils, the T, [STCR NPK + FYM
for targeted yield of 100 q ha''] treatment again
produced the higher test weight (33.33 g), significantly
outperforming conventional practices such as the
general recommended dose (30.33 g), soil fertility
rating approach (30.67 g) and absolute control
(30.33 g) and T, [STCR NPK (90 q ha')] (31.33).
Other STCR-based nutrient management practices
like T, [STCR NPK for the targeted yield of 100 q
ha'] (32.33 g) and T, [STCR NPK + FYM for the
targeted yield of 90 q ha'!] (32.67 g) performed on
par with T, [STCR NPK + FYM for targeted yield of
100 q ha™'] but recorded slightly lower values.

In the high fertility strip, where T, [STCR NPK +
FYM (100 q ha™!)] showed the higher test weight of

34.33 g, significantly superior over T, [general
recommended dose] (31.67 g), T [soil fertility rating
approach] (31.33 g) and T, [absolute control]
(31.00 g). All other treatments showed significantly
better performance compared to the conventional
nutrient recommendation method. In the farmers field
of STZ, Shivamogga, the T, [STCR NPK + FYM for
targeted yield of 100 q ha™'] treatment recorded the
higher test weight (33.67 g), significantly higher than
the conventional practices such as the general
recommended dose (30.67 g), soil fertility rating
approach (31.67 g), absolute control (30.67 g) and
T, [STCR NPK for 90 q ha™'] (31.33 g). Other
STCR-based nutrient management treatments like
T, [STCR NPK for 100 gha™'] and T, [STCR NPK +
FYM for 90 g ha™'], which both recorded 32.67 g,
were statistically on par with T, but showed marginally
lower test weight values.

The results on yield and yield attributes revealed that
the STCR-based fertilizer recommendation, both with
NPK alone and NPK combined with FYM, was
superior to the LMH and soil fertility rating
approaches for both yield targets. The study
highlights that site-specific nutrient management
through the STCR approach, particularly when
integrated with organic sources like FYM and
emerging inputs such as nano-fertilizers (Nano DAP),
markedly enhanced maize yield and yield components
under different fertility gradients. The higher
productivity observed under STCR treatments may
be attributed to the targeted yield strategy, which
ensures efficient fulfilment of crop nutrient
requirements. These findings are in agreement with
Isha et al. (2024), who reported that nitrogen
application during the initial growth stages stimulates
vegetative development, favourably influencing
yield potential through its key role in chlorophyll
formation and protein synthesis. Phosphorus was
equally important, supporting energy transfer,
metabolic processes and seed development, thereby
contributing to increased yield. Potassium application
brought both quantitative and qualitative
improvements in maize performance. The
significantly higher kernel and stover yields
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obtained under the STCR NPK + FYM treatment
for the 100 q ha™' target could be ascribed to the
balanced nutrient supply adjusted to crop demand
and soil fertility status. Moreover, the incorporation
of FYM improved soil structure, organic matter and
microbial activity, leading to enhanced nutrient
release and uptake (Ramesh et al., 2017). The
superiority of STCR-based recommendations over
conventional fertilizer doses and fertility rating
approaches is consistent with the findings of Singh
et al. (2020), who emphasized that STCR-guided
nutrient management enhances nutrient use efficiency
while sustaining crop productivity.

The higher yields achieved under the NPK + FYM
approach at elevated yield targets, compared to NPK
alone, can be attributed to the addition of FYM, which
enhanced microbial activity and supplied sufficient
carbon, thereby improving nutrient availability and
contributing to greater crop growth and productivity
(Abhirami et al., 2023). Although lower quantities of
phosphorus fertilizers were applied in the STCR-based
treatments relative to GRD and SFR, yields were
significantly higher in the STCR plots. This highlights
the efficient utilization of native soil phosphorus,
suggesting that phosphorus fertilizer costs can be
minimized when soils possess adequate available
phosphorus.

The superior nutrient uptake and higher nutrient use
efficiency achieved through the STCR approach, as
compared to SFR and GRD, had a favourable impact
on growth and yield attributes, thereby contributing
to increased maize yield. In addition, the synergistic
effect of combining organic and inorganic sources
under the STCR NPK+FYM treatment likely
improved the chemical, physical and biological
properties of the soil, which in turn supported higher
productivity (Spoorthishankar et al., 2025). These
results are consistent with the observations of
Raghav et al. (2019), who reported that enhanced
yield attributes of soybean under the STCR approach,
relative to SFR, GRD and farmer’s practice, were due
to the balanced nutrient application based on soil test
values and the crop’s nutrient requirement for
achieving a predetermined yield target.

Moreover, recent research supports the incorporation
of nano-fertilizers, such as nano DAP, which offer
controlled nutrient release, reduced nutrient losses and
improved crop response at lower application rates
(Subramanian et al., 2021).

Cob length and the number of kernels per row are the
direct indicators of sink capacity and overall plant
health. Treatments under STCR + FYM not only
ensured sufficient nutrient supply throughout the
critical growth stages but also improved reproductive
development, which led to significantly superior cob
dimensions. These findings are in agreement with
Meena et al. (2018), who observed that integrated
nutrient management enhanced cob size and kernel
number owing to improved nitrogen availability and
efficient nutrient allocation. The greater number of
rows per cob under the STCR-based fertilizer
recommendation, especially with the inclusion of
FYM, highlights the beneficial role of balanced and
continuous nutrient supply in promoting floral
development and improving cob architecture. The
presence of organic inputs may have contributed to
enhanced soil biological activity and better nutrient
synchrony during tasseling and silking stages, which
are critical for cob formation (Kumar et al., 2019).

Test weight, an important grain quality trait, was
also maximized under the STCR NPK + FYM (100 q
ha™!) treatment. Adequate nutrient availability during
the grain filling stage, especially nitrogen and
phosphorus, is known to improve starch accumulation
and kernel density. Integration with FYM may have
prolonged nutrient release, while the potential addition
of nano-nutrients like nano DAP could further aid in
macronutrient sufficiency and physiological efficiency
during critical stages (Mahajan, 2022).

This study shows that site-specific targeted fertilizer
recommendations, when integrated with farmyard
manure and nano-DAP substantially enhance maize
growth, physiology, yield and yield components
across fertility gradients and farmers fields in the
southern transition zone (Shivamogga). The STCR
NPK + FYM treatment for a 100 q ha™' target (T,)
consistently recorded the highest plant height, leaf
number, chlorophyll meter readings, leaf area index,

50



Mysore J. Agric. Sci., 60 (1) : 31-53 (2026)

N. N. ANNAPPA et al.

cob length, kernel attributes and both kernel and
stover yields and was statistically superior to
conventional approaches (general recommended dose
and soil fertility rating) and absolute control. Other
STCR variants (T, T,, T,) performed comparably but
generally produced numerically lower values than T,
highlighting the added benefit of combined organic-
inorganic nutrient supply and nano-fertilizer aided
nutrient synchrony.

The results imply that balancing nutrient supply to
crop demand and supplementing with FYM improves
soil physical, chemical and biological functioning,
enhances nutrient use efficiency and supports
sustained nutrient availability during critical
reproductive stages-thereby increasing sink capacity
and grain filling. Use of nano-DAP likely contributed
to improved early nutrient availability and sustained
N supply, explaining higher chlorophyll and LAI
values. Practically, adoption of STCR + FYM offers
a pathway to raise maize productivity while potentially
reducing P fertilizer requirement.
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