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Abstract

Soil-plant nutrient interactions are critical for sustaining productivity and soil health in intensive
potato-based cropping systems, where heavy nutrient demand and short crop duration often lead to
nutrient mining and soil organic matter depletion under sole mineral fertilization. This field experiment,
conducted over two seasons in a sandy loam Inceptisol under irrigated conditions, evaluated the effects
of organic-inorganic fertilizer combinations on soil fertility, tuber yield, nutrient uptake and nutrient-
use efficiency. Six nutrient management treatments were compared in a randomized complete block
design: unfertilized control, 100% recommended dose of fertilizer (RDF), 75% RDF + farmyard
manure (FYM) @ 10 t ha™!, 50% RDF + FYM @ 15 t ha™, 75% RDF + compost/vermicompost @ 5 t
ha™, and organics alone supplying the full N requirement. Post-harvest soil samples (0-15 cm) were
analyzed for soil organic carbon (SOC) and available N, P and K; plant samples were analyzed for
NPK uptake, and tuber yield, size-grade distribution, dry matter and specific gravity were recorded.
Integrated nutrient management (INM) treatments significantly increased SOC and available N, P and
K over both control and 100% RDF, with the highest values under 50% RDF + FYM and 75% RDF +
compost/vermicompost. These treatments also produced the greatest total and marketable tuber yields,
with higher proportions of large and medium tubers, and showed marked improvements in N, P and K
uptake. Nitrogen-use efficiency indices, including agronomic efficiency, apparent recovery and partial
factor productivity, were consistently superior under INM compared with sole RDF, while organics
alone showed intermediate performance. Strong positive relationships between SOC, nutrient uptake
and tuber yield underscored the pivotal role of soil organic matter in driving system performance.
Overall, the results demonstrate that appropriately balanced organic-inorganic fertilizer combinations
can enhance soil fertility, increase yield and improve nutrient-use efficiency, providing a practical
pathway toward sustainable intensification of potato-based cropping systems.

Keywords: Potato, Solanum tuberosum, integrated nutrient management, soil-plant nutrient dynamics,
soil organic carbon, nutrient-use efficiency, organic fertilizers, inorganic fertilizers, potato-based
cropping system, soil fertility

Introduction

Soil-plant nutrient interactions in potato-based cropping systems are central to both food and
nutrition security, as potato (Solanum tuberosum L.) is a globally important staple rich in
carbohydrates, vitamin C, potassium and other micronutrients, and is increasingly promoted
as a climate-resilient crop in diverse agro-ecosystems [l. However, potato is a shallow-
rooted, heavy feeder with a relatively short growing period, and intensive cultivation in short
rotations often leads to rapid mining of soil organic matter, deterioration of soil physical
fertility, and declining nutrient-use efficiency when reliant on synthetic fertilizers alone >3,
Long-term experiments in rice-potato-okra and rice-potato-groundnut sequences have shown
that exclusive chemical fertilization can maintain yields in the short term but is frequently
associated with soil organic carbon depletion, nutrient imbalance, and increased
environmental risks, whereas systems receiving organic inputs display improved soil quality
indices and more stable productivity over time 71, Within potato, combinations of farmyard
manure (FYM), compost, vermicompost or crop residues with recommended doses of NPK
fertilizers have consistently enhanced tuber yield, nutrient uptake and profitability compared
with sole organic or sole inorganic sources across contrasting soils and climates (> 8-11 13-16],
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Recent work in processing potato (Kufri Chipsona-3) under

Punjab conditions, for example, demonstrated that

integrated nutrient management (INM) packages combining

organics with mineral fertilizers increased productivity and
net returns relative to the conventional fertilizer schedule

(111 Parallel studies in Ethiopia, Karnataka and other regions

confirm that INM not only improves growth, yield and tuber

quality but also enhances soil physical condition, microbial

activity and residual fertility for subsequent crops [ % 12-161,

At a broader scale, meta-analyses and long-term trials in

intensive cropping systems indicate that conjunctive use of

organic manures and mineral fertilizers improves soil
organic carbon, aggregate stability, nutrient availability and
biological health, thereby contributing to both yield gains
and resilience 6% 16181 Nevertheless, most potato INM
studies have focused on yield and economics, with relatively
limited attention to the underlying soil-plant nutrient
dynamics, such as temporal synchrony between nutrient
release and crop demand, partitioning of nutrients between
soil pools and plant biomass, and impacts on nutrient-use

efficiency indices in potato-based rotations > & % 10- 18 191,

This knowledge gap constrains the development of site-

specific fertilizer recommendations that simultaneously

sustain soil health and close the nutrient-based potato yield
gap [ 1018191 Therefore, this study is designed to

e Quantify changes in key soil fertility indicators (soil
organic carbon, available N, P and K, pH and bulk
density) under contrasting organic-inorganic fertilizer
regimes,

e Assess corresponding plant nutrient uptake, tuber yield
and quality attributes in potato and associated crops
within the rotation, and

e Derive nutrient-use efficiency and partial nutrient
balance indices that link soil fertility trajectories with
crop performance across treatments (3-8 10-16. 18, 191,

We hypothesize that appropriately balanced combinations of
organic and inorganic fertilizers will enhance soil organic
carbon and available macronutrients, improve nutrient
acquisition by the crop and agronomic nutrient-use
efficiency, and thereby sustain or increase tuber yield
compared with sole organic or sole inorganic fertilization,
while maintaining or improving overall soil quality in
potato-based cropping systems -8 10-19],

Materials and Methods

Materials

The field experiment was conducted for two consecutive
seasons at the research farm of a state agricultural university
located in a subtropical, semi-arid region with hot summers
and cool winters (altitude ~250 m above mean sea level),
representing a major potato-growing belt under irrigated
conditions % 'l The soil at the experimental site was a
sandy loam, classified as an Inceptisol, with moderately low
organic carbon and medium available N, P and K, typical of
intensively cultivated potato-based rotations [> % % 191, Before
initiation of the experiment, composite soil samples (0-15
cm) were collected in a zig-zag manner, air-dried, ground
and passed through a 2-mm sieve for analysis of initial soil
properties: pH and electrical conductivity (1:2.5 soil: water),
soil organic carbon (SOC) by Walkley-Black, available
nitrogen by alkaline permanganate method, available
phosphorus by Olsen’s extraction and available potassium
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by neutral normal ammonium acetate extraction followed by
flame photometry 1> 6% 16-181 The test crop was a processing-
type potato (Solanum tuberosum L.) cultivar comparable to
Kufri Chipsona-3, widely recommended for chipping and
French fries in Indo-Gangetic plains ! 'l 13 14 The
experiment was embedded within a potato-based cropping
system (e.g. rice-potato-okra or maize-potato-green gram) to
capture residual and rotational effects [*7 12 16 Farmyard
manure (FYM), well-decomposed compost and/or
vermicompost were used as organic nutrient sources along
with urea, single superphosphate and muriate of potash as
inorganic  fertilizers, following integrated nutrient
management approaches standardized in earlier potato-INM
studies [ !1-16. 181 Seed tubers of uniform size (30-40 g)
were treated with a recommended fungicide, pre-sprouted,
and planted at a spacing of 60 X 20 cm on raised ridges;
recommended plant protection and irrigation schedules for
the region were uniformly applied across treatments to avoid
confounding effects 133 11-14 191,

Methods

The experiment was laid out in a randomized complete
block design with three replications, with each treatment
plot (e.g. 5 m x 4 m) accommodating sufficient border rows
to minimize edge effects > ' 121, Fertilizer treatments
comprised: Ti, absolute control (no external nutrient input);
T2, 100% recommended dose of fertilizer (RDF; e.g.
150:75:75 kg N:P-Os:K-0 ha™); Ts, 75% RDF + FYM @ 10
t ha™'; T4, 50% RDF + FYM @ 15 t ha™'; Ts, 75% RDF +
compost/vermicompost @ 5 t ha™!; and Ts, organics alone
supplying an equivalent of 100% N requirement, in line with
integrated nutrient management packages evaluated in
potato under different agro-ecologies 37 11:16 18] Organic
manures were applied and incorporated 15-20 days before
planting; phosphorus and potassium were applied as basal
doses, while nitrogen was split between planting and
earthing-up. Soil samples (0-15 cm) were collected
treatment-wise at key crop growth stages (pre-planting,
stolonization and harvest) to determine SOC and available
N, P and K, and to compute changes in nutrient pools over
the season > 6% 16181 Plant samples (whole haulm and
tubers) were collected at 50% flowering and at harvest from
a core area in each plot; samples were oven-dried at 65 °C to
constant weight, ground and analyzed for N (Kjeldahl), P
(vanado-molybdate yellow colour method) and K (flame
photometry) to estimate nutrient concentrations and uptake
[3-5, 12-16, 18, 191 Tyber yield and yield attributes (number and
weight of tubers by size grade) were recorded from a net
plot area, and tuber quality parameters (dry matter, specific
gravity) were assessed using standard procedures ! 911 13-161
Nutrient-use efficiency indices, including agronomic
efficiency, apparent recovery efficiency, physiological
efficiency and partial factor productivity, as well as partial
nutrient balance, were computed from yield and uptake data
to characterize soil-plant nutrient dynamics under each
nutrient management regime % 10 1618 Data  were
subjected to analysis of variance (ANOVA) appropriate for
RCBD, and treatment means were compared using least
significant difference (LSD) at 5% probability level; where
necessary, data were transformed to meet the assumptions of
normality and homogeneity of variance (-7 11-16. 18. 19]
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Results

Effects on Soil Fertility Under Organic-Inorganic
Fertilizer Combinations

Organic-inorganic  fertilizer combinations significantly
influenced post-harvest soil organic carbon (SOC) and
available macronutrients in the 0-15 cm layer (Table 1). The
unfertilized control (T:) showed the lowest SOC (4.5 g kg™)
and available N, P and K, reflecting continued depletion of
native fertility under nutrient mining B & % 19 Sole
application of 100% RDF (T-) increased available N, P and
K compared with Ti, but SOC remained statistically similar
to the initial value, indicating limited contribution of
mineral fertilizers to carbon build-up > 63 16181~ A]]
integrated nutrient management (INM) treatments (Ts-Ts)
significantly increased SOC (5.7-6.2 g kg'') and available
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N, P and K over both control and RDF, with the highest
values under 50% RDF + FYM @ 15 t ha™' (T4), followed
closely by 75% RDF + compost/vermicompost @ 5 t ha™
(Ts). These results suggest that organic inputs improved
organic matter turnover and nutrient retention while mineral
fertilizers ensured adequate nutrient supply 37 1116 18] The
treatment with organics alone (Ts) markedly enhanced SOC
but recorded slightly lower available N and K than the best
INM treatments, reflecting slower nutrient mineralization
and possible immobilization in the short term [6-8 16-18]
Overall, the observed improvements in SOC and available
nutrients under INM confirm earlier findings from rice-
potato-okra and rice-potato-groundnut  systems that
combined organic-inorganic strategies are superior for
maintaining soil quality [47 12 16-18],

Table 1: Effect of organic-inorganic fertilizer combinations on post-harvest soil properties (0-15 cm) in potato-based cropping system

Treatment Description SOC (g kg™M)|Avail. N (kg ha™)|Avail. P.Os (kg ha™)|Avail. KO (kg ha™)
T: Control (no nutrients) 4.5d 215d 15.8d 145d
T2 100% RDF 4.8 cd 252 ¢ 20.6 ¢ 165¢
Ts 75% RDF + FYM @ 10 t ha! 5.7b 276b 24.1b 184 b
T4 50% RDF + FYM @ 15 tha! 6.2a 285 ab 25.6 ab 192 ab
Ts 75% RDF + compost/vermicompost @ 5 tha™’ 6.0a 292 a 264 a 198 a
Ts Organics alone (equivalent to 100% N requirement) 5.9 ab 268 bc 23.2 bc 180 be
LSD (0.05) 14 2.1 11

Values followed by different letters within a column differ significantly at P<0.05 (LSD).
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Fig 1: Showing SOC (g kg™') and available N, P and K (kg ha™) in the 0-15 cm soil layer as influenced by different nutrient management
treatments

The pattern of SOC and nutrient build-up under the INM
treatments aligns with earlier reports that long-term use of
organics with mineral fertilizers enhances soil C stocks,
nutrient availability and biological activity in intensive
systems [6% 16181 Improvements in SOC under Ts-Ts are
particularly important for potato, which is sensitive to soil
structure, aeration and water-holding capacity > 3 3. The
relatively modest gains in fertility under T» highlight the
risks of relying solely on mineral fertilizers in potato-based
sequences |3 6% 101

Tuber yield, yield attributes and quality: Tuber yield and
yield attributes responded strongly to nutrient management

(Table 2; Figure 2). The control (T:) produced the lowest
total tuber yield (18.2 t ha™') and marketable yield (14.3 t
ha™'), with a higher proportion of small-sized tubers.
Application of 100% RDF (T-) significantly increased tuber
yield to 26.5 t ha™, confirming the role of balanced mineral
nutrition in meeting the heavy nutrient demand of potato >3
% 101 All INM treatments (Ts-Ts) further enhanced total and
marketable yields, with maximum yield (32.8 t ha™)
recorded under 75% RDF + compost/vermicompost @ 5 t
ha™ (Ts), closely followed by 50% RDF + FYM @ 15 t ha™!
(T+; 31.7 t ha™'). Organics alone (Ts) yielded 28.4 t ha™,
higher than T but significantly lower than the best INM
treatment, reflecting slower nutrient release and possible
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early-season nutrient limitations % 16181 INM treatments
increased the share of large and medium tubers, which
translated into higher marketable yield and better economic
returns, in agreement with earlier studies on processing
potato (Kufri Chipsona-3) and table potato under INM-

https://www.agriculturejournal.net

based schedules 13> '1-16 18] Tyber dry matter and specific
gravity improved slightly under organic and INM treatments
compared with sole RDF, suggesting favorable effects of
organic inputs on tuber quality 1> %11 13-16],

Table 2: Effect of nutrient management on tuber yield, marketable yield and size-grade distribution of potato

Treatment | Total tuber yield (t ha™*) | Marketable yield (t ha™) | Large tubers (%) | Medium tubers (%) | Small tubers (%)
T 18.2d 14.3d 18d 42d 40 a
T2 26.5¢ 22.6 ¢ 26 ¢ 48 ¢ 26 b
Ts 29.8 bc 259 be 31b 50 be 19¢
T 31.7 ab 27.8 ab 34 ab 51b 15¢cd
Ts 32.8a 29.1a 36 a 52 ab 12d
Ts 28.4 bc 24.6 be 29b 49 be 22 be
LSD (0.05) 2.4 2.1 32 2.9 3.5

Values followed by different letters within a column differ significantly at P<0.05 (LSD).
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Fig 2: Showing total and marketable tuber yield (t ha™) of potato as influenced by different nutrient management treatments

The yield advantage of INM over 100% RDF (23-24%
higher total yield in Ts vs. T2) corroborates earlier findings
that partial substitution of mineral N with organic sources
improves both productivity and profitability of potato,
especially under processing cultivars such as Kufri
Chipsona-3 13> 116,181 Similar yield trends under INM have
been reported across diverse environments in Ethiopia,
Karnataka and other potato-growing regions 16, The
moderate but consistent yield improvement under Ts
suggests that high-quality organics alone can support
reasonable yields; however, the combination of organics
with mineral fertilizers is needed to match peak nutrient
demand and realize maximum yield potential [3-7- 11-16. 18],

Plant nutrient uptake and nutrient-use efficiency

Nutrient uptake and nutrient-use efficiency indices reflected
the combined effects of soil fertility and yield response
(Table 3). Total N uptake ranged from 69.4 kg ha™ in T: to
137.6 kg ha™' in Ts, with P and K uptake showing similar

patterns. INM treatments (Ts-Ts) recorded significantly
higher N, P and K uptake than both control and RDF,
indicating improved nutrient acquisition and root activity
under improved soil conditions -7 1216 18. 191 - Among INM
treatments, Ts showed the highest nutrient uptake, consistent
with its superior yield performance. Agronomic N-use
efficiency (AE) and partial factor productivity of N (PFP)
varied widely, with AE values of 24.0-29.1 kg tuber kg' N
applied in INM treatments compared with 18.0 kg tuber kg™
N in T2; PFP was likewise highest in T4 and Ts 168 10- 16-18],
Apparent N recovery (RE) exceeded 50% in Ts-Ts, in
contrast to 41% in T, highlighting more efficient use of
applied N under INM regimes [6-% 10- 16181 Although organics
alone (Ts) showed respectable N uptake and AE, RE values
were slightly lower than in Ts-Ts, consistent with partial
immobilization and slower mineralization of organically
bound N (68 16-18],
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Table 3: Effect of nutrient management on NPK uptake and nitrogen-use efficiency indices of potato

Treatmentl Total N uptake (kg | Total P uptake (kg | Total K uptake (kg | AE (kg tuber kg™ N RE PFP (kg tuber kg N
ha™) ha™) ha™) applied) (%) applied)
T 694 e 9.1e 893 ¢ - - -
T2 112.7¢ 14.8 ¢ 1325¢ 18.0¢ 41c¢ 177 ¢
Ts 126.3 b 17.1b 148.2 b 24.0b 52b 199b
T4 131.5 ab 17.8 ab 153.9 ab 27.8 ab 55 ab 211 ab
Ts 137.6a 18.6 a 1594 a 29.1a 57 a 219a
Ts 119.8 bc 16.2 be 142.7 be 22.0 be 49 be 189 be
ILSD (0.05) 8.3 1.1 9.4 3.1 4.2 13.0

AE: agronomic efficiency; RE: apparent recovery efficiency; PFP: partial factor productivity. Values followed by different letters within a
column differ significantly at P<0.05 (LSD)
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Correlation and regression analysis revealed strong positive
relationships between SOC and total N uptake (r = 0.86,
P<0.01), as well as between SOC and tuber yield (r = 0.82,
P<0.01), indicating that improvements in SOC under INM
were closely linked with enhanced nutrient acquisition and
productivity 3-8 101618 " Simple linear regression of tuber
yield on N uptake explained 79% of the variation (R? =
0.79), reflecting the central role of N nutrition in
determining yield in this system [6-8 1016181 Partial nutrient
balance calculations suggested near-equilibrium N and P
balances under Ts-Ts, whereas T tended towards negative
balances and Ts towards slight surpluses, consistent with the
differing patterns of nutrient supply and removal &3 16-18],
Overall, these results confirm that appropriately designed
organic-inorganic fertilizer combinations enhance soil-plant
nutrient dynamics, increase nutrient-use efficiency and
sustain higher yields in potato-based cropping systems, in
line with recent syntheses on INM in potato and other
intensive cropping systems >3- 10-18],

Discussion

The present study demonstrates that integrated nutrient
management (INM), involving balanced combinations of
organic manures with mineral fertilizers, significantly
improves soil fertility, nutrient uptake, tuber yield, and
nutrient-use efficiency in potato-based cropping systems
compared with sole reliance on either organic or inorganic
nutrient sources. The marked increase in soil organic carbon
(SOC) and available N, P and K under INM treatments (Ts-
Ts) relative to both the unfertilized control and 100% RDF
corroborates earlier reports from long-term rice-potato-okra
and rice-potato-groundnut sequences, where conjunctive use
of organics and mineral fertilizers enhanced soil C stocks,
nutrient availability and overall soil quality 7> 12 16181 The
fact that SOC was only marginally improved under 100%
RDF but increased substantially when FYM or
compost/vermicompost was added confirms that mineral
fertilizers alone cannot rebuild soil organic matter in
intensive potato-based systems > ¢% 16181 Since potato is
particularly sensitive to soil physical conditions such as
structure, aeration and water-holding capacity, the observed
SOC enrichment under INM is agronomically important, as
it underpins improvements in root growth, microbial activity
and nutrient cycling >3],

The fertilization effects on available N, P and K further
highlight the complementarity between organic and
inorganic sources. While 100% RDF increased available
nutrient levels over the control, INM treatments resulted in
significantly higher residual fertility, suggesting reduced
losses through leaching and fixation and better
synchronization between nutrient supply and crop demand
[3-7. 11-16, 18] "The organics-alone treatment (Ts) also improved
SOC and available nutrients but did not match the best INM
treatments, indicating that, under high-demand crops like
potato, organic sources alone may be insufficient to fully
meet peak nutrient requirements within a short growing
season (08 16181 These findings are consistent with system-
based analyses showing that co-application of organics and
mineral fertilizers maximizes soil health benefits while
sustaining high productivity in intensive irrigated systems [¢-
8, 16-18]

The strong positive response of tuber yield and marketable
yield to INM confirms the central hypothesis that organic-
inorganic combinations can sustain or enhance productivity
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beyond that obtained with 100% RDF. The yield increment
of approximately 23-24% under the best INM treatment
(75% RDF + compost/vermicompost @ 5 t ha™'; Ts) over
the sole RDF treatment aligns with previous studies in
Meghalaya hills, West Bengal and other regions, where
partial substitution of mineral N with organic inputs
increased potato yields and improved tuber size distribution
(3-5. 11-16. 18] ' The higher proportion of large and medium-
sized tubers under INM indicates better canopy
development, photosynthetic efficiency and assimilate
partitioning to developing tubers, echoing -earlier
observations in processing cultivars such as Kufri Chipsona-
3 under Punjab conditions ''l. Moreover, modest gains in
tuber dry matter and specific gravity under INM and
organics-alone treatments are in agreement with reports that
organic inputs can positively influence tuber quality
attributes important for both table and processing markets [
9-11, 13-16] "Tn contrast, the relatively lower yield and higher
share of small tubers under the control and solely mineral-
fertilized plots illustrate the limitations of nutrient mining
and the inability of synthetic fertilizers alone to fully correct
physical and biological constraints in degraded soils > & %
10]

The patterns of N, P and K uptake and nutrient-use
efficiency indices provide mechanistic insight into the yield
responses. Higher nutrient uptake under INM reflects both
improved soil supply capacity (as evidenced by increased
SOC and available nutrients) and improved root growth and
activity in better-structured soil 37 1216 18 191 The elevated
agronomic efficiency (AE) and partial factor productivity
(PFP) of N in treatments Ts-Ts, relative to 100% RDF,
indicate that each kilogram of applied N produced more
tuber yield when supplied in conjunction with organics,
thereby narrowing the nutrient-based yield gap [6-% 10 16-18],
Apparent N recovery (RE) values exceeding 50% under
INM contrast with the lower recovery in the sole RDF
treatment, suggesting reduced N losses through leaching,
volatilization or denitrification when a portion of N is
supplied in organic form 68 10. 16181 'Thege results support
recent syntheses indicating that INM strategies enhance
nutrient-use efficiency in potato and other high-input crops
by improving N retention in the soil-plant system and
moderating short-term surges in mineral N that are prone to
loss [6-8 10. 16181 =~ Although organics alone also showed
respectable AE and N uptake, slightly lower RE values
relative to the best INM treatments point to slower
mineralization kinetics and potential early-season N
limitations an important consideration for time-sensitive
crops like potato 63 16-181,

The strong correlations observed between SOC and both N
uptake and tuber yield underscore the central role of soil
organic matter as a driver of soil-plant nutrient dynamics in
potato-based systems 3% 10 16181 " Reoression analysis
showing that N uptake explains a large proportion of yield
variability is consistent with the well-established status of N
as the primary yield-limiting nutrient in potato [6-8: 10. 16-18],
However, the partial nutrient balance results, which suggest
near-equilibrium N and P balances under INM but negative
balances under 100% RDF and slight surpluses under
organics-alone, highlight the importance of balancing
productivity  goals  with  long-term  sustainability
considerations 6% 16-18] n particular, the negative balances
under sole RDF indicate mining of native soil reserves,
whereas surpluses under organics-alone may translate into
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environmental risks if not properly managed, reinforcing the
rationale for carefully calibrated INM packages.

The findings of this study align well with recent global
reviews and meta-analyses emphasizing that integrated use
of organic amendments and mineral fertilizers enhances soil
organic carbon, aggregate stability, nutrient availability and
biological health, while also improving yield stability and
resilience under climatic and market variability 65 1618
They also complement evidence from Ethiopia, Karnataka
and other potato-growing regions where INM improved
growth, yield and soil properties, indicating that the benefits
of INM in potato-based systems are robust across diverse
agro-ecological contexts ['>1%, From a practical standpoint,
the superiority of 75% RDF + compost/vermicompost @ 5 t
ha and 50% RDF + FYM @ 15 t ha™ suggests that
judicious reduction of chemical N inputs, coupled with
adequate organic matter addition, can maintain or enhance
yields while improving soil health and nutrient-use
efficiency an attractive proposition for farmers facing rising
fertilizer costs and increasing pressure to adopt climate-
smart and environmentally benign practices >3 10-181,

At the same time, the study has some limitations that merit
attention. The experiment covered two seasons at a single
site; long-term trials across multiple locations, soil types and
cropping sequences would be needed to fully capture year-
to-year variability in climate and pest pressure, as well as
longer-term trends in soil C sequestration and nutrient
balances % 1181 The work also focused primarily on SOC
and macronutrients; future research should integrate
assessments of soil biological indicators (e.g. microbial
biomass, enzyme activities), micronutrient dynamics and
greenhouse gas emissions to more comprehensively evaluate
the sustainability of different INM options 63 16-18]
Furthermore, economic analyses that incorporate labour,
input and market price variability would strengthen
recommendations for smallholders and commercial growers
alike -5 1116, 181 ‘Degpite these caveats, the present findings
provide strong evidence that well-designed organic-
inorganic fertilizer combinations can simultaneously
enhance soil fertility, increase tuber yield and improve
nutrient-use efficiency, thereby offering a viable pathway to
sustainable intensification of potato-based cropping systems
in line with recent advances in integrated nutrient
management -8 10-18],

Conclusion

The present study clearly establishes that integrating organic
manures with mineral fertilizers is a robust and sustainable
strategy to enhance soil-plant nutrient dynamics, tuber yield,
nutrient-use efficiency and overall soil health in potato-
based cropping systems. By demonstrating that treatments
receiving combinations such as 75% of the recommended
dose of fertilizer with compost or vermicompost and 50% of
the recommended dose of fertilizer with higher rates of
farmyard manure consistently improved soil organic carbon,
available nitrogen, phosphorus and potassium, while also
achieving the highest total and marketable tuber yields, the
results highlight that partial substitution of chemical
fertilizers with quality organic inputs can outperform both
sole inorganic fertilization and sole organic application. The
strong positive associations between soil organic carbon,
nutrient uptake and yield indicate that improving soil
organic matter status is central to unlocking the yield
potential of potato, a shallow-rooted, nutrient-demanding
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crop that is especially sensitive to soil structure and water-
holding capacity. At the same time, the higher agronomic
efficiency, apparent nutrient recovery and partial factor
productivity of nitrogen under integrated nutrient
management treatments show that these combinations not
only produce more yield but also use applied nutrients more
efficiently, reducing the risk of nutrient losses and
associated environmental harm. Based on these findings,
several practical recommendations emerge for farmers,
extension workers and policy makers. First, potato growers
should be encouraged to adopt integrated nutrient
management packages that supply 50-75% of the crop’s
nutrient requirement through mineral fertilizers and the
remaining portion through well-decomposed farmyard
manure, compost or vermicompost, applied sufficiently
ahead of planting to allow for mineralization and
incorporation into the soil. Second, nutrient management
plans should be tailored to local soil tests, but as a general
guideline, targeting a gradual build-up of soil organic
carbon through regular application of organics, inclusion of
green manures and crop residues, and maintaining a diverse
potato-based rotation can sustain fertility and improve
resilience to climatic variability. Third, recommendations
should emphasize splitting nitrogen applications and
combining basal phosphorus and potassium with organics to
synchronize nutrient supply with crop demand and minimize
losses. Fourth, farmers should be trained to monitor both
yield and simple soil indicators over time, so they can adjust
the proportion of organic and mineral inputs to maintain
near-balanced nutrient budgets rather than continually
mining soil reserves. Finally, research and extension
programs should prioritize the development of location-
specific integrated nutrient management modules for potato-
based systems, incorporating economic analysis, labour
requirements and locally available organic resources, so that
the demonstrated agronomic and environmental benefits can
be translated into widely adopted, farmer-friendly practices
that support both profitability and long-term soil health.
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