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Abstract

The present study was conducted at ICAR-Central Potato Research Institute- RS, research farm Gwalior
during winter (Rabi) season of 2022-2023. The experiment was laid out using Randomized Design with
treatments T1: Control, T2: Inorganic practices (standard technology), Ts: NADEP compost @ 25 t/ha +
Azotobacter @ 1 L/ha + PSB @ 1 L/ha, Ta: Ts+ FYM @ 25 t/ha, Ts: Ts+Vermicompost @ 7.5 t/ha, Te:
T3+ neem cake @ 5 t/ha + foliar spray of copper oxychloride @ 3 g/L (for management of foliar
diseases), T7: Integrated practice [90% RDF through inorganic sources {urea, SSP, MOP}, 10% RDF
through organic sources i.e., FYM @ 25 t/ha. The findings of results reveals that NPK content of haulm
(1.77%, 0.47% and 1.86% respectively) and tuber (1.226%, 0.235% and 1.925% respectively) NPK
uptake of haulm (43.108, 9.620 and 13.893 kg/ha), NPK uptake of PK (16.47 and 139.49 kg/ha
respectively), N2 use efficiency (32%) and available N2 (187.778 kg/ha) in soil reported higher in
treatment T7. Higher N2 uptake by tuber (95.715 kg/ha), higher soil pH (7.053) found higher in treatment
Ts. Higher EC (0.333 dSm?) and available K20 (442 kg/ha) of soil found in treatment T3. Higher organic
carbon (0.49%) and higher available P20s (21.045 kg/ha) of soil found in treatment Ta.

Keywords: Compost, EC, FYM, haulm, NPK, OC, pH, potato, tuber

Introduction

"The capacity of a soil to function as a vital living system within ecosystem and land use
boundaries to sustain plant and animal production, maintain or enhance water and air quality,
and promote plant and animal health™ is the definition of soil health given by Doran and Zeiss
(2000) 1. A soil's inherent qualities include its state of health. It is acknowledged as a set of
traits that classify and characterize its health. On the other hand, soil quality is an external
feature of soils that varies depending on how humans intend to use the soil. It could have to do
with the productivity of agriculture and its ability to sustain wildlife, safeguard watersheds, or
produce goods for recreational use (Tahat et al., 2020) [2,

In the relentless pursuit of sustainable agriculture, the intricate interplay between soil health
and crop productivity stands as a linchpin for success. As the global population burgeons, the
demand for food escalates, necessitating innovative and environmentally conscious approaches
to enhance agricultural yield. Amongst the myriad crops that contribute significantly to our
sustenance, the potato (Solanum tuberosum L.), an annual crop of the Solanaceae family, is a
herbaceous tuber that provides every important nutrient needed to sustain good human health.
Nearly half of all people on the planet eat potatoes as a regular diet (Thiele et al., 2010) 231, It
is known as a protective food because potato protein is rich in lysine, which is one of the most
important amino acid. Its composition is roughly 78% water, 22% dry matter, 20.6% carbs,
2.1% protein, 1.1% crude fiber, 0.9% ash, and 0.3% fat (Zhang et al., 2017) 271,

However, the realization of optimal potato yields is contingent upon a nuanced understanding
of the soil's nutritional profile. The soil, serving as the natural reservoir for essential nutrients,
plays a decisive role in shaping the growth and development of crops. Consequently, the need
for integrated nutrient analysis of soil emerges as a focal point in the quest for sustainable
agricultural practices.

This research endeavors to unravel the intricate relationships between soil nutrient content and
the ensuing impacts on potato haulm and tuber production.
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By employing a holistic approach that considers the synergies
and antagonisms within the soil nutrient matrix, we aim to
delineate a roadmap for sustainable potato cultivation.

Materials and Methods

The experiment was carried in the ICAR-Central Potato
Research Institute-RS, research farm in Gwalior which is
located at 26°13 North latitude, 78°14” East longitude and
206 meters above mean sea level in the North tract of M.P.
Gwalior’s climate is subtropical, with summer temperatures
reaching up to 48 °C and minimum temperature as low as 4.0
°C during the winter season. The annual rainfall ranges
between 750 and 800 mm, with the majority falling between
the end of June and end of September, with only a few
showers in the winter months. According to meteorological
data the total rainfall received during the crop growth period
was 17.4 mm. during the crop growing period the average
maximum and lowest temperature were 8 °C and 10 °C,
respectively. The relative humidity ranged from 37.2% to
73.4%.

Treatment details

Ta: Control, T,: Inorganic practices (standard technology), Ts:
NADEP compost @ 25 t/ha + Azotobacter @ 1L/ha + PSB @
1L/ha, T4 Ts+ FYM @ 25 t/ha, Ts: Ts+Vermicompost @ 7.5
t/ha, Ts: Ts+ neem cake @ 5 t/ha + foliar spray of copper
oxychloride @ 3 g/L (for management of foliar diseases), T+:
Integrated practice [90% RDF through inorganic sources
{urea, SSP, MOP}, 10% RDF through organic sources i.e.,
FYM @ 25 t/ha].

Observations taken
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NPK content (%) and uptake (kg/ha) by potato haulm and
tuber

Preparation of plant samples

Following harvest, oven dried plant samples of haulm and
tuber were collected for chemical analysis. The samples were
ground to a fine powder in a Willey mill fitted with stainless
steel Dblades. Nutrient analysis was performed on the
powdered plant samples.

Digestion of samples

Wet digestion was used on plant samples to estimate different
nutrients in the tuber and haulm. The plant sample was
digested in a di-acid combination of HNOs; and perchloric
acid (9:4) for nutrients other than N. This combination was
used to estimate P and K. In a 50 ml flask, one gramme of
processed material was inserted in a low heat digesting
chamber (160 °C). The mixture was then heated to a higher
temperature (210 °C) until the formation of crimson NO;
fumes stopped. The contents were then evaporated until the
volume was decreased to 3 to 5 ml but not to dryness,
indicating that digestion was complete. After chilling the
flask, the solution was diluted with glass-distilled water to a
volume of 100ml volumetric flask. P and K were determined
using aliquots of this solution. Nitrogen concentration was
evaluated in haulm and tuber using a modified Kjeldahl
technique (Prasad et al., 2006) [?8],

Nutrient content (%)

The nitrogen, phosphorus, and potassium content of tuber and
haulm were determined on a dry weight basis during
harvesting using the standard protocols outlined in table 1.

Table 1: Method employed in estimation of nutrient content in plant

Nutrient Analytical method Method employed

Nitrogen Modified Kjeldahl method Prasad et al., 2006 [?8]
Phosphorus Vanado molybdate yellow colour method Koeing and Johnson, 1942 [10
Potassium Flame-photometric method Black (1965) [9

Nutrient uptake by potato haulm and tuber

Nutrient intake was estimated by multiplying the nutritional
content of the leaf sample by the dry weight of the haulm and
tuber, dividing by hundred, and expressing the result as kg per
hectare.

Nutrient use efficiency
N use efficiency

- nutrient content in haulm{%)
. 5 -
Nutrient uptake by haulm (kg/ha) dry haulm weight(kg/ba) % 100

NUE = total N uptake(kg/ha) in fertilized plot=total N uprake(kg/ha) in control plot

X 100

N dose applied(kg/ha)

P use efficiency

total P uptake(kg/ha) in fertilized plot=total P uptake(kg/ha) in control plot
PUE= :

% 100

P dose applisd (kg ha)

K use efficiency

KUE=

total K uptake(kg/ha) in fertilized plot—total K uptake(kg/ha) in control plot

X 100

K dose applied(kg/ha)

Initial and post-harvest soil analysis

Soil sampling: Soil samples were gathered using a Khurpi
(Spud) from each plot of the above-mentioned treatments
reflecting the plough layer (0-15 cm) for the current

investigation. For each treatment, composite representative
soil samples were produced from these samples. Each
Composite sample was made up of three sub-samples taken
from different locations on each plot in order to get a
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representative sample of the plot chosen for sampling. Using
the quartering approach, the bulk of each collected sample
was decreased to roughly 500 g. These dirt samples were
dried by air. The samples were smashed with a wooden pestle
and mortar, then sieved through a 2 mm stainless steel sieve
and kept in polythene bags at room temperature for analysis.

pH: A glass electrode pH meter was used to measure soil pH
in a 1:2.5 soil water suspension (Jackson, 1973) [I,

Organic Carbon: Walkley and Black's fast titration
technique was used to determine the organic carbon level
(Jackson, 1973) [,

EC: The pH determination soil suspension was allowed to
settle, and the conductivity of the supernatant liquid was
assessed using a conductivity meter (Jackson, 1973) I, with
the values represented in ds/m at 25 °C.

Available Nitrogen in soil
The alkaline permanganate technique of Subbiah and Asija
(1956) 2% was used to determine available nitrogen in soil.

Available phosphorus (P) in soil

The phosphorus content of soil was determined using the
extraction method reported by Olsen et al., (1954) 14, After
10 minutes, the absorbance of blue colour was measured
using a spectrophotometer with a wavelength of 660 nm.

Available potassium (K) in soil

The available potassium was extracted using a flame
photometer and neutral normal ammonium acetate (Jackson,
1973) 41,

Statistical analysis

The treatment's importance is assessed using critical
difference (C.D.). The data from each character's set of
observations were submitted to "Analysis of Variance" as
proposed by Panse and Sukhatme (1985) [€1,

Results and Discussion

1. NPK content in haulm

NPK content in haulm has been presented in the table 1.
Highest NPK content (1.770%, 0.470%, 1.860% respectively)
is recorded in treatment T;. This is due to more and
continuous availability of nutrients. Findings are supported by
Eshu (2014) 61,

2. NPK content in tuber

NPK content in tuber has been presented in the table 2.
Highest NPK content (1.226%, 0.263%, 1.925% respectively)
is recorded in treatment T, This is due to more and
continuous availability of nutrients. Findings are supported by
Eshu (2014) B,

3. NPK uptake of potato haulm

NPK uptake in haulm has been presented in the table 2.
Highest NPK uptake (43.108, 9.620, 13.893 kg/ha
respectively) is recorded in treatment T;. This is due to more
and continuous availability of nutrients. Findings are
supported by Gupta et al. (2017) [ and Singh et al. (2020)
19 Qadri et al. (2015) 71 reported that application of
nutrients as foliar gave the best results in nitrogen content in
plant which strength from source to sink. These results are in
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close conformity with the findings Kumar et al. (2017) 41 and
Pandey et al. (2018) 31,

4. NPK uptake in potato tuber

NPK uptake in tuber has been presented in the table 3.
Highest NPK uptake (95.715, 16.47, 139.49 kg/ha
respectively) is recorded in treatment T;. This is due to more
and continuous availability of nutrients. Findings are
supported by Gupta et al. (2017) [l and Singh et al. (2020)
(91 Kumar et al. (2009) M revealed that nutrient (nitrogen,
phosphorus and potassium) uptake of the potato crop
significantly increased with integrated use of 75 or 100 per
cent NPK and poultry manure (@ 7.5 t ha') or farmyard
manure (@ 30 t ha') as compared with inorganic fertilizers
alone (control). Islam et al. (2013) [ results showed that the
N, P and K uptake by the potato increased significantly due to
addition of organic manure and inorganic fertilizers with the
highest N, P and K uptake by PM + reduced RDF treatment
(N135P20K135S10 kg ha'®).

5. N use efficiency

N use efficiency has been presented in the table 3. Highest N
use efficiency (32.0%) is recorded in treatment T;. This is due
to more and continuous availability of nutrients. Findings are
supported by Gupta et al. (2017) [, Agronomic efficiency of
N more than threefold was reported by Banerjee et al. (2015)
] from the lower levels of N fertilization as compared to the
higher levels. This was due to the fact that input-output
relationship follows the law of diminishing return as far as the
relationship between N and yield is concerned (Das et al.,
2015) ™. In the manner AE of N was reported by Das et al.
(2015) ™ and Trehan (2009) @4 from the experiments of
different dose of N fertilization. In the current study, the
observed differences at application of the same N rate might
be due to the improvement in N efficiency (yield production
per unit N supply) might be the amendments effect from
balanced fertilization.

6. pH, EC and OC of soil

pH and EC of soil has been found non-significant. But OC is
recorded maximum in Ty This is due to continuous
availability of nutrients. This finding is supported by Shubha
et al. (2018) '8l Taye (2011) [?2 reported that highest organic
carbon content after harvest was recorded with the application
of 100% equivalent N through FYM + 25 tonnes of FYM ha!
(1.08%).

7. Available NPK in soil

Available NPK is presented in the table 3. Highest available
NPK (187.778, 18.543, 427.000 kg/ha respectively) is
recorded in treatment T7. This is due to more and continuous
availability of nutrients. Findings are supported by Yadav et
al. (2017) 28, Kumar et al. (2009) I observed significantly
improved post-harvest soil fertility with the application of 100
per cent N through farmyard manure which was however
comparable with 100 per cent N through sheep manure or
poultry manure in baby corn. Similar favourable effect of
integrated nutrient management involving inorganic fertilizers
and organic manures on increasing the available N, P and K
contents in soil have been noticed by Kumar et al., (2008) 12
and Baishya (2010) 3. Zaman et al., (2011) [?1 also reported
that FYM @ 30 t/ha along with biofertilizers recorded
maximum soil fertility build-up after harvest of the crop.
Biofertilizers treatments did not exert significant effect on
available N, P and K status of the soil under the study.


https://www.mathsjournal.com/

International Journal of Statistics and Applied Mathematics

https://www.mathsjournal.com

Table 2: Effect of treatments on NPK content of potato haulm and tuber and NPK uptake of potato haulm at harvest

Treatments NPK content of potato haulm | NPK content (%) of potato tuber NPK uptake (kg/ha) of potato haulm at harvest
N (%) P (%) K (%) N (%) P (%) K (%) N P K

T1 1.668 0.310 1.750 1.126 0.210 1.760 25.510 3.625 8.668

T 1.748 0.453 1.840 1.196 0.230 1.920 40.705 9.493 11.823

T3 1.723 0.425 1.793 1.151 0.213 1.878 26.238 9.043 9.960

Ts 1.720 0.413 1.818 1.153 0.215 1.870 29.425 3.728 9.242

Ts 1.713 0.328 1.813 1.138 0.216 1.860 29.533 7.355 10.673

Te 1.720 0.413 1.805 1.178 0.213 1.798 30.930 8.498 9.338

T7 1.770 0.470 1.860 1.226 0.235 1.925 43.108 9.620 13.893
S.Em.+ 0.011 0.011 0.011 0.019 0.010 0.012 0.762 0.921 0.925
CD at 5% 0.034 0.032 0.034 0.058 0.031 0.035 2.282 2.756 2.771

Table 3: Effect of treatments on NPK uptake of potato tuber, N use efficiency, pH, EC, OC and available NPK of soil after harvesting

NPK uptake (kg/ha) of potato tuber - pH, EC (dSm™) and OC (%) of soil|Available NPK (kg/ha) of soil
Treatments N P K N Use Efficiency (%0) oH EC (dSm?) oC (%) N P,Os K20
T1 55.195 9.025 88.293 0.00 7.048 0.260 0.348 163.225 | 19.380 | 405.000
T2 70.898 16.46 125.20 17.16 7.038 0.295 0.458 175.470 | 19.645 | 430.000
T3 64.435 11.73 121.66 5.53 7.033 0.333 0.450 185.753 | 20.888 | 442.000
T4 67.965 13.03 108.30 9.26 7.035 0.315 0.490 184.793 | 21.045 | 428.500
Ts 95.715 12.39 95.858 11.37 7.053 0.300 0.388 183.810 | 19.340 | 407.500
Te 65.900 13.87 108.59 8.95 7.020 0.303 0.403 187.378 | 19.368 | 433.500
Tz 71.643 16.47 139.49 32 7.028 0.298 0.473 187.778 | 18.543 | 427.000
S.Em.x 0.924 1.252 5.972 - 0.017 0.017 0.023 2.859 0.654 5.994
CD at 5% 2.766 3.749 10.618 - N.S N.S 0.069 8.561 N.S 17.947
Conclusion (Solanum tuberosum) in grey terrace soil (Aric

The findings of results reveals that NPK content of haulm and
tuber, NPK uptake of haulm, NPK uptake of PK, Nz use
efficiency and available N, of soil reported higher in
treatment T-. Higher N, uptake by tuber, higher soil pH found
higher in treatment Ts. Higher EC and available K;O of soil
found in treatment Ts. Higher organic carbon and higher
available P,Os of soil found in treatment Ta.
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