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ABSTRACT

Nutrient application in right proportions to meet the growth requirements of a genotype is vital for
realizing the yield potential of modern high yielding varieties. Release of varieties and hybrids of high
yield potential with varied yield expression under different growing environments warrants precise
assessment of nutrient requirements of such varieties for arriving at the fertilizer prescriptions to ensure
harvestable yield potential on sustainable basis besides optimizing input use. A study was, therefore,
proposed in Kharif, 2008 at few locations representing major rice growing regions to assess the
nutritional status and productivity of the crop under farmer’s current management practices in selected
farmer fields for further refinement in fertilizer practices and improvement in rice productivity. The
study involved survey and record of all the package of fertilizer and crop management practices of the
farmer, besides information about the nutrient status of the soils before cropping and the crop at
maximum tillering stage including the crop productivity and dry matter yield. Simultaneously the
nutrient supply potential of the soil was also assessed at the research farm representing the area of study.
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Introduction

In the scenario of ever-changing fertilizer
management practices followed across rice fields in
India, it is always necessary to fine-tune the fertilizer
recommendations based on site specific soil nutrient
supply capacities and crop demand as new high
yielding cultures with increasing yield potential are
being regularly introduced. There cannot be a single
blanket fertilizer formulation followed for diverse soil
ecosystems with less importance given to management
induced site variations which has been the major
reason for nutrient imbalances and unsustainability in
realizing the yield potentials of modern varieties.
Fertilizer nutrient management not matching with the
variability in soil fertility in the farmer fields is one of
the important factors responsible for low rice
productivity, imbalanced nutrition and unsustainability
of the production system. Variability in nutrient
acquisition and its utilization by genotypes for yield
expression is well documented which is being
exploited to develop of nutrient efficient green
varieties as well as utilize in biofortification studies.

Materials and Methods

An exploratory study was conducted in kharif
2011 from 15 farm sites around Ghagraghat, 25 from
Mandya representing Indo Gangetic and Brahamputra
plains to record all the package of fertilizer and crop
management practices followed by the farmers, besides
information about the nutrient availability status of the
soils, and crop productivity. The study involved survey
and record of all the package of fertilizer and crop
management practices followed by the farmer, besides
information about the nutrient availability status of the
soils before cropping, nutritional status of the crop at
maximum tillering stage including crop productivity
and dry matter yield at harvest. Simultaneously the
nutrient supply potential of the soil was also assessed
at the research farm representing the study area to
assess the variability in nutrient supply, its relationship
with rice yields at current recommended and farmers’
fertilizer practices, and fine-tune the fertilizer nutrient
requirement for specific target yields in the given
environment. Data received from two locations
(Ghagraghat and Mandya) representing Indo gangetic
plains and the plateau region collected from farmer
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fields in Kharif 2008 are presented in the Tables 1 to 4
and briefly discussed. The farmers in the study area
cultivated high yielding cultivars and hybrids (PA6444,
KRH-2) applying a range of nutrient management
levels of 100:50:0 and 80:40:0 in IGP (Ghagraghat)
and 100:50:50, 150:50:50, 200:50:50,250:25:50,
300:50:50 and 200:50:25 in Mandya (Karnataka).

Triplicate surface soil samples from each of 2
blocks of the district were collected by adopting the
standard procedures of soil sample collection. The depth
of the soil sampling was 0-15 cm. Total no of 100
samples were collected. The collected samples were air
dried and filled into polythene bags, labelled and
transported to laboratory. The area was selected for
evaluation of the soil fertility status and a systematic
survey work was be carried out. Triplicate soil
samples from all plots from 0-15 cm depths were
collected in 2014 from three locations under each land
use systems using a core sampler. The entire volume of
soil from each land use systems were mixed
thoroughly and representative samples were used for
the analysis. Soil samples were air-dried for 7 days,
sieved through 2 mm sieve, mixed and stored in sealed
plastic jars for further analysis. Representative sub
samples were drawn to determine various physico-
chemical properties using standard procedures (Piper,
1950). The soil samples were analyzed for different
physico-chemical properties such as pH, E.C. Organic
carbon, Available N, Available P, Available K and
micronutrients viz; Fe, Mn, Cu, Zn. Soil pH was
measured by glass electrode pH meter by Black, and
Evans, (1965). The EC of supernatant liquid was
determined by Solubridge as described by Black, and
Evans, (1965). OC was estimated by Walkley and
Black’s rapid titration method as described by Jackson
(1967). Available nitrogen was determined by alkaline
potassium permanganate method as described by
Subbiah and Asija (1956). Available phosphorus of the
soil was estimated by Olsen’s method as described by
Olsen (1954). Soil potassium was extracted by shaking
with neutral normal ammonium acetate as described by
Jackson (1967). Correlation coefficients were worked
out using the procedure suggested by the Steel and
Torrie (1960). NUE was marginally higher under
farmers’ fertilizer practices because of comparatively
low level of rice productivity and less nutrient
applications.

Results and Discussion
Soil characteristics

Important soil fertility characteristics (pH, SOC,
available N, P and K) collected from the farmer fields
were grouped under HYVs and hybrids and presented
in the Table 1. The parameters assessed showed a
fairly wide range of variability. Soils at Ghagraghat

were sandy loam in texture with pH 7.8 to 8.7, 0.2-
0.6% soil organic carbon, 104-232 kg/ha available N,
8.4-25.1 kg/ha available P and 148 to 249 kg/ha
available K. Results of soil analyses showed little
differences between the two groups (HYVs and
hybrids) with regard to soil fertility. Similarly, the soils
in the farmer fields around Mandya (Karnataka) were
sandy loam in texture with pH 6.35 to 7.36, 0.33-
0.42% soil organic carbon, 178-288 kg/ha available N,
18-26 kg/ha available P and 164 to 212 kg/ha available
K. Soil quality index (SQI) was estimated from the
observed values which rated the farmer fields around
Ghagraghat as poor (SQI 0.4) and good in Mandya
(SQI 0.6). These results are in conformity with earlier
reported by Sharma et al. (2022), Patel et al. (2025)
and Kumar et al. (2025).

Nutrient concentration and uptake by the rice plant
in farmer field

Grain and straw nutrient concentration varied
considerably between Hybrids and HYVs in the farmer
fields at both the places. Hybrids had higher nutrient
concentration than HYVs in both grain and straw at
Ghagraghat (Table 2) unlike Mandya where the
contents were much lower compared to that in
Ghagraghat particularly that of N and P in the grain
and K content in the straw. Nutrient translocation (ratio
between nutrient in the grain and total aboveground
nutrients) for both the groups of varieties systems were
almost the same with a respective value of 73% N,
74% P, and 16% K for Hybrid and HYV. However,
Mandya was lower in trient translocation ratio as it
varied from 42.7 % to 49.2% for N, 2.4% to 50.9% for
P and 46.8% to 49.3% for K. These results are in
conformity with earlier reported by Sharma et al.
(2020), Sharma et al. (2022), Patel et al. (2025) and
Kumar et al. (2025).

Nutrient Accumulation

The test genotypes accumulated nutrients
differentially  reflecting broadly the location
environment and genotype yield potential. Grain and
straw nutrient concentration varied considerably at the
test  locations.  Total aboveground  nutrient
accumulation in grain and straw averaged 81 kg N ha™,
20kg P haand 154.6 kg K ha™ for the Hybrids while
that of HYVs system averaged 52.1 kg N ha™, 17.1 kg
P hatand 117.9 kg K ha™ (Table 3) at Ghagraghat. At
Mandya, nutrient accumulation averaged 82.8 kg N
ha™, 41.7 kg P ha™ and 77.8 kg K ha™ for the Hybrids
and in HYVs 45.5 kg N ha'*, 21.4 kg P ha™ and 52.6 kg
K ha® (Table 3). The higher accumulation of nutrients
in hybrids at both locations reflect the dry matter yields
at these locations. K, and the lower increase of
accumulated N, P indicated that possibly HYV plants
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had either a lower N and P uptake or a higher K
uptake. This also indicated poor nutritional status of
the crop as reflected by low soil nutrient availability
and highly imbalanced fertilizer use by the farmers
mismatching with the soil nutrient status. These results
are in conformity with earlier reported by Kale et al.
(2021), Rathod et al. (2021), Parmar et al. (2022) and
Patel et al. (2025).
Site variations for Internal efficiency and nutrient
ratios between Hybrids and HYVs

The values of Internal Efficiency (IE, kg grain/kg
nutrient accumulation) of nutrients varied between the
sites and genotypes. Nutrient ratios indicated sharp
differences among farm sites with regard to nutrient
uptake among genotypes indicating highly imbalanced
nutrition which did not match with the crop nutrient
requirements. Internal efficiency varied significantly
along the regions of study. For instance, the average IE
of Hybrid at Ghaghraghat was 70.6 kg grain kg™ N,
280.6 kg grain kg™ P, and 211.6 kg grain kg™ K. This
is equivalent to 14.1 kg N, 3.6 kg P and 4.7 kg K per
1000 kg grain. The average internal nutrient
efficiencies (IEs) for HYV was 84 kg grain
kg N, 232.6 kg grain kg™ P, and 227.3 kg grain kg™
K, which is the equivalent of 11.9 kg N, 4.3 kg P, and
4.4 kg K per 1000 kg grain at Ghaghraghat. The IE at
Mandya region indicated an average of 178.6 kg grain
kg™ N, 333.3 kg grain kg P, and 172.4 kg grain kg™ K
for Hybrid, and 170.7, 348.2, and 149.5 kg grain kg™
N, P and K for the HYVs. The nutrient ratio for the
Hybrid was 3.9:1.0:1.33 was considerably higher than
that of the HYV’s 2.7 :1.0:1.02. The average plant N:P:
K ratio is of 5.3:1:5.4. Nutrient harvest index
calculated across farmers’ fields at test locations
indicated steep variation for all the nutrients. Low
nutrient harvest index was recorded for N and K at
Mandya due to poor nutrient concentration in the grain
and straw, which is a deviation from the reported
values and did not reflect the management practices
being followed. Unlike the grain yields, the nutrient
harvest index recorded at Ghagraghat was substantially
higher for N and P and was very low for K. The values
of IE and nutrient ratios indicated sharp differences
among farm sites with regard to nutrient uptake among
genotypes indicating highly imbalanced nutrition
which do not match with the crop nutrient
requirements. This suggests for refinement of the
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current fertilizer practice being followed by the farmer.
These results are in conformity with earlier reported by
Bharamappanavara et al. (2020), Kale et al. (2021) and
Gorlapalli et al. (2022)
Grain yield comparison in the farmer fields

Rice productivity was higher at Mandya compared
to Ghaghraghat reflecting the soil quality rating.
Substantial differences were observed in the grain yield
of hybrid and HYVs (Tables 4). The highest yield was
obtained with hybrid (4200 kg/ha) at Ghaghraghat
where as it was 5633 kg/ha at Mandya. Hybrids, in
general, recorded higher yields than HY'Vs.
Trials conducted at Research farm in Mandya

Table 5 gives information on vyields obtained,
nutrient uptake in nutrient omission plots (N, P and K)
where nutrients other than the omitted ones were
supplied in sufficient quantities. Grain vyield and
nutrient uptake showed wide variation. In the absence
of applied N, the mean yield was 4.21t/ha. Similarly, in
P or K omitted plots, average grain yield was 3.85 and
4.19t/ha. Estimation of INS, IPS, and IKS was
followed as nutrient uptake measured in omission plots
and soil test results to arrive at an estimate of how
much N, P, and K were available from indigenous
sources during one cropping season (in kg ha™).
Indigenous N supply was found to vary from 50.1
kg/ha in —P omission plot to 54.7kg/ha in —N plot.
Indigenous P supply was 8.9 kg/ha in —P omission plot
t0 9.6 kg/ha in —P plot. Indigenous K supply was found
to be 57.8 kg/ha in —P plot to 62.9 in —-K plot.
However, the highest INS, IPS, IKS supply was found
to be in the Farmer fields plots. These results are in
conformity with earlier reported by Srilatha et al.
(2019), Sahoo et al. (2022), Tuli et al. (2022) and
Zoureen et al. (2025).

Conclusion

Indicated wide variability among farm sites in rice
productivity, soil nutrient supply and nutrient use
efficiency by genotypes. Average rice productivity
across different agro ecosystems reflecting broadly the
soil quality status. Nutrient harvest index calculated
across farmers’ fields at these sites indicated steep
variation for all the nutrients. the results indicate
differential response of genotypes to nutrient
application and test environment with reference to
yield and nutrient accumulation.

Table 1: Soil characteristics in the farmer fields prior to planting during Kharif, 2008

Ghaghraghat, UP*
Parameters Variatior}s in nutrient_ Star_ldgrd Variat_iops in soil Standqrd
concentration for Hybrid deviation characteristics for HYV deviation
Min Max Average Min Max Average
pH 7.8 8.7 8.1 0.2 7.8 8.7 8.3 1.6
SOC% 0.2 0.5 0.3 0.1 0.2 0.6 0.3 0.1
Avail. N(kg/ha) 104 232 168 46.3 109 230 146 48.8
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Avail.P,Os (kg/ha) 8.4 25.1 15.4 6.9 8.6 22.2 12.6 6.1
Avail.K,0 (kg/ha) 148.0 245.0 1824 34.0 155.0 249.0 178.4 434
Mandya, Karnataka**
Min Max Average NA Min Max Average
pH NA NA 6.7 NA 6.35 7.3 6.8 0.30
SOC% NA NA 0.3 NA 0.33 0.2 0.3 0.03
Avail. N(kg/ha) NA NA 202 NA 179 289 222 34.1
Avail.P,Os (kg/ha) NA NA 21 NA 18.86 26.2 22.3 2.4
Avail.K,0 (kg/ha) NA NA 1774 NA 164.2 212.1 193.2 18.8
* Mean of farmer fields ** Mean of farmer fields

Table 2: Nutrient concentration and translocation ratio in rice in the farmer fields
Ghaghraghat, UP

Parameters Variatior}s in nutrient. Variation§ in nutrient
concentration for Hybrid concentration for HYV
Grain Straw Translocation ratio Grain Straw Translocation ratio

N (%) 1.41 0.55 71.9 1.25 0.43 72.4

P (%) 0.36 0.13 73.5 0.44 0.13 74.2

K (%) 0.47 2.34 16.7 0.43 2.38 16.3

Mandya, Karnataka

N (%) 0.56 0.75 42.7 0.59 0.61 49.2

P (%) 0.28 0.38 42.4 0.29 0.28 50.9

K (%) 0.58 0.66 46.8 0.68 0.70 49.3

Table 3 : Nutrient translocation ratio in rice in the farmer fields
Ghaghraghat, UP

Parameters Grain Straw Total above Grain Straw Total above
ground ground
Hybrid HYV
N 53.09 27.86 80.95 33.85 18.25 52.11
P 13.36 6.64 20.00 12.25 4.83 17.09
K 17.72 119.11 154.55 12.54 92.82 117.9
Mandya, Karnataka
N 315 51.3 82.8 21.9 23.6 45.5
P 15.8 26.0 41.7 10.7 10.7 21.4
K 32.7 45.1 77.8 25.5 27.0 52.6

Table 4: Grain and straw yield variations between hybrids and HYVs
Ghaghraghat, UP

Parameters Variations in'yield for Starldgrd Variations in yield for Star?de}rd
Hybrid deviation HYV deviation
Min Max Average Min Max Average
Grain 3200 4200 3750 365.72 2100 3200 2650 2680.8
Straw 4200 5800 5096 546.06 3050 4650 3850 3750
Mandya, Karnataka
Min Max Average Min Max Average
Grain 5633.3 2853.3 4826.7 4826.7 656.9
Straw 6833.3 2666.7 5033.3 5033.3 808.9
Table 5 : Grain yield content of nutrients and uptake pattern among different omission plots at Mandya
Treatments Grain Yield Straw yield UN UP UK
(-N) +100% RDF P, K 4211.1 4666.7 28.7 11.6 42.2
(-P) +100% RDF N, K 3857.8 3722.2 27.6 9.2 38.4
(-K) +100% RDF N, P 4195.6 4277.8 324 11.9 26.0
100% RDF NPK 4540.0 4444.4 36.6 14.3 47.9
FFP 4637.8 4466.7 38.1 15.1 49.9
CD 646.5 708.5 14.4 NS 2.8
Ccv 8.0 8.7 18.8 20.5 13.8
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