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Abstract

Nutrient management under rice-rice production became a critical issue for a tropical rice production.
Rice cultivation is getting tougher over due to mismanagement of plant required nutrients. Hence, we
planned to explore this area with 9 treatments and 4 replications in a long-term rice-rice production
system. These were control, N, NP, PK, NPK, NPK+Zn, NPK+B+Zn, NPK+S+Zn, NPK+FYM+Lime.
Different combinations of nutrients showed variation in yield, nutrient uptake and nutrient use
efficiencies. Boron uptake was highest in FYM treated plots followed by boron applied plots
(NPK+B+Zn). Sulphur uptake was ~8 kg ha* in NPK+FYM-+Lime plots compared to control and ~59%
in comparison to NPK applied plots. Boron uptake was 21.7% higher in FYM treated plots
(NPK+FYM-+Lime) in compared to boron supplied plots (NPK+B+2Zn). Inter utilization efficiency was
16.1% higher in NPK plots compared to NPK+FYM-+Lime plots. Imbalance fertilization application (N
and NP) had increased the nutrient demand for crop with higher internal utilization efficiency.
Physiological efficiency for P and K was 2.1 and 3.7% higher in compared to NPK. Intensive rice
cultivation with proper nutrient management can improve the rice yield.

Keywords: B uptake, S uptake, acid soil, nitrogen use efficiency, acid inceptisol

Introduction

Paddy is considered as life in India. Farmers of eastern India rely on paddy for their livelihood
(Dar et al., 2020) [, Improvement in paddy production can only be achieved through effective
nutrient management. Generally, rice-based cultivation practices are dominating in Indian
subcontinents. However, due to imbalance fertilizer application and improper management
made this important production more exhaustive and less sustainable. The increasing
population put burden on improving rice production by 2050 to feed the huge population of
India (Seck et al., 2012) 1291, Many factors such as fertilizer, electricity, and labour cost are
increasing over years that add extra burden on crop production. Climate change is a burning
issue that making rice cultivation more vulnerable. Hence, the traditional method of rice
cultivation requires thorough tillage followed by puddling and nursery raising (Bhatt et al.,
2021) Bl In South Asia, manual transplantation is the norm and it consists of lots of labourers
(Bouman et al., 2007) Bl. These processes take a lot of time and effort. Hand weeding is a
relatively energy-intensive job, yet it is necessary to control the crop-weed competition. By
lowering the use of manual cultivation techniques, farm mechanization can increase farmers'
income. Along with this, the irrigated rice system has superior capacity to improve rice
production than rainfed condition (Saito et al., 2013) I8, Increasing rice production while
using fewer land and agriculture inputs is now needed. Nutrient uptake and use efficiency are
crucial factors in crop productivity. Superior crop output results from higher nutrient uptake
relative to higher utilization of the specific nutrient (Baligar et al., 2001) [,

Hence, the shortcomings of the present cropping systems help to find out the most relevant
nutrient management practice to increase the rice yield with pace. Integrated nutrient
management can improve nutrient use efficiency which reduce nutrient requirement (Dwivedi
et al., 2016) 9. As a result, input cost will be reduced and energy involvement could be
reduced. Amid this climate change, energy requirement in a farming becomes more crucial due
to its direct impact on the sustainability. The more energy efficient, the system referred to the
more sustainable the farming system (Van Cauwenbergh et al., 2007) 26, The carbon
sequestration, and high nutrient use efficient systems are need close addressal to sustain the
future paddy production (Smith et al., 2013). Also, low water use efficiency in rice critical
element to save water and improve rice yield with limited water condition. Conventionally
cultivated paddy requires much higher water per unit production (Adusumilli et al., 2011) &1,
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Nutrients such as primary (nitrogen, phosphorous, and
potassium), secondary nutrients (calcium, magnesium, and
sulphur), and micronutrients (iron, manganese, copper, and
zinc) are essential for completion of paddy. In this context,
micronutrients like boron is related to pollen fertilization
(Subedi et al., 1997). Sulphur is associated with amino acids
formation in paddy grains (Okuda et al., 2019).

Additionally, the ability of the rice-rice system to feed a
sizable population will continue to be in question due to the
improper and unbalanced application of fertilizers, which has
a negative impact on both rice productivity and soil health
(Singh et al.,, 2021). Therefore, the current study was
conducted to comprehend cropping patterns after extensive
cultivation, nutrient uptake, and use efficiency, with a focus
on the utilization of secondary and micronutrients in the
paddy plant system. Our research identified some improved
nutrient management techniques to address yield-reducing
variables and productive nutrient utilization systems.
Additionally, the information gathered from this can be used
as a resource by policymakers to encourage cleaner paddy
production and crop diversification.

This present experiment was done to find (i) sulphur and
boron uptake (ii) nitrogen phosphorous, and potassium use
efficiency.

2. Materials and Methods

2.1 Experiment location

An ongoing long-term fertilizer experiment that was set up in
the "E" block of the central research station (rabi season
2005-2006), OUAT, Bhubaneswar, and the land type is
medium, tube well irrigation facility, underwent a field
experiment. In contrast to the sandy clay-loam beneath the
surface soil, it has a loamy texture. However, the soil organic
carbon content is low in the surface layer to extremely low in
subsurface strata. The pH is 5.30 at the surface but rises with
depth. A mechanized, irrigated, and input-intensive farming
area is represented by Bhubaneswar. The experimental site
has a tropical and humid climate. The long-term average
annual rainfall is >1500 mm, and the northwest monsoon
season, which runs from July to August, accounts for about
85% of the total rainfall to September with mean annual
temperature 26.6°C.

2.2 Experimental layout and cultivation techniques

Using 9 treatments and 4 replications, the experiment was
planned using a randomized block design (RBD) method. The
9 treatments included: i) control; ii) N (recommended dose of
nitrogen); (iii) NP (recommended dose of nitrogen and
phosphorous); iv) PK (recommended dose of phosphorous
and potassium) v) NPK (recommended dose of N, P, and K)
vi) NPK+Zn (recommended dose of N, P, K, and Zn) vii)
NPK+S+Zn (recommended dose of N, P, K, S, and Zn) (viii)
NPK+B+Zn (recommended dose of N, P, K, B, and Zn) (ix)
NPK+FYM-+Lime (recommended dose of N, P, K along with
cattle farmyard manure and calcium carbonate) (Table 1). At
100% recommended dose (RD) of 80:40:60 kg ha, urea,
diammonium phosphate, and muriate of potash were
employed to supply nitrogen, phosphorus, and potassium.
Nitrogen was applied in three splits: 1/4" as a basal
application, 1/2th at 21 days following transplanting, and 1/4™
at the period of panicle initiation. Phosphorus in its whole was
used as a base. Potash was applied as 1/2th at the base and
1/2th at the beginning of the panicle. Seedling root dipping
with 0.4% ZnO was carried out. Final land preparation

https://www.thepharmajournal.com

involved applying 10 t ha? of well-rotten cattle farmyard
manure and 1 tonne of lime per hectare every season per crop.

2.3 Grain and straw analyses

After the crop was harvested and stored in a dry, moisture-
free environment, plant sampling (for grain and straw
analyses) was carried out. The samples were subsequently
oven dried at 650°C for a few days to achieve a stable weight
and moisture level. For error-free analysis, the samples were
finely processed using a Retsch mixer mill MM 400. The
CHNS analyzer was used to determine the N and S content of
both grain and straw (Euro EA). Wet digestion method was
used for potassium, and zinc quantification in grain and straw
(using diacid mixture of HNO3z and HCIO,) (Chapman, 1961)
1 A flame photometer was used to measure potassium
(Jackson, 1987) [*31 respectively. Dry ashing was used to
estimate the amount of boron followed by Azomethin-H
method (Bingham, 1982) . Using an atomic absorption
spectrophotometer, the zinc concentration was determined.

2.4 Nutrient uptake and nutrient use efficiency

The amount of nutrients taken up by the crop's above-ground
portions was calculated by multiplying the nutrient content of
the crop's grain and straw above-ground parts by their
respective yields, then adding the results (Dobermann et al.,
2007) 1,

Nutrient uptake (grain, kgha™!) =
Nutrient content (grain) X Grain yield Nutrient uptake

Nutrient uptake (straw, kg ha™1)
= Nutrient content (straw)
X Grain yield Nutrient uptake

Total nutrient uptake (straw, kg ha™1)
= Nutrient uptake (grain)
+ Nutrient uptake (straw)

Similar to this, nutrient use efficiencies can be used to
measure nutrient utilization capability and transformation.

kg grain ) _

Internal utilization efficiency ( -
kg nutrient

( Grain yield )
Nutrient uptake
s . . . kg grain
Internal utilization efficiency (gg—.) =
kg nutrient

(Grain yield¢reatment—Grain yieldcontrul)
Uptaketreatment—Uptakecontrol

2.5 Yield assessment

After the crop was harvested (during the kharif season), the
grains and straws were both sun-dried for three to four days
before being heated in an oven to maintain a constant
moisture and weight (expressed in kg ha?). A portable
moisture meter was used to determine the moisture content.
For each treatment, the yield of grain and straw was
measured. Thus, the following equation was used to calculate
the above-ground biomass yield.

3. Results and Discussion

3.1 Long-term nutrition on sulphur uptake

The most relevant secondary nutrient for paddy production is
sulphur, while micronutrients include boron. Although boron
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is only needed in trace amount, a significant impact on the
metabolism of paddy plants and produce high-quality paddy
grains.  Sulphur uptake was observed highest in
NPK+FYM+Lime plots (9.49 kg ha?') whereas lowest in
control plots (1.72 kg ha?) in kharif 2020. Sulphur applied
plots (NPK+S+2Zn) showed similar results of sulphur uptake
as NPK+FYM+Lime plots (Fig. 1). Comparing NPK+Zn,
~45% higher sulphur uptake was observed with integration of
sulphur and zinc with NPK (NPK+S+Zn). Zinc and boron
application with NPK (NPK+Zn and NPK+B+Zn) showed
similar sulphur uptake (~6.5 kg ha?) (Fig. 1). Also, N, NP,

12

10

Sulphur uptake (kg ha'!)
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and PK showed no significant variation in sulphur uptake in
kharif season (2020). Sulphur is essential for methionine,
cysteine, and cystine synthesis. Also, plant hormones such as
thiamine and biotin (De Datta, 1981) 8. Sulphur availability
is affected by water logged paddy soil as sulphur was reduced
to sulphide and it reduced the paddy growth (Rahman et al.,
2007) 071, Sulphur application with NPK increased sulphur
availability as well as sulphur uptake in paddy plants. FYM

4
2
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RN L & &

Treatment

< AP AF

addition increased sulphur uptake as organic matter provided
4‘}\
-~ &

inherent sulphur (Tripathi et al. 2018) 251,
>
ng RS 2 &
.é

Fig 1: Long-term effect of fertilizers and manures on sulphur uptake

3.2 Long-term nutrition on boron uptake

Boron uptake was varied across the treatments from control
plots to NPK+FYM-+Lime plots. Boron uptake was recorded
highest in NPK+FYM+Lime (0.28 kg ha?') and least in
control plots (0.07 kg ha'). Boron applied treatments showed
significant results in relation to no boron applied plots. Boron
uptake was 27.8% higher in boron supplied plots
(NPK+B+Zn) compared to NPK plots. Addition of farmyard
manure increased boron uptake by 55.6% in
NPK+FYM-+Lime plots in comparison to NPK plots (Fig. 2).
Comparing control plots with boron applied plots
(NPK+B+Zn), ~229% higher boron uptake was observed in
boron applied plots.

Significant nutrient uptake in NPK+B+Zn plots could be
ascribed to the continuous supply of the specific nutrient. The
boron addition through farmyard manure improved boron

uptake in NPK+FYM+Lime plots (Fig. 2). Along with this,
farmyard manure improved root rhizosphere that indirectly
improve the physical, chemical, and biological health of soil.
This condition helps in absorbance of boron by paddy roots.
Also, under a transplanted paddy condition, neutral soil pH is
achieved due to waterlogged condition. This neutral soil
reaction helps in increase in availability of nutrients. As boron
is required in trace amount, the uptake is highly dependent
upon external nutrient supply other than inherent soil supply.
Farmyard manure is a good contributor of all sorts of
nutrients. So, high boron uptake in farmyard manure plots
(NPK+FYM-+Lime) could be referred to the boron supplying
capacity of farmyard manure. Previous findings by (Sarkar et
al., 2020) I positive relationship between boron and organic
manure.
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Fig 2: Long-term effect of fertilizers and manures on boron uptake

3.3 Long-term nutrition on internal use efficiency for
nitrogen

Various management systems affected differently on nitrogen
use efficiency to explain the uptake and utilization by rice
plant. Most important efficiencies viz., internal nitrogen
utilization efficiency (INUE) and physiological nitrogen
efficiency (PEN) clearly depicted the nutrient utilization
between applied nitrogen and grain (Table 4). Internal N
utilization efficiency (INUE) in kharif season varied from
49.45 kg grain kg N uptake™ to 91.10 kg kg-N uptake™ under
in BInOF system and control system, respectively.

Continuous supply of fertilizers and manures under various
nutrient management systems significantly affected nutrient
use efficiencies. INUE represents plant capacity of
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[=]

[=)
[=]

=
[=]

5]
=

transforming nutrients into grain yield. INUE generally
evaluates the genotype trait in rice plant. INUE values
between 55-65 is considered as optimum for nutrient
transformation to produce optimum economic yield. High
INUE values under control system could be ascribed to low
nitrogen level in soil as no fertilizer had been added into soil
in past 15 years. Contrarily, low internal utilization efficiency
values under NPK+FYM+Lime plots due to significant
nutrient uptake due to continuous addition of nitrogen through
fertilizer and manure. Previous researches from Hossain et al.
(2005) M, Dobermann (2007, 30-90 kg kg™), and Zhang et al.
(2019) 7 reported similar internal N utilization efficiency
(50 to 80 kg kg™l).

Internal utilization Eefficiency (kg kg'!)
=

Treatment

Fig. 3. Long-term effect of fertilizers and manures on internal utilization efficiency for nitrogen
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3.4 Long-term nutrition on physiological efficiency

Physiological efficiency ranged from 41.95 to 53.55 in
NPK+FYM+Lime and NPK+S+Zn plots, respectively for
nitrogen. Similarly, micronutrient application plots showed
significant physiological efficiency and varied between 44.45
to 53.55% in zinc, boron applied plots (NPK+Zn,
NPK+S+Zn, and NPK+B+Zn plots) (Fig. 4). Zhang et al.
(2019) found similar results physiological efficiency for
nitrogen. In case of potassium, physiological efficiency varied
between 40.16 to 50.95 kg grain kg nutrient® (Fig. 5).
Potassium fertilized plots showed the physiological efficiency
around ~38 to 40 kg grain kg nutrient. Lowest physiological
efficiency was observed in FYM treated plots (PK plots,
38.20). No potassium fertilization plots such as N and NP
plots showed physiological efficiency of ~50 kg kg* (Fig. 5).
Physiological efficiency (PE) explains the increase in yield in

70

60

https://www.thepharmajournal.com

relation to uptake in above ground portion of rice crop. It is
related to increase in grain yield excluding control yield to
uptake through fertilizer source only. Physiological suggested
the effectiveness of the unit nutrient fertilization to produce
unit grain yield. Here, crop physiology is responsible for
utilization of nitrogen. Higher utilization of nitrogen inferred
low physiological efficiency while higher physiological
efficiency values suggested reduction in uptake from the
fertilizer source. So, low physiological efficiency in
NPK+FYM-+Lime plots and NPK plots, indicated no factor
other than significant nitrogen nutrition was responsible for
improvement in physiological efficiency. These findings were
consistent with Ladha et al. (2005) 4! and Singh et al. (2021)
21 Similarly, Islam et al. (2015) 02 reported similar
physiological efficiency of ~47 kg kg™.

Physiological efficiency (kg grain kg''N)
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Fig 4: Long-term effect of fertilizers and manures on physiological efficiency for nitrogen
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Fig 5: Long-term effect of fertilizers and manures on physiological efficiency for potassium
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4. Conclusion

Diversified nutrient application directly and indirectly
affected the nutrient uptake and nutrient use efficiency. For an
effective paddy production, nitrogen use efficiency played
great role in comparison to other nutrients. Hence, the internal
utilization efficiency and physiological efficiency are
involved nitrogen utilization in plant to produce paddy. Over
the years due to continuous paddy cultivation. Boron and
sulphur application increased their uptakes and farmyard
manure application also improved uptake. The most relevant
nutrient management plots were 100%NPK+FYM-+Lime
plots in relation to sulphur and boron uptake. Highest nitrogen
utilization in the form of internal utilization efficiency and
physiological efficiency was in FYM applied plots
(100%NPK+FYM-+Lime). The most important nutrient
management technique that effectively maintained paddy
production and made efficient use of the nutrients was
100%NPK+FYM+Lime. Together with NPK, farmyard
manure improved the yield-related indicators by increasing
the use efficiency of nitrogen and micronutrient uptake.
Therefore, integrating organic and inorganic fertilization
should be the future strategy to increase biological rice yield
by improving micronutrient uptake and use.
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