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ABSTRACT

A field experiment was conducted to study the effect of precision nitrogen
management on growth, yield and yield attributes of transplanted rice and irrigation
regimes in toria in Dimapur district of Nagaland during kharif and rabi seasons of
2022-23 and 2023-24 at ICAR Research Farm, Jharnapani, Nagaland Centre. The
first experiment was laid out in Randomised Block Design with four numbers of
treatment which were replicated thrice. The treatments were Ni-Control, N>-RDF,
N3-LCC based N management and N4-SPAD based N management. The data
pooled over two years revealed that precision nitrogen management had significant
effect on growth, yield attributes and yield of rice. The plant height at 60 (89.94
cm) and 90 DAT (111.04 ¢cm), DMA plant™! at 30 (7.41g), 60(15.68g) and 90
(28.22g) DAT and number of tillers sq.m™ at 30 (255.50) and 60 (287.63) DAT were
recorded the highest in N4 followed by N3. The CGR showed significant effect at
60 and 90 DAT but RGR and NAR were significant at 30 DAT. The highest CGR
(13.50 g m? day™) and (21.18 g m? day™") at 60 and 90 DAT respectively, RGR
(0.0477 g ¢! day™!) and NAR (0.0366 g m™ day™) at 30 DAT were recorded in Na,
Significantly the highest number of panicles m! (256.97), panicle length (25.84
cm), weight of panicle (5.45g) and number of filled grain panicle™ (152.90) were
also recorded in N4 which was followed by N3 and the lowest was recorded in Nj.
The grain yield (4830.83 kg ha'), AE (64.40 kg kg!) and PFP (23.19) were
significantly highest in N4 but PE (39.38 kg kg™!) was highest recorded from N i.e.
RDF. The available N (259.13 kg ha), P (23.61 kg ha™') and K (164.36 kg ha™)
were also observed to be the highest in N4 The precision nitrogen management
showed highly significant effect on nutrient uptake by both grain and straw of rice.
The highest N uptake by grain (68.48 kg ha) and straw (29.60 kg ha™), P uptake
by grain (8.85 kg ha™!) and straw (10.02 kg ha™') and K uptake by grain (22.54 kg
ha!) & straw (79.85 kg ha!) were recorded highest from the treatment Nai.e. SPAD
based N management and lowest nutrient uptake was recorded from control plot. In
terms of economics, cost of cultivation was recorded highest in N»-RDF but the
highest gross return (Z 114910.33 ha™'), net return (T 71241.60 ha™') and B:C (1.64)

was recorded in Ns The second experiment was laid out in Split- Plot Design



keeping the four residual treatments of nitrogen management in the main plot and
three Irrigation regimes in the sub plot. There were 12 numbers of treatment with 3
replications. The three irrigation treatments were 11- Control, I>- IW: CPE=0.8 and
I3- IW: CPE=1. The irrigation regimes had significant effect on growth, yield and
quality of toria whereas the residual effect of nitrogen management on toria did not
show any significant effect. The plant height at 30(22.04 cm), 60(43.86 cm) and 90
(98.87 cm) DAS were recorded to be significantly highest in I3. The highest DMA
was observed in I3 and significant effect was recorded at 45 DAS (5.26 g) and 60
DAS (6.81g). The irrigation regimes did not significant effect on CGR, RGR and
NAR at 15-30 DAS but showed significant effect at 30-45 DAS and 45-60 DAS.
The highest CGR, RGR and NAR at 30-45 (4.47 g m day™', 0.0238 g ¢! day™' and
0.0020 g m* day™") and at 45-60 (3.45 g m day™', 0.0106 g ¢! day! and 0.0010 g
m™ day™!) were recorded from treatment I5- IW: CPE=1 and the lowest was recorded
from control plot i.e. IW: CPE =0. The maximum primary branches plant! at 30
and 60 DAS (4.38 and 5.85) and secondary branches plant™ at 30 and 60 DAS (6.69
and 12.52) was recorded from I3- IW: CPE=1 and the lowest was recorded from
control plot i.e. IW: CPE =0.The no. of siliqua plant!(77.64), length of siliqua (6.52
cm), weight of siliqua (3.50) and no. of seed siliqua ' (18.81), grain yield (1449.38
kg ha™), straw yield (2455.41 kg ha™V, oil content (37.30%) and oil yield (541.76
kg ha™!) were also recorded highest in I5. The highest NPK uptake was recorded in
treatment I3, The highest cost of cultivation was recorded in N111(226013 ha™!). Nuls
recorded maximum gross return (386481.58 ha™), net return (259583.58 ha!) and
B:C (2.22). The sustainability index of rice and toria were 1.09 and
0.998respectively. The average system productivity of the rice-toria cropping

system was 7477.43 kg ha™..

Keywords: PNM, Irrigation regimes, rice - toria cropping system, growth, yield,

€Cconomics.
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INTRODUCTION

Rice (Oryza sativa L..) is the most widely grown cereal in the world after wheat
and maize. The crop occupies a significant position in the culture, tradition and
heritage of many Asian countries. Most of the rice in tropical countries is produced in
irrigated and rainfed lowland areas. Irrigated rice system accounts for 78% of all rice
production and 55% of total rice area, mostly concentrated in alluvial floodplains,
terraces, inland valleys, and details in the humid and sub-humid of sub tropics and
tropics in Asia. Rice is the most important cereal food crop to feed the ever-growing
population, however, the average yield in Asia is low compared to global average yield
(Haider, 2018). There is a limited scope for further expansion in cultivated area under
cropping in Asia. However, sustainable intensification of land for crop production and

increase in crop productivity could help the current and future food demand.

Rice plays a major role in diet, economy, employment, culture and history. It
is the staple food for more than 65% of Indian population contributing approximately
40% to the total food grain production, thereby, occupying a pivotal role in the food

and livelihood security of people.

Total global rice production was 776.46 MT in 2022 and the production has
been increased to 800 MT which represent an increase of 23.54 MT of rice production
in 2023 (Anonymous, 2023 a). After China, India grows rice in 47.82 m ha with
production of 137.83 million tonnes and average productivity of 2.88 tonnes ha!
(Anonymous, 2020). The crop is grown in highly diverse conditions ranging from hills
to coasts. In Nagaland, rice is grown throughout the state and covers an area of
2,11,130 ha with a production of 5,54,669 mt out of which upland rainfed condition
occupies an area of 90,496 ha with a production of 1,79,227 mt in 2022-23
(Anonymous, 2023 b).

Nitrogen (N) is the most important limiting factor, after water deficit, for
biomass production in natural ecosystems. In paddy field systems, N fertilization can
provide plants a sufficient N supply to achieve the potential grain yield under the

vested meteorological conditions. Inadequate N application leads to a decrease in leaf



area chlorophyll contents, leaf photosynthesis, biomass production and the loss of
yields and qualities. During the past century, the global consumption of nitrogen has
seen a steady increase. Consumption of fertilizer-N increased from 0.6 MT in 1965—
66 to 17.4 MT in 2015-16; the country has emerged to be the second largest producer
and consumer of nitrogen in the world. There exists a vast scope to increase N
consumption further in India, as the current per hectare N consumption at 89.7 kg is
still very low compared to many developed and even neighbouring developing
countries. Based on current pricing policy and growth trends, it is estimated that the
demand and supply of N in India by 2030 would be 23.45 and 18.76 MT, respectively,
leaving a gap of 4.69 MT. (Tewatia and Chanda, 2017).

Nitrogen (N) stands as the foremost essential nutrient in rice production across
the globe. Tailoring N—fertilizer application based on demand and thorough in-situ
examination can significantly enhance rice production (Bo ef al., 2020). This approach
not only boosts yield by enhancing grain filling quality, increasing tiller numbers, and
improving plant vitality, but also maintains and regulates the physiological processes
of rice (The et al., 2021). The fixed rate and predetermined timing of nitrogen
application might need to be revised to align effectively with the actual nitrogen
requirements of the crop. Excessive nitrogen application can lead to extreme plant
height, susceptibility to pest infestations, lodging, inadequate canopy light, reduced
fertility rates, and delayed maturation (Ali ef al., 2017). Furthermore, it can elevate
nitrogen losses through various processes (Li ef al., 2017), ultimately leading to a
lower recovery efficiency of N of about 30% (Baral et al., 2021). The recovery
efficiency of N of significant cereal crops betrays a relatively low rate of around 33%,
as reported by Chaudhary ef al. (2019). Applying precision and decision supportive
tools for nitrogen management become imperative to solve these challenges. Precision
nitrogen management employs a range of tools and technologies to collect data on
spatial and temporal variations within a field, which is then utilized to align inputs
following the distinct conditions of each specific location within the field. The
foundation of precision nitrogen management lies in adhering to the ‘4 R’s Principle,
which involves administering fertilizers at the right rate, at the right time, by the right

way of application, and by utilizing the right fertilizer source.



The split doses according to the crop requirement are needed to be analysed
under aerobic rice cultivation. So, optimization of nitrogen level as well as split doses
to different crop growth stages is more important to produce higher grain yield. Split
nitrogen (N) fertilizer applications can play an important role in a nutrient management
strategy that is productive, profitable and environmentally responsible. Dividing total
nitrogen application into two or more splits can help growers enhance nutrient

efficiency, promote optimum yields and mitigate the loss of nutrients.

To improve the nitrogen use efficiencies various practices are followed such as
use of nitrification inhibitor-controlled release nitrogenous fertilizer, deep placement
of nitrogenous fertilizers etc. There are also different types of gadgets available for
improving nitrogen use efficiency such as leaf colour chart (LCC) and crop sensors
like SPAD meter, which can indirectly estimate crop N status of the growing crops and

help to define time and quantity of in-season fertilizer N top dressings in aerobic rice.

The LCC is an easy-to-use and inexpensive diagnostic tool for monitoring the
relative greenness of a rice leaf as an indicator of the plant N status (Alam et al., 2005)
used to guide the application of fertilizer N to maintain an optimal leaf N content for
achieving high rice yield with effective N management. Leaf N status of rice is closely
related to photosynthetic rate and biomass production, and it is a sensitive indicator of
changes in crop N demand within a growing season. A tool to rapidly assess leaf N
status and thereby guide the application of fertilizer N to maintain an optimal leaf N
content can consequently be vital for achieving high rice yield with effective N

management.

The soil-plant analysis development (SPAD) meter is a low-cost, rapid, simple,
and non-destructive apparatus for diagnosis of crop N nutrition that has facilitated
research in plant physiological ecology during the past few decades. It is widely used
to monitor leaf N status of many crops, including cotton, durum wheat and maize
(Singh et al., 2011) and irrigated rice. However, the successful use of SPAD meters
can be affected by many factors such as variety, year, growth stage, leaf thickness, leaf
positions and the measurement point on the leaf. The chlorophyll meter which

measures leaf greenness, can predict the need for N top-dressing at per panicle
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initiation and panicle differentiation for rice, meter reading is given in company-
defined SPAD values that indicate relative chlorophyll contents. The chlorophyll meter
or SPAD offers a new strategy for synchronizing N application with actual crop
demand in rice. The chlorophyll meter can be used to monitor plant N status in the

field and to determine the right time of N top dressing in rice.

The monocropping system of rice (Oryza sativa) cultivation is practiced in the
northeast hill region of India (Das ef al., 2018) but this system has led to depletion in
soil fertility and productivity of the soil, increased infestation of pest, diseases and
weed. In India, rice-based cropping system is a major food production system with rice
as the first food crop. Diversity of rice-based cropping system with inclusion of pulses
or legumes and oilseeds in summer fallows is one of the options for horizontal
expansion, as pulses are known to improve soil organic matter through biological

nitrogen fixation, root exudates, leaf shedding and below ground biomass.

The spread and extent of rice-based cropping systems across the country and
more precisely in eastern India is predominant and diversified as well (Mahapatra et
al., 2012). Rice-based cropping systems also produce and emit dominant greenhouse
gas (methane) that largely controlled by water and residue management practices.
Further, the importance of prevailing rice-based cropping system is losing due
decrease in productivity. So, identification of suitable rice-based cropping systems
with higher resource use efficiency is required for improving profitability and
employment generation in agriculture. Diversification has been well reported as an
alternate option for sustaining the land productivity and enhancing farm income for

achieving a stable agricultural development.

India is one of the four major players in the global oilseeds or vegetable oils
scenario, being one of the important oil growers, producers, importers and exporters
(De and Sinha, 2011). Rapeseed-mustard is the second-most important oilseed crop in
India, next only to soybean, with almost one-fourth share in both area and production
(Jat et al., 2019). The area for cultivation of rapeseed-mustard is 9.18 million hectares
with a production of 12.26 mt in 2023. However, its average productivity is 1444 kg
ha'! (GOI, Ministry of Agriculture, 2020). The total area for cultivation in Nagaland is
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15070 ha with a production of 15,978 tonnes and productivity of 1060 kg ha™!. India
would need 58 mt of oilseeds by 2020 for maintaining minimum edible oil

requirement.

Application of irrigation at regular interval with proper nutrient management
is the other two most critical inputs which can substantially increase yield of rapeseed
and mustard. Irrigation scheduling is important factor affecting the mustard yield as
too much water application leads to its wastage, whereas scanty water application may
lead to reduction in yield. Scheduling water supply and appropriate nutrient
management at the most critical growth stage would boost plant production efficiency,
produce quality, nutrient use efficiency and water use efficiency. The crop receiving
only two irrigations at pre-flowering and pod-filling stages produced 33% more seed
than non-irrigated crops (Yadav et al., 2010). Irrigation scheduling is one of the
important managerial activities and affects the effective and efficient utilization of
water by crops. It optimizes agricultural production with minimizing yield loss due to
water shortage and improving performance and sustainability of any irrigation system

through conserving the moisture (Saini et al., 2023a).

As we all know that, N fertilizers like urea are essential for enhancing crop
yields and meeting global food demand. But continuous use can lead to numerous
negative consequences including soil degradation, environmental pollution and
increased greenhouse gas emissions. In order to overcome these problems sustainable
agricultural practices such as crop rotation, cropping system, use of slow-release
fertilizers and precision nitrogen management are critical in managing nitrogen use
effectively. PNM is crucial for balancing agricultural productivity with environmental

responsibility, economic viability and compliance with regulations.

There is a shortage of water during winter (rabi) season as there is less rainfall in north
eastern state specially Nagaland. So, most of fields are keeping fallow after the harvest
of the kharif crop. Irrigation based on irrigation regimes (IW:CPE ratio) is necessary
as determines the process to decide when to irrigate the crop and how much water is
to be applied to increase the soil productivity which can increase the economics of the

farmer.



Keeping in view, the scope and significance of different dose of nutrient and
irrigation in cropping system, the experiment entitled “Effect of precision nitrogen
management and irrigation regimes in rice- toria cropping system in Dimapur

District of Nagaland” was proposed to be undertaken with the following objectives:

1. To study the effect of nitrogen management practices on growth and yield of

rice.
2. To study the effect of irrigation regimes on growth and yield of toria and,

3. To study on economic and sustainability of rice-toria cropping system in
Dimapur District of Nagaland as influenced by precision by N managemrnt in

rice and irrigation scheduling in toria.
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REVIEW OF LITERAURE

A field experiment entitled “Effect of precision nitrogen management and
irrigation regimes in rice - toria cropping system in Dimapur District of Nagaland”
was conducted at ICAR Research Farm, Jharnapani, Nagaland Centre. The research
work done in India and elsewhere in recent years on the effect of precision nitrogen
management on the growth, phenological and yield parameters of rice and effect of
irrigation regimes on growth, yield attributes, yield and quality of toria and other crops

are also reviewed in this chapter.

2.1 Effect of precision nitrogen management on growth parameters of rice
2.1.1 Growth parameters

2.1.1.1 Plant height

Prakash ef al. (2014) conducted an experiment during 2012 and 2013 at
Kolasib District of Mizoram on the response of rice (Oryza sativa L) varieties to

different levels of nitrogen. Plant height and dry matter production were the highest
with ‘Bhalum 3’ at 90 kg N/ha.

Kumar et al. (2017) from Sher-e-Kashmir University of Agricultural Sciences
and Technology, Jammu revealed that significantly higher plant height (103.37cm) was
recorded with application of 150 kg N ha™! on sandy loamy soils.

Lone et al. (2017) at Srinagar evaluated Pusa Sugandh-3 rice variety with
different nitrogen management aspects and four real-time N management treatments,
after taking in to account the overall results of all the observed parameters, the LCC
4@ 20 kg N ha™! treatment proved superior to all the treatments in plant height (96.96

cm).

Kutikuppala and Singh (2018) revealed that maximum plant height of direct
seeded rice was noticed at 60 DAS with nitrogen application at LCC value 5.0
followed by LCC value 4.0 during kharif season on sandy clay loam soils at Varanasi,

Uttar Pradesh.



Goudra et al. (2019) conducted a field study during kharif 2017 at Zonal
Agricultural Research Station, UAS, Bengaluru in sandy loam soil. The results
revealed that nitrogen management through SPAD recorded significantly higher plant
height (72.2 cm), number of tillers (45.8 hill™") and total dry matter (136.2 g hill™").

Naik et al. (2019) stated that higher plant height of maize was recorded with
nitrogen application through LCC-5 compared to lower LCC values during rabi on

sandy loamy soils of Tirupati, Andhra Pradesh.

Rao et al (2019) conducted an experiment at Annamalai University
Experimental farm, Annamalainagar to study the effect of different organic manures
with graded dose of nitrogen in the growth and yield of rice and the residual effect on
succeeding green gram in rice—greengram cropping system. They observed that the
growth and yield attributes of rice crop viz., plant height, number of tiller hill"!, LAI at
tillering, productive tillers hill”!, thousand grain weight, grain and straw yield were

favourably influenced by combined application of inorganic and organic.

Seth et al. (2019) conducted an experiment for two years from Rabi (wheat)
season of 2015-16 through Kharif (rice) season of 2017 at Experimental Farm of Rice
and Wheat Research Centre, Malan. Results revealed that nutrient management
practices, N-rich plot in which 150% of recommended nitrogen was significantly

produced taller plants and higher dry matter accumulation in wheat.

Shankar et al. (2020) conducted an experiment during 2014-2015 and 2015-
2016 at farmers’ field situated at Binuria village of Birbhum district of West Bengal
under the red and lateritic belt of West Bengal. The study revealed that application of
NsoP40K40Zn25820 (T1) during Kharif and Ni120Ps0Ke0Zn25S25 (T1) in boro season, the
two seasons of experimentation was essential for improving growth attributes, yield

components and productivity of high yielding variety (HY'V) and hybrid rice.

Sowmya et al. (2023) conducted a field experiment during rabi, 2021-22 on
sandy clay loam soils of Agricultural Research Station, Nellore, Andhra Pradesh to
study the effect of precision nitrogen management on growth and yield of rice. The
experimental results indicated that the precision nitrogen management practices

significantly influenced the growth and yield rice and found that the application of
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nitrogen through LCC-5, NDVI- 0.8 and SPAD-40 were on a par with the farmers

practices.

Sridhar et al. (2019) conducted a field experiment during rabi 2016-17 and
2017-18 at Agricultural Research Institute Main Farm, Rajendranagar, Hyderabad, on
a clay loam soil to study the effect of alternate wetting and drying irrigation on rabi
rice under varied nitrogen levels. Among nitrogen levels, application of 200 kg N ha™!
resulted in higher physiological growth parameters of rice which was on par with

application of 160 kg N ha™.
2.1.1.2 Number of tillers m~

Lee et al. (2010) found that tiller number increased significantly by top
dressing at the tillering stage. It was reported that nitrogen management at LCC value
of 4 (150 kg N ha™") produced significantly higher tillers (369.3/m?) at maximum
tillering stage than LCC value 3 with 90 kg N ha™..

Yoshida et al. (2010) established positive relationships between nitrogen
absorbed by the plant and number of tillers produced and also observed a significant

difference due to basal and additional nitrogen fertilization.

Ghosh et al. (2013) conducted an experiment at Kharagpur during the kharif
seasons of 2010 and 2011. In comparison of results obtained with low rates of N top
dressing (15 kg N ha!) at low SPAD (S34) values, farmer fertilizer practice, and
control treatments, it was observed that the number of tillers m-2 showed an increasing
tendency when receiving higher doses of N top dressing (25 or 35 kg N ha™!) at higher
SPAD (S36 and S38) values. Tiller production benefited from the higher rate of N
application at a higher SPAD value.

Thirunavukkarasu and Vinoth (2013) reported that N application through LCC
critical value 4 recorded higher number of tillers per plant in rice at panicle initiation

stage compared to RDF during kharif on sandy loam soils of Madurai, Tamil Nadu.

Duttarganvi et al. (2014) conducted an experiment at Raichur during Kharif to
study the effect of Leaf Colour Chart (LCC) and Soil and Plant Analysis Development
meter (SPAD) based nitrogen (N) management on growth and yield of lowland rice
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(Oryza sativa L). It was found that N application based on LCC values @ 5 (120 kg
ha) and SPAD @ 37.5 (120 kg ha™') were more beneficial which enhanced the growth
and yield of the lowland rice. They also found that better growth parameters were

significantly recorded when N requirement for rice was applied based on LCC @ 5

(120 kg ha')) and SPAD @ 37.5 (120 kg ha™').

Satpute et al. (2015) conducted a field experiment at the Institute of
Agriculture, Visva-Bharati during rainy season of 2009. Significant increase in the
tiller production was observed with nitrogen application at higher LCC values ranging
from 3 to 5 being significantly superior particularly at latter stages of growth (60 and
80 DAT).

Das and Sahu (2015) reported maximum number of tillers per plant of rice with
N application through LCC as compared to farmers practice during kharif season on

sandy loam (alluvial) soils of Dinajpur, West Bengal.

Kumar ef al. (2017) revealed that higher number of tillers (400) was recorded
with the application of SSNM (Nutrient Expert) but was on par with SSNM (LCC)
which recorded 383 tillers m™ on silty clay soils of College of Agriculture, Raipur,

Chhattisgarh.

Mannade et al. (2017) revealed that higher number of tillers was recorded with
the application of nitrogen through SSNM (Nutrient Expert) which was on par with
SSNM (LCC) on black silty clay soils of Raipur, Chhattisgarh.

Rajesh et al. (2017) conducted a field experiment during 2011-12 to study the
response of rice varieties on morpho-physiological and yield under two nitrogen levels
120 kg N ha™, 60 kg N ha™! as main treatments and twenty-six rice genotypes as sub
treatments. Among the nitrogen treatments application of 120 kg N ha™ recorded

significantly higher values for morpho-physiological parameters such as number of

tillers hill™!.
2.1.1.3 Dry matter production plant!

Sharma (2011) recorded the maximum dry matter accumulation at 80 DAT with

green seeker NDVI sufficiency index of 0.85 (9.84 t ha™') as threshold as compared to
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SPAD meter-based N management using fixed threshold 42.5 (7.59 t ha!) in PR118

cultivar during kharif at Punjab Agricultural University, Ludhiana.

Mohanty et al. (2015) revealed that STCR based nitrogen management
produced significantly higher dry matter production of wheat as compared to nitrogen
application through green seeker, RDF and SPAD during rabi on sandy loam soils of
Delhi.

Premalatha (2017 a &b) revealed that N application at LCC threshold value 3
resulted in the highest dry matter accumulation plant™ (38.14 g) compared to LCC
value 4 (29.35g) in rice during kharif on clayey soils of Dharwad, Karnataka.

Barad et al. (2018) observed that the dry matter accumulation plant™ (22.76g)
of wheat was significantly higher with the application of nitrogen through SPAD
threshold value 40 as compared to SPAD threshold value 35 during rabi on black

calcareous soils of Junagadh, Gujarat.

Application of nitrogen at LCC value 4.0 was found significantly superior in
increasing dry matter production of rice at harvest compared to control during kharif

on calcareous loamy soils at Samastipur, Bihar (Kumar ef al., 2018)

Sunawan et al. (2018) recorded the highest dry matter production (68.47g
clump-') at 77 Days of planting with increasing levels of N from 45 to 180 kg N ha"

lin an experiment conducted in Indonesia.
2.1.1.4 Leaf area index

Sen et al. (2011) noticed highest leaf area index of rice at 60 DAT with N
application through LCC value 5 over RDF during Kharif on sandy clay loamy soils
of Varanasi, Uttar Pradesh.

Gill and Singh (2013) conducted a field experiment at Punjab Agricultural
University, Ludhiana and revealed that application of 125% RDN produced the highest

leaf area index (3.6) over other treatments.

Reena et al. (2017) carried out a field experiment at G.B. Pant University of

Agriculture and Technology, Pantnagar, Uttarkahand, during the winter (rabi) season
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of 2014-15. The study aimed to investigate the effect of leaf colour chart (LCC) and
chlorophyll meter (SPAD meter) based nitrogen management on wheat crop.
Significant increase in LAI was observed at 90 DAS with application of RDN i.e., 150
kg N ha -1 (2.9) however, it was comparable with SPAD threshold value 40 (2.7).

Budhathoki ef al. (2018) conducted an experiment at agronomy farm Lamjung
campus, Sundar bazar, Nepal and reported the highest leaf area index (6.41) with
nutrient expert but it remained on par with LCC based application (5.47).

2.1.1.5 Growth indices

Shivashankar ef al. (2023) carried out an experiment on sensor-based precision
nitrogen management in maize at main agriculture research station, University of
Agricultural Sciences, Dharwad, during kharif 2020 and 2021. Among precision
nitrogen management practices, nitrogen application at SI of 96-100% recorded
significantly higher DMA and growth indices (AGR and CGR) as compared to other
treatments throughout the growth period.

Ali et al. (2017 a) revealed that different N management techniques had a
favourable impact on crop and relative growth rates (CGR and RGR) of transplanted
rice Crop growth rate (21.01 g m™ day™"), and relative growth rate (0.072 g day-') were
obtained with N application based on LCC value 4 (4 splits; 132 kg N ha-1).

2.1.1.6 Days to 50 per cent flowering

Shrestha et al. (2018) lucidly claimed that interaction effect of different
nitrogen levels and plant population on days to tasselling and silking of maize was

non- significant on sandy loam soils of Nepal.

Veer et al. (2016) reported that Days to 50 % tassel and silk emergence of maize
significantly responded to different N management strategies and observed slightly
higher number of days to 50 % tasselling and silking when N was applied at fixed time
interval 9 compared to LCC score-based N application on silty clay loam soils of

Pantnagar, Uttarakhand

2.1.1.7 Days to maturity
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With respect to flowering, there was a non - significant difference between farmers
practice and precision-based N management practices, but there is a difference of 2 to
3 days in flowering, which could be due to different doses of nitrogen application to
different treatments in direct seeded rice during kharif on black loam soils of Raichur,

Karnataka (Gurupadappa, 2018).
2.2 Effect of precision nitrogen management on yield attributes of rice

Krishnakumar and Haefele (2013) from the experiment conducted on sandy
loam soils during kharif at International Rice Research Institute (IRRI) Farm, Laguna,
Philippines, reported higher panicle length of rice with nitrogen application through
LCC threshold value 5.0 compared to other LCC values.

Liu et al. (2013) experimented on super rice at Yangzhou University's research
farm in Jiangsu Province, China. Grain yield increased by 5.7-6.1%, 6.0-6.6%, and
12.4-14.5%, respectively, under continuous flooding (CF) -site-specific nutrient
management (SSNM)), alternate wetting and drying (AWD)- farmer’s N practice (FNP)
and AWD-SSNM treatments as compared to (CF)-FNP. Under SSNM, the number of
spikelets panicle! was substantially higher than under FNP. The AWD-SSNM
treatment had the highest percentage of filled grains and harvest index, the lowest for

the CF-FNP treatment, and intermediate for the CF-SSNM and AWD-FNP treatments.

Prakash et al. (2014) conducted an experiment during 2012 and 2013 at
Kolasib District of Mizoram on the response of rice (Oryza sativa L) varieties to
different levels of nitrogen. Panicles m, filled grains panicle™!, grain (4.50 tons/ha)
and straw yield and nitogen uptake by grain and straw were also significantly higher
with ‘Bhalum 3’. Increasing levels of nitrogen enhanced panicles/m2, filled
grains/panicle, grain and straw yield and nitrogen uptake by grain and straw only up

to 90 kg N/ha.

Ali et al. (2017 b) from their experiment on sandy loam soils of Allahabad,
Uttar Pradesh, concluded that there was a significant increase in productive tillers hill”
Uin transplanting rice with N application through LCC threshold value 4 compared to
LCC threshold value 3 during kharif.
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Rajesh et al. (2017) conducted a field experiment during 2011-12 to study the
response of rice varieties on morpho-physiological and yield under two nitrogen levels
120 kg N ha!, 60 kg N ha™! as main treatments and twenty-six rice genotypes as sub
treatments. Among the nitrogen treatments application of 120 kg N ha™' recorded
significantly maximum number of panicles hill"!, number of filled grains hill™!, filled

grain percentage, 1000 grain weight and grain yield.

Jahan et al. (2018 a) revealed that significantly higher number of productive
tillers m-2 of rice was recorded with N application through LCC < 3.0 value during

winter in rice on non-calcareous soils of Mymensingh, Bangladesh.

Shrestha et al. (2018) conducted an experiment on elderly aged hybrid rice
seedlings in Lamjung, Nepal, using Nutrient-Rice Expert and other precision nutrient
management practises. NE (109:35:41), outperformed the other five treatments,
including government advice, GR (80:60:40), farmers' field practice, FFP (67:36:20),
LCC (56 N) + FFP (36 P:20 K), NE (109 N) + FFP (36 P:20 K), and LCC (56 N) with
NE (35 P; 41 K), in terms of growth, yield attributing characteristics, yield, and
economic analysis; NE(N) was followed by FFP (P and K).

Goudra et al. (2019) conducted a field study during kharif 2017 at Zonal
Agricultural Research Station, UAS, Bengaluru in sandy loam soil. The results
revealed that nitrogen management through SPAD recorded significantly higher
productive tillers hill! (36.1), panicle length (24.5 cm) and test weight (25.07 g)
ultimately resulted in higher grain (7353 kg ha™) and straw yield (9151 kg ha™").

Sairam et al. 2020 reported that the treatments with 75% RDN along with 25%
vermicompost recorded better results in terms of yield attributes, namely, number of
panicle m™ (213.3), panicle length (24.5 cm), number of spikelet’s panicle™ (140.7),
number of filled grain panicle™! (123.3) and grain and straw yields of 5.18 t ha™ and7.3

t ha'!, respectively

Mohanta ef al. (2021) conducted field trials in sandy loam soil in the red and
lateritic belt (Ultisols) of West Bengal, India to determine the productivity and
profitability of kharif rice. Different doses of N: P205:K20 kg ha-1 were applied and
it was concluded that State recommendation (80:40:40), LCC (79.6:40:40), NE
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(118:37:51), and Green Seeker (92.9:37:51) increased effective tillers over farmer's
practice (68:46:37) by 4.36, 7.8, 16.40, and 22.88%, respectively.

Sadhukhan et al. (2023) conducted a field experiment on zero-till direct seeded
rice (DSR) in India's Indo Gangetic plain to investigate the various nutrient
management options used in DSR in a detailed manner. Conservation agriculture
(direct rice seeding) paired with a site-specific smart nutrient management strategy
Nutrient Expert (NE), LCC, soil test based fertiliser prescription enhanced seed and
biomass production significantly. Nutrient management in the field, notably with N, P,

and K increased rice grain yield by 12%.
2.3 Effect of precision nitrogen management on efficiencies indices

Huang et al. (2008) experiment was carried out on real-time N management
(RTNM) by using various chlorophyll meter (SPAD) criteria. N-recovery efficiency
(56.9%) and internal N-use efficiency (78.6 kg kg-1) were discovered to be
significantly higher under SPAD 38 and 11 control, respectively. Agronomic efficiency
of N and partial factor productivity of applied N was found to be highest (19.4 kg kg-
1 and 91.5 kg kg-1, respectively) with SPAD value of 35.

Zhang et al. (2013) stated that with partial factor productivity of N (PFP N) of
roughly 40 kg grain kg-1 applied N globally, N-use efficiency is still poor. This is
partly because farmers applied enormous amounts of N fertilizer at the beginning of
the rice plant's growth cycle, before the roots had fully formed. Due to the applied N's
loss, which is a mobile nutrient, more water and land pollution as well as greenhouse

gas (GHG) emissions ensue.

Ghosh et al. (2013), evaluated fixed time N management (FTNM), with real-
time N management (RTNM), and one control. The RTNM was combination of three
SPAD threshold (SPAD: 34, 36 and 38) and three N levels (15, 25 and 35 kg ha™) for
top dressing when the SPAD value of rice leaf falls below the threshold. The grain
yield of RTNM was similar to that of FTNM, although with a lower N application rate.
When compared to FTNM, SPAD 36 with 35 and 25 kg N ha™! top-dressing could save
N fertilizer by 20 to 35% without reducing grain output. The use of SPAD meters for

N management boosted agronomic N usage efficiency at high yield levels. When
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compared to farmers' practices (12 kg grain/kg N), agronomic N use efficiency was

quadrupled (24.7 kg grain kg! N) using SPAD 34.

Ghosh et al. (2017) recorded highest grain yield (4483 kg ha™') by maintaining
SPAD index of 40 up to heading stage by applying 25 kg N ha"'while saving of 22.5
kg N ha''(18.8%), increased AEN by 58.5%, REN by 15.1% and PFPN by 26.4%

compared to farmer’s practice.

Suresh et al. (2017a) conducted a field experiment on a sandy loam soil during
kharif season of 2012 with a view to study the effect of Site-specific nitrogen
management in rice on nutrient uptake, N use efficiency and grain yield. The result
revealed that a considerable opportunity to increase yield, N use efficiency (NUE) and

nutrient uptake through improved N management with LCC and SPAD values.

Ghosh ef al. (2017) concluded that top-dressing 25 kg N ha™' at medium SPAD
(S36 in rice and S40 in wheat) under RTNM could produce comparable grain yield in
rice and 13.4% higher grain yield in wheat while saving 33.3% N fertilizer,
respectively, over the conventional FTNM in rice-wheat cropping system. Over
FTNM, it enhanced AEN by 58.5% and REN by 32.2% in rice, and by 58.5% and
15.1% in wheat. According to the current study, the SPAD threshold value might help
maintain the desired soil available N and leaf N status during the crucial growth stages
of rice and wheat. Based on research findings, researchers strongly recommend
topdressing with 25 kg N ha-1 at SPAD threshold values of 37.5 in rice and 41.8 in
wheat for boosting grain yield and N use efficiency in the lateritic acid belt of eastern

India.

Wang et al. (2020) conducted 87 on-farm trials in the main agro ecological
areas in Northeast China. By drastically reducing N and P fertilizer inputs and
improving nutrient management, the results demonstrated that NE had overall and
considerable advantages over FP in terms of agronomic and environmental benefits.
In comparison to farmer's practice (FP), NE increased grain yield and N uptake by
maize by 8.4% and 6.6%, respectively. For rice, it achieved equal yield performance

and 3.0% higher N uptake, which led to significantly higher N-use efficiency.
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Baral et al. (2021) conducted a field experiment in western Terai of Nepal
during 2017-2018 to identify the appropriate decision support tool for improving NUE
and grain yields. N fertilizer application guided by decision support tools had a
significant effect on grain yields. UDP produced the highest grain yield among the
treatments. In addition, GS produced a significantly higher agronomic N use efficiency
(ANUE), partial factor productivity of N (PFPN), apparent N recovery (ANR), and
utilization efficiency of N (UEN) compared to RP.

Singh et al. (2018) found that Green Seeker-guided dose during maximal
tillering or second irrigation stage resulted in grain yield in wheat that were

comparable to the general advice of 120 kg N ha™! and higher fertilizer N use efficiency.
2.4 Effect of precision nitrogen management on yield of rice.

Houshmand far and Kimaro (2011) compared LCC value 4 with different doses
of split applications. Highest grain yield (4226 kg ha™') with 7% increase over
recommended splits method was obtained at 25 kg N ha™! applied each time with a
total application of 100 kg N ha''. However, highest grain yield (8544 kg ha™') with
GRH-1 genotype was achieved with a total application of 150 kg N ha™ in 5 splits.

However, there was no significant difference with 4 splits of 35 kg N ha™! each.

Yoseftabar et al. (2012) conducted an experiment to study the effect of split
application of nitrogen fertilizer on SPAD values in hybrid rice (GRH1). The results
showed that SPAD values increased significantly with nitrogen fertilizer. The result
also revealed that timing of nitrogen application can apply four or three times at
different growth stage-based crop need and SPAD threshold and crop-growing
condition at each location and N application method based on growth diagnosis helped

in saving N applied fertilizer and increasing grain yield.

Ghosh et al. (2013) conducted an experiment to study the effect of chlorophyll
meter (SPAD meter) based N management on growth, productivity and agronomic N
use efficiency of rice (cv. IR 36) in lateritic soil of India during the wet season of 2010
and 2011. The results revealed that SPAD 36 with 35 and 25 kg N ha™! top-dressing

could save N fertilizer by 20 to 35% compared to one fixed time N management
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without reducing grain yield and agronomic N use efficiency can be increased at high

yield level using SPAD meter-based N management.

Kumar et al. (2014) reported that application of 125%RDF with 5.0 t ha™!
vermicompost increased the number of panicles (20.5 %), panicle length (23.12 %)),
panicle weight (13.02 %), 1000 grain weight (12.90 %), grain yield (31.15 %) and straw

yield (37.12 %) over control where no fertilizer or vermicompost was applied.

Das and Sahu (2015) conducted an experiment for assessing nitrogen
scheduling in Kharif rice through soil test based and leaf colour chart (LCC) based
nitrogen top-dressing. The study observed that 9.5 to 13 per cent yield increase over
the farmers’ practice was obtained through LCC based nitrogen application coupled
with soil test-based P and K application over the couple of years of experiment. Rice
yield in soil test-based fertilizer application was found to be at par with that of LCC

based application.

Satpute et al. (2015) concluded that there was a gradual significant increase in
grain yield of rice variety MTU 7029 with higher LCC values of nitrogen application
ranging from 3 to 5 where the grain yield at LCC 5 was 46.2 and 19.9% more over the
grain yield at LCC 3 and LCC 4, respectively. Similarly, grain yield at LCC 4 was
22.0% higher over grain yield at LCC 3.

Suresh et al. (2015) conducted a field experiment on a sandy loam soil during
kharif season of 2012 with a view to study the LCC and SPAD based nitrogen
management in rice on and grain yield, N concentration in leaf and Nutrients uptake.
The critical SPAD value of 41 with 30 kg N ha™! and critical LCC value of 4.5 with 30
kg N ha™! were found to be suitable for guiding N application to achieve the highest
yield

Singh et al. (2016) conducted an experiment to study the fertilizer nitrogen
management in irrigated transplanted rice under dynamic threshold greenness of
leaves. The study showed that the grain yield of rice, N uptake and fertilizer N use
efficiency measured with N management following threshold leaf greenness pf 0.5

units less than LCC-Nyich were at par with the SPAD meter- based 90 % sufficiency
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index approach and were better than the blanket fertilizer recommendation in the

region.

Baraki et al. (2016) concluded that rice yield and yield components were
significantly affected by time of nitrogen applications. Highest grain yield, number of
productive tillers plant™, plant height and harvest index were recorded with the
application of 33% of the recommended dose at sowing, 34% of the recommended

dose at tillering and1933% of the recommended dose at early panicle initiation.

Swamy ef al. (2016) carried out a field experiment during rabi 2014-15 at
University of Agricultural Sciences, Raichur, Karnataka,India to study nitrogen
management in sweet corn (Zea mays saccharata L..) using simple hand-held decision
tools. They reported highest fresh cob yield with husk (15.65 t ha™!) of sweet corn with
RDF which was however, comparable with green seeker based NDVI at 0.8 (14.4t ha

l).
Qureshi ef al. (2016) conducted an experiment on clay loam soils of G.B. Pant
University of Agriculture and Technology, Pantnagar and found that Nutrient Expert

recommended fertilizer under LCC based SSNM registered more straw yield (7284 kg
ha-1) compared to RDF (7084 kg ha™).

Krishna et al. (2017) conducted field trial and recorded higher grain yield (49.8
q ha ') in wheat with RDF, but remained in parity with site specific nutrient
management + green seeker (45.7 q ha™') on sandy loam soils of Govind Ballabh Pant

University of Agriculture and Technology, Pantnagar.

Suresh et al. (2017a) conducted a field experiment on a sandy loam soil during
kharif season of 2012 with a view to study the effect of Site specific nitrogen
management in rice on nutrient uptake, N use efficiency and grain yield. Results
revealed that LCC threshold value of 4.5 recorded significantly increased grain yield
(5879 kg ha™!) but it remained on par with SPAD values < 41(5869 kg ha™).

Budhathoki et al. (2018) recorded maximum straw yield (6.52 t ha™) with

Nutrient Expert tool but it remained on par with LCC based nitrogen fertilizer
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+nutrient expert (PK) (5.72 t ha™!) at Agronomy farm of Lamjung campus, Sundar

bazar, Nepal during rainy season.

Hemalatha and Singh (2018) conducted an experiment during Kharif, 2016 and
2017 in sandy clay loam soils of experimental field at Banaras Hindu University,
Varanasi, Uttar Pradesh to find out the effect of leaf colourchart based nitrogen and
weed management practices on growth and yield of direct seeded rice. The yield of the

rice was observed significantly higher with application of nitrogen @ LCC <5 (Ny).

Latha ef al. (2019) conducted a field experiment at College Farm, Agricultural
College, Bapatla during 2015-16 and 2016-17 of both kharif and rabi seasons. The
work concluded that the application of INM + 50% RDN+ 25% N through FYM +
25% N through neem cake produced significantly higher grain yield and straw yield

of rice.

Singh (2019) conducted an on-farm trial for two kharif and rabi seasons of
2014-15 and 2015-16 to study the effect of site-specific nutrient management on yield
and nutrient uptake in rice Oryza sativa (L)-wheat Triticum aestivum (L) cropping
system at Bichpuri, Agra. It revealed that recommended dose of NPK resulted in
significantly higher grain and straw yield of rice and wheat as compared to farmer
fertilizer practice. Farmer fertilizer practice and state recommended dose of NPK
fertilizers recorded 12.7 and 34.0 % lower wheat grain yield than the SSNM (N, P, K,
S, B, and Zn) treatment.

Bhavana et al. (2020) conducted a field experiment during Kharif with an
objective to study the possibility of improving N-use efficiency by applying fertilizer
N as per need of crop using leaf colour chart (LCC) in transplanted rice. Among all the
treatments, with regard to nitrogen use efficiency indices, highest efficiency was
observed in T7 {120 kg RDN at LCC 4} followed by recommended practice. LCC
based nitrogen application was found to be effective in improving rice yields with

limited nitrogen supply on plant need basis.

Kumar et al. (2021) conducted a field experiment conducted at RARS Nandyal
during Kharif season of 2017 to study the precision nitrogen management in rice crop,

grown under conservation agriculture. Green Seeker directed N application recorded
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highest grain (5.5 t ha™') and straw yield (8.4 t ha™') compared to all the treatments
followed by LCC based N application (5.2 t ha!). By using green seeker 45 kg N ha'!

was saved as compared to RDN.

Mohanta ef al. (2021) reported that N management treatments influenced filled
grains panicle™! of “Pratikhya” Kharif rice. The treatment GS recorded significantly
higher filled grains panicle™ than other treatments, namely, FP, SR, LCC, and NE-
based nitrogen management. GS which was statistically comparable to NE, registered
a significantly higher grain yield than other treatments like FP, SR, and LCC. The
yield enhancement in GS and NE was 19.2% and 14.7% over FP, respectively.

Borah ef al. (2024) conducted a field experiment carried out at Instructional
cum Research farm, Assam Agricultural University, Jorhat to study the performance
of direct seeded Sali rice under different nitrogen management practices viz., green
seeker, leaf colour chart and nano nitrogen during kharif season of 2021. Results
revealed that application of site-specific nitrogen management with the help of green
seeker and leaf colour chart could increase the yield of direct seeded rice in the most

economical way with efficient utilization of nutrient.

Swamy et al. (2016) during rabi 2014-15 at University of Agricultural
Sciences, Raichur, Karnataka, India to study nitrogen management in sweet corn (Zea
mays saccharata L.) using simple handheld decision tools. They reported that
significantly highest harvest index was recorded with RDF (44.7%), but it remained
on par with green seeker based NDVI at 0.8 (44%) on sandy loamy soils during rabi

in sweet corn.

Jahan et al. (2018b) obtained highest harvest index (44.64%) in rice with Soil
analysis-based N management which was statistically on par with SPAD value <35
(43.84%) at Bangladesh Agricultural University, Mymensingh, Bangladesh on silty

loam soils.

Kutikuppala and Singh (2018) conducted an experiment at BHU, Varanasi on
sandy clay loam soils and reported that harvest index of direct seeded rice (39.72%)
significantly increased with increase in LCC threshold values from 3 to 5 when

compared to RDF (36.04%).
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Patil et al. (2018) carried out the field experiment on medium black soil during
kharif2016 & 2017 at Agricultural Research Station, Gangavathi to study the effect of
nitrogen management through LCC and SPAD meter on growth and yield in direct
seeded rice. The highest harvest index (0.45 %) in direct seeded rice was recorded

from LCC threshold 5 followed by SPAD meter threshold 40 (0.44 %).
2.5 Effect of precision nitrogen management on Nutrient Status in soil and plant
2.5.1 Post-Harvest Soil Nutrient Status

Krishnakumar and Haefele (2013) in the experiment conducted at International
Rice Research Institute (IRRI) Farm, Laguna, Philippines on rice during kharif on
sandy loam soils reported that higher post-harvest soil available N and P was recorded

in N application through LCC threshold value 5.0 compared to other LCC values.

Rao et al. (2016) reported that the status of available N, P, K in soil after harvest
of maize was increased with increase in the rate of N application from 120 to 300 kg

N ha'! during rabi on sandy clay loam soils of Bapatla, Andhra Pradesh

Deepthi (2015) recorded higher post-harvest available soil nitrogen, and
phosphorus after harvest of rice with increase in nitrogen application rate from 100 to

150 kg N ha™! during kharif on clay soils of Parbhani, Maharashtra.
2.5.2 Nutrient content and uptake by plant.

Swamy et al. (2016) noticed that application of 150 kg N ha-1 in three splits
significantly resulted in higher N uptake of rabi sweet corn followed by LCC threshold
value 5.0 and green seeker based NDVI of 0.8, whereas it was the lowest in control on

sandy loam soils of Raichur, Karnataka.

Bhat er al. (2017) conducted an experiment at Research farm of Sher-e-
Kashmir University of Agricultural Sciences and Technology of Kashmir, in silty clay
loam soil to study the LCC based N management on yield, nutrient uptake and soil
available status in two rice genotypes (Jhelum and SR-2) under irrigated conditions.
The results revealed that yield and NPK uptake were significantly higher in LCC <5
@ 30 and 20 kg N ha™! as compared to other LCC levels (LCC <4 and 3 @ 30 and 20
kg N ha™') and recommended nitrogen level.
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Upadhyay et al. (2018) conducted an experiment at the Agricultutal Research
Farm Banaras Hindu University during 2013-14 and 2014-15 to study the effect of
time and rate of panchagavya application and recommended dose of fertilizer (RDF)
on growth, nutrient content and productivity of transplanted rice (Oryza sativa.L).
They revealed that 120% RDF significantly increased the N, P and K content in grain
and straw over 60,80 and 100 % RDF

Nandan et al. (2020) conducted a field experiment during kharif of the year
2016 at the Research Farm of Dr. Rajendra Prasad Central Agricultural University,
Pusa (Samastipur), Bihar. Nutrient uptake by crop was higher in 160 kg N/ha than

other two lower doses.

Karthik et al. (2023) conducted an experiment during the monsoon season of
2018 to evaluate the precision nitrogen management using SPAD meter in improving
N uptake as well as soil fertility status in rice crop under direct seeded condition at
Agriculture Research Farm, Bihar Agricultural University, Sabour, Bhagalpur, Bihar,
India during the monsoon season. Results revealed that FTNM among N management

practices have recorded highest leaf N content as well as N uptake.

Pratap et al. (2024) conducted a field experiment during rainy (kharif) seasons
of 2019 and 2020 at ICAR-Indian Agricultural Research Institute, New Delhi to
monitor the effect of precision nitrogen (N) and water management options on yield
and nutrient acquisition in grain and straw of direct-seeded rice (DSR, basmati) (Oryza
sativa L.) and the results showed significant highest grain yield (9.2%) in NE® +
SPAD meter-based N application over RRN; the N, P and K uptake in grain also spiked
by 22.1, 42.1 and 31.7%, respectively.

2.6 Effect of Precision nitrogen management on economics of rice

The ultimate aim in any agriculture practice is to obtain maximum returns per
rupee invested. This also gives the information about the optimum level of input that
could be recommended to obtain maximum profit. Some of the reviews pertaining to

above aspects are given below.
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Duttarganvi ef al. (2011) recorded the highest net returns (Rs.30,278 ha™') with
SPAD threshold value 37.5 which was on par with LCC threshold value 5.0 (Rs.
29,929 ha™).

Das et al. (2015) concluded that N management using LCC increased 9.5-13
% grain yield over the farmer’s practice along with soil test. The fertilizer application
based on soil test the grain yield was found at par with N management using LCC.
However, LCC based N application saves farmers from pointless use of nitrogenous
fertilizers and fetches an additional income of Rs.7500 ha™! compared to farmers’

method.

Mohanty et al. (2015) reported net returns (Rs. 42724 ha™') and benefit-cost
ratio (1.66) were increased with STCR in wheat which was statistically on par with

green seeker for net returns (Rs. 42525 ha™!) and B: C ratio (1.64).

Swamy et al. (2016) reported nitrogen application based on NDVI-threshold
value 0.8 recorded higher gross return (Rs.117591 ha™'), net return (Rs.85684 ha™!) and
B: C ratio (3.69) in sweet corn over both SPAD threshold value 40 and green seeker
based NDVI threshold value 0.6 at Agricultural Research Station, Raichur.

Haque et al. (2018) revealed the highest net returns (Rs. 31524 ha™!) and B: C
ratio (2.13) was obtained with the application of nitrogen based on nutrient expert tool
(70% N) + remaining N as guided by green seeker (105:63:105kg NPK ha™!) in wheat

crop during rabi season at Bhagalpur, Bihar.

Goudra et al. (2019) conducted a field sttudy during kharif 2017 at Zonal
Agricultural Research Station, UAS, Bengaluru in sandy loam soil. The results

revealed that nitrogen management through SPAD was also recorded highest gross

return (Z 124021 ha™') and net return (275062 ha™).

Billa et al. (2020) reported that higher productivity and profitability could be
obtained with NDVI value 0.8 with the application of 120 kg N ha™! during kharif on

sandy loam soils of north coastal zone of Andhra Pradesh.

Nandan et al. (2020) conducted a field experiment during kharif of the year
2016 at the Research Farm of Dr. Rajendra Prasad Central Agricultural University,
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Pusa (Samastipur), Bihar. The results rested in its economic studies, wherein treatment
with 160 kg N/ha fetched higher gross returns, net return and finally B:C ratio than

other two doses.

Velmurugan ef al. (2021) conducted an experiment on NU and other changing
N doses at Bloomsdale Research Farm, ICAR- CIARI, Port Blair, and two farmers'
fields. The total cost of NU sprayed plots was greater than NPK addition, with an
additional cost of INR 249, 339, and 339 incurred on application of NU spray,
respectively. However, the additional monetary advantage of 12-16% higher yield over

RDF addition was INR 10082, 11679, and 7937, respectively.

Attri et al. (2022) conducted an experiment in the irrigated subtropics of the
Jammu region, and the results showed that 75% recommended N+ recommended P K
Zn + 2 foliar sprays of NU each @ 2ml I"! of water recorded a numerically higher value
for net returns to the tune of INR 79,305 ha-1 with the highest B: C of 1.7 when

compared to other treatments.

Singh et al. (2023) grew wheat in an experimental field at Kanpur, India to
examine the efficacy of NU. Crops produced with 75% NPK + nano N and nano P
spray at 30 and 45 DAS had the highest B: C (2.36) with a cost of cultivation of 72548
(INR ha™) and a net return of 98529.2 (INR ha™').

2.7 Effect of irrigation regimes on growth parameters of toria

Piri et al. (2011) reported significant effect of irrigation and sulphur level
application on dry matter accumulation of mustard crop. At 45 DAS, dry matter
accumulation was not significantly affected due to different irrigation regimes while
at 90 DAS, one and two irrigations being at par, significantly increased dry matter per
plant of Indian mustard over no irrigation in both years of the study. At harvest, two
irrigations resulted in significantly higher dry matter accumulation than single

irrigation or no irrigation.

Rafiei et al. (2011) conducted a field experiment at Takestan (Iran) with four
irrigation regimes viz., irrigation after 70 mm,100 mm,130 mm and 160 mm

evaporation from Class-A pan evaporimeter and reported that among the irrigation
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treatments, irrigation after 70 mm evaporation from Class-A pan resulted into

significantly higher plant height (138.3 cm) as compared to other irrigation treatments.

Dudwal et al. (2013) observed from Kanpur (U.P.) that application of three
irrigations at branching, flowering and siliqua development (IB + F + SD) significantly
increased the plant height, primary and secondary branches per plant and number of
leaves per plant of mustard over IB + F, IB + SD, IF + SD, IB, IF, ISD and Iy (Control)

treatments.

Singh (2014) reported maximum plant height, number of branches (primary
and secondary), dry matter accumulation, 50 percent flowering and 80 percent

maturity under irrigated condition as compared to no irrigation.

Trivedi et al. (2014) conducted an experiment at Zonal Agricultural Research
Station, Morena (M.P), found that application of two irrigations in mustard crop at
flower initiation and siliquae formation stage significantly increased the plant height,

branches plant™, siliquae plant™, seed siliquae™ and 1000-seed weight of mustard.

Verma et al. (2014) studied the response of mustard varieties to irrigation
scheduling and found significantly higher plant height, branches per plant™ (primary
and secondary), dry matter accumulation plant™, number of siliquae plant™!, number of
seed siliqua™, length of siliqua and 1000-seed weight recorded with two irrigation (two
irrigation at branching + siliqua formation) as compared to single (one irrigation at

siliqua formation), and no irrigation treatment.

Roy et al. (2017) conducted an experiment at Sher-e-Bangla Agricultural
University, Dhaka, to evaluate the effect of irrigation scheduling and they observed
that two irrigations applied at 25 and 53 days after sowing significantly increased the
plant height and number of primary and secondary branches plant™ of rapeseed

(Brassica napus) compared to no irrigation and one irrigation at 25 days after sowing.

Singh et al. (2017b) carried out an experiment during the rabi season of 2013-
14 at N. E. Borlaug Crop Research Centre of G.B. Pant University of Agriculture and
Technology, Pantnagar to study the effect of irrigation scheduling and hydrogel levels
on the growth, yield attributes, yield, WUE and economics of Indian mustard. The
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result revealed that plant height, dry matter accumulation, yield attributes, seed yield,

WUE and benefit- cost ratio were higher at 0.6 IW/CPE ratio and hydrogel.

Jat et al. (2018) performed an experiment during rabi season of 2013-14 to
2015-16 at Castor-Mustard Research Station, Sardarkrushinagar Dantiwada
Agricultural University, Sardarkrushinagar in the north-Gujarat agro-climatic region.
They revealed that irrigation with IW: CPE =0.8 gave significantly higher growth and
yield attributes, namely plant height, number of primary branches per plant, number
of siliquae per plant, number of seeds per siliqua, seed yield, oil yield, production

efficiency and economic efficiency of mustard.

Kumar et al. (2019a) carried out an experiment at the Instructional-cum-
Research Farm, Assam Agricultural University, Jorhat, during two consecutive seasons
of 2016-17and2017-18. The experiment was laid out in a split-plot design with 3
replications to evaluate the growth, yield and uptake of mustard under and nutrient
management practices. Results revealed that IW: CPE = 1.60 recorded the highest
growth parameters plant height, dry matter accumulation and number of branches

plant™!, yield attributes, yield and harvest index and nutrient uptake of N, P and K.

Singh et al. (2019 a, b and c) performed an experiment for two consecutive
rabi seasons during 2014-15 and 2015-16 at Norman E. Borlaug Crop Research Centre
of G.B. Pant University of Agriculture and Technology, Pantnagar to evaluate the
growth and yield parameters of yellow sarson (Brassica rapa L.) affected by different
irrigation levels, planting methods and mulching. Higher numbers of leaves per plant
and dry matter accumulation in leaves and stem were significantly higher at 1.2 ITW:

CPE over 0.6 and 0.3 IW: CPE in both the seasons.

Barick et al. (2020) conducted an experiment during rabi season of 2017-18 at
the Instructional Farm, Jaguli, Bidhan Chandra Krishi Viswavidyalaya, Nadia, West
Bengal to study the effect of irrigation levels and methods of sowing on production
potential of rapeseed (Brassica campestris L. Prain). The study revealed that the
growth attributes viz. plant height, leaf area index, dry matter production and crop

growth rate of rapeseed were recorded to be maximum under I4(IW: CPE=1.0).
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Bindhani e al. (2020 a.b &c) carried out an experiment on growth and yield of
hybrid mustard as influenced by irrigation scheduling and nitrogen management at the
Central Research Farm, Bidhan Chandra Krishi Vishwavidyalaya, Mohanpur, West
Bengal during rabi season (2017-18) in alluvial soil having medium soil fertility.
Revealed that maximum growth parameter like plant height, dry matter accumulation,
CGR of hybrid mustard crop were recorded with IW/CPE=1.2 irrigation level and the

yield variation due to irrigation regimes was to the tune of 13.35 to 17.14%.

Rana et al. (2020) conducted an experiment to evaluate the effect of sulfur
fertilization and irrigation scheduling on mustard hybrids. They observed that
individually irrigation scheduling at 0.8 IW/CPE, mustard variety ‘PAC 432" and sulfur
application at 60 kg ha™! reported to have maximum plant height, number of primary

and secondary branches, dry matter accumulation.

Rathore et al. (2020) conducted a field experiment to study the effect of
irrigation scheduling and use of superabsorbent polymers on growth, seed and water
productivity, soil moisture dynamics in Indian mustard under semi-arid conditions.
The results showed that plant growth parameters, yield attributes, seed yield and oil
yield were recorded from IW: CPE=0.8.

Maurya et al. (2022) conducted a field experiment during Rabi season of year
2019-20 at Integrated Farming System Research Unit farm in Banda University of
Agriculture and Technology, Banda (U.P. - 210001) India to study the response of
various mustard varieties to different irrigation scheduling treatments through critical
growth stage approach. Higher growth attributing characters at different crop stages
and at harvest viz. plant height, number of primary & secondary branches, leaf area
index, plant dry matter, crop growth rate, relative growth rate and net assimilation rate

were recorded in.

Singh et al. (2022) conducted a field experiment at research farm (Agronomy)
of Pacific College of Agriculture, Udaipur, during the rabi season of 2018-19, named
response of select mustard (Brassica juncea L.) cultivars to varied irrigation schedules

based on IW/CPE ratios. They concluded that irrigation at IW/CPE ratio 0.8

28



considerably increased plant height at maturity, the number of green leaves per plant,

and the number of branches per plant.

Thakur et al. (2022) conducted an experiment during rabi season of 2020-2021
at Water Management Farm, CSKHPKYV, Palampur to find out the effect of irrigation
levels and management practices on growth and yield of different Brassica species.
The results revealed that application of three irrigations significantly increased the
plant height, dry matter accumulation, seed and stover yield of Brassica species as

compared to two irrigations.

Naragund ef al. (2023) carried out an experiment during winter (Rabi) seasons
0f 2019-20 and 2020-21 at Agronomy Farm, Anand Agricultural University, Anand,
Guyjarat to assess the influence of irrigation scheduling and nitrogen management on
crop growth and development of Indian mustard [Brassica juncea (L.) Czern]. The
results showed that, growth traits of mustard, viz. height of plant, dry matter
accumulation, crop growth rates, leaf area and leaf area index were significantly
enhanced by scheduling irrigation at 0.8 IW/CPE ratio and application of 50% RDN
through chemical fertilizer + 50% RDN through vermicompost among nitrogen

management treatments.

Saini et al. (2023a &b) carried out a field experiment during rabi season of
2021-22 on loamy sand of Agronomy Instructional Farm, C. P. College of Agriculture,
S. D. Agricultural University, Sardarkrushinagar, Gujarat to assess the impact of levels
of irrigation and nitrogen with & without mulch on growth, yield attributes, yield, field
water use efficiency and economics of mustard. The results indicated that significantly
higher growth and yield parameters viz., plant height at harvest (195.6, 191.9 cm), dry
matter accumulation at harvest (46.69, 49.26 g/plant), CGR and RGR were recorded.

2.8 Effect of irrigation regimes on yield attributes of toria

Thakur (2013) reported that 2 irrigations at 40 and 75 DAS resulted in
significantly higher the number of siliquae plant™, seeds siliqua™, 1000-seed weight,
seed yield, stover yield, biological yield and harvest index of Indian mustard than that

of one irrigation at 40 DAS and rainfed.
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Bharat et al. (2019) conducted an experiment to study the effect of irrigation
scheduling and hydrogel application in Indian mustard (Brassica juncea L.) of Jammu
region, India. Irrigation scheduling at 0.8 and 0.6 IW/CPE resulted in significant
increase in the yield attributes, oil yield and seed yield of Indian mustard during first
and second year of experimentation besides concomitant increase in the water use

efficiency of Indian mustard than control and other treatments.

Konwar et al. (2019) conducted a field experiment during rabi 2016-2017 and
2017-18 at Assam Agricultural University, Jorhat to find out the optimum irrigation
scheduling and to evaluate the suitable planting geometry of rapeseed (Brassica rapa
var. dichotoma) under system of rapeseed intensification. Three irrigations applied at
flower initiation, 50% flowering and at siliqua development stage recorded the highest
yield attributes viz., number of branches plant™, siliquae plant!, number of seeds

siliqua™!, highest seed and stover yield.

Barick et al. (2020) carried out an experiment during rabi season of 2017-18 at
the Instructional Farm, Jaguli, Bidhan Chandra Krishi Viswavidyalaya, Nadia, West
Bengal to study the effect of irrigation levels and methods of sowing on production
potential of rapeseed (Brassica campestris L. Prain). The result revealed that the yield
attributes viz. primary branches plant™, siliqua plant™, seeds siliqua™ and test weight
(g) and yield of rapeseed were recorded to be maximum under [4(IW:CPE= 1.0) which

recorded 55.69% increase in yield over control (Iy).

Rana et al. (2020) carried out an experiment to evaluate the effect of sulphur
fertilization and irrigation scheduling on mustard hybrids in Varanasi, India during
Rabi seasons (Oct—March) of 2015-16 and 2016—17. Results revealed that individually
irrigation scheduling at 0.8 IW: CPE recorded number of primary and secondary
branches, number of siliquae plant™', number of seeds siliqua™', siliqua length and seed

yield.

Das et al. (2021) conducted an experiment at the Instructional-cum-Research
(ICR) farm of Assam Agricultural University, Jorhat in 2013-14. The results of the

experiment revealed that three irrigations at 20 DAS, flowering and siliqua formation
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stage performed better than those with one irrigation at flowering and rainfed crop in

response to physiological traits and biological yield.

Bhukhar ef al. (2022 a&b) conducted an experiment at 2018 during the Rabi
season of 2018 at S.K.N. College of Agriculture, Jobner (Rajasthan) . Results revealed
that the scheduling of drip irrigation at 0.8 IW/CPE ratio recorded significantly higher
plant height, dry matter accumulation, siliquae per plant, seeds per siliqua, test weight
and seed yield over 0.4 IW/CPE ratios, which was statistically at par with 0.6 IW/CPE

ratio.

Kumar ef al. (2022) conducted an experiment at Agriculture Research farm,
Rama University, Kanpur during rabi season of 2021-22 to study the effect of
Irrigation and Sowing time on Growth and Yield of Indian Mustard (Brassica juncea
L.) in central plain zone of UP. Among the treatments, it was found that mid sowing
time 15th November, and Irrigation schedule 20, 35, 50 DAS have best result in terms
of growth, development, yield and quality of mustard crop.

Saini et al. (2023 a&b) carried out a field experiment during rabi season of
2021-22 on loamy sand of Agronomy Instructional Farm, C. P. College of Agriculture,
S. D. Agricultural University, Sardarkrushinagar, Gujarat to assess the impact of levels
of irrigation and nitrogen with & without mulch on growth, yield attributes, yield, field
water use efficiency and economics of mustard. The results indicated that significantly
higher yield parameters viz number of primary branches per plant (5.50, 5.58), number
of siliquae plant™ (277.0, 279.3) and number of seeds siliqua™ (13.50, 13.48) were
recorded with irrigation scheduled at 1.0 IW/CPE.

2.8 Effect of irrigation regimes on seed and stover yield of toria.

Yadav et al. (2010) reported that the seed and straw yields of mustard were
significantly affected due to irrigation regimes. The application of two irrigations
resulted in 24.2 per cent and 8.8 percent increase in seed yield and 20.1 percent and12.4
percent in straw yield over one irrigation applied at pod development stage and flower

initiation stage, respectively.
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Piri (2012) studied the effect of irrigation scheduling on black mustard and
reported that the application of two irrigations significantly increased seed yield,
biological yield and harvest index than one and no irrigation in black mustard in clay

loam soil.

Sarma and Das (2017) carried out a field experiment on irrigation and fertilizer
effects on productivity, quality, water use and economics of Yellow Sarson [Brassica
rapa (L.) var. trilocularis] to study the effect of irrigation and fertilizer on Yellow
Sarson with four irrigation regimes and three level of fertilizer. Results showed that
two irrigations at flowering- and pod formation stage also recorded 6.8, 11.6 and 46.9
percent higher yield over single irrigation at flowering, single irrigation at pod

formation and rainfed crop.

Deka et al. (2018) conducted an experiment during 2014-15 in the Rabi season
at Instructional Cum Research Farm of Assam Agricultural University, Jorhat, Assam,
India to find the effect of different irrigation schedule and fertilizer levels on seed
yield, oil content and nutrient uptake in late sown toria (Brassica campestries var.
toria) grown after sali rice. Result revealed that application of different irrigation and
fertilizers has significantly increased the yield of late sown toria over control. Out of
different irrigation schedule, application of 6 cm irrigation at 25 and 50DAS recorded
the higher seed yield (9.55 q ha™') which is 16.60, 23.11 and 37.10 percentage higher
over the other irrigation schedules i.e. 6 cm irrigation at siliqua formation stage (50

DAS), 6 cm irrigation at pre flowering stage (25DAS) and rainfed respectively.

Shivram et al. (2018) conducted an experiment at Azad University of
Agriculture & Technology, Kanpur and revealed that 3 irrigations at 30-35 DAS,
flowering and siliqua development gave significantly higher seed yield, stover yield
and biological yield than that of two irrigations at (30-35 DAS and flowering or 30-35
DAS and siliqua development) and single irrigation at 30-35 DAS or flowering. These
clearly indicated that the yield of Indian mustard increased with increasing intensity

ofirrigation and responded better up to three irrigations at different crop growth stages.

Singh et al. (2019a,b&c) conducted an experiment for two consecutive winter

(rabi) seasons of 2014—15 and 2015-16 at G.B. Pant University of Agriculture and
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Technology, Pantnagar to evaluate the effect of irrigation levels, planting methods and
mulching on growth, yield, water-use efficiency, economics and nutrient uptake in
yellow sarson (Brassica rapa L.). Results showed that maximum plant height, total
dry matter, yield attributing characters, seed and stover yields, nutrient uptake by seed
and stover, net returns and benefit: cost ratio were recorded from 1.2 IW/CPE ratio
followed by 0.9 IW/CPE ratio. Higher water-use efficiency (WUE) was recorded with
irrigation at 0.9 IW/CPE ratio, which was at par with 1.2 IW/CPE ratio.

Singh et al. (2019 a,b&c) conducted an experiment for two consecutive rabi
seasons during 2014-15 and 2015-16 at Norman E. Borlaug Crop Research Centre of
G.B. Pant University of Agriculture and Technology, Pantnagar to evaluate growth and
yield parameters of yellow sarson (Brassica rapa L.) affected by different irrigation
levels, planting methods and mulching. Results revealed that significantly seed yield
of yellow sarson increased significantly up to 0.9 IW/CPE ratio as compared to

remained irrigation levels.

Singh et al. (2021 a&b) carried out an experiment during winter seasons of
2014-15 and 2015-16 at crop research farm of Pantnagar, India to evaluate the effect
of irrigation levels, planting methods and mulching on nutrient uptake, yield, quality,
water and fertilizer productivity of field mustard Brassica rapa L.) at sandy loam soil.
Results revealed that irrigation at 1.2 irrigation water/ cumulative pan evaporation ratio
(IW/CPE ratio) resulted in higher yield, N, P, K, and S uptake by plant, oil quality and
fertilizer productivity and this irrigation level was at par with 0.9 IW/CPE ratio during

Ist year of study when there was good amount of winter rainfall.

Bhindani et al. (2020a,b&c) conducted an experiment during Rabi season of
2017-18 at Central Research Farm, Gayespur, Nadia, under Bidhan Chandra Krishi
Viswavidyalaya, Mohanpur, West Bengal to study the effect of irrigation and nitrogen
levels on performance of hybrid mustard. The study revealed that maximum seed yield
(2016 kg/ha) was achieved in IW: CPE=1.0 followed by IW: CPE =1.2. The highest
oil content was observed in IW: CPE =1.2. The highest WUE and biological yield of
mustard was observed in IW: CPE =1.0 and IW: CPE=0.8, respectively.
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Maurya et al. (2023) conducted a field experiment during Rabi season of year
2019-20 at Integrated Farming System Research Unit farm in Banda University of
Agriculture and Technology, Banda (U.P. - 210001) India to study the response of
various mustard varieties to different irrigation scheduling treatments through critical
growth stage approach. Higher yield (grain yield, straw yield, biological yield and
harvest index) along with B: C ratio was recorded under treatment irrigating the crop

for two times during rosette and pod formation.
2.9 Effect of irrigation regimes on quality of toria

Yadav et al. (2010) observed that the irrigation applied at siliquae development
stage recorded significantly higher oil content (40.80%). However, the maximum oil
yield was produced with irrigation at flower initiation + seed development stage, which

might be owing to higher yield.

Verma et al. (2014) studied the response of mustard varieties to irrigation
scheduling and reported that oil content was not significantly influenced due to
irrigation scheduling. However, oil yield (856 kg/ha), and protein content (25.47%)
were influenced significantly due to irrigation scheduling. Higher oil yield was
recorded with two (irrigation at branching + siliqua formation), which was
significantly superior over single irrigation and no irrigation treatment. The minimum

oil yield was recorded under no irrigation schedule treatment.

Ray et al. (2015) found that the two irrigations applied in mustard crop at
flower initiation (30 DAS) and siliqua development stages (60 DAS) increased oil
content in seed (40.88 %) as compared to single irrigation at flower initiation (30 DAS)

or at siliqua development stages (60 DAS), while working in clay loam soil.

Das et al. (2019) conducted a field experiment during the rabi season of 2013-
14 at Instructional Cum Research farm of Assam Agricultural University, Jorhat,
Assam, India to study the response of rapeseed (Brassica campestris var. toria)
varieties to varying levels of irrigation under late sown conditions. Results revealed
that highest oil yield 594 kg ha™! was recorded from irrigations at 20 days after sowing

(DAS), flowering and siliqua formation stages.
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Singh et al. (2022) conducted a field experiment at research farm (Agronomy)
of Pacific College of Agriculture, Udaipur, during the rabi season of 2018—19, named
response of select mustard (Brassica juncea L.) cultivars to varied irrigation schedules
based on IW/CPE ratios. Significant increase in the quantity of siliquae & seeds per
plant and highest seed production of 20.33 q ha-1and oil content was recorded with an

IW/CPE ratio of 0.8 as opposed to 0.4.
2.10 Effect of irrigation regimes on nutrient content in plant

Singh (2014) reported maximum N, P and K content in seeds and stover with
irrigation over no irrigation. However, the N, P and K uptake by seeds and straw, and
the total N, P and K uptake were significantly more with irrigation than that without

irrigation.

Verma et al. (2014) found N uptake was influenced significantly due to
irrigation schedule. Significantly higher N uptake (87.35 kg / ha) was recorded with
two irrigation (irrigation at branching + siliqua formation) which was significantly
superior over single irrigation and no irrigation. The minimum N uptake was recorded

under no irrigation schedule treatment.

Bhatt and Kushwaha. (2019) carried out an field experiment during rabi season
of 2015-16 to analyse the effect of different irrigation schedules on water use
efficiency and nutrient uptake of yellow mustard (Brassica juncea L.) cv. Pant Pili
Sarson-1, at Norman E. Borlaug Crop Research Centre of Govind Ballabh Pant
University of Agriculture and Technology, Pantnagar. Maximum uptake of nutrients
by crop was observed under IW: CPE 0.75 associated with deep water table condition

(90+1.5 cm) using sprinkler method of irrigation.

Niwas ef al. (2020) conducted a field experiment during rabi season of 2017-
18 at Agronomy Research Farm of Acharya Narendra Deva University of Agriculture
& Technology, Kumarganj, Ayodhya, Uttar Pradesh, India. The results revealed that
irrigations either at 1.0 IW/CPE ratio or at critical growth stages (CRI, TRS, LJS, FRS,
MKS & DS) recorded maximum yield potential (45.40 to 46.00 q ha™ grain yield and
65.83 to 66.29 q ha™! straw yield), enhanced nutrient uptake (Nitrogen 72.68 kg ha™!,
Phosphorus 18.03 kg ha™ and Potassium 16.97 kg ha™!) in grain of wheat.
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Barman et al. (2023) conducted an experiment to evaluate effects of deficit
irrigation scheduling (DIS) and different Agri-Horti System (AHS) on nutrient uptake,
quality and fertilizer productivity of Indian mustard under sandy loam soil. Results
revealed that among different levels of irrigation scheduling, 0.6 IW (irrigation water)/
Cumulative pan evaporation (CPE) ratio resulted in higher amount of total N, P, K and
S uptake which remained significantly superior over 0.4 IW/CPE and rainfed
treatments. They also revealed that Indian mustard could be suitably irrigated with 0.6
IW/CPE ratio to achieve higher nutrient uptake, quality and fertilizer productivity

under moringa based AHS.

Meena et al. (2023) conducted a field experiment to study the effect of
irrigation scheduling and foliar application of thiourea on nutrient concentration,
uptake and water use efficiency of mustard. The results revealed that drip irrigation at
0.6 IW/CPE ratio recorded significantly higher nitrogen, phosphorus, sulphur
concentration and their uptake in mustard, water use efficiency as well as protein
content as compared to surface irrigation, sprinkler and drip irrigation at 0.4 IW/CPE

ratio.

Saini et al. (2023 a) carried out a field experiment during rabi season of 2021-
22 on loamy sand of Agronomy Instructional Farm, C. P. College of Agriculture, S. D.
Agricultural University, Sardarkrushinagar, Gujarat to assess the impact of levels of
irrigation and nitrogen with & without mulch on growth, yield attributes, yield, field
water use efficiency and economics of mustard. The N (54.80 kg/ ha), P (7.36 kg/ ha)
and K (15.71 kg/ha) after harvest were found to be highest in IW: CPE =1.

2.10 Effect of irrigation regimes on economics of toria

Piri ef al. (2011) studied the effect of irrigation levels on yield analyses and
water use efficiency of Indian mustard and founded that application of two irrigations
at 45 DAS and 90 DAS significantly increased gross returns (37655 % ha™'), net returns
(25362 Z ha!) and B: C ratio (2.06).

Gupta and Tomar (2015) carried out an experiment during Rabi season 2013-14 at

Rajasthan, DRMR (ICAR) Bharatpur. The crop recorded higher gross return, net return
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and benefit cost ratio in improved technologies as compared to the farmers using

traditional practices of cultivation.

Jat et al. (2017) reported from the experiment with 5 irrigation (viz., no
irrigation, 0.4 -IW/CPE, 0.6 - IW/CPE, 0.7 - IW/CPE and 0.8 - IW/CPE) scheduling.
Experiment results revealed that maximum gross return (99658 % ha™!), net returns
(72318 T ha!) and B: C ratio (3.69) was recorded under 0.8 - IW/CPE irrigation

scheduling for Indian mustard.

Singh et al. (2017 a&b) study the effect of front line demonstrations on mustard
varieties were conducted at farmer’s field in the NICRA village Chomakot, Kota
district of Rajasthan, during 2011-12 to 2015-16. Observed the frontline
demonstrations recorded higher mean gross return (65249 Z ha'') and mean net returns

(45589 T ha!) with average B: C ratio (3.42) compared to the local checks.

Barick et al. (2020) studied the effect of irrigation levels of rape-seed (Brassica
campestris L. Prain) with four irrigation levels (viz., rainfed, IW: CPE of 0.6, IW: CPE
of 0.8, IW: CPE of 1.0). It was found that irrigation levels (IW: CPE of 1.0) recorded
maximum gross return (39016.64 % ha™'), net return (18823.98 Z ha '), and B: C ratio

(1.94) over other control.
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MATERIALS AND METHODS

The present investigation entitled “Effect of precision nitrogen management
and irrigation regimes in rice-toria cropping system in Dimapur district of
Nagaland.)” was conducted at the experimental farm of ICAR, Jharnapani, Nagaland
during the Kharif and Rabi season of 2022-2023 and 2023-2024. In this chapter, the
experimental geographical site, weather conditions, experimental materials and
methodology used to record different observations of the parameters have been

discussed.
3.1 General information
3.1.1 Site of the experiment

The experimental field is geographically located at 25° 45" 43” N latitude and
95° 53’ 04" E longitude at an altitude of 310 m above the mean sea level (MSL). The
site comes under Mid Tropical Hills (AZ52).

3.1.2 Climatic and weather conditions during the experiment period

The climatic conditions of Jharnapani falls under the sub-tropical climatic zone
and is subjected to extreme of weather conditions i.e., extremely hot summer and cold
winter. The region lies in humid sub- tropical region with an average rainfall ranging
from 2000-2500 mm annually. The rainy season usually starts from April and extends
up to the end of September. The mean temperature varied from 21-33°C during
summer while minimum temperature seldom goes down to 8°C in winter owing to

high atmospheric humidity.

The detailed meteorological data of Jharnapani of different weather parameters
recorded during the period of investigation is presented in Table 3.1(a&b) and shown

graphically in Fig 3.1(a&Db).

The average weekly maximum and minimum temperature recorded was

30°Cand 18°C during the first year of investigation, June 2022-February 2023 while
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Table 3.1(a) Average weekly meteorological data recorded during the cropping
system (2022-23 and 2023-24)

Standard | Temperature | Relative Humidity | Rainfall Wind Sunshine
metfaorolo Max. | Min | Max. Min. (mm) speed_ 1 hour
gical oC ) o A (km hr™)
week oC

24 303 | 233 95 74 46.7 0.872 1.3
25 31.2 | 234 95 75 34.8 0.824 1.8
26 333 249 93 68 9.9 1.313 4.5
27 342 | 247 91 66 77.1 1.569 7.2
28 34.1 | 245 90 69 22.9 1.464 6.9
29 33.9 | 245 92 75 135.3 1.357 3.4
30 31.8 | 232 96 70 135.3 1.024 3.6
31 33.6 [ 239 93 68 48.8 1.259 3.1
32 333 239 96 71 114.7 1.205 5.1
33 33.6 | 242 91 72 27.5 1.286 6.1
34 34.1 | 245 94 68 64.2 1.039 4.1
35 32.7 1243 93 68 9.0 0.945 4.6
36 334 | 244 89 67 21.7 1.423 4.9
37 31.9 | 235 91 72 42.8 1.042 4.1
38 33.5 | 24.0 91 65 15.3 0.964 5.6
39 32.8 | 232 91 70 81.2 1.024 6.3
40 31.9 | 235 95 74 31.0 0.672 4.4
41 31.8 | 22.7 91 71 2.9 0.810 5.0
42 30.9 | 20.6 94 65 19.7 1.010 59
43 28.1 | 19.9 95 71 41.0 1.127 4.7
44 29.8 | 171 96 60 0.0 0.963 8.0
45 293 | 16.7 96 57 0.0 0.867 8.2
46 279 | 14.6 98 56 0.0 0.971 8.2
47 277 | 12.8 96 52 0.0 0.913 8.0
48 27.8 | 143 96 67 0.0 0.932 7.4
49 27.6 | 12.0 95 49 0.0 0.944 8.0
50 264 | 113 96 50 0.0 0.843 7.0
51 257 | 11.0 96 51 0.2 0.704 6.4
52 227 [ 11.2 97 60 15.2 0.595 3.9
1 23.2 9.2 97 50 0.0 0.782 6.9
2 254 8.8 96 55 0.0 0.114 6.9
3 22.8 7.0 94 45 0.0 0.791 5.7
4 24.9 6.9 93 45 0.0 0.804 6.0
5 27.0 | 104 93 46 0.0 0.868 6.2
6 25.6 | 10.2 94 53 0.0 1.156 3.7
7 269 | 11.0 91 43 0.0 1.337 53
8 29.0 | 151 93 51 0.0 1.513 3.4

Source: ICAR Research Complex for NEH Region, Jharnapani, Nagaland
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Table 3.1. (b) Average weekly metrological data during the cropping system

(2022-23 and 2023-24)

Standard | Temperature | Relative Humidity | Rainfall | Wind | Sunshine
meteorolo [ nax. | Min. | Max. Min (mm) speed hour
gical oC oC A A (km hr
week. h
24 303 | 233 95 74 46.7 0.872 1.3
25 31.2 | 234 95 75 34.8 0.824 1.8
26 33.3 | 249 93 68 9.9 1.313 4.5
27 342 | 247 91 66 77.1 1.569 7.2
28 341 | 245 90 69 22.9 1.464 6.9
29 33.9 | 245 92 75 135.3 1.357 34
30 31.8 | 232 96 70 135.3 1.024 3.6
31 33.6 | 239 93 68 48.8 1.259 3.1
32 333 | 239 96 71 114.7 1.205 5.1
33 33.6 | 242 91 72 27.5 1.286 6.1
34 34.1 | 245 94 68 64.2 1.039 4.1
35 32.7 | 243 93 68 9.0 0.945 4.6
36 334 | 244 89 67 21.7 1.423 4.9
37 31.9 | 235 91 72 42.8 1.042 4.1
38 33.5 | 24.0 91 65 15.3 0.964 5.6
39 32.8 | 232 91 70 81.2 1.024 6.3
40 31.9 | 23.5 95 74 31.0 0.672 4.4
41 31.8 | 22.7 91 71 2.9 0.810 5.0
42 30.9 | 20.6 94 65 19.7 1.010 59
43 28.1 19.9 95 71 41.0 1.127 4.7
44 298 | 17.1 96 60 0.0 0.963 8.0
45 293 | 16.7 96 57 0.0 0.867 8.2
46 279 | 14.6 98 56 0.0 0.971 8.2
47 277 | 128 96 52 0.0 0.913 8.0
48 27.8 | 143 96 67 0.0 0.932 7.4
49 27.6 | 12.0 95 49 0.0 0.944 8.0
50 264 | 113 96 50 0.0 0.843 7.0
51 257 [ 11.0 96 51 0.2 0.704 6.4
52 227 | 11.2 97 60 15.2 0.595 3.9
1 23.2 9.2 97 50 0.0 0.782 6.9
2 254 8.8 96 55 0.0 0.114 6.9
3 22.8 7.0 94 45 0.0 0.791 5.7
4 24.9 6.9 93 45 0.0 0.804 6.0
5 27.0 | 104 93 46 0.0 0.868 6.2
6 256 | 10.2 94 53 0.0 1.156 3.7
7 269 | 11.0 91 43 0.0 1.337 5.3
8 29.0 | 15.1 93 51 0.0 1.513 34
Source: ICAR Research Complex for NEH Region, Jharnapani, Nagaland
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29.3°C and 18.9°C during the second year of investigation, June 2023-February 2024.
The mean weekly maximum and minimum relative humidity recorded was 94% and
64% during the first year, June 2023-February 2024 while 93.7 % and 67.8% during
the second, June 2023-February 2024. The mean weekly sunshine hours during the
period of experimentation were 6 hrs during the first year, June 2022-February 2023
and 5.1hrs during the second year, June 2023-February 2024. The average weekly
amount of rainfall received during the first and second year, was 28 mm and 29.1 mm
respectively. The average weekly amount of wind speed for first and second year was

1 km hr! and 0.3 km hr'!, respectively.
3.1.3 Cropping history of the experimental site

The details of the crops grown and cropping system adopted on the

experimental site for the last few years are shown in the Table 3.2.

Table 3.2: Cropping history of the experimental site

SIL. Season
Year
No. Kharif Rabi Zaid
1. 2020 Rice Toria Green gram
2. 2021 Rice Toria Green gram

3.1.4 Details of the experimental soil condition

To study the physio- chemical properties of the soil, the respective soil samples
were collected randomly from the experimental field at a depth of 0-15 ¢m by soil
auger before sowing of the crop. Likewise, soil samples were collected from each plot
after harvesting of the main crop to know the fertility status during both the years of
investigation. The collected soil samples were dried in the shade area, grind and sieved
through 2 mm sieve and were used for the estimation of Available nitrogen,
phosphourus, potassium, pH, organic carbon and EC of the soil samples by the
standard methods as given in Table 3.3. The details of the initial physico-chemical

properties of the experimental field re shown in Table 3.3
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Table 3.3: Initial soil fertility status of the experimental fiel

2022-23 2023-24
Character- |y p thod followed
istics
Content Remark Content | Remark
Sand: Sand:
International 52.87% Sandy 53.47% Sandy
Soil texture pipette method Silt: 27.1% loam Silt: 27.3% loam
(Piper, 1966) Clay: Clay:
20.66% 20.10%
Glass electrode pH
Soil pH meter 5.03 Acidic 5.39 Acidic
(Jackson, 1973)
Titrimetric
Organic determination 0.64 . .
carbon (%) (Walkley and Medium 0.67 Medium
Black method,
1934)
Conductivity 0.65
EC (ds/m) bridge Medium 0.66 Medium
(Jackson, 1973)
Available Alkaline potassium
soil nitrogen P ermanganat'e 285.82 Medium 287.47 Medium
(ke ha!) method. .(Subblah
and Asija, 1956)
Available Bray’s No. 1
soil method 22.15 . .
phosphorus (Bray and Kurtz, Medium 22.86 Medium
(kg ha') 1945)
Available Neutral normal
sml. ammonium acetate 132.55 Medium 136.39 Medium
potassium method (Hanway
(kg ha') and Heidal, 1952)
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3.2 Details of the experimental techniques

3.2.1 Experimental design and layout

The first experiment was laid out in Randomised Block Design (RBD) with four

number of treatments which were replicated thrice. The second experiment was laid in

Split Plot Design (SPD) consisting effect of residual nitrogen management in the main

plot and three irrigation regimes in the sub-plot and were replicated thrice. The detailed

plan of layout of the experiments for both the years are presented in Fig 3.2(a&b)

3.2.2 Detail layout of the experiment

The details of the experiment are given below:

1. Crop-I

L.
ii.
iii.

1v.

Vi.
vil.
viil.
ix.
X.

XI.

Variety
Spacing
Recommended fertilizer dose

Experimental design

Number of treatments
Number of replications
Total number of plots
Gross experimental area
Net experimental area
Block border

Plot border

2. Sequential Crop-II

i.
ii.
iii.
1v.
V.

Vi.

Variety

Spacing

Recommended fertilizer dose
Experimental design

Main plot

Sub- plot
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- Rice

- RCM-9

-20cm x 10 cm

- 80-40-40 kg ha™! (NPK)

- Randomised Block Design
(RBD)

-4

-5

-20

- 14m x 10.5m

-12.5m x 9m

-1m

-0.5m

- Toria

- TS- 67

-30 cm x 5-10 cm

-50-60-20: kg ha™! (N,P,0s, K>20)

- Split Plot Design (SPD)

-4

-3
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Fig 3.2(a) Layout of the first experiment (Rice)
Ry Ry R3 Ry Rs
4 cm
Nuly 1 Noly Nily Noly NsLy
Nl N,L NiL, N,l N:l,
Nuls Nl; Nil; Nl; Nsls
Nsh NI, NI, A NI,
Nsl, I N:L, VA NI,
Nsls Nl N;l; Nuls Nils
Noly NiI, Ny NI, AR
Nol, N:l, NI, Nil, Nul,
Nols Nil; Nyl Nil; Nyl;
Nih NI NI, NI, NI,
Nil, Nyl NI, N;l, Nal,
Nils N, Nal; Nil; Nal;

Fig 3.2(b) Layout of the second experiment (Toria)




vii.  Total number of treatments -12

viii.  Number of replications -5
ix.  Total number of plots - 60
x.  Gross experimental area -4mx3m
xi.  Net experimental area -3mx2.5m
xii.  Block border -1m
xiii.  Plot border -0.5m

3.2.3 Treatment details

The details of the treatments of the first experiment along with symbols used

to represent are given below:

Precision nitrogen management

N1 - Control

N2 - Split application of N (3 split) — 80 kg ha™!

(50 % at FLP (Basal) + 25 % at Maximum tillering stage + 25 % at PI)

N3 — Leaf colour chart (LCC) based N application

(The LCC critical value will be maintained at 4-5 and 15kg ha™ of N will be
applied)

N4 - SPAD (Chlorophyll meter) based N application

(The SPAD value will be maintained at 36 and 15kg ha™ of N will be applied)

The details of the treatments for second experiment in the main and sub-plots

along with symbols used to represent are given below:
Main plot

The four residual treatments (nitrogen management practices) in rice were

imposed on toria.
Sub plot

Irrigation regimes
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I1-No irrigation (control)

L2-IW: CPE=0.8

I-IW: CPE =1.0

3.2.4 Details of the experimental crop
3.2.4.1 Rice variety- RCM-9

Rice (Oryza sativa L.) belongs to the family Poaceae. RCManiphou-9 is a
mutant culture of Punshi, a high yielding variety released in 2000 in Manipur. It is also
known by different local synonyms like Punshi mutant, M-58, M-50, M- 15,
Charongphou and Niphuthokpi. RCM-9 is suitable for irrigated or waterlogged (5-15
cm) low land with medium to high soil fertility, early to medium and early to late
planting for main kharif. It is slightly short day and is suitable for the main and late
seasons. It matures in 135 to140 days depending on sowing time. It has a high tillering
ability (15-20/hill) and long panicle s with 300-450 spikelets, distinguishing from
other cultivars by its well -exerted profuse whitish panicles at the flowering stage. It

has tolerance to blast. Its yield ranges from 5 to 7 t/ha.
3.2.4.2 Toria variety-TS- 67

Toria belongs to the family Brassicaceae. It is released in the year 2015-2016
in AAU, Jorhat. This variety is suitable for cultivation in the Northeastern region of
India, particularly in the context of a rice- toria cropping sequence. It is known to be
tolerant to White Rust and Alternaria blight, making ita good choice for regions where
these diseases are pravelent. Plant type is semi erect and medium in height with a
duration of 90-95 days. It has a potential yield of 10-12 g/ha. The oil content of TS-67
typically ranges from 44 % to 46%.

3.2.5 Calendar of agronomic management operations

The dates and operations from the initial field preparation to final crop harvest have

been presented below in the Table 3.4.
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Table 3.4: Calendar of agronomic management practices

SL . Year- 2022-23 Year- 2023-24
No. Operations
Date
1 Land preparation
Nursery bed preparation 13.06.2022 15.06.2023
Sowing of seed in nursery bed 15.06.2022 17.06.2023
Ploughing of main field 9.07.2022 11.07.2023
2 Layout 10.07.2022 12.07.2023
3 Puddling and levelling 11.07.2022 13.07.2022
4 Bunding 12.07.2022 14.07.2022
5 Fertilizer application as basal 14.06.2022 16.06.2023
6 Transplanting 15.07.2022 17.07.2023
7 Weeding 25.07.2022 28.07.2023
8 Irrigation 26.07.2022 29.07.2023
9 15 biometric observation 15.08.2022 17.08.2023
10 2" biometric observation 16.09.2022 17.09.2023
11 Weeding 21.08.2022 24.08.2023
12 3rd biometric observation 16.10.2022 17.10.2023
13 Harvesting 2.11.2022 4.11.2023
14 Threshing and winnowing 9.11.2022 11.11.2023
15 Ploughing through rotavator 12.11.2022 15.11.2023
16 Lay out 13.11.2022 16.11.2023
17 Fertilizer application for toria 15.11.2022 17.11.2023
18 Sowing of toria 16.11.2022 18.11.2023
19 First irrigation after sowing 16.11.2022 19.11.2023
20 Thinning and earthing up 6.12.2022 8.12.2023
21 Hand weeding 12.12.2022 13.12.2023
22 1° biometric observation 16.12.2022 18.12.2023
23 2" biometric observation 16.01.2023 18.01.2024
24 Weeding 25.01.2023 26.01.2024
25 3" biometric observation 16.02.2023 18.02.2024
26 Harvesting 22.02.2023 24.02.2024
27 Threshing and winnowing 28.02.2023 29.02.2024
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3.2.7 Agronomic practices

The details of various agronomic practices, inter-cultural operations and

laboratory analysis carried out during the period of investigation are given below.
3.2.7.1.a Nursery bed preparation for rice

Nursery bed was prepared after puddling the land. Seed bed of 1.47 sq. m was
prepared for sowing of seed. The seed was soaked in the plastic tub by putting the seed
in the gunny bags for one day. Next day, the seeds were spread in the plastic sheet in
the floor and cover with the gunny bags and kept for 1 day in order to germinate the
seed. The pre germinated seed were sown in the prepared bed. Irrigation was given to
maintain the saturated condition of the nursery bed. Transplanting was done when the

seedling was 30 days old.
3.2.7.1. b Field preparation for rice

The field was ploughed thoroughly by tractor drawn disc plough at first
followed by power tiller or rotavator. The plot of the experiment was laid out in field
as per the design. Bunds were made in order to keep the standing water upto 5-15 cm.
After 20 days the field was ploughed by the power tiller. The puddling was done
manually in order to make the soil softer and which also help in increasing the soil
moisture of the soil. All the weeds, stubbles, waste, etc. were removed from the field

and levelling was done.

3.2.7.2 Fertilizer application

The nutrient was applied in the form of Urea (nitrogen), Single Super
phosphate (phosphorus) and Muriate of Potash (potassium) as per the treatment. In
treatment N2 nitrogen were applied in three split doses, half of the urea were applied
as a basal, one-fourth at the tillering stage and the remaining one-fourth at the panicle
initiation stage. In treatment N3 and N4 20kg ha™! N were applied as a basal. After 30
DAT, nitrogen level was checked through LCC and SPAD meter. When the nitrogen
level was below the threshold level (LCC=4, SPAD= 36), then nitrogen was applied
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in the treatment plots. The entire amount of phosphorus and potassium were applied

as per recommended dose in the plots except control plot at the time of transplanting.
3.2.7.3 Transplanting

The seedling were uprooted from the nursery bed and kept in the field when
the seedlings were 30 days old. On next day, transplanting was done manually in the

main field by maintaining the row spacing of 20 cm.
3.2.7.4 Weeding and irrigation

Weeding was done at 45 DAT manually followed by 65 and 90 DAT. Irrigation
was given as and when required by the crops through pipes. Since the experiment was

conducted in the kharif season only three irrigations were applied.
3.2.7.5 Plant protection measures

Systematic field assessment was done to observe and control was done for the

pest and diseases in the experimental crop.
3.2.7.6 Harvesting and threshing

The crop was harvested at maturity as the panicles turn brown in colour
coupled with yellowish straw. Harvesting was done manually with the help of sickle.
From the net plot area, the crop was harvested treatment wise. Then the harvested crop
was sun dried for 5-6 days. It was manually threshed and winnowed. The grains were
dried properly and weight was recorded as per treatment and converted into kg ha™’.
Similarly, the straw was also dried properly in the sun and weight was recorded as per

treatment.
3.2.7.7 Land preparation of succeeding crop

After harvesting of kharif crop, each plot was divided into three plots to
conduct an experiment on three different irrigation regimes during rabi season. The
land was ploughed manually and making a line furrow with the help of spade

maintaining a row spacing of 30 cm.
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3.2.7.8 Fertilizer application

A recommended dose of 50-60-20 kg ha™! N, P and K was applied as a basal
before sowing. Half dose of nitrogen and full dose of phosphorus and potassium was
applied as a basal in each plot. Remaining half dose of nitrogen was applied at 30 DAS

of toria.
3.2.7.9 Sowing

The seed rate of 5-6 kg ha™! was sown in line maintaining a spacing of 10 cm

between the plants and row spacing of 30 cm by placing the seed at a depth of 3 cm.
3.2.7.10 Intercultural operations

Intercultural operation like weeding and thinning was done manually and
earthing up by spade at 45DAS. Second and third weeding was done as and when

required.
3.2.7.11 Irrigation

Irrigation was given for all the treatments at the time of sowing. But after 30
DAS irrigation was given in the treated plot in terms of IW:CPE ratio. IW was taken
as 3 cm and evaporation was checked from the weather data. In I and I3 treatments,

irrigation was given at IW:CPE ratio of 0.8 and 1 respectively.
3.2.7.12 Harvesting and threshing

Harvesting of crop was done when the siliqua turns §0% brown coloured and
harvested from the net plot area leaving the border rows and 0.5 m row length from
both sides. The plants were harvested manually by pulling out from the ground and
tied into the bundles separately representing different plots. The bundles were drying
in the sun for one week. The threshing was done in the floor by crushing with feet. The

seeds and straw were separated by winnowing and weighed separately.
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3.3 Collection of experimental data (Biometric Observation)

The five plants were selected randomly and were tagged from the net plot and
observations on growth parameters of the crop were recorded on 30 days intervals.
Destructive sampling was taken from the border row. To analyze the effectiveness of
different treatments, data on various growth and yield attributing parameters by regular
plant sampling was carried in both the years. The technique used and the details of the

observation are narrated as.
3.3. Rice

3.3.1 Growth attributes
3.3.1.1 Plant height (cm)

Plant height was recorded from the five tagged samples. It was measured from
the ground level up to the tip of the flag leaf at 30 and 60 DAT and up to the base of
the panicle at 90 DAT. The average plant height was carried out and expressed in

centimeter (cm).
3.3.1.2 Plant population m

Plant population per metre square was measured from the selected area by
using quadrat of Im x 1m in the net plot area. The plant under that area was counted

as plant population.
3.3.1.3 Number of tillers m~

In each net plot area, one square metre was selected and marked. The number

of tillers were counted from this area and expressed as total number of tillers per m~

at each stage of observations (30 and 60 DAT).

3.3.1.4 Dry matter accumulation (g plant™!)

For measuring the plant dry matter accumulation, five plants were

selectedfrom outside the net plot area but not from extreme border row and cut at the
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ground level at 30, 60 and 90 DAT and dried in the sun for 24 hours. Then the samples
were kept in the oven @ 60°C till the constant weight was obtained and their weight
was recorded. The average weight was taken from the five dry plant sample and the

weight was expressed in g plant™.
3.3.1.5 LCC measurement

The LCC developed by the National Rice Research Institute (NRRI) is a
modified version of LCC developed by International Rice Research Institute with
strips of six shades of green colour showing increasing intensity of colour with
increasing number was used in the study. Five disease-free rice plants were randomly
selected from each plot. The topmost fully expanded leaf was placed on the top of the
leaf colour chart and the colour of the middle part of the leaf was graded according to
the corresponding colour strip on the LCC. During measurement, the leaf being
measured was kept under the shade of the body to avoid the colour variance caused by
sunlight. The LCC readings were taken at 7days intervals starting from 30 days after
transplanting of rice until initiation of the flowering stage during morning (8 AM-10
AM) or afternoon (2-4 PM) under the shade of the body in order to avoid the influence
of the sunlight. Unusually tall or short plants, wet and widely spaced leaves were
avoided. When the colours of five leaves fell below a threshold of shade 4 on the LCC,

the nitrogen was top dressed on the same day.
3.3.1.6 SPAD measurement

Soil Plant Analysis Development (SPAD) Chlorophyll meter (model SPAD 502
of Minotta co., Japan) was calibrated by switching on the meter with no leaf in the
sample slot, followed by completely closing the measuring head until a beep sound
was heard. The meter was, thus, calibrated and ready for measurements. Five disease-
free rice plants were randomly selected from each plot. The SPAD readings were taken
at 7days intervals starting from 30 days after transplanting of rice until initiation of the
flowering stage during morning (8§ AM-10 AM) or afternoon (2-4 PM) under the shade
of the body in order to avoid the influence of the sunlight. SPAD meter reading was

recorded from the uppermost fully expanded leaf midway between leaf base and leaf
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tip. The data was recorded when leaves were on the plant. The selected leaf was
inserted into the sample slot of measuring head of chlorophyll meter to make sure that
the sample was completely covered by the receiving window. The measuring head was
kept completely closed until a beep sound was heard which indicated that measurement
was over and the value appeared on the display. The chlorophyll reading was
automatically saved in the meter. The head was opened and the reading for next leaf
was taken in the same way. The average of all the SPAD meter readings for a plot was
then noted. The average of all the SPAD readings for a plot was noted. After noting
the average SPAD values of the plot, the meter was cleared for the next set of reading
by pressing the" all data clear” button. When the SPAD readings of five leaves fell
below a threshold value 36, the nitrogen was applied on that day.

3.3.1.7 Crop growth rate (g m? day™)

Crop growth rate (CGR) (g m™ day™) at 0-30 DAT, 30-60 DAT and 60-90 DAT
was calculated by using the dry matter accumulation (g) of plant from each plot at 30,

60 and 90 DAT with the following formula (Watson, 1956):

W, =W,

CGR= ———
(t; —t1)S

Where, Wi and W; are the dry weights of plants at t; and to, respectively. S is the land
area (m?) over which dry matter was recorded.
3.3.1.8 Relative growth rate (g ¢! day™)

The Relative growth rate (RGR) (g g! day™) at 0-30 DAT, 30-60 DAT and 60-
90 DAT was also calculated using the data of dry matter accumulation (g) of plant from

each plot at 30, 60 and 90 DAT with the following formula (Blackman, 1919):

InW, —InW;
t—t

RGR =

Where, Wi and W are the dry matter produced by a gram (g) of existing dry matter in
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the day at a time t; and t2, respectively.
3.3.1.9 Net assimilation rate (g m day™')

The Net assimilation rate (g m™ day™') at 0-30 DAT, 30-60 DAT and 60-90 DAT
also calculated using the data of dry matter accumulation (g) of plant from each at 30,
60 and 90 DAT with the following formula (William 1946):
(W, = W;)) x(InL, = InL,)

NAR =
(tz —tpx (L — Ly)

Where,

L1 and W are leaf area and dry weight of the plant, respectively at time t;,
L> and w; are leaf area and dry weight of the plant respectively at time to.

3.3.1.10 Leaf area index (LAI)

Leaf area index is the ratio of leaf area to ground area occupied by the crop plant. Leaf

area index was worked out using the following formula (Watson 1952).

Leaf area (cm?)

Leaf area index =
Ground area (cm?)

3.3.1.11 Relative water content (RWC) (%)

One green leaf was collected as fully developed and expanded topcoat. The
sample was kept in the polythene bag to minimize water loss and then kept the
polythene bag immediately in cooler bag. The leaf was cut into fine pieces about 5-10
cm and took the fresh weight immediately in the electronic balance. The leaf tissue
was transferred in Petri dish with the presence of distilled water and covered with the
petri dish cap. The petri dish was kept in the refrigerator for 4 hours, after 4 hours extra
moisture from hydrated and fully liviged leaf tissue are sieved. The hydrated fully
turgid leaves tissue was measured. The turgid leaf tissues were kept in hot air oven at
100°C for 1 day (24 hours). The dry weight of leaves was measured after proper drying.
RWC was calculated by using the following formula:
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_ FW-DW

TW-DW * 100

RWC

Where, FW, TW and DW are fresh weight, turgid weight and dry weight of the leaf

tissue.
3.3.2 Phenological parameters
3.3.2.1 Days to 50% flowering

Days to 50 per cent flowering was recorded when 50 per cent of plants in net

plot area flowered based on visual assessment and expressed in days.
3.3.2.2 Days to maturity

The days required to attain maturity stage i.e., one third of pods in the plants,
and one third of seeds in the pods turned brown colour, were recorded and expressed

in days.
3.3.3 Yield and yield attributes
3.3.3.1 Number of panicles m™!

From each net plot area, the number of ears bearing tillers were recorded from

tagged plant, the average was calculated and expressed in number of panicles m™.

3.3.3.2 Panicle length (cm)

Panicle length was measured from the healthy five tagged plant. The panicle
length was measured from the base to the top of individual panicle. The average was

calculated and expressed in centimeter (cm).
3.3.3.3 Weight of panicle (g)

From the tagged plants, five panicles were selected randomly for measuring

the weight of the panicle. The average was computed and expressed in gram (g).
3.3.3.4 Number of unfilled grains panicle’!
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For each plot, five panicles were selected randomly from the tagged plants. The

numbers of unfilled grains panicle™! was counted and the average was recorded.
3.3.3.5 Number of filled grains panicle™!

For each plot, five panicles were selected randomly from the tagged plants. The
numbers of filled grains panicle™ was counted from selected panicle and the average

was recorded.
3.3.3.6 1000 grain weight (g)

1000 grains were counted from yield of each plot separately after proper sun

dry to a constant weight and the weight was recorded and expressed in gram.
3.3.3.7 Grain yield (kg ha™)

The harvested plants were sun dried and the grains were manually separated
by threshing. The separated grains were sundried properly to bring down moisture
content to 14 % and the weight was recorded. From this yield per hectare was

computed and expressed in kg ha™.
3.3.3.8 Straw yield (kg ha™!)

After the grains were properly threshed, the straws were gathered from each
plot and sun-dried and yield per plot was recorded and the yield per hectare was

recorded and expressed in kg ha™.
3.3.3.9 Harvest index (%)

Harvest Index is the ratio of economic yield to biological yield. Harvest index
was calculated by using the formula given by Donald (1962).
Economic yield (grain yield) (kg ha™1)

H i 0, = 100
arvest index (%) Biological yield (grain + straw yield) (kg ha=1) x 10
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3.4. Observation for sequential crop toria
3.4.1. Growth attributes
3.4.1.2 Plant height (cm)

Five plants were randomly selected from the net plot area of each plot and
tagged to record the plant height at 30, 60 and 90 DAS. The plant height was measured
from the ground level up to the tips of the plant. The average of these five plants was

recorded as the plant height and expressed in centimeter.
3.4.1.2 Plant population at 20 DAS (m?)

Plant population per square meter area in each plot was counted using 0.25 m?
quadrate placed at random two spots. The data from these two spots were doubled for

conversion into per m?and expressed in number metre™.
3.4.1.3 Dry matter accumulation plant! (g)

Five random plants were uprooted from outside the net plot area. The plant
samples were dried in the sun for 24 hrs and in the next day it was kept in the oven for
drying at 65 + 5°C till the sample at constant dry weight. The average was taken from
the five sample and recorded as the dry matter accumulation plant™ which is expressed

in gram (g).
3.4.1.4 Leaf area index (LAI)

Leaf area index is the ratio of leaf area to ground area occupied by the crop
plant. Leaf area index was worked out using the following formula (Watson et al.,

1952).

Leaf area (cm?)

Leaf area index =
Ground area (cm?2)

3.4.1.5 Number of primary branches plant!

From selected five tagged plants, primary branches were counted from the
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branches arising directly from the main stem. The average was taken from these plants

and recorded as number of primary branches plant™.
3.4.1.6 Number of secondary branches plant-!

Secondary branches were recorded from the selected five tagged plants as a
branch that was developed from the primary branches. The average was taken from

these plants and recorded as number of secondary branches plant™.
3.4.1.7 Crop growth rate (g m? day™")

Crop growth rate (CGR) (g m™ day") at 0-30 DAT, 30-60 DAT and 60-90 DAT
was calculated by using the dry matter accumulation (g) of plant from each plot at 30,

60 and 90 DAT with the following formula (Watson, 1956):

W, =Wy

CGR = ——
(tz - t1)S

Where, Wi and W, are the dry weights of plants at t; and to, respectively. S is the land
area (m?) over which dry matter was recorded.

3.4.1.8 Relative growth rate (g g day™!)

The Relative growth rate (RGR) (g g™ day™) at 0-30 DAT, 30-60 DAT and 60-
90 DAT was also calculated using the data of dry matter accumulation (g) of plant from

each plot at 30, 60 and 90 DAT with the following formula (Blackman, 1919):

InW, —InW,;

t—4

RGR =

Where, W1 and W are the dry matter produced by a gram (g) of existing dry matter in

the day at a time t; and t», respectively.
3.4.1.9 Net assimilation rate (g m? day!)
The Net assimilation rate (g m-2 day-1) at 0-30 DAT, 30-60 DAT and 60-90 DAT
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also calculated using the data of dry matter accumulation (g) of plant from each at 30,
60 and 90 DAT with the following formula (William 1946):
(Wz - Wl) X (ll‘l Lz - lnLl)

NAR =
(tz—tx (L —Ly)

Where

L1 and W are leaf area and dry weight of the plant, respectively at time ti,
L> and w; are leaf area and dry weight of the plant respectively at time to.
3.4.2. Yield attributes

3.4.2.1 Number of siliquae plant!

From all the tagged five plants of all the plots, number of siliquae were counted

and the average number of siliquae was recorded and used for statistical analysis.
3.4.2.2 Length of siliqua (cm)

From the selected five tagged plants of all the plot, five siliquae were selected
randomly and length of each siliqua was measured in centimeter from the joint of the

stalk to the tip of the beak of the siliqua. The average of five siliqua was recorded
3.4.2.3 Weight of siliqua plant™! (g)

In order to measure the weight of the siliqua plant’, five siliquae were
randomly selected from each plot of the tagged plant. and weight was measured in

gram and average values were recorded.
3.4.2.4 Number of seed siliqua™!

Five selected siliquae were selected from the tagged plant of each plot in order
to record the number of seed. The number of seed was counted from each siliqua and

the average values was recorded for analysis.
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3.4.2.5 Test weight (g)

The seed from the five tagged plants were collected from each plot and

thousands of seeds were separated and weighed in gram after drying to 14% moisture.
3.4.2.6 Seed yield (kg ha™')

After drying and cleaning, the seeds were properly dried in the sun. The seeds

of each plot were weighed and recorded in kilogram which was converted into kg ha
1

3.4.2.7 Stover yield (kg ha™')

After threshing, the crop biomass was dried separately for each plot followed

by weighing of the biomass in kilogram which was converted into kg ha™.
3.4.2.8 Harvest index (%)
Harvest index was calculated by using the formula given by Donald (1962).

Economic yield (grain yield) (kg ha™!)
. o) —
Harvest index (%) Biological yield (grain + straw yield) (kg ha=?1) x 100

3.4.3 Yield quality
3.4.3.1 Seed oil content (%)

For oil extraction, seeds of 5g from each treatment plot were taken. The seeds
were fine grinded and placed in a thimble containing acetone. Then, the thimbles were
arranged and placed in Soxhlet extraction unit as per the method described by
A.0.A.C., 1975 for one and half hours by maintaining the different temperature range
during the extraction procedure. The extraction was then transferred to weighed flask
and the weight was taken. The formula used for estimation of oil content in seeds was

as follows:

W, — W
—Z _1x100

Oil content(%) = X
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Where, W1 = weight of the empty flask (g)
W2 = weight of the empty flask + weight of oil (g)
X = weight of the sample taken for extraction (g)
3.4.3.2 Oil yield (kg ha™)

The estimated oil yield kg ha™ was carried out by multiplying the seed yield by

oil content in the seed.
Oil yield (kg ha™!) = Seed yield x Oil content (%) in the seed
3.4.4 Soil analysis

The soil samples were collected treatment wise from the experimental field
before sowing and after harvesting of the main crop. The collected soil samples were
shade dried, ground and sieved through 2 mm sieve for further use for analysis of soil
texture, pH, bulk density, soil organic carbon and available soil nitrogen, phosphorus

and potassium.
3.4.4.1 Soil texture

Soil texture was determined by international pipette method as outlined by

Piper (1966).
3.4.4.2 Soil pH (soil reaction)

Soil pH was determined in soil: water (1:2) ratio by digital pH meter (Jackson,

1967).
3.4.4.3 Electrical conductivity (dS m™)

Electrical conductivity of the clear soil water (1:2.5) extract was determined

using electric conductivity (dSm™) bridge (Jackson, 1973).
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3.4.4.4 Soil organic carbon (%)

Organic carbon of soil was determined by rapid titration method as described
by Walkley and Black method (1934) and the results were expressed in terms of

percentage.
3.4.4.5 Available nitrogen (kg ha™')

The available soil nitrogen was determined by alkaline potassium
permanganate method proposed by Subbiah and Asija (1956). The procedure involves
determination of ammonia liberated on distillation of alkaline potassium permanganate
solution using ‘Kel Plus’ nitrogen distillation machine. This serves as an index of the

available soil nitrogen and the data is calculated in terms of kg ha™.
3.4.4.6 Available phosphorus (kg ha™)

Available phosphorus was determined by using Bray’s No. 1 method as
outlined by Bray and Kurtz (1945). In this method, soil was extracted using 0.03 N
NH4F + 0.025 N HCL (pH 3.5) and available phosphorus was estimated
colorimetrically using ascorbic acid method where ammonium molybdate and
stannous chloride was added to the filtered extract. The intensity (% transmittance) of
characteristic blue colour in the solution gives the measure for the concentration of P
in the test solution, which was read in the spectrometer at 660 nm wavelength. After
getting % transmittance of the P in the test solution, concentration of P was read from
the standard curve. The results were expressed in kg ha™l. The procedure is primarily

meant for soils which is moderate to strongly acidic with pH around 5.5 or less.
3.4.4.7 Available potassium (kg ha™!)

The available potassium was extracted from 5 g of soil by shaking with 25 ml
of neutral ammonium acetate (pH 7) solution for 5 minutes and the extract was filtered
immediately using dry Whatman No. 1 filter paper and then potassium concentration
in the extract was determined by using Flame Photometer (Hanway and Heidal, 1952).

The data is expressed in terms of kg ha™.
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3.4.5 Chemical analysis of plant
3.4.5.1 N, P and K content in grain and straw (%)

After harvesting, plants were randomly selected, dried and threshed properly
for each plot. The grains and straw were separated, air dried and then finally oven dried
at a temperature 65°C. The samples were ground to powder and subjected to chemical

estimation for N, P and K content using the following methods.

Nutrient Method

Nitrogen Modified Kjeldhal method as described by (Black, 1965)

Phosphorous Vanado-molybdate-phosphoric acid method (Jackson, 1973)
Potassium Flame photometer (Chapman and Pratt, 1961)
3.4.5.2 N, P and K uptake in grain and straw (kg ha™')

Nutrient uptake by crop is the amount of nutrient taken up by the crop. Nutrient
uptake in grain and straw was estimated by multiplying percentage nutrient content in
their respective grain or straw with grain or straw yield. The crop nutrient uptake was

computed using the formula below:

Nutrient uptake in grain (kg ha™')

__ Percent nutrient content in grain (%) X Grain yield (kg ha™1)
- 100

Nutrient uptake in straw (kg ha™')

_ Percent nutrient content in straw (%) X Straw yield (kg ha™t!)
a 100

3.5 Efficiency Parameter

3.5.1 Water use efficiency (WUE)
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Water use efficiency is the ratio of crop yield (Y) to the amount of water
depleted by the crop in the process of evapotranspiration. It is expressed in kg

ha’'lcm.

=X
WUE= =

Where, Y = Yield Kg ha™!

ET = Evapotranspiration (cm)
3.5.2 Partial Factor Productivity (PFP)

Partial factor productivity is the ratio of total output to a single input
like output/input, output/machine, output/capital, or output/energy. The output
and input of PFP can be expressed in the same unit of measure or output per

rupee invested in the input.

Total output
PFp= 2 2 PW
Single input

3.5.3 Agronomic efficiency (AE)

Agronomic efficiency is the additional grain yield produced due to
application of nutrients over unfertilized control per unit of nutrient applied. It

is expressed in kg kg.™!

GYn _GYO
Na

AE =

Where, GY,= Grain or economic yield with nutrient
GYo-= Grain or economic yield without nutrient

Na = Nutrient applied
3.5.4 Physiological efficiency (PE)

Physiological efficiency is the additional biological yield produced due to

application of nutrient uptake over unfertilized control. It is expressed in kg kg™'.

PE = BYn = BY
NU,—-NU,

Where, BY = Biological yield with nutrient
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BY,= Biological yield without nutrient
NU,=Nutrient uptake with nutrient

NUy=Nutrient uptake without nutrient
3.5.5 Sustainability index (SI)

Sustainability index indicates how sustainable a management practice.

It can be computed by

Y-o

SI=

Ymax

Where,Y =Average yield of the management practice over years
o = Standard deviation of yield of the management practice over years

Y max= Observed maximum yield of the experiment
3.5.6 System productivity

System productivity will be calculated in terms of rice equivalent yield

(REY).

_ Yield of toria (kg ha™")x price of toria(X kg™ )

REY
Price of rice (X kg™1)

System productivity = REY + Yield of rice (kg ha™)
3.6 Economic analysis

Economics of different treatments was worked out as per existing market

prices.
3.6.1 Cost of cultivation (% ha™)

The cost of cultivation was calculated as per item wise cost incurred in each

treatment.

3.6.2 Gross return R ha!)
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Gross return for each treatment was calculated by multiplying the values of

economic produce with the prevailing support price of output.
3.6.3 Net return (% ha!)

Net return of each treatment was calculated by subtracting the total cost of

cultivation from the gross return.
Net return = Gross return — Total cost of cultivation
3.6.4 Benefit Cost ratio

Benefit cost ratio was estimated by using the formula:

Net return

B:C 100

" Cost of cultivation

3.7 Statistical analysis

Data obtained from various studies were statistically analyzed in randomised
block design and split plot design using the technique of Analysis of Variance as
described by Gomez and Gomez (1984). Pooled analysis of data were also carried out
to establish the trend of the treatments applied following Gomez and Gomez (1984)
The significance differences were tested by ‘F’ test. Critical difference of different
groups of treatments and their interactions at 5 per cent probability level were

calculated whenever ‘F’ test was significance.
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RESULTS AND DISCUSSION

The field experiment entitled “Effect of precision nitrogen management and
irrigation regimes in rice- toria cropping system in Dimapur District of Nagaland” was
carried out during kharif and rabi seasons of 2022-23 and 2023 -24 on sandy loam soil
at ICAR Research Farm, Jharnapani, Nagaland. Various biometric observations
influenced by different precision nitrogen management on growth, phenological,
physiological parameters, yield attributes and yield of rice and different irrigation
regimes on growth, yield attributes, physiological parameters, yield, oil contents and
seed yield of toria crop were studied. The laboratory analysis on content and uptake of
N, P and K by the crops, physio-chemical properties of soil after the harvest of both
the crops were recorded. The results obtained are presented in this chapter with the

help of data, illustration, diagram, wherever necessary.

4.1 Effect of precision nitrogen management on growth parameters of rice

4.1.1 Plant height (cm)

Data relevant to the average plant height is presented in Table 4.1 and graphically
presented in Fig. 4.1. The plant height of the rice was recorded at 30, 60 and 90 DAT.
At 30 DAT precision nitrogen management do not show any significant effect on the
plant height in both the year. But at 60 and 90 DAT, precision nitrogen management
show significant effect on plant height in both the years and pooled data. The data of

plant height was comparatively higher in second year as compared to first year data.

At 60 DAT, the maximum plant height (89.67 cm and 90.19 cm) was recorded
from SPAD based N application followed by LCC based N application (88.48 cm and
89.25 cm) and split application of N (85.54 cm and 86.31 cm) in both the years. The
lowest plant height was recorded from control at 60 DAT. At 90 DAT, the highest plant
height (110.50 cm and 111.53 cm) was also recorded from Ny i.e. SPAD based N
application followed by LCC based N application (109.53 ¢cm and 110.74 cm) and N>
(107.65 cm and 108.88 cm). The pooled data also implied significant effect by

precision nitrogen management.
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This might be due to synchrony in application of nitrogen with crop nitrogen
demand which led to increased cell division and elongation which increases the inter
nodal length sequentially increase the plant height. Similar outcome was made by
Suresh et al. (2017 a&b), Goudra et al. (2019), Bhattarai et al. (2024). The highest
plant height might also be attributed to applied nitrogenous fertilizer which accelerated
the metabolic and physiological activity of the plant and put up more growth by
assimilating more amounts of major nutrients and ultimately increased the plant height.
These results are in close conformity with finding of Pramanik and Bera (2013) and

Kumar et al. (2017).
4.1.2 Plant population m

The data relevant to plant population m™ of rice as influenced by precision
nitrogen management is presented in Table 4.2. It is observable from the data that the
precision nitrogen management did not show any significant variation at 30 and 60

DAT.
4.1.3 Number of tillers m

The data related to number of tillers m™ of rice as influenced by precision
nitrogen management is presented in table 4.3. and graphically presented in Fig.
no.4.2. It is evident from the data that the precision nitrogen management significantly

affected number of tillers at 30 and 60 DAT in both the years and in pooled data also.

At 30 DAT, the treatment N4 recorded the highest number of tillers (248.00 and
249.67) in both the years but was found to be statistically at par with LCC based N
management. The lowest was recorded from the treatment N;. Similarly at 60 DAT, the
highest number of tillers (277.10 and 278.49) was recorded from the SPAD based N
application followed by LCC based N application and split application of N in both
years observation and in pooled also. The lowest number of tillers (147.47 and 148.25)

from the control plot i.e. Ni.

The higher rate of N application at higher SPAD value was beneficial for tiller

production. This might be due to favourable effect of N on cell division and tissue

67



organization that ultimately improved tiller formation at tillering stage. Ghosh et al.
(2013) and Rajesh et al. (2017). This might also be due to better availability of
nutrients from applied nitrogen fertilizer and supply of soil nitrogen over time and
space to balance the requirements of crops by applying the right amount of nitrogen at

right time. This result is in conformity with Singh ef al. (2017a&b).
4.1.4 Dry matter accumulation plant! (g)

The data relevant to dry matter accumulation plant™ as influenced by precision
nitrogen management is presented in Table 4.4. It is evident from the data that the
precision nitrogen significantly influenced on dry matter accumulation at 0-30, 30-60

and 60-90 DAT. The data of second year was higher than the first year data.

At 0-30 DAT, the maximum dry matter accumulation (7.20 and 7.51 g) was
recorded from the SPAD based N application but found to statistically at par with LCC
based N application in both the years. At 30-60 DAT, SPAD based N application was
found to be superior and recorded maximum dry matter accumulation (14.16 and
14.29¢) and found to be statistically at par with LCC based N application (13.18 and
13.40 g) in both the years. At 60-90 DAT, the data revealed that maximum dry matter
accumulation was recorded in treatment N4 (27.99 and 28.38 g) which was statistically
at par with treatment N3 (26.85 and 27.37g) in both years of experiment. At all the
stages, the lowest dry matter accumulation was recorded from the control plot i.e Nj.

in both years observations.

Leaf area is increased due to synchronization of applied nitrogen between crop
demand and supply leads to development of more and more chlorophyll pigments
which lead to increase specific leaf weight and result in higher light interception, root
development, leaves development and plant height and thus resulted in better dry
matter production. Similar finding was also made by Ghosh ez al. (2013) and Goudra
et al. (2019).

4.1.5 Crop growth rate (g m* day ')
The data relevant to Crop growth rate as influenced by precision nitrogen
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management is presented in Table 4.5. It is observed from the data that the precision
nitrogen management had no significant effect on crop growth rate at 0-30 DAT while
a significant increased on crop growth rate was found at 30-60 and 60-90 DAT for both

the years and pooled data also.

At 30-60 DAT, the highest crop growth rate was recorded from the SPAD based
N application (13.25 and 13.75) followed by LCC based N application and split
application of N in both the years. Similarly, at 60-90 DAT highest crop growth rate
was recorded from the treatment N4 followed by N3 and N> In both years, the lowest

crop growth rate was recorded from the control plot i.e. Nj.

Since the crop growth rate is basically the accumulation of total dry matter
production over a given period of time and area, it is assumed that the more
accumulation rate of total dry matter was the cause of the higher crop growth rate.
SPAD Meter practice can optimize nitrogen application rates, ensuring that the crop
receives the appropriate amount of nitrogen at the right time and in the right place.
This can lead to improved nitrogen use efficiency and a higher CGR. This is in
conformity with the findings of Malviya et al. (2018), Shivashankar et al. (2022) and
Nayak et al. (2023).

4.1.6 Relative growth rate (g g''day 1)

The data relevant to relative growth rate as influenced by precision nitrogen
management is presented in Table 4.6. It is observed from the data that the precision
nitrogen management showed significant effect on relative growth rate at 0-30 DAT
but did not show any significant effect on relative growth rate at 30-60 and 60-90 DAT
in both the years and pooled data also. The data of first year was higher than the second
year data. At 0-30 DAT, the maximum relative growth rate was recorded from the
SPAD based N application (0.0661 and 0.0298) followed by LCC based N application
(0.0624 and 0.0278) and RDF (0.0545 and 0.0247) in both years of experiment.
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Table 4.1 Effect of precision nitrogen management on plant height (cm) of rice at

30 days interval
Plant height 30 DAT 60 DAT 90 DAT
(cm)

Treatment 2022 | 2023 | Pooled | 2022 | 2023 | Pooled | 2022 2023 | Pooled
Ni 53.45 | 53.67 | 53.56 | 82.25| 83.38 | 82.82 | 103.37 | 104.81 | 104.09
N 5536 | 55.66 | 55.51 | 85.54 | 86.31 | 85.93 | 107.65 | 108.88 | 108.26
N3 5731 | 57.50 | 57.41 | 88.48 | 89.25 | 88.86 | 109.56 | 110.74 | 110.15
Ny 59.68 | 59.77 | 59.72 | 89.67 | 90.19 | 89.93 | 110.55 | 111.53 | 111.04

SEm+ 237 | 243 1.70 0.18 | 0.19 0.13 0.10 0.15 0.09

CD (P=0.05) NS NS NS 0.62 | 0.65 0.40 0.35 0.53 0.28

Table 4.2 Effect of precision nitrogen management on plant population m-? of rice

at 30 days interval

Plant population 30 DAT 60 DAT

Treatment 2022 2023 Pooled 2022 2023 Pooled
N 12.71 12.92 12.82 13.35 13.70 13.53

N2 13.74 13.98 13.86 14.52 14.60 14.56

N; 14.67 14.92 14.80 14.82 14.69 14.75

Ny 15.26 15.42 15.34 15.92 15.99 15.96

SEm= 1.11 1.33 0.87 1.30 1.32 0.93

CD (P=0.05) NS NS NS NS NS NS

Where, Ni- Control,
N2- Split application of N,
N3- LCC based N application and
N4~ SPAD based N application.
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Table 4.3 Effect of precision nitrogen management on number of tillers m-2of rice at 30
days interval

Number of tillers m=. 30 DAT 60 DAT

Treatment 2022 2023 Pooled 2022 2023 Pooled

N 142.11 144.00 143.06 147.47 148.25 147.86

N 223.41 225.78 224.59 243.24 246.27 244.75

Nz 245.65 246.33 245.99 257.49 258.59 258.04

Ny 248.00 249.67 248.83 277.10 278.49 277.80

SEm+ 3.26 3.76 2.49 4.90 4.98 3.49
CD (P=0.05) 11.30 13.02 7.67 16.95 17.23 10.76

Table 4.4 Effect of precision nitrogen management on dry matter accumulation
plant™! (g) of rice at 30 days interval

DMA plant™ (g) 0-30 DAT 30-60 DAT 60-90 DAT

Treatment 2022 | 2023 | Pooled | 2022 | 2023 | Pooled | 2022 2023 | Pooled
Ni 451 | 466 | 459 | 11.19 | 11.93 | 11.56 | 22.29 | 23.05 | 22.67

N2 5.14 1 555 | 534 | 1229 | 12.96 | 12.62 | 24.77 | 2543 | 25.10

N; 6.23 | 685 | 6.54 | 13.18 | 13.40 | 13.29 | 26.85 | 2737 | 27.11

Ny 720 | 7.51 | 7.36 | 14.16 | 14.29 | 14.23 | 27.99 | 28.38 | 28.19

SEm+ 030 | 031 | 021 | 033 | 034 | 024 | 037 | 040 | 027

CD (P=0.05) | 1.04 | 1.06 | 0.66 | 1.15 | 1.16 | 0.73 128 | 1.39 0.84

Where, Ni1- Control,
N2- Split application of N,
N3- LCC based N application and
N4~ SPAD based N application
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In both year observation, the lowest relative growth rate was recorded from the control

plot (0.0502 and 0.0228).

The increases in RGR due to the above treatments might be due to stimulating
effects of organic manures thus enhancing crop growth. These results are in close

agreement with those of Nayak et al. (2023) and Malviya et al. (2018).
4.1.7 Net assimilation rate (g m™ day ')

The data related to net assimilation rate as influenced by precision nitrogen
management is presented in Table 4.7. It is evident from the data that the precision
nitrogen management showed significantly influenced on net assimilation rate at 0-30
DAT but did not show any significant effect on net assimilation rate at 30-60 and 60-
90 DAT in both the years and pooled data also. The data of second year was higher
than the first year data.

At 0-30 DAT, the maximum net assimilation rate was recorded the highest from
the SPAD based N application (0.0366 and 0.0367) followed by LCC based N
application (0.0341 and 0.0354) and split application of N (0.0283 and 0.0296) in both
years. In both year observation, the lowest relative growth rate was recorded from the

control plot (0.0258 and 0.0261).

It is profoundly clear that split nitrogen application coordinated with crop
demand in precision N management utilizing SPAD and LCC led to improved nitrogen
availability, which in turn increased growth and produced higher growth indices The
results are also in agreement with Kumar et al. (2019), Mohapatro and Shankar (2022)
and Shivashankar et al. (2023).

4.1.8 Leaf Area Index

The data relevant to leaf area index as influenced by precision nitrogen
management is presented in Table 4.8 and graphically presented in Fig 4.3. It is
observed from the data that the precision nitrogen management significantly

influenced on leaf area index at 30 and 60 DAT in both the years and pooled data also.
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At 30 DAT, SPAD based N application recorded significantly maximum leaf
area index (0.0986 and 0.1045) followed by LCC based N application and split
application of N in both the years and the lowest leaf area index was recorded from
the control plot in both the years. Similarly, at 60 DAT also SPAD based N application
recorded highest leaf area index (0.1649 and 0.1583) but was found to be statistically
at par with LCC based N application (0.0938 and 0.1607). From both years of data
observation, the lowest leaf area index (0.1388 and 0.1470) was recorded from the

control plot.

A high dose of nitrogen application can prolong the life of leaves, resulting in
a higher LAI. However, it is important to note that excessive nitrogen application can
lead to adverse effects such as lodging, nutrient imbalances, and environmental
pollution. Therefore, the nitrogen dose should be optimized based on the specific
requirements of the rice crop, taking into account factors such as soil fertility, water

availability, and climate conditions Sen et al. (2011) and Mohanta et al. (2021).

The increase in leaf area index might be due to increased nitrogen levels which
favoured higher uptake of nutrients by crop, that lead to rapid development in the cell
number and elongation which ultimately lead to increased number and size of the
leaves and these results are in close conformity with Gupta ef al. (2011), Ghosh et al.
(2013) Mathukia ef al. (2014), Haque and Haque (2016), Reena et al. (2017)., and
Sowmya et al. (2023).

4.1.9 Relative water content (%)

The data relevant to relative water content as influenced by precision nitrogen
management is presented in Table 4.9 and graphically presented in Fig.4.4. Itis evident
from the data that the precision nitrogen management showed highly significant effect
on relative water content on 30, 60 and 90 DAT. The observation of second year data

was comparatively higher than the first year.

At 30 DAT, SPAD based N management recorded the maximum relative water

content (66.97 and 67.54 %) but it was found to be statistically at par with LCC based

73



N management (65.28 and 66.90 %) and RDF (63.07 and 63.20 %) in both the years.
The lowest relative water content was recorded from the control plot. At 60 DAT,
SPAD based N management was found to be superior and recorded the maximum
relative water content (82.40 and 82.69 %) and found to be statistically at par with
LCC based N management (79.53 and 79.53 %) and RDF (77.14 and 74.06 %) in both
the years. At 90 DAT, data revealed that the highest relative water content (90.11 and
90.67 %) was recorded under the SPAD based N management which was found to be
statistically at par with all the remaining treatments. At all the stages, the minimum
relative water content was recorded from the control plot in both the years of

observation.

The maximum relative water content observed under precision nitrogen
management results from optimized nutrient availability, increase plant growth,
improved water use efficiency, and reduced nitrogen loss. Implementing precision
agriculture techniques not only increases the crop yield but also supports effective
management of water resources, crucial for sustainable agricultural practices. The
interconnectedness of nutrient management, plant health, and water retention

emphasizes its importance in modern agriculture.
4.2 Effect of precision nitrogen management on phenological parameters of rice
4.2.1 Days to flowering

The data relevant to the number of days to flowering as influenced by the
precision nitrogen management is presented in the Table 4.10. It is evident from the
data that precision nitrogen management did not show any significant effect in both

the years of observation and in pooled data also.
4.2.2 Days to maturity

The data relevant to the number of days to maturity as influenced by the precision
nitrogen management is presented in the Table 4.11. It is observed from the data that
precision nitrogen management did not showed significant effect on Days to maturity

in both the years of observation and in pooled also.
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Table 4.5 Effect of precision nitrogen management on CGR of rice at 30 days

interval
CGR 0-30 DAT 30-60 DAT 60-90 DAT
Treatment 2022 | 2023 | Pooled | 2022 | 2023 | Pooled | 2022 | 2023 | Pooled
Ni 7.52 7.77 7.64 11.62 | 11.87 11.74 17.96 | 18.92 18.44
N, 8.57 9.24 8.91 11.98 | 12.21 12.09 | 20.74 | 2098 | 20.86
N; 10.59 | 11.42 11.00 12.24 | 12.34 12.29 | 22.09 | 22.72 | 22.41
Ny 12.12 | 12.59 1236 | 13.25 | 13.75 | 13.50 | 21.28 | 21.07 | 21.18
SEm#+ 2.23 2.28 1.59 0.15 0.18 0.12 0.51 0.60 0.39
CD (P=0.05) NS NS NS 0.50 0.64 0.36 1.77 2.07 1.21

Table 4.6 Effect of precision nitrogen management on RGR of rice at 30 days

interval

RGR 0-30 DAT 30-60 DAT 60-90 DAT
Treatment 2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled
Ny 0.0502 | 0.0228 | 0.0362 | 0.0305 | 0.0126 | 0.0216 | 0.0221 | 0.0098 | 0.0159
N2 0.0545 | 0.0247 | 0.0396 | 0.0292 | 0.0123 | 0.0207 | 0.0236 | 0.0099 | 0.0166
N3 0.0624 | 0.0278 | 0.0451 | 0.0244 | 0.0103 | 0.0174 | 0.0228 | 0.0098 | 0.0163
Ny 0.0661 | 0.0298 | 0.0477 | 0.0246 | 0.0107 | 0.0177 | 0.0203 | 0.0085 | 0.0144
SEm#+ 0.0005 | 0.0003 | 0.0003 | 0.0087 | 0.0034 | 0.0047 | 0.0006 | 0.0029 | 0.0015

CD (P=0.05) | 0.0017 | 0.0011 | 0.0009 NS NS NS NS NS NS

Where, Ni1- Control,

N2- Split application of N,
N3- LCC based N application and
N4~ SPAD based N application.
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Table 4.7 Effect of precision nitrogen management on NAR of rice at 30 days
interval

NAR 0-30 DAT 30-60 DAT 60-90 DAT

Treatment 2022 2023 Pooled | 2022 2023 Pooled | 2022 2023 Pooled

Ny 0.0258 | 0.0258 | 0.0258 | 0.0108 | 0.0106 | 0.0107 | 0.0107 | 0.0108 | 0.0108
N2 0.0283 | 0.0296 | 0.0289 | 0.0105 | 0.0102 | 0.0103 | 0.0115 | 0.0113 | 0.0114
N; 0.0341 | 0.0354 | 0.0348 | 0.0099 | 0.0105 | 0.0102 | 0.0114 | 0.0109 | 0.0111
Ny 0.0366 | 0.0366 | 0.0366 | 0.0103 | 0.0102 | 0.0102 | 0.0111 | 0.0105 | 0.0107

SEm+ 0.0005 | 0.0007 | 0.0004 | 0.0029 | 0.0048 | 0.0028 | 0.0032 | 0.0002 | 0.0016

CD (P=0.05) | 0.0017 | 0.0023 | 0.0013 NS NS NS NS NS NS

Table 4.8 Effect of precision nitrogen management on leaf area index (LAI) of rice at
30 days interval

Leaf area index 30 DAT 60 DAT
Treatment 2022 2023 Pooled 2022 2023 Pooled
Ni 0.0814 0.0855 0.0835 0.1388 0.147 0.1429
N2 0.0859 0.0906 0.0882 0.1489 0.1538 0.1514
Nz 0.0927 0.0949 0.0938 0.1583 0.1607 0.1595
N 0.0986 0.1045 0.1015 0.1649 0.1709 0.1679
SEm=+ 0.00063 | 0.00055 0.00042 0.0029 0.0028 0.0021
CD (P=0.05) 0.0022 0.0019 0.0013 0.0104 0.0098 0.0063

Where, N1- Control,
N2- Split application of N,
N3- LCC based N application and
N4- SPAD based N application.
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Table 4.9 Effect of precision nitrogen management on relative water of rice at 30
days interval

RWC (%) 30 DAT 60 DAT 90 DAT
Treatment 2022 | 2023 | Pooled | 2022 | 2023 | Pooled | 2022 | 2023 | Pooled
Ni 5595 | 56.90 | 56.43 | 74.09 | 74.06 | 74.07 | 82.02 | 82.97 | 82.50
N2 63.07 | 63.20 | 63.13 | 77.14 | 77.60 | 77.37 | 84.22 | 84.44 | 84.33
N; 6528 | 66.90 | 66.09 | 79.15 | 79.53 | 79.34 | 88.78 | 88.94 | 88.86
N 66.97 | 67.54 | 67.26 | 82.40 | 82.69 | 82.54 | 90.11 | 90.67 | 90.39
SEm=+ 3.05 | 3.55 2.34 2.19 | 2.23 1.56 3.44 3.93 2.61
CD (P=0.05) | 10.57 | 1229 | 7.22 7.57 | 7.73 4.82 11.90 | 13.61 8.05

Where, Ni1- Control,

N2- Split application of N,
N3- LCC based N application and
N4- SPAD based N application.
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4.3 Effect of precision nitrogen management on yield attributes and yield of rice

4.3.1 Number of panicles m~

The data relevant to the number of panicles sq.m™ as influenced by precision
nitrogen management is presented in Table 4.11. and graphically presented in Fig 4.5.
It is evident from the data that precision nitrogen management significantly enhanced

on number of panicles sq.m™ in both years of data observation.

SPAD based N application found to be superior and recorded highest number
of panicles m? (255.39 and 258.56) followed by LCC based N application and RDF
in both the years of observation. The lowest was recorded from the treatment N i.e.

control plot.

The highest number of panicles increases with precision nitrogen management
was might be owing to uptake of nitrogen as per crop need which had substantial role
to play in photosynthesis and tillering of rice and later converted to productive tillers,
whereas the treatments RDF received higher dose of N and might have produced
higher number panicles m=. Similar outcomes were reported by Tabar (2012), Satpute
et al. (2015), Ali et al. (2017) Dinesh ef al. (2017), Goudra et al. (2019) and Yadav et
al. (2023).

4.3.2Panicle length (cm)

The data relevant to the number of panicles sq.m™' as influenced by precision
nitrogen management is presented in Table 4.12 and graphically presented in Fig 4.6.
It is evident from the data that precision nitrogen management showed significant

effect on panicle length(cm) in both years of data observation.

SPAD based N application found to be superior and recorded longest panicle
length (25.73 and 25.94 cm) but was found to be statistically at par with LCC based N
application (25.29 and 25.55 cm) and split application of N in both the years of

observation. The lowest was recorded from the treatment N i.e. control plot.

Similar results were also made by Goudra et al. (2019) and (Yadav ef al. (2023).

78



4.3.3Weight of panicle (g)

The data pertinent to the weight of panicle as influenced by precision nitrogen
management is presented in Table 4.12. and Fig 4.6. It is evident from the data that
precision nitrogen management show significantly affected on weight of panicle (g) in

both years of data observation.

SPAD based N application found to be superior and recorded highest weight of
panicle (5.26 and 5.63 g) followed by LCC based N application (4.62 and 4.84 g) split
application of N in both the years of observation. The lowest was recorded from the

treatment N i.e. control plot.

The increase in weight of panicle was might be due to constant and suitable
availability of nitrogen during the late growth stages (panicle initiation to flowering)
which resulted in translocation of carbohydrates, proteins and mineral nutrients from
different sources during the grain filling stage and directed to the formation of a greater
number of filled grains and large sized grains leading to increased grain weight panicle
!, Similar results were reported by Sen et al. (2011), Jain (2016) and Sheeraz et al.
(2017).

4.3.4 Number of unfilled grains panicle!

The data relevant to the number of unfilled grain panicles™ as influenced by
precision nitrogen management is presented in Table 4.12. It is evident from the data
that the precision nitrogen management did not show any significant effect on number

of unfilled grains panicle™ in both years of data observation.
4.3.5 Number of filled grain panicle™!

The data relevant to the number of filled grain panicles™ as influenced by
precision nitrogen management is presented in Table 4.12. It is evident from the data
that precision nitrogen management showed significant effect on number of filled
grain panicle™ in both years of data observation. The number of filled grain panicle™!

of second year was comparatively higher than the first year.
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SPAD based N application was found to be superior and recorded maximum
number of filled grain panicle™ (152.29 and 153.51) followed by LCC based N
application (143.29 and 145.33) and split application of N in both the years of

observation. The lowest was recorded from the treatment N i.e. control plot.

The increased in number of filled grain plant! in precision nitrogen
management is might be due to the application of N through precision nitrogen
management which enhanced photosynthetic capacity and promoted carbohydrate
accumulation in culms and leaf sheaths and also contributed to spikelet production
during early panicle formation stage and decreased the sterility percentage
consequently increased number of filled grains panicle’! during the late panicle
formation stage as nitrogen have played an important role in grain filling. The control
plot without application of nitrogen could not meet the nitrogen need of the crop
particularly during its reproductive period resulting in lower number of spikelet’s and
filled grains panicle™. The findings are in accordance with the findings of Satpute et

al. (2015), Suresh et al. (2015) and Premalatha (2017).

Adequate N supply during reproductive growth phase was possibly liable in
increasing the yield parameters and yield of the crop. Higher yield attributes were
attributed by higher plant height, increased number of tillers and higher total dry matter
accumulation. The higher values of yield attributing characters might be attributed to
the tendency of nitrogen in accelerating growth, photosynthetic activity and
translocation efficiency for photosynthates to sink. This higher yield attributes under
precision nutrient management practices were added due to enhanced growth attributes
viz., plant height, number of tillers, leaf area and SPAD values which reflected in
significantly higher total dry matter accumulation. The results were accordance with
the findings of Duttarganvi ef al. (2014), Goudra et al. (2019), Sow et al. (2023) and
Bhattarai et al., (2024)

4.3.6 1000 grain weight (g)

The data relevant to the test weight as influenced by precision nitrogen
management is presented in Table 4.12. It is evident from the data that precision
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nitrogen management had no show significant effect on test weight in both years of
data observation.

4.3.7 Grain yield (kg ha™!)

The data relevant to grain yield as influenced by precision nitrogen management
is presented in Table 4.13 and graphically presented in Fig 4.7. It is observed from the
data that precision nitrogen management significantly influenced the grain yield in

both years of data observation.

SPAD based N application was found to be superior and recorded maximum
grain yield (4823.33 and 4838.33 kg ha!) followed by LCC based N application
(4526.67 and 4550.00 kg ha! and split application of N in both the years of

observation. The lowest was recorded from the treatment N i.e. control plot.

The increase in grain yield might be due to the nutrients that were released from
the organic fertilizer which favoured the higher nutrient availability and nutrient

uptake and thus increased the yield. These are similar as reported by Bejbaruah et al.

(2013), Bhatt et al. (2017) and Nayak et al. (2023).

This might also be due to timely and adequate supply of nitrogen as per the crop
need that led to better crop root & shoot growth and greater nitrogen use efficiency
which ultimately improved growth attributing characters like number of tillers, leaf
area in different parts of plant which resulted in better translocation of photosynthates
from source to sink during the crop growth. Similar results were also reported by
Ghosh et al. (2013), Syeda et al. (2014), Ali et al. (2015), Mohanty et al. (2015), Liu
et al. (2015), Prabhudev et al. (2017), Pateel et al. (2017) and Suresh et al. (2017) and
Sowmya et al. (2023).

4.3.8 Straw yield (kg ha™)

The data relevant to straw yield as influenced by precision nitrogen management
is presented in Table 4.14. It is observed from the data that precision nitrogen
management did not show significant effect on straw yield in both years of data

observation.
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4.3.9 Harvest index (%)

The data relevant to harvest index as influenced by precision nitrogen
management is presented in Table 4.13. It is observable from the data that precision

nitrogen management had no show significant effect in both years of data observation.
4.4. Effect of precision nitrogen management on efficiency parameters.
4.4.1 Agronomic efficiency (kg kg™)

The data relevant to agronomic efficiency as influenced by precision nitrogen
management is presented in Table 4.14 and graphically presented in Fig 4.8. It is
observable from the data that precision nitrogen management showed significant effect

on agronomic efficiency in both years of data observation.

SPAD based N management was found to be superior and recorded maximum

agronomic efficiency (62.22 and 66.58 kg kg') followed by LCC based N
management (37.78 and 47.02 kg kg™') and RDF in both the years of observation.

Agronomic efficiency is a product of nutrient recovery from mineral or organic
fertilizer and the efficiency with which the plant uses each additional unit of nutrient.
Agronomic efficiency values observed with the treatment SPAD based nitrogen
management was due to application of lesser quantity of fertilizer nitrogen and higher
grain yield per unit quantity of nitrogen. This result was in accordance with Patil et al.

(2018) and Goudra ef al. (2021)

4.4.2 Physiological efficiency (kg kg™)

The data relevant to physiological efficiency as influenced by precision nitrogen

management is presented in Table 4.14 and graphically presented in Fig 4.8. It is

observable from the data that precision nitrogen management showed significantly

increased on physiological efficiency in both years of data observation.

Split application of N was found to be superior and recorded maximum

physiological efficiency (38.50 and 40.25 kg kg™) which was found to be statistically
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at par with LCC based N application (36.57 and 38.20 kg kg™!) in both the years of

observation.

Higher N-use efficiency under precision N management could have resulted
from timely application of N in synchronization with crop demand, but a low N-use
efficiency in blanket recommendations indicates its inefficiency and waste of valuable
N input. Similar outcomes were also reported by Ghosh et al. (2013) and Ghosh et al.
(2020).

4.4.3 Partial factor productivity

The data related to partial factor productivity as influenced by precision
nitrogen management is presented in Table 4.14 and graphically presented in Fig 4.8.
It is evident from the data that precision nitrogen management showed significant

effect on partial factor productivity in both years of data observation.

SPAD based N application was found to be superior and recorded maximum
partial factor productivity (23.15 and 23.23) followed by LCC based N application
(21.73and 21.84) and control plot in both the years of observation. Here, the lowest

partial factor productivity was recorded from the treatment split application of N.

It was mainly because of application of lower quantity nitrogen as per the crop
demand and higher yield per unit quantity of nitrogen was reduced. Results are in

conformity with Xu ef al. (2012), Zhang et al. (2013) and Harish ef al. (2018).
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Table 4.12 Effect of precision nitrogen management on number of filled grain panicle’!, number of unfilled grain panicle'and 1000

grain weight

Number of filled grain panicle™! Number of unfilled grain panicle™! 1000 grain weight (g)
Treatment 2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled
Ny 117.33 123.39 120.36 23.26 23.66 23.46 23.79 23.87 23.83
N> 134.55 136.12 135.34 24.19 24.90 24.55 24.17 24.24 24.20
N; 143.29 145.33 144.31 24.60 24.92 24.76 24.46 24.52 24.49
N, 152.29 153.51 152.90 25.37 25.90 25.63 24.83 24.90 24.86
SEm=+ 0.81 0.84 0.58 1.01 1.02 0.72 0.50 0.56 0.38
CD (P=0.05) 2.79 2.89 1.79 NS NS NS NS NS NS

Table 4.13 Effect of precision nitrogen management grain yield, straw yield and harvest index of rice

Grain yield (kg ha™) Straw yield (kg ha™) Harvest index (%)

Treatment 2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled
N1 3838.33 3844.67 3841.50 5373.33 5380.67 5377.00 41.67 41.74 41.70

N 4231.67 4343.00 4287.33 5443.33 5469.33 5456.33 43.74 44.25 43.99

N3 4526.67 4550.00 4538.33 5551.67 5563.33 5557.50 45.00 45.02 45.01

N4 4823.33 4838.33 4830.83 5623.33 5664.33 5643.83 46.17 46.21 46.19

SEm=+ 10.45 10.87 7.54 122.64 122.84 86.79 2.12 2.13 1.50

CD (P=0.05) 36.17 37.62 23.24 NS NS NS NS NS NS

Where, Ni1- Control, N2- Split application of N, N3- LCC based N application and N4- SPAD meter-based N application
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4.5.1 Effect of precision nitrogen management on soil properties after harvest of

rice.

4.5.1.1 pH, EC and OC

The data related to pH, EC, and OC after the harvest of the rice crop as
influence by precision nitrogen management is presented in the Table 4.15. Results
showed that effect of precision nitrogen management on pH and EC was insignificant
while precision nitrogen management showed highly significant effect on organic

carbon of soil after the harvest of rice crop for both years.

A critical analysis shows that SPAD based nitrogen application was superior
among the treatment and recorded the highest organic carbon (1.49 and 1.58 %)
which was found to be statistically at par with LCC based N application (1.21 and 1.27
%) in both the years. The lowest organic carbon of soil was recorded from the control

plot for both years.

Precision nitrogen management increase the plant growth mainly root biomass.
Roots provide organic matter to the soil when they die and decompose which help in
increasing soil organic carbon. As the rice field are often flooded, root exudates and
decaying roots contribute heavily to below ground carbon inputs. This result is in

conformity with Gawdiya et al. (2021) and Shukla ez al. (2023).
4.5.1.2 Available N, P and K (kg ha™)

Data relevant to available nitrogen, phosphorus and potassium in soil after the
harvest of rice as influence by precision nitrogen management is indicated in the Table

4.16

Results showed that precision nitrogen management had significant effect on
available nitrogen, phosphorus and potassium of soil. SPAD based nitrogen application
was found to be superior and highest available nitrogen (23.36 and 23.87kg ha™),
phosphorus (23.36 and 23.87 kg ha') and potassium (164.34 and164.38 kg ha™) in
both year of observation and found to be statistically at par with N3 (LCC based N
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application) i.e, nitrogen (256.00 and 257.13 kg ha™'), phosphorus (22.07 and 22.58 kg
ha') and potassium (164.34 and164.38 kg ha™!). The lowest available N, P and K of

soil was recorded from the treatment N i.e. control plot for both years.

Besides higher crop uptake, significant build-up of available nitrogen under
precision nitrogen management practices, could be ascribed to adequate and timely
supply of nitrogen to meet the crop demand along with increased 78 microbial activity,
which might have hastened the process of mineralization during the crop growth period
resulting in high accumulation of N in soil. These results strongly support the findings

of Swamy ef al. (2016) and Goudra et al. (2021)

Application of nitrogen through SPAD based nitrogen management matches
with the crop demand as it was applied in more splits(times) 3 in the form of urea
which on nitrification forms hydrogen ions besides nitrate ions, thus modifies pH of
the rhizosphere, due to this acidification of rhizosphere resulted in the solubilization
of insoluble phosphates and release more orthophosphates in to the soil solution.
Moreover, higher concentration of nitrates in the soil solution exchange for
orthophosphate ions by anion exchange phenomenon. These results are match with

Krishnakumar and Haefele (2013) and Goudra ef al. (2021).

Increased of potassium might be due to increases the mineralization which lead
to better root growth under SPAD based nitrogen management, which maintained
parity with each other. Results were found supported with the findings of Duttarganvi
et al. (2011) and Rao et al. (2016) and Goudra ef al. (2021).

4.5.2 Effect of precision nitrogen management on nutrient content and uptake

(grain and straw) of rice.
4.5.2.1a Nitrogen content (%)

Data applicable to nitrogen content in grain and straw of rice as influence by
precision nitrogen management is presented in Table 4.17. Results showed that
precision nitrogen management did not have significant effect on nutrient content in

grain and straw of rice in both the years of observation.
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4.5.2.1b Nitrogen uptake (kg ha™)

Data pertaining to nitrogen uptake by grain and straw of rice as influence by
precision nitrogen management is presented in Table 4.17. The nitrogen uptake of first

years was higher than that of second year.

Results indicated that precision nitrogen management had significant effect on
nitrogen uptake (grain and straw) of rice in both years. The maximum nitrogen uptake
was recorded from SPAD based nitrogen application (69.46 and 67.49 kg ha™! for grain
and 30.48 and 28.72 kg ha™! for straw) followed by LCC based nitrogen application.
The minimum nitrogen uptake by grain and straw of rice was recorded from the

control.

Significant improvement in the uptake of nitrogen might be attributed to high
concentration of N in grain and straw, associated with higher grain and straw yields. It
might be owing to steady and adequate supply of nitrogen at the required time with
better absorption of nutrients and their utilization in growth promotion which lead to
translocation of photosynthates from the source to sink might have resulted in

increased grain and straw yield.

The increase in nitrogen uptake by the crop might also be due to better
availability of nitrogen in the soil under these treatments that showed favourable
impact on higher degree of root proliferation and deep penetration which in turn
absorbed higher amount of nutrients from the rhizosphere and supplied to the crop,
which might have favoured higher dry matter production and lead to higher N uptake.
Similar results were alleged by Duttarganvi et al. (2011), Pradhan et al. (2014), Singh
et al. (2015) and Reena et al. (2017), Suresh et al. (2017), Goudra et al. (2021) and
Pratap et al. (2024).

4.5.2.2a Phosphorus content (%)

Data related to the phosphorus content in both grain and straw as affected by

the precision nitrogen management is presented in Table 4.18. Results indicated that

89



precision nitrogen management did not show any significant effect on phosphorus

content in both grain and straw of rice for both years.
4.5.2.2b Phosphorus uptake (kg ha™)

The data pertaining to the phosphorus uptake by grain and straw of rice as
affected by the precision nitrogen management is presented in Table 4.18. It is
observed from the data that precision nitrogen management had significant effect on
phosphorus uptake by the grain and straw of rice. SPAD based nitrogen application
was superior among the treatment and recorded the maximum phosphorus uptake by
grain (9.36 and 8.34 kg ha!) and straw (10.68 and 9.35 kg ha™!). But phosphorus uptake
by straw was found to be statistically at par with LCC based nitrogen application in
first year (2022). In both year of observation, the minimum phosphorus uptake by the

grain and straw of rice was recorded from the control plot.

The increase in P uptake by the crop might be due to application of adequate
dose of nitrogen associated with deep penetration of roots that have enabled in
absorbing higher amount of nutrients from the rhizosphere which ultimately directed
to considerable increase in uptake of phosphorus from the soil. These results are in
accordance with Shantappa et al. (2014), Das and Sahu (2015), Suresh et al. 2017,
Goudra ef al. 2021 and Pratap ef al. (2024).

4.5.2.3a Potassium content (%)

Data relevant to the potassium content (%) in grain and straw of rice as affected
by the precision nitrogen management is presented in the Table 4.19. It is evident from
the data that precision nitrogen management had no significant effect on potassium

content in grain and straw of rice for both years of observation.
4.5.2.3b Potassium uptake (kg ha™)

The data pertaining to the potassium uptake by grain and straw of rice as
affected by precision nitrogen management is presented in the Table 4.19. The

potassium uptake of the first year is greater than that of second year.
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Results showed that precision nitrogen management had significant effect on the
potassium uptake by grain and straw of rice. SPAD based nitrogen application was
superior and recorded the maximum potassium uptake by grain (23.28 and 21.79 kg
ha') and straw (83.79 and 75.92 kg ha™') which was followed by LCC based nitrogen
application and split application of N for both years. The minimum potassium uptake

by grain and straw was recorded the control plot.

Potassium is most important cation not only with regard to its content in plant
tissue but also its role in physiological and biochemical functions in imparting drought
tolerance in plants. The uptake of P and K were directly proportional to the uptake of
N which proved the synchronization between N supply and uptake of nutrients by the
crop. These results are in conformity with Das and Sahu (2015), Suresh ef al. (2017),
Goudra ef al. (2021) and Pratap et al. (2024).

4.5.3 Effect of precision nitrogen management on economics of rice
4.5.3.1 Cost of cultivation, gross return, net return and B: C

The data pertaining to cost of cultivation, gross return, net return and B: C as
influenced by precision nitrogen management is presented in Table 4.20. The data of
second year was greater than that of first year It is evident from the data that highest
cost of cultivation was recorded from split application of N (42.999.73 and 45709.73
¥ ha'!). Highest gross return (109642.60 and 120178.10 % ha™'), net return (67328.86
and 75154.34 T ha') and B: C (1.60 and 1.67) was achieved from the SPAD based N
application which was followed by LCC based nitrogen management. The lowest cost
of cultivation, gross return, net return and B: C ratio was recorded from the control

plot.

Higher cost of cultivation was mainly due to higher cost incurred in fertilizer
urea and higher labour wages. Higher gross returns, net returns and B:C compared to
the other treatments due to higher rice grain and straw yield. While, lower gross
returns, net returns and B:C ratio were noticed in absolute control was mainly due to
reduced economic yield, attributed to lesser gross returns. The results are in accordance

with Goudra ef al. (2019), Yadav et al. (2023) and Borah et al. (2024).
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Table 4.15 Effect of precision nitrogen management on available pH, EC and OC
after harvest of rice.

pH EC (ds/m) OC (%)
Treatment 2022 2023 | Pooled | 2022 | 2023 | Pooled | 2022 | 2023 | Pooled

Ni 5.23 5.25 5.24 0.72 | 0.75 0.75 0.71 0.83 0.77

N> 5.04 5.05 5.04 0.65 0.67 0.66 1.02 1.1 1.06

N; 5.03 5.04 5.03 0.55 0.56 0.56 1.21 1.27 1.24

N 4.94 4.97 4.96 0.46 | 0.49 0.47 1.49 1.58 1.53
SEm=+ 0.365 | 0.367 0.258 | 0.131 | 0.143 | 0.097 | 0.12 0.14 0.09
CD (P=0.05) | NS NS NS NS NS NS 0.41 0.48 0.28

Table 4.16. Effect of precision nitrogen management on available N, P and K (kg

ha!) after harvest of rice.

Available N (Kg ha™)

Available P (Kg ha™)

Available K (Kg ha™)

Treatment 2022 2023 | Pooled | 2022 | 2023 | Pooled | 2022 2023 | Pooled

Ny 245.08 | 245.65 | 245.37 | 20.62 | 20.66 | 20.64 | 160.71 | 160.84 | 160.78

N> 25233 | 253.8 | 253.07 | 21.28 | 21.15 | 21.22 | 161.56 | 161.81 | 161.68

N; 256.00 | 257.13 | 256.57 | 22.07 | 22.58 | 22.32 | 163.39 | 163.67 | 163.53

N, 258.73 | 259.53 | 259.13 | 23.36 | 23.87 | 23.61 | 164.34 | 164.38 | 164.36
SEm+ 2.57 2.71 1.86 | 0.468 | 0.476 | 0.334 | 0.573 | 0.581 | 0.408
CD (P=0.05) 8.88 9.36 5.75 1.62 | 1.65 1.03 1.98 2.01 1.26

Where, Ni1- Control,

N2- Split application of N,
N3- LCC based N application and

N4- SPAD meter-based N application
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Table 4.19 Effect of precision nitrogen management on potassium content and uptake by both grain and straw of rice.

Potassium content (%) Potassium uptake (kg ha'')
Grain Straw Grain Straw
Treatment 2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 2022 2023 | Pooled
Ny 0.38 0.34 0.36 1.24 1.10 1.17 14.11 13.52 13.82 66.59 | 60.63 | 63.61
N> 0.43 0.36 0.40 1.36 1.22 1.29 17.72 | 16.26 16.99 74.03 | 66.35 | 70.19
Nz 0.46 0.43 0.45 1.45 1.33 1.38 20.88 | 19.46 20.17 80.09 | 73.28 | 76.68
N,y 0.48 0.45 0.47 1.49 1.35 1.42 23.28 | 21.79 22.54 83.79 | 75.92 | 79.85
SEm+ 0.069 0.063 0.047 0.112 0.097 0.074 0.31 0.30 0.22 0.40 0.50 0.32
CD (P=0.05) NS NS NS NS NS NS 1.08 1.05 0.67 0.83 1.19 0.65
Table 4.20 Effect of precision nitrogen management on cost of cultivation, gross return, net return and B:C of rice.
Treatme Cost of cultivation (Z ha!) Gross return (% ha!) Net return (% ha!) B:C
nt 2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 2022 | 2023 | Poole
d
Ni 42086.09 44796.09 | 43441.09 | 89048.59 97757.47 93403.03 46962.5 52961.38 | 49961.94 | 1.12 | 1.18 1.15
N2 42999.73 45709.73 | 44354.73 | 97212.73 108863.90 103038.30 | 54212.99 | 63154.14 | 58683.57 | 1.26 | 1.38 | 1.32
N3 42542.63 45023.73 | 43783.18 | 103447.40 | 113624.30 108535.83 | 60904.78 | 68600.53 | 64752.65 | 1.43 | 1.52 | 1.46
Ny 42313.73 45023.73 | 43668.73 | 109642.6 120178.10 | 114910.33 | 67328.86 | 75154.34 | 71241.60 | 1.60 | 1.67 | 1.64

Where, Ni1- Control, N2- Split application of N, N3- LCC based N application and N4- SPAD based N application
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4.6 Performance of succeeding toria as influenced by residual effect of precision

management and irrigation regimes.

The residual effect of precision nitrogen management practices and irrigation
regimes on toria were studied during rabi season during both years of study. Each of
the treatment plot of kharif was subdivided into three plots during rabi to carry the
effect of three different irrigation regimes. Therefore, for rabi season study, the four
residual treatments of nitrogen management were considered as main plot treatments
and the three irrigation regimes as sub plot treatments in split plot design and the data

were analysed.

4.6.1 Residual effect of precision nitrogen management and irrigation regimes on

growth parameters of toria
4.6.1.1 Plant height (cm)

The data related to plant height of toria as influenced by residue precision
nitrogen management and irrigation regimes are presented in Table 4.21. It is observed
from the data that residue of precision nitrogen management did not have any
significant effect on plant height but irrigation regimes show highly significant effect

on plant height in both years of data observation.

At 30 DAS, IW: CPE =1 was found to be superior and recorded highest plant
height (21.57 and 22.52 cm) but found to be statistically at par with IW: CPE =0.8
(19.68 and 20.70 cm) in both years of observation. At 60 DAS data revealed that the
highest plant height (43.75 and 43.97 cm) was recorded under [W: CPE =1 which was
found to be statistically at par with IW: CPE =0.8 (42.75 and 42.87 cm). At 90 DAS,
IW: CPE =1 recorded the highest plant height and found to be statistically at par with
treatment I i.e. IW: CPE =0.8 (98.79 and 98.95 cm). At all stages, the lowest plant

height was recorded from the control i.e. IW: CPE =0 in both years observation.

Interaction effect of residue of precision nitrogen management and irrigation
regimes on plant height of toria did not show any significant effect on plant height of

toria in all stages of observations (30,60 and 90 DAS).
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The obvious increase in plant height under treatments I> and I3 might be
attributed due to adequate supply of available soil moisture when required for its
favourable growth process like active meristematic growth, cell division and cell
elongation resulting enhanced plant height. These can be similar to results of Haque

and Ali (2020), Naragund ef al. (2023) and Saini et al. (2023b).
4.6.1.2 Plant population m at 20 DAS

The data relevant to the plant population m™ of toria as influenced by effect of
residue of precision nitrogen management and irrigation regimes is presented in the

table 4.22.

It is evident from the data that effect of residue of precision nitrogen
management and irrigation regimes had no significant effect on plant population of

toria at 20DAS in both years of data observation.

Interaction effect of residue of precision nitrogen management and irrigation
regimes did not show any significant effect on plant population of toria at 20 DAS in

both years of data observation.
4.6.1.3 Leaf area index at 30 and 60 DAS

The data relevant to the leaf area index of toria as influenced by effect of
residue of precision nitrogen management and irrigation regimes is presented in the

Table 4.22 for both the years.

It is evident from the data that effect of residue of precision nitrogen
management and irrigation regimes did not have any significant effect on leaf area

index of toria at 30 and 60 DAS for both the years.

Interaction effect of residue of precision nitrogen management and irrigation
regimes had no significant effect on leaf area index of toria at 30 and 60 DAS for both

the years of observation.
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The optimum irrigation scheduling had appreciable effect on plant shoot
growth as evident in plant height accumulating higher branches and leaves which may
be result of better nutrient availability and number of metabolic processes occurring in
the plant which enhances plant shoot growth. Such effect of irrigation regimes on LAI
was also conveyed earlier by Verma et al. (2018). Puppala et al. (2021) and Naragund
et al. (2023).

4.6.1.4 Dry matter accumulation (g) plant! at 15-30,30-45 and 45-60 DAS

The data applicable to the dry matter accumulation plant™ the as influenced by
effect of residue of precision nitrogen management and irrigation regimes is presented

in the Table 4.23 for both the years.

A critical analysis of data show that effect of residue of precision nitrogen
management did not show any significant effect on dry matter accumulation plant™.
Effect of irrigation regimes show highly significant effect on dry matter accumulation

on 30-45 and 45-60 DAS but did not show significant effect on 15-30 DAS.

Interaction effect of residue of precision nitrogen management and irrigation
regimes did not have any significant effect on dry matter accumulation of toria atl5-

30, 30-45 and 45-60 DAS for both the years of observation

Significantly higher DMA was observed with proper irrigation scheduling
which might be due to frequent supply and optimum amount of soil moisture as plant
needed for plant root system development which in turn improves the soil water intake,
nutrient uptake, translocation and metabolic processes in the plant body along with
increased photosynthesis process and ultimately growth of plant. The results are

coordinated with findings of Bindhani et al. (2020a) and Puppala ef al. (2021).
4.6.1.5 Number of primary branches plant! at 30 and 60 DAS

The data applicable to number of primary branches plant™ the as influenced by
effect of residue of precision nitrogen management and irrigation regimes is presented

in the Table 4.24 for both the years.
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A critical analysis of data showed that effect of residue of precision nitrogen
management had no significant influence on number of primary branches plant™ but
effect of irrigation regimes showed highly significant effect on number of branches
plant! on 30 and 60 DAS for both of years of observation. At 30DAS, IW: CPE=1 was
superior and recorded the highest number of primary branches plant™ (4.69 and 4.97)
but it was found to be statistically at par with IW: CPE = 0.8 (3.65 and 3.68). At 60
DAS, the maximum number of primary branches plant™! was recorded from IW: CPE
=1 which was found to be at par with IW: CPE=0.8 (4.69 and 4.81). At all stages, the
minimum number of primary branches plant! was recorded from the control plot i.e.,

IW: CPE= 0.

Interaction effect of residue of precision nitrogen management and irrigation
regimes did not show any significant effect on number of primary branches plant “'of

toria on 30 and 60 DAS for both the years of observation.

The increase in number of primary branches per plant is the resultant effect of
better plant growth conditions. Moisture has a unique role to play for plant growth by
influencing improved nutrient availability followed by higher metabolic activity and
growth and ultimately with a greater number of branches. The result agreed with the
finding of Yadav ef al. (2010), Verma et al. (2014) and Singh et al. (2017) and they

observed the positive effect of irrigation water towards branch formation.
4.6.1.6 Number of secondary branches plant! at 30 and 60 DAS

The data applicable to the number of secondary branches plant™ the as
influenced by effect of residue of precision nitrogen management and irrigation

regimes is presented in the table 4.24 for both the years.

A critical analysis of data showed that effect of residue of precision nitrogen
management had no significant effect on number of secondary branches plant™ but
effect of irrigation regimes showed highly significant effect on number of secondary
branches plant™ on 30 and 60 DAS. At 30 DAS, maximum number of secondary
branches plant'(6.38 and 7.00) was recorded from the IW: CPE= 1 which was found
to be statistically at par with IW: CPE= 0.8(5.63 and 6.20). At 60DAS, IW: CPE=1
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recorded the maximum number of secondary branches plant! and found to be
statistically at par with IW: CPE =0.8. In both years observation, the minimum number

of secondary branches plant™ was recorded from the control plot at all stages.

Interaction effect of residue of precision nitrogen management and irrigation
regimes did not show any significant effect on number of secondary branches plant™!

of toria at 30 and 60 DAS for both the years of observation.

Sufficient moisture in crop root zone and uptake of various nutrients and
relative increase in plant growth attributes result as a result increases number of
branches. This finding was supported by Dudwal et al. (2013), Hossain et al. (2013),
Ahmed et al. (2019) and Maurya et al. (2022).

4.6.17 Crop growth rate (g m? day™) at 15-30,30-45 and 45-60 DAS

The data applicable to the crop growth rate as influenced by effect of residue
of precision nitrogen management and irrigation regimes is presented in the Table 4.25
for both the years. The data of crop growth rate was decreasing order in different crop

stages.

A critical analysis of data showed that effect of residue of precision nitrogen
management did not have any significant effect on dry matter accumulation plant™
whereas effect of irrigation regimes showed highly significant effect on crop growth
rate on 30-45 and 45-60 DAS but did not show significant effect on 15-30 DAS. At
30-45DAS, highest crop growth rate (4.05 and 4.34) was recorded from IW: CPE=1
followed by IW: CPE=0.8 (2.73 and 2.64). At 90DAS, IW: CPE=1 recorded the
highest crop growth rate (3.45 and 3.46) followed by IW: CPE=0.8 (1.84 and 1.86). In
all the stages, the lowest crop growth rate was recorded from the control plot i.e. IW:

CPE=0 for both the years.

Increased in CGR might be due to optimum supply of soil moisture close to
root zone by favourably improving the nutrient uptake and translocation, higher
photosynthetic activities which ultimately associated with the plant growth and
development. The results are supported by the research findings of Dadhich er al
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(2015), Rathore et al. (2017), Bindhani ef al. (2020a), Kumar et al. (2020), Puppala et
al. (2021), Maurya et al. (2022) and Naragund et al. (2023).

4.6.1.8 Relative growth rate (g g”' day™') at 15-30,30-45 and 45-60 DAS

The data applicable to the relative growth rate as influenced by effect of residue
of precision nitrogen management and irrigation regimes is presented in the Table 4.26

for both the years.

A critical analysis of data showed that effect of residue of precision nitrogen
management did not showed any significant effect on relative growth rate but irrigation
regimes showed significant effect on 15-30 DAS. At 30-45 DAS, the maximum
relative growth rate (0.0281 and 0.0278) was recorded from IW: CPE=1 followed by
IW: CPE=0.8. Similarly, at 45-60 DAS also maximum relative growth rate was
recorded from IW: CPE=1 followed by IW: CPE=0.8. at all the stages, the minimum
relative growth rate the recorded from control plot i.e. IW: CPE=0.

Interaction effect of residue of precision nitrogen management and irrigation
regimes did not show any significant effect on relative growth rate of toria atl15- 30,

30-45 and 45-60 DAS for both the years of observation.

This might be due to increment in irrigation improved the availability of
moisture and nutrients which leads to improve dry matter accumulation of plant which
results into better relative growth rate. The results are in agreement with Digra et al.

(2016), Maurya et al. (2022) and Saini et al. (2023a).
4.6.1.9 Net assimilation rate (g m day!) at 15-30,30-45 and 45-60 DAS

The data applicable to net assimilation rate as influenced by effect of residue
of precision nitrogen management and irrigation regimes is presented in the Table 4.28

for both the years.

A critical analysis of data showed that effect of residue of precision nitrogen
management had significant influenced on net assimilation rate and also effect of

irrigation regimes showed highly significant effect on net assimilation 30-45 and 45-
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Table 4.21 Residual effect of precision nitrogen management and irrigation regimes

on plant height of toria at 30 days interval

Plant height 30 DAS 60 DAS 90 DAS
(cm)
Treatment 2022 2023- | Pooled | 2022-23 | 2023- | Pooled | 2022- | 2023- | Pooled
-23 24 24 23 24
I 18.14 19.14 18.64 40.57 | 40.83 | 40.70 | 96.77 | 96.86 | 96.82
I 19.68 20.70 | 20.19 42.75 42.87 | 42.81 | 97.50 | 97.82 | 97.66
I 21.57 22.52 | 22.04 43.75 43.97 | 43.86 | 98.79 | 98.95 | 98.87
SEm+ 0.84 0.87 0.60 0.96 0.97 0.68 0.65 0.68 0.47
CD (P=0.05) 2.53 2.60 1.74 2.88 2.91 1.97 1.96 2.04 1.36
N 18.50 19.59 19.04 42.09 | 4224 | 42.17 | 97.29 | 97.48 | 97.39
N» 18.70 19.96 19.33 42.32 42.49 | 4241 | 97.52 | 97.61 | 97.57
N3 20.52 21.46 | 20.99 42.43 42.54 | 42.49 | 98.00 | 98.07 | 98.04
Ny 21.46 22.14 | 21.80 4257 | 4295 | 4276 | 97.94 | 98.33 | 98.14
SEm=+ 1.34 1.43 0.98 1.37 1.45 1.00 1.10 1.22 0.82
CD (P=0.05) NS NS NS NS NS NS NS NS NS
IxN NS NS NS NS NS NS NS NS NS

Table 4.22 Residual effect of precision nitrogen management and irrigation regimes on
plant population m? and leaf area index (LAI) of toria at 30 days intervals

Plant population LAI
Treatment 20 DAS 30 DAS 60 DAS
2022 | 2023- | Pooled | 2022- | 2023- | Pooled | 2022- | 2023- | Pooled
-23 24 23 24 23 24
I 31.36 | 31.43 31.39 0.64 0.68 0.66 1.76 1.79 1.77
I 32.68 | 32.84 32.76 0.67 0.70 0.68 1.83 1.87 1.85
I 33.89 | 33.82 33.86 0.68 0.72 0.70 1.89 1.92 1.90
SEm=+ 1.10 1.11 0.78 0.02 0.03 0.02 0.08 0.14 0.08
CD NS NS NS NS NS NS NS NS NS
(P=0.05)
Ny 32.72 | 32.58 32.65 0.66 0.69 0.67 1.75 1.79 1.77
N» 32.47 | 32.56 32.52 0.66 0.69 0.68 1.81 1.84 1.83
N3 32.61 | 32.71 32.66 0.67 0.70 0.69 1.85 1.88 1.87
Ny 32.77 | 32.94 32.86 0.67 0.71 0.69 1.89 1.93 1.91
SEm=+ 0.93 0.94 0.66 0.01 0.02 0.01 0.10 0.11 0.07
CD NS NS NS NS NS NS NS NS NS
(P=0.05)

Where, 1i1=1W: CPE=0,
I=1IW: CPE=0.8
I:=1W: CPE=1

Ni- Control,
N2- RDF,
N3- LCC based N management and
N4~ SPAD meter-based N management
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Table 4.23 Residual effect of precision nitrogen management and irrigation regimes on dry matter accumulation plant! (DMA)
of toria at 15 days intervals

DMA plant™! (g) 0-15 DAS 15-30 DAS 30-45 DAS 45-60 DAS
Treatment 2022 2023- Pooled | 2022- | 2023- | Pooled 2022- 2023- Pooled 2022 2023- Pooled
-23 24 23 24 23 24 -23 24
I 1.37 1.57 1.24 3.27 331 3.29 4.42 4.45 4.43 5.25 5.27 5.26
I 1.39 1.60 1.49 3.32 3.35 3.33 4.45 4.47 4.46 5.28 5.38 5.33
I 1.43 1.65 2.05 3.43 3.46 3.45 5.25 5.28 5.26 6.80 6.82 6.81
SEm=#+ 0.03 0.05 0.07 0.07 0.08 0.06 0.23 0.24 0.16 0.41 0.43 0.30
CD (P=0.05) NS NS NS NS NS NS 0.47 0.60 0.37 0.32 0.46 0.27
N 1.38 1.59 1.49 3.32 3.35 3.33 4.68 4.71 4.69 5.73 5.75 5.74
N» 1.38 1.60 1.49 3.33 3.38 3.35 4.69 4.71 4.70 5.74 5.87 5.81
N3 1.42 1.61 1.52 3.35 3.38 3.37 4.73 4.75 4.74 5.82 5.83 5.82
Ny 1.41 1.62 1.51 3.36 3.40 3.38 4.73 4.76 4.74 5.83 5.85 5.84
SEm=+ 0.04 0.05 0.03 0.03 0.06 0.03 0.20 0.20 0.14 0.15 0.18 0.12
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS
IxN NS NS NS NS NS NS NS NS NS NS NS NS

Where, Ii=-1IW: CPE=0,

I.=1W: CPE=0.8

I3-1W: CPE=1

Ni- Control,

N2- RDF,

N3- LCC based N management and
N4- SPAD meter-based N management
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Table 4.25 Residual effect of precision nitrogen management and irrigation
regimes on crop growth rate (g m? day') of toria at 15 days

intervals
CGR (g m2day™)
15-30 DAS 30-45 DAS 45-60 DAS
Treatment | 2022 | 2023- | Pooled | 2022 | 2023- | Pooled | 2022 | 2023- | Pooled
-23 24 -23 24 -23 24
I 423 | 4.27 4.25 2.54 | 271 2.63 1.84 | 1.85 1.84
I 429 | 434 431 255 | 2.73 2.64 1.84 | 1.86 1.85
I5 445 | 4.50 4.47 4.05 | 4.34 4.20 345 | 3.46 3.45
SEm=+ 0.06 | 0.07 0.04 0.40 | 042 0.29 0.45 | 0.46 0.32
CD NS NS NS 1.20 | 1.26 0.84 1.34 | 137 0.92
(P=0.05)
Ni 430 | 435 433 3.03 | 3.25 3.14 232 | 236 2.34
N2 433 | 439 4.36 3.04 | 3.25 3.15 234 | 237 2.35
Nz 429 | 434 4.32 3.05 | 3.26 3.15 241 | 234 2.38
Ny 436 | 4.40 438 3.06 | 3.28 3.17 244 | 248 2.46
SEm=+ 0.06 | 0.05 0.04 0.19 | 0.24 0.16 023 | 025 0.17
CD NS NS NS NS NS NS NS NS NS
(P=0.05)
IxXN NS NS NS NS NS NS NS NS NS

Where, 11=-1W: CPE=0,
I=1W: CPE=0.8
I-1IW: CPE=1

Ni- Control,

N2- RDF,

N3- LCC based N management and

N4- SPAD meter-based N management
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Table 4.27 Residual effect of precision nitrogen management and irrigation regimes on net assimilation rate (g m2 day!) of
toria at 15 days intervals

NAR (g m~2day™)
15-30 DAS 30-45 DAS 45-60 DAS
Treatment | 2022-23 2023-24 Pooled 2022-23 2023-24 Pooled 2022-23 2023-24 Pooled
Ii 0.0043 0.0045 0.0044 0.0018 0.0017 0.0016 0.0010 0.0011 0.0010
I 0.0051 0.0053 0.0052 0.0016 0.0017 0.0016 0.0008 0.0007 0.0007
I3 0.0049 0.0051 0.0050 0.0020 0.0021 0.0020 0.0011 0.0009 0.0010
SEm=+ 0.00033 0.00033 0.00023 0.00008 0.00009 0.00006 0.00008 0.00008 0.00006
CD NS NS NS 0.00026 0.00028 0.00018 0.0002 0.00024 0.00016
(P=0.05)
N 0.0045 0.0047 0.0046 0.0019 0.002 0.0019 0.00087 0.0009 0.00089
N 0.0046 0.0048 0.0047 0.0018 0.0018 0.0018 0.00095 0.001 0.00097
N3 0.0049 0.0051 0.0049 0.0017 0.0018 0.0017 0.0010 0.0011 0.0010
N4 0.005 0.0052 0.0051 0.0015 0.0016 0.0016 0.0011 0.0012 0.0011
SEm+ 0.0004 0.0004 0.00029 0.00008 0.00010 0.00006 0.00008 0.00009 0.00006
CD NS NS NS NS NS NS NS NS NS
(P=0.05)
IxN NS NS NS NS NS NS NS NS NS
Where, I1-1W: CPE=0, Ni- Control,
I=1W: CPE=0.8 N2- RDF,
-1IW: CPE=1 N3- LCC based N management and

N4- SPAD meter-based N management
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60 DAS but did not show significant effect on 15-30 DAS.

Interaction effect of residue of precision nitrogen management and irrigation
regimes did not have any significant effect on net assimilation of toria at15- 30, 30-45

and 45-60 DAS for both the years of observation.

The superior vegetative and morphological parameters like plant height, dry
matter accumulation, leaf area index, number of primary and secondary branches were
refected into crop indices like net assimilation rate. Similar findings were also
conveyed by Sarma and Das. (2017), Ahmed et al. (2019), Kumar e al. (2020) and
Muarya et al. (2022).

4.5.2 Residual effect of precision nitrogen management and irrigation regimes

on yield attributes and yield of toria
4.5.2.1 Number of siliquae plant!

The data relevant to number of siliqua plant™ as influenced by effect of residue
of precision nitrogen management and irrigation regimes is presented in the Table 4.28

for both the years.

A critical analysis of data show that effect of residue of precision nitrogen
management did not have any significant effect whereas irrigation regimes
significantly enhanced on number of siliqua plant!. Maximum number of siliqua
(77.55 and 77.80) was recorded from the IW: CPE=1 followed by IW: CPE=0.8 (76.41

and 76.49) and minimum number of siliquae was recorded from the IW: CPE = 0.

Interaction effect of residue of precision nitrogen management and irrigation
regimes had no significant effect on number of siliqua plant” for both the years of

observation.

Increase in number of siliquae per plant of toria with proper and adequate
amount of irrigation might be due to increasing rates of growth and development of

the plants and also established a higher availability of nutrients which produced more
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numbers of branches and cumulated in a better sink development which directed to
increase in number of siliquae per plant. The findings were supported with Chaudhari
et al. (2016), Pawar and Shelke (2016) and Jat et al. (2017), Kumar ef al. (2019a) and
Kumar et al. (2020).

4.5.2.2 Length of siliqua (cm)

The data relevant to length of siliqua as influenced by effect of residue of
precision nitrogen management and irrigation regimes is presented in the Table 4.28

for both the years.

A critical analysis of data showed that effect of residue of precision nitrogen
management had no significant effect whereas irrigation regimes showed highly
significant effect on length of siliqua. The highest length of siliqua (6.44 and 6.54 cm)
was recorded from IW: CPE=1 and the lowest was recorded from IW: CPE (4.59 and
4.65 cm) for both years.

Interaction effect of residue of precision nitrogen management and irrigation
regimes did not have any significant effect on length of siliqua for both the years of

observation.

The reason may be due to increasing the irrigation frequency resulted in more
nutrient uptake. This might be owing to more nutrients being available for optimum
length of siliqua. Irrigation application led to a better translocation and partitioning of
photosynthates from source to sink, which improved the length of siliqua. These
assumptions are parallel to those of Rathore et al. (2014), Verma et al. (2014), Sarma
and Das 2017 and Kumar et al. (2022).

4.5.2.3 Weight of siliqua

The data related to weight of siliqua as influenced by effect of residue of
precision nitrogen management and irrigation regimes is presented in the Table 4.28

for both the years.

A critical analysis of data show that effect of residue of precision nitrogen
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management did not show any significant effect whereas irrigation regimes showed
highly significant effect on weight of siliqua. The maximum weight of siliqua (3.46
and 3.54 g) recorded from IW: CPE=1 and the minimum was recorded from IW: CPE
(1.84 and 1.87 g) for both years.

Interaction effect of residue of precision nitrogen management and irrigation regimes
did not show any significant effect on weight of siliqua for both the years of

observation.

The results are in accordance with Sarma and Das. (2017) and Kumar ez al.

(2019a).
4.5.2.4 Number of seed siliqua™

The data related to number of seed siliqua™ as influenced by effect of residue
of precision nitrogen management and irrigation regimes is presented in the Table 4.28

for both the years.

A critical analysis of data indicated that effect of residue of precision nitrogen
management on number of seed siliqua” no significant effect whereas irrigation
regimes showed highly significant effect on number of seed siliqua™. The maximum
number of seed siliqua™ (18.78 and 18.84) recorded from IW: CPE=1 which are found
to be statistically at par with IW: CPE=0.8(17.74 and 17.79) and the minimum was
recorded from IW: CPE (1.84 and 1.87) for both years.

Interaction effect of residue of precision nitrogen management and irrigation
regimes did not show any significant effect on number of seed siliqua™ for both the

years of observation.

This might be due to application of irrigation ensured the better moisture and
nutrient availability with a better translocation of photosynthates from source to sink
which led to a greater number of seeds per siliqua. Least number of seeds per siliqua
might have been experienced due to moisture stress condition at various stages of
mustard. Similar results were found by Devedee er al. (2019), Singh et al. (2019),
Barick et al. (2020) and Barman et al. (2023), Kumar et al. (2022), Saini et al. (2023a).
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4.5.2.5 1000 grain weight (g)

The data relevant to the test weight of toria as influenced by effect of residue
of precision nitrogen management and irrigation regimes is presented in the Table 4.28

for both the years.

It is evident from the data that effect of residue of precision nitrogen
management and irrigation regimes did not show any significant effect on test weight

of toria for both years.

Interaction effect of residue of precision nitrogen management and irrigation
regimes did not show any significant effect on test weight of toria at 30 and 60 DAS

for both the years of observation.
4.5.2.6 Seed yield (kg ha™)

The data relevant to the harvest index of toria as influenced by effect of residue
of precision nitrogen management and irrigation regimes is presented in the Table no.
4.29 for both the years. The seed yield of second year was slightly higher than that of

first year

It is evident from the data that effect of residue of precision nitrogen
management did not show any significant effect on grain yield while irrigation regimes
show highly significant effect on grain yield of toria for both years. IW: CPE =1 was
found to be superior among the treatment and recorded the maximum grain yield
(1448.55 and 1449.96 kg ha) but found to be statistically at par IW: CPE= 0.8
(1335.63 and 1339.33 kg ha) in both years. The minimum grain yield was recoded
from the control plot for both the years.

Interaction effect of residue of precision nitrogen management and irrigation
regimes did not showed any significant effect on harvest index of toria at 30 and 60

DAS for both the years of observation.

The adequate supply of moisture favourably improved nutrient uptake and

translocation which ultimately increased the yield. This increase in seed yield might
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be due to maintenance of sufficient moisture in root zone during critical stages (pre
flowering and siliquae formation stages) of the crop growth, resulting in higher yields
and also might be attributed to the timely and ad equate moisture availability, which
helped in proper utilization of nutrients and also a formulation and partitioning of
photosynthates to the sink. Significant improvement in seed yields might be a
consequence of the increased number of siliquae plant™, number of seeds siliquae™,
length of siliqua and the 1000-seed weight. Simi lar findings were also confirmed by
Piri et al (2012) and Ray et al. (2015), Deka et al. (2018), Singh et al. (2019), Kumar
et al. (2022) and Saini ef al. (2023b).

4.5.2.7 Stover yield (kg ha™)

The data relevant to the harvest index of toria as influenced by effect of residue
of precision nitrogen management and irrigation regimes is presented in the Table 4.29

for both the years.

It is evident from the data that effect of residue of precision nitrogen
management and irrigation regimes did not show any significant effect on stover yield

of toria for both years.

Interaction effect of residue of precision nitrogen management and irrigation
regimes did not have any significant effect on stove yield for both the years of

observation
4.5.2.8 Harvest index (%)

The data relevant to the harvest index of toria as influenced by effect of residue
of precision nitrogen management and irrigation regimes is presented in the Table 4.29

for both the years.

It is evident from the data that effect of residue of precision nitrogen
management and irrigation regimes did not show any significant effect on harvest

index of toria for both years.

Interaction effect of residue of precision nitrogen management and irrigation

111



regimes did not show any significant effect on harvest index for both the years of

observation.

4.5.3 residual effect of precision nitrogen management and irrigation regimes on

yield quality
4.5.3.1 Seed oil content (%)

The data relevant to seed oil content of toria as influenced by effect of residue
of precision nitrogen management and irrigation regimes is presented in the Table 4.30

for both the years.

It is observable from the data that effect of residue of precision nitrogen
management and irrigation regimes did not have any significant effect on seed oil

content in toria for both years.

Interaction effect of residue of precision nitrogen management and irrigation
regimes did not show any significant effect on seed oil content in toria for both the

years of observation.
4.5.3.2 Oil yield (kg ha™!)

The data related to oil yield of toria as influenced by effect of residue of
precision nitrogen management and irrigation regimes is presented in the Table 4.30

for both the years.

It is noticeable from the data that effect of residue of precision nitrogen
management did not show any significant effect on oil yield while irrigation regimes
showed highly significant effect on oil yield of toria for both years. IW: CPE= 1 was
superior among the treatment and recorded the highest oil yield (541.11 and 542.41 kg
ha™') which found to be statistically at par with IW: CPE=0.8 (491.85 and 493.73 kg
ha™) in both the years. The lowest oil yield of toria was recorded from IW: CPE=0 i.e.

control plot.
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Interaction effect of residue of precision nitrogen management and irrigation
regimes did not show any significant effect on oil yield of toria for both the years of

observation.

The synthesis of oil in plants is a fascinating biochemical process, primarily
linked to carbohydrate metabolism. During respiration, carbohydrates are broken
down and provide energy, but they also serve as precursors for lipid biosynthesis. The
conversion involves multiple steps, where glycerol and fatty acids essential

components of fats are formed from carbohydrate intermediates.

Increased in oil yield with proper irrigation scheduling was might be due to
increase in seed yield and oil content. Similar outcomes of maximum oil yield with
increase in irrigation levels were conveyed by Yadav ef al. (2010), Verma et al. (2014),

Deka et al., (2018), Bharat ef al. (2019), Singh et al. (2021).

Increased on oil yield might also be owed to the fact that with the increase in
amount of irrigation water improved turgidity of the cell, cell division and
meristematic activity which ultimately directed to higher P and S uptake. Sulphur
immensely increased the oil content of the Brassica species; therefore, oil content
increased with the increasing frequency of irrigation. This outcome is configuration

with the findings of Yadav e al. (2010), Rathore et al. (2019), Barman et al. (2023).

4.5.4 Residual effect of precision nitrogen management and irrigation regimes

on water use efficiency of toria

The data pertaining to water use efficiency of toria as influenced by effect of
residue of precision nitrogen management and irrigation regimes is presented in the
Table 4.30 for both the years and pooled also. The WUE of first year data was higher

than the second year.

The data presented in the table shows that residue of precision nitrogen
management did not show any significant effect on WUE of toria while different
irrigation regimes show significant effect on WUE of toria for both years of experiment

and in pooled also. IW: CPE=1 was superior among the treatment and recorded the
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Table 4.28 Residual effect of precision nitrogen management and irrigation regimes on number of siliqua plant-!, length of
siliqua, weight of siliqua, number of seeds siliqua and 1000 grain weight of toria

Number of siliqua plant?! Length of siliqua (cm) | Weight of siliqua (g) Number of seeds 1000 grain weight (g)
siliqua!
Treatment 2022 2023- | Pooled | 2022 | 2023- | Pooled | 2022 | 2023- | Pooled | 2022 | 2023- | Pooled | 2022 | 2023- | Pooled
-23 24 -23 24 -23 24 -23 24 -23 24
I 75.29 75.36 7532 | 459 | 4.65 4.62 1.84 | 1.87 1.86 | 16.76 | 16.74 | 16.75 | 2.41 | 2.62 2.51
I 76.41 76.49 76.45 | 597 | 6.01 5.99 246 | 2.53 250 | 17.74 | 1779 | 17.76 | 3.43 | 3.52 3.47
I 77.58 77.80 77.68 | 6.44 | 6.54 6.49 | 346 | 3.54 350 | 18.78 | 18.84 | 18.81 | 3.65 | 3.82 3.74
SEm+ 0.51 0.54 0.37 0.47 | 0.48 0.34 0.52 | 0.53 0.37 0.61 0.63 0.44 0.48 | 0.49 0.34
CD 1.54 1.62 1.08 1.41 | 1.44 0.97 1.56 | 1.60 1.07 1.82 1.89 1.26 NS NS NS
(P=0.05)
Ny 76.27 76.44 76.36 | 5.32 | 5.42 537 | 238 | 245 2.42 17.53 | 17.60 | 17.56 | 291 | 3.06 2.98
N2 76.37 76.53 76.45 | 5.55 | 5.62 5.58 2.49 | 251 2,50 | 17.71 | 17.67 | 17.69 | 3.17 | 3.33 3.25
N3 76.46 76.56 76.51 | 5.79 | 5.87 5.83 2.62 | 2.69 2.65 17.85 | 17.89 | 17.87 | 3.23 | 3.39 3.31
Ny 76.58 76.66 76.62 | 6.01 | 6.04 6.02 2.86 | 2.94 290 | 1794 | 1798 | 1796 | 3.35 | 3.50 3.43
SEm=+ 0.57 0.76 0.48 0.61 | 0.37 0.36 0.10 | 0.13 0.08 0.07 | 0.08 0.05 0.16 | 0.31 0.18
CD NS NS NS NS NS NS NS NS NS NS NS NS NS NS
NS
(P=0.05)
IxN NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Where, I1=1W: CPE=0, Ni- Control,
L=1W: CPE=0.8 N2- RDF,
I=1W: CPE=1 N3- LCC based N management and

N4- SPAD meter-based N management
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Table 4.30 Effect of residue of precision nitrogen management and irrigation regimes on seed oil content (%), oil yield (kg
ha') and water use efficiency (kg ha™! cm)

Oil content (%) Oil yield (kg ha™) WUE (kg ha! cm)
Treatment 2022-23 2023-24 Pooled 2022-23 2023-24 Pooled 2022-23 | 2023-24 Pooled
L 36.45 36.58 36.51 336.80 339.14 337.97 7.82 7.72 7.77
I 36.78 36.87 36.83 491.85 493.73 492.79 9.63 8.23 8.93
I3 37.26 37.35 37.30 541.11 542.41 541.76 11.03 9.60 10.32
SEm+ 0.42 0.43 0.30 53.59 54.34 38.16 0.36 0.37 0.26
CD (P=0.05) NS NS NS 160.68 162.91 109.93 1.09 1.11 0.75
Ni 36.47 36.56 36.51 44717 449.17 448.17 9.47 8.43 8.95
N 36.77 36.87 36.82 454.70 456.61 455.65 9.46 8.51 8.98
N3 36.90 37.05 36.98 460.38 462.74 461.56 9.5 8.55 9.02
N,y 37.19 37.25 37.22 464.09 465.19 464.64 9.54 8.58 9.06
SEm+ 0.36 0.37 0.26 24.16 31.07 19.68 0.64 0.84 0.53
CD (P=0.05) NS NS NS NS NS NS NS NS NS
(IxN) NS NS NS NS NS NS NS NS NS
Where, I1=1W: CPE=0, Ni- Control,
I>=1IW: CPE=0.8 N2- RDF,
I:=1W: CPE=1 N3- LCC based N management and

N4- SPAD meter-based N management
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maximum water use efficiency (11.03 and 9.60 kg ha™! mm™) which was followed by
IW: CPE=0.8 (9.63 and 8.23 kg ha'mm™") and the lowest water use efficiency was
recorded from control plot i.e., IW: CPE=0.

It might be due to the relative availability of water during vegetative and
reproductive stages of crop and its further utilization for assimilation and translocation
of photosynthetes to produce higher grain yield. Lowest water use efficiency was
observed in treatment no irrigation which might be due to moisture stress during
various growth stages of crop. The results are in accordance with Singh et al. (2017),

Bharat et al. (2019) and Konwar et al. (2019).

4.5.5 Effect of residue of precision nitrogen management and irrigation regimes

on soil properties after harvest of toria
4.5.5.1 pH, EC (dS/m) and OC (%)

The data pertaining to pH, EC (dS/m) and OC (%) as affected by residue of
precision nitrogen management and irrigation regimes after the harvest of toria is
presented in Table 4.31.

Results indicated that the residue of precision nitrogen management and
irrigation regimes did not show any significant effect on pH and EC of soil but showed
highly significant effect on organic carbon of soil after the harvest of toria. The IW:
CPE = 1 was superior treatment and recorded the highest organic carbon (1.37 and
1.39 %) which found to be statistically at par with IW: CPE =0.8 (1.35 and 1.36 %)
for both the years. The lowest organic carbon was recorded from the control plot. i.e.

IW: CPE=0.

Suitable irrigation supports improved crop growth, leading to higher biomass
accumulation. Residues left in the field was decomposed and contributed organic
carbon to the soil. Moist soil conditions provided by irrigation favour microbial
activity, which accelerates the breakdown of organic matter which leads to soil organic

carbon levels.
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The interaction of residue of precision nitrogen management and irrigation

regimes did not show any significant effect on pH, EC and OC of soil for both years.
4.5.5.2 Available N, P and K (kg ha™!)

The data relevant to available N, P and k as affected by residue of precision
nitrogen management and irrigation regimes after the harvest of toria is presented in

Table 4.32

Results indicated that the residue of precision nitrogen management and
irrigation regimes showed significant effect available N of soil after the harvest but
only the irrigation regimes showed highly significant effect on available P and K of
soil after the harvest of toria. The IW: CPE = 1 was superior treatment and recorded
the highest available nitrogen (262.77 and 263.15 kg ha™"), phosphorus (23.53 and
23.49 kg ha™!) and potassium (164.49 and 164.68 kg ha™') but for available K, it was
found to be statistically at par with IW: CPE =0.8 (162.49 and 163.24 kg ha™!) for both
the years. The lowest organic carbon was recorded from the control plot i.e. IW:

CPE=0.

With regards to residue of nitrogen management, highest available N of soil
was recorded from the Nsi.e. SPAD based nitrogen management (258.93 and 259.65
kg ha') which was found to be statistically at par with LCC based nitrogen

management.

The increased in available N with irrigation scheduling was might due to
adequate amount of irrigation promotes microbial activity, which helps in the
mineralization of organic nitrogen into plant-available forms (like nitrate and
ammonium). Irrigation can also lead to nitrogen leaching, reducing availability in the
root zone. Judicious irrigation prevents volatilization losses, helping retain nitrogen in

the soil.

The available P in soil after the crop toria with irrigation scheduling was due
to adequate irrigation maintains optimal soil moisture, enhancing microbial activity

and organic matter decomposition, which releases phosphorus into available forms.

118



The increased in available K with irrigation scheduling was due to irrigation
maintains soil moisture at optimal levels, preventing excessive leaching of potassium,
especially in sandy soils. Maintaining proper soil aeration with moderate irrigation

supports microbial processes and root growth, improving potassium retention.

The interaction of residue of precision nitrogen management and irrigation
regimes did not show any significant effect on available N, P and K of soil for both

years

4.5.6 Effect of residue of precision nitrogen management and irrigation regimes

on nutrient (NPK) content and uptake of seed and stover
4.5.6.1a Nitrogen content (%)

The data relevant to nitrogen content (seed and stover) of toria as influenced
by effect of residue of precision nitrogen management and irrigation regimes is
presented in the Table 4.33 for both the years. It is observable from the data that effect
of residue of precision nitrogen management and irrigation regimes did not have any

significant effect on nitrogen content (seed and stover) of toria for both years.

Interaction effect of residue of precision nitrogen management and irrigation regimes
did not show any significant effect on nitrogen content (seed and stover) in toria for

both the years of observation.
4.5.6.1b Nitrogen uptake (kg ha™)

The data related to nitrogen uptake by toria as influenced by effect of residue
of precision nitrogen management and irrigation regimes is presented un the Table 4.33

for both years of experiment.

It is noticeable from the data that effect of residue of precision nitrogen
management on nitrogen uptake was nonsignificant while irrigation regimes show
highly significant effect on nitrogen uptake toria for both years. IW: CPE= 1 was
superior among the treatment and recorded the highest nitrogen uptake (26.76 and

20.10 kg ha™') which was found to be statistically at par with IW: CPE=0.8 (23.34 and
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17.54 kg ha™) in both the years. The lowest oil yield of toria was recorded from IW:
CPE=0 i.e. control plot.

Verma et al. (2014), Deka et al. (2018), Kumar et al. (2019), Singh et al.
(2019) and Saini ef al. (2023a) conveyed significantly higher N uptake by seed and

stover of toria with increase in irrigation frequency.

Interaction effect of residue of precision nitrogen management and irrigation
regimes had no significant effect on oil yield of toria for both the years of

observation.
4.5.6.2a Phosphorus content (%)

The data relevant to phosphorus content for both seed and stover of toria as
influenced by effect of residue of precision nitrogen management and irrigation
regimes is presented in the Table 4.34 for both the years. It is observable from the data
that effect of residue of precision nitrogen management and irrigation regimes did not
show any significant effect on phosphorus content for both seed and stover in toria for

both years.

Interaction effect of residue of precision nitrogen management and irrigation
regimes did not show any significant effect on phosphorus content for both seed and

stover of toria for both the years of observation.
4.5.6.2b Phosphorus uptake (kg ha™)

The data related phosphorus uptake of toria as influenced by effect of residue

of precision nitrogen management and irrigation regimes is presented in Table 4.34
for both years of experiment.

It is noticeable from the data that effect of residue of precision nitrogen
management did not show any significant effect on phosphorus uptake while irrigation
regimes show highly significant effect on phosphorus uptake of toria for both years.

IW: CPE=1 was superior among the treatment and recorded the maximum phosphorus
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uptake by seed (6.47 and 6.18 kg ha™!) and stover (4.22 and 4.11 kg ha™") which found
to be statistically at par with IW: CPE=0.8 for seed (5.78 and 5.73 kg ha™!) and stover
(3.61 and 3.21 kg ha™") in both the years. The minimum phosphorus uptake of toria
was recorded from IW: CPE=0 i.e. control plot.

Singh (2014), Singh et al. (2019), Deka et al. (2018), Kumar et al. (2019) and
Saini et al. (2023a) also reported that P uptake by seed and stover suggestively

increased in irrigated condition over no irrigation.

Interaction effect of residue of precision nitrogen management and irrigation
regimes did not have any significant effect on phosphorus uptake of toria for both the

years of observation
4.5.6.3a Potassium content (%)

The data relevant to potassium content for seed and stover of toria as influenced
by effect of residue of precision nitrogen management and irrigation regimes is

presented in the Table 4.35 for both the years.

It is observable from the data that effect of residue of precision nitrogen
management and irrigation regimes did not show any significant effect on potassium

content for seed and stover of toria for both years.

Interaction effect of residue of precision nitrogen management and irrigarton
regimes did not have any significant effect on potassium content for seed and stover

of toria for both the years of observation.
4.5.6.3b Potassium uptake (kg ha™)

The data related to potassium uptake by both seed and stover of toria as
influenced by effect of residue of precision nitrogen management and irrigation

regimes is presented in the Table 4.35 for both years of experiment and in pooled also.
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It is observed from the data that effect of residue of precision nitrogen
management had no significant effect on potassium uptake (seed and stover) while
irrigation regimes significantly affected potassium uptake (seed and stover) of toria for
both years. The highest potassium uptake by seed (6.99 and 5.45 kg ha™!) and stover
(13.89and 10.69 kg ha™') of toria was recorded from IW: CPE= 1 but found to be
statistically at par with IW: CPE=0.8 for seed (6.2and 4.85 kg ha™') and stover (12.99
and 9.99 kg ha™') in both the years. The lowest potassium uptake of toria was recorded

from IW: CPE=0 i.e. control plot.

Similar findings were also reported by Deka ef al. (2018), Kumar et al. (2019)
and Saini et al. (2023a) that potassium uptake by both seed and stover of toria increases

with proper irrigation scheduling.

Interaction effect of residue of precision nitrogen management and irrigation
regimes on potassium uptake of toria was non-significant for both the years of

observation

With the increased in irrigation frequentcy, nutrient uptake by seed and stover
was higher and may be due to better availability of moisture with application of
irrigation which is helpful in increasing the nutrient contents in plant. The frequent
irrigation amended the uptake of less mobile nutrients such as P and K. The soluble
fraction of nutrients presents in the soil solution flow to the roots as water is taken up.
K is absorbed strongly by soils and only present in small quantities in the soil solution.
By the process of diffusion, K moves to the root which was also helped by the presence
of sufficient moisture in the root zone. This difference in nutrient uptake by toria might
be described on the basis of differences in biomass (both seed and stover) brought

about by different irrigational regimes.

Meena et al. (2023) reported that nutrient uptake by toria is mainly a function
of'yield and nutrients concentration in seed and stover. It may be due to nutrient uptake

is interrelated with yield which lead to increase in dry matter and nutrient uptake.

It might also be due to better availability of moisture content throughout the

growing period which ascribed to better nutrient uptake by Indian mustard. Because
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of the increase availability of water during the growing period, soluble portion of
nutrients presents in soil solution became available to plant. Singh et al. (2021) and
Saini et al. (2023a) also stated that uptake of total N, P and K was increased with the

increased irrigation frequency. Similar results were also stated by Verma et al. (2014).

The increase in nutrient uptake with proper and adequate irrigation is ascribed
to enhanced nutritional environment in the rhizosphere as well as in the plant system
leading to higher nutrients translocation in plant parts along with irrigation water and
the nutrient uptake depends upon its content in crop plant, seed and straw yield of the
crop. The increased nitrogen, phosphorus and contents in toria is due to availability of
moisture in rhizosphere which solubilized the nutrients and eventually the plants
exploited more nutrients from soil through their root proliferation. Under adequate soil
moisture, the transpiration flow gets increased owed to full stomata opening which

intends to higher content of nutrients.

4.6 Effect of residue of precision nitrogen management and irrigation regimes

on economics of toria
4.6.1 Cost of cultivation, gross return, net return and B: C of toria.

The data relevant to cost of cultivation, gross return, net return and B:C of toria
as influenced by effect of residue of precision nitrogen management and irrigation

regimes is presented in the table 4.37 for both the year.

The highest cost of cultivation (26393 and 27403), gross return (83855.84 and
88062.62), net return (57462.84 and 60659.68) and B:C (2.18 and 2.21) obtained from

I5. The lowest cost of cultivation, gross return, net return and B:C was from I,

Gross return and net return were more due to higher production grain and stover yield
of toria. Irrigation might be resulted in better benefit cost ratio. This might be due to
fact that increment in irrigation levels increase yield. The results are conformity with
the findings of Sarma and Das, (2017), Jati ef al. (2018), Barick et al. (2020), Maurya
et al. (2022) and Saini ef al., (2023b).
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4.7 Effect of precision nitrogen management on sustainability index of rice.

The data related to sustainability index of rice influenced by precision nitrogen

management is presented in Table 4.37.

The maximum sustainability index of rice was recorded highest from SPAD based
nitrogen management (1.09) followed by LCC based nitrogen management (0.93),
RDF (0.87) and Control (0.79). A sustainability index is more critical in precision
nitrogen management because it provide a quantifiable measure of how well a farming
operation is balancing crop yields with environmental and economic sustainability.
This also helps the farmer make informed decision about fertilizer application,
reducing waste and pollution while optimizing resource used. Thus, SPAD based
nitrogen application is more sustainable than LCC based nitrogen application, split

application of N and Control.

4.8 Effect of residue of precision nitrogen management and irrigation on

sustainability index of toria

The data related to sustainability index of toria influenced by residual effect

precision nitrogen management and irrigation regimes is presented in table 4.38.

The maximum sustainability index of toria was recoded from the combination

N4I3(0.998) and minimum from the combination NI (0.623).

A sustainability index in irrigation regimes is crucial because it helps in to assess the
environmental, social and economic impact of different irrigation practices, allowing
for informed decision- making and the development of sustainable water management
strategies. By evaluating the performance of an irrigation system across these
dimensions, indices provide a comprehensive understanding of its long -term viability
and its contribution to sustainable agriculture. It can also help assess the economic
benefits of irrigation, including crop yields, profitability, and the overall cost of

implementing and maintaining irrigation system.
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4.9 System productivity of rice toria cropping system

The system productivity in terms of rice equivalent yield was calculated and
the crop equivalent yield or the whole system obtained was 7477.43 kg ha™! in Table
4.39. This infers that the growing of toria in sequence with rice is profitable than
growing rice alone. This may be due to toria augmenting the overall yield of the system

which in turn may contribute to the increase in Benefit Cost ratio.

System productivity ensures food security by maximizing rice production which
contributes to the overall economic well- being of farmers by diversifying income
through oilseed cultivation and improved the soil health through beneficials rotations
and nitrogen fixation. Diversifying with oilseed also helps utilize land resources more

effectively and reduces the risk associated with monoculture.
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Table 4.31 Residual effect of precision nitrogen management and irrigation
regimes on pH, EC and OC after harvest toria

pH EC (ds m™) OC (%)
Treatment 2022 | 2023- | Pooled | 2022- | 2023- | Pooled | 2022- | 2023- | Pooled
-23 24 23 24 23 24

I 545 | 5.55 5.5 0.612 | 0.634 | 0.623 1.28 1.31 1.29

I 525 | 5.35 529 | 0.601 | 0.591 | 0.596 1.35 1.36 1.36

I 5.09 | 5.12 5.06 | 0.584 | 0.585 | 0.585 1.37 1.39 1.38
SEm=+ 023 | 027 0.18 | 0.026 | 0.031 | 0.021 | 0.022 | 0.022 | 0.015
CD (P=0.05) | NS NS NS NS NS NS 0.064 | 0.065 | 0.044

Ny 550 | 5.53 552 | 0.628 | 0.617 | 0.622 1.29 1.31 1.3

N2 5.33 | 537 5.35 0.61 | 0.602 | 0.606 1.34 1.35 1.35

N3 5.19 | 5.26 5.23 0.597 | 0.607 | 0.602 1.35 1.37 1.36

Ny 5.02 | 5.08 5.05 0.562 | 0.588 | 0.575 1.37 1.38 1.37
SEm#+ 0.19 | 0.22 0.14 | 0.029 | 0.033 | 0.022 | 0.016 | 0.01 0.009
CD (P=0.05) | NS NS NS NS NS NS 0.057 | 0.034 | 0.029

IxN NS NS NS NS NS NS NS NS NS

Table 4.32 Residual effect of of precision nitrogen management and irrigation
regimes on available N, P and K (kg ha!) after harvest toria

Available N (kg ha™!) Available P (kg ha™) Available K (kg ha™)
Treatment 2022 2023- | Pooled | 2022 | 2023- | Pooled | 2022 2023- | Pooled
-23 24 -23 24 -23 24
I 248.66 | 24991 | 249.29 | 20.61 | 20.61 | 20.61 | 160.43 | 160.3 | 160.36
I 258.48 | 259.15 | 258.82 | 21.61 | 21.94 | 21.77 | 162.49 | 162.63 | 162.56
I 262.77 | 263.15 | 262.96 | 23.53 | 23.49 | 23.51 | 164.49 | 164.68 | 164.59
SEm=+ 3.51 3.54 2.49 0.36 | 0.49 0.31 1.07 1.11 0.77
CD 10.53 10.62 7.19 1.10 1.49 0.89 3.19 3.32 2.22
(P=0.05)
Ny 253.89 | 254.73 | 25432 | 21.67 | 21.75 | 21.71 | 162.15 | 162.35 | 162.25
N» 255.77 | 256.58 | 256.18 | 21.84 | 21.92 | 21.88 | 162.52 | 162.57 | 162.54
N3 257.95 | 258.66 | 258.3 | 22.01 | 22.17 | 22.09 | 162.63 | 162.54 | 162.58
N4 258.93 | 259.65 | 259.29 | 22.16 | 22.21 | 22.18 | 162.59 | 162.68 | 162.64
SEm=+ 0.89 0.98 0.66 0.2 0.24 0.16 0.79 0.73 0.54
CD 3.09 3.40 2.05 NS NS NS NS NS NS
(P=0.05)
IxXN NS NS NS NS NS NS NS NS NS

Where, Ii=IW: CPE=0,
L=1W: CPE=0.8
I:=1W: CPE=1

Ni- Control

N2- Split application of N

N3- LCC based N management and
N4- SPAD meter-based N management
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Table 4.34 Residual effect of of precision nitrogen management and irrigation regimes on phosphorus content (%) and
uptake by seed and stover (kg ha™!) of toria

Phosphorus content (%)

Phosphorus uptake (kg ha™')

Seed Stover Seed Stover
Treatment 2022 2023-24 Pooled 2022 2023-24 Pooled 2022 2023- Pooled 2022 | 2023- | Pooled
-23 -23 -23 24 -23 24
Ii 0.431 0.312 0.371 0.124 0.132 0.128 3.98 3.80 3.89 224 | 212 2.18
I 0.436 0.321 0.378 0.136 0.154 0.145 5.83 5.73 5.78 3.61 3.21 3.41
I 0.447 0.328 0.388 0.167 0.172 0.169 6.47 6.18 6.33 422 | 4.11 4.17
SEm=+ 0.0439 0.0475 0.0323 0.0132 0.0158 0.0103 0.65 0.66 0.46 0.61 0.66 0.45
CD NS NS NS NS NS NS 3.98 3.80 3.89 NS NS NS
(P=0.05)
Ni 0.434 0.427 0.431 0.137 0.141 0.139 5.34 5.03 5.19 3.13 | 3.01 3.07
N> 0.436 0.428 0.432 0.141 0.154 0.148 5.40 5.27 5.34 334 | 3.11 3.23
N3 0.438 0.427 0.433 0.143 0.156 0.150 5.46 5.33 5.39 345 | 3.13 3.29
Ny 0.443 0.426 0.434 0.148 0.159 0.153 5.51 5.32 5.42 3.50 | 3.32 3.41
SEm=+ 0.026 0.125 0.0634 0.0154 0.0183 0.0119 0.21 0.28 0.18 0.40 | 0.60 0.36
CD NS NS NS NS NS NS NS NS NS NS NS NS
(P=0.05)
IxXN NS NS NS NS NS NS NS NS NS NS NS NS

Where, Ii=IW: CPE=0,

I>=1TW: CPE=0.8
I3=1W: CPE=1

Ni- Control,
N2- Split application of N
N3- LCC based N management and

N4~ SPAD meter-based N management

128




6¢C1
juduRgeURW N PIseq-119W (VJS -*N

pue judwageurw N paseq DT -EN I=AdD AT =1
N Jo uonedrdde yydg -zN 8°0=AdD ‘MI =1
‘[onuo) -IN ‘0=AdD ‘M1 ='1 9IYM
SN SN SN SN SN SN SN SN SN SN SN SN NXI
(S0°0=d)
SN SN SN SN SN SN SN SN SN SN SN SN aon
L0 89°0 4! 870 LY0 2800 00 890°0 0500 8€T0°0 | 9¢¥0°0 | ¥610°0 FWwHs
6C'Cl 8¢CI 1TCI 9 809 £€6'S €960 I[LS0 9650 LY 0 SLY0 99770 "N
cIel 0CCl 90°CI LS LL'S LIS LSS0 7950 6750 8S¥0 891770 8vv0 N
crel STl 6611 LY'S ¢SS s 6750 9650 €rso vEV 0 8EV0 &0 N
128! LI 870! 14 9C'S s €Cs0 €eso €150 6170 6170 810 N
(S0"0=d)
SN SN SN 1T 6C'¢ IT¢ SN SN SN SN SN SN aon
0r'1 €9°1 87’1 LLO (1! LO'T 9590°0 £€60°0 €260°0 6SC0°0 | 86€0°0 | 1€€0°0 FWHS
0011 1Tl 68°¢l 9 Sv'S 669 §9¢°0 CLS 0 6550 6Cr 0 SLEO 810 1
¢8°Cl €0°¢cl 99°CI £€¢'¢s S8y 179 Ggeso 2950 6750 ¢Iro 29¢°0 7970 q
o6 vC6 06 Ire eL'C 8Y'¢ ¥2S°0 €SS0 7150 6£€0 c0€0 9LE0 T
€ €C- €C- 144 €C
po[ood ¥C-£20¢C [44\14 Pa[ood yC-€20C | CT0T | Po1ood | ¥C-£C0T [44\14 pajood -€20¢ (4414 jusweal ],
J9A01S pPa°S J9A0]S pasS
(;-eq 8Y) aerdn wnissejog (9,) JU9IU0D WNISSB)OJ

€LI0) JO (;-BY 3Y]) 19A0)S pue pads
£Aq feydn pue (¢/) Judjuod wnissejod sOWIFII UONESLLII PUE JUIWISEURW UIS0)IU UOISINIA JOo JO 193JJd [BnpISNY S} dqeL



Table 4.36 Residual effect of of precision nitrogen management and irrigation regimes on cost of cultivation, gross return, net
return and B:C of toria

Cost of cultivation Gross return Net return B: C
Treatment | 2022- | 2023- | Poole | 2022-23 | 2023-24 | Pooled | 2022-23 | 2023-24 Pooled | 2022- | 2023- | Poole
23 24 d 23 24 d
I 25343 | 26683 | 26013 | 53719.66 | 56845.55 | 55282.61 | 28376.66 | 30162.55 | 29269.61 | 1.11 1.13 1.12
I 26163 | 27043 | 26603 | 77474.39 | 81512.26 | 79493.33 | 51311.39 | 54469.26 | 52890.33 | 1.96 | 2.01 1.98
I 26393 | 27403 | 26898 | 83855.84 | 88062.68 | 85959.26 | 57462.84 | 60659.68 | 59061.26 | 2.18 2.21 2.20

Where, Ii=IW: CPE=0,
L=1W: CPE=0.8
I3=1W: CPE=1

Table 4.37 Sustainability index of rice

Treatment 2022 2023 S.D Average yield Y max SI
Ny 3838.33 3844.67 4.48 3841.50 0.79
N> 4231.67 4343.00 78.73 4287.33 0.87
N3 4526.67 4550.00 16.50 4538.33 4830 0.93
Ny 4823.33 4838.33 10.61 4830.83 1.09

Where, Ni1- Control, N2- Split application of N, N3- LCC based N application, Ns- SPAD meter-based N application
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Table 4.38 Sustainability index of toria

Treatment 2022 2023 S.D Average Y max SI
yield

Nily 910.367 914.73 3.08 912.55 0.623
Nilz 1321.63 1329.63 | 5.66 1325.63 0.904
Nils 1436.17 1438.00 | 1.29 1437.09 0.98
Noly 922.69 928.54 4.14 925.61 0.631
Nolz 1338.02 1339.07 | 0.75 1338.54 0.916
Nal3 1445.69 1447.17 | 1.05 1446.43 0.990
Naly 928.14 | 932.92 | 339 | 93053 | 1459.07 0.635
Nl 1340.03 1343.67 | 2.57 1341.85 0.917
Nsl3 1454.63 1456.60 | 1.39 1455.62 0.996
Naly 935.31 943.26 5.62 939.28 0.639
Nalz 1342.84 1343.77 | 0.65 1343.30 0.920
Nul3 1457.72 1459.07 | 0.95 1458.39 0.998

Average 1236.10 1237.90

Table 4.39 Sysytem productivity of rice toria cropping system (mean of 2 years)

Mean Crop yield Rice equivalent Yield (kg ha™') System Productivity
(kg ha™!) (kg ha)
Kharif (Rice) Rabi (Toria) Rabi (REY)
4375 1237 3252.28 7477.43
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Plate 3: Observation of SPAD and LCC
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SUMMARY AND CONCLUSION

A field experiment entitled “Effect of precision nitrogen management and
irrigation regimes in rice - toria cropping system in Dimapur district of Nagaland™ was
conducted at ICAR Research Farm, Jharnapani, Nagaland Centre during kharif and
rabi season of 2022-23 and 2023-24. The experiment was laid out in Randomized
block design (RBD) and replicated thrice in kharif season of 2022-23 and 2023-24.
The experiment consisting of four precision nitrogen management treatment viz., Ni-
Control, N»- Split application of N (3 Split), N3- Leaf Colour Chart (LCC) based N
application and N4- SPAD (Chlorophyll Meter) based N application was carried out.

While in rabi season, the experiment was laid out in the split plot design (SPD) and
replicated thrice. The main plot treatment consisted of four residual precision nitrogen
management and each kharif plot was sub divided into three plots to accommodate
three irrigation regimes viz., [1- IW: CPE= 0, I- IW: CPE= 0.8 and I3- IW: CPE= 1)

in toria crop and treated as sub plot.

The initial analysis of available NPK in soil and after the harvest of the kharif rice and

rabi toria were also recorded. The weather during the crop growth period was pleasant.

Observations were recorded on growth parameters viz., plant height, plant population,
DMA, number of tillers m?, CGR, RGR, NAR, leaf area index and relative water
content, phenological parameters, yield attributes, yield of rice, nutrient uptake by
grain and straw, nutrient availability in soil, economics for both the crops, oil quality
of toria sustainability index and system productivity. The silent features of the results

obtained from the experiment are summarized below;

The growth parameters of rice like plant height, DMA plant™', number of tillers
m, leaf area index, relative water content was found to be highest with SPAD based
N application (N4) and was found to be at par with LCC based N application (N3)
except the plant height. The other growth parameters like CGR, RGR and NAR was
also found to be highest with SPAD based N application(N4) followed by treatment
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N3. The lowest crop growth parameters were recorded from N (control) during two

years of experiment and pooled data also.

The phenological parameters like days to flowering and days to maturity of

rice did not show any significant variation with different nitrogen management.

The yield attributes like number of panicles m™, panicle length, weight of the
panicle and number of filled grain panicle™! was found to be significantly influenced
with different nitrogen management and highest were recorded from SPAD nased N
application while number of unfilled grain panicle’ and test weight was not
significantly influenced. The lowest yield attributes parameters of rice were recorded

from N (control) during two years of experiment and pooled data also.

The grain yield of rice exhibited significant differences due to different
nitrogen management. Among all the treatments, the maximum grain yield was
recorded with SPAD based N application (N4) which was followed by LCC based N
application during first year, second year of study and in pooled data also. The lowest

grain yield was recorded from control plot.

The straw yield and harvest index were not significantly influenced by different

nitrogen management.

The efficiency parameters viz., agronomic efficiency, phenological efficiency
and partial factor productivity were significantly influenced with different nitrogen
management. The maximum efficiency parameters were recorded from SPAD based
N application (N4) followed by LCC based N application (N3) and minimum was
recorded from control plot (Ny).

Nitrogen, phosphorus and potassium content in the grain and straw of rice did
not show any significant differences while the uptake of respective nutrient were
significantly influenced by different nitrogen application. Uptake of nutrient (NPK) in
grain and straw were increased with the increased fertility level. The treatment Ny

(SPAD based N application) recorded the highest uptake of NPK and followed by
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treatment N3. Relatively, the lowest uptake of NPK was recorded from no nitrogen plot

(N).

Similarly, post harvest soil status of nutrient (NPK) after rice was significantly
influenced due to different nitrogen application imposed in rice. Significantly, highest
nitrogen and potassium in soil were recorded from SPAD based N application (N4)
followed by LCC based N application (N3). Similarly highest available phosphorus in
soil was recorded in treatment N4 (SPAD based N application) which was found to be
at par with treatment N3(LCC based N application). The lowest available NPK was

recorded with treatment Ni(control).

Among the treatment, gross return and net return increased with different
nitrogen application. The highest gross return, net return and B:C was recorded from
the treatment N4 (SPAD based N application) followed by N3(LCC based N
application). The lowest gross return, net return and B:C was recorded with treatment

Ni(control).

In rabi season, residue of precision nitrogen management did not show any
significant effect but irrigation regimes showed highly significant effect on growth
parameters, yield attributes, yield, quality, nutrient availability, nutrient uptake and

economic of toria.

Growth parameters like plant height, dry matter accumulation, number of
primary branches and secondary branches plant”! were found to be significantly
different with different irrigation regimes. The highest plant height, dry matter
accumulation, number of primary branches and secondary branches plant! were
recorded from the treatment I3 (IW: CPE=1) and found to be statistically at par with
treatment I (IW: CPE=0.8) except DMA for both years of experiment and pooled data

also. The lowest was recorded from the control plot.

Other growth parameters like CGR, RGR and NAR were found to be
significant at 30-45 and 45-60 DAS. The highest CGR, RGR and NAR was recorded
from I3 (IW: CPE=1) followed by I, (IW: CPE=0.8) for first year, second year and
pooled data.
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Yield attributes like number of siliquae, length of siliqua, weight of siliqua and
number of seed were significantly influenced with different irrigation regimes. The
treatment I3 i.e. IW: CPE =1 recorded the highest yield attributes followed by treatment
> i.e. IW: CPE=0.8 for both years of experiment and in pooled also.

Among all the treatment tested, significantly higher grain yield was recorded
from the treatment I3 i.e. IW: CPE =1 followed by I» i.e. IW: CPE=0.8 for both years
of experiment and in pooled also. The straw yield and harvest index were not found

significantly influenced by irrigation regimes.

Similarly, oil content was not significantly influenced by different irrigation
regimes. But oil yield was significantly influenced by different irrigation regimes. The
highest oil yield was recorded with irrigation regimes of IW: CPE =1(I3) and found to
be at par with I» (IW: CPE=0.8). The lowest oil yield was recorded from control plot

for first year, second year of experiment and in pooled also.

The WUE was found to be significantly influenced with different irrigation
regimes. The maximum WUE was also recorded from the treatment I3 i.e. IW: CPE =1

followed by I> i.e. IW: CPE=0.8 for both years of experiment and in pooled also.

The nutrient (NPK) content was not significantly influenced by different
irrigation regimes while the uptake of NPK by seed and stover of toria was
significantly influenced by different irrigation regimes. The highest uptake of NPK by
seed and stover of toria was recorded from the treatment I3 (IW: CPE=1) followed by

L for both years and in pooled also. The lowest uptake was recorded from I; (control).

With respect to post harvest soil available nitrogen, phosphorus and potassium
was significantly influenced by different irrigation regimes. The highest available NPK
in soil was recorded with treatment I3 (IW: CPE=1) followed by I» (IW: CPE=0.8) for

both years and in pooled also. The lowest uptake was recorded from I; (control).

Significantly gross return, net return and B:C ratio were obtained with IW:

CPE=1(I3) followed by IW: CPE=0.8 (I2). Lowest was obtained from control plot.
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The system productivity was calculated for the whole system in terms of REY

for the mean two years.
CONCLUSION
On the basis of preceding summary, following conclusion can made:

[ Significant increase in growth, yield attributes, yield, agronomic efficiency,
physiological efficiency and partial factor productivity, nutrient availability, nutrient
uptake and economics of rice was recorded with SPAD based N application over the

rest of the treatments.

SPAD based nitrogen management(N4) help us to reduce nitrogen fertilizer from 80 kg
N ha! (RDF) to 45-50 kg N ha’!, resulting in a nitrogen saving of approximately 37.5-

43.75% while maintaining crop productivity.

O In case of irrigation regimes, IW:CPE=1 is required for higher growth, yield
attributes, yield, quality, nutrient availability, nutrient uptake and economics of

succeeding crop toria.

From the present investigation it can be concluded that SPAD based N application and
IW: CPE=1 proved to be most promising, feasible and economically viable nitrogen
management and irrigation practice for higher yield in (kharif) rice- (rabi) toria

cropping system for Dimapur district of Nagaland.
FUTURE ASPECT OF MY RESEARCH

Further studies of this research works would emphasize integration of advanced
technology, climate resilience resource use efficiency, environment sustainability and
economic feasibility. such approaches will contribute to improve profitability and

sustainable agriculture development while conserving water and nutrient resources.
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APPENDIX I

Cost of cultivation per ha for rice (both years) under precision nitrogen

management for control treatment

S Mandays/quantity Rate Total ()
: Particulars
No. 2022 2023 2022 2023 2022 2023
1 Field preparation
a. Tractor 2 2 800/hr | 900/hr 1600 1800
b- Power 1 1 800/hr | 900/hr | 800 900
tiller
¢. Manual 8 9 400 400 3200 3600
Application
2 | of fertilizers 10 10 400 400 4000 4000
and puddling
3 Cost of fertilizer
a. Urea 0 0 7 7 0 0
b. SSP 250 kg/ha 250 kg/ha 8.4 8.4 2100 2100
c. Mop 66.67 kg/ha | 66.67kg/ha | 19.6 19.6 1306.7 | 1306.732
Uprooting
4 and 15 16 400 | 400 | 6000 6400
transplanting
of seedling
5 | Interculture 10 10 400 | 400 | 4000 4000
operation
Harvesting,
6 | threshing and 35 36 400 400 14000 14400
winnowing
7 Seed 35kg/ha 35kg/ha 15/kg | 15/kg 525 525
g Mlscelslaneou 1500 1500
TOTAL R) 39031.73 | 40531.73




Cost of cultivation per ha for rice (both years) under precision nitrogen

management for Split application of N

gL Mandays/quantity Rate Total ()
Particulars
No. 2022 2023 2022 2023 2022 2023
1 Field preparation
a. Tractor 2 2 800/hr | 900/hr 1600 1800
b. P
ower I 1 800/hr | 900/hr | 800 900
tiller
¢. Manual 8 9 400 400 3200 3600
Application
2 | of fertilizers 10 10 400 400 4000 4000
and puddling
3 Cost of fertilizer
a. Urea 174 kg/ha | 174 kg/ha 7 7 1218 1218
b. SSP 250 kg/ha 250 kg/ha 8.4 8.4 2100 2100
¢. Mop 66.67 kg/ha | 66.67kg/ha | 19.6 19.6 1306.73 | 1306.73
Uprooting
4 and
transplanting 15 16 400 400 6000 6400
of seedling
5 | Interculture 10 10 400 | 400 | 4000 4000
operation
Harvesting,
hreshi
6| threshing and 35 36 400 | 400 | 14000 | 14400
winnowing
7 Seed 35kg/ha 35kg/ha 15/kg | 15/kg 525 525
g Mlscelslaneou 1500 1500
TOTAL ]R) 40249.73 | 41749.73




Cost of cultivation per ha for rice (both years) under precision nitrogen
management for LCC based N application

gl . Mandays/quantity Rate Total (%)
Particulars
No. 2022 2023 2022 2023 2022 2023
1 Field preparation
a. Tractor 2 2 800/hr | 900/hr 1600 1800
b. Power 1 | 800/hr | 900/hr | 800 900
tiller
¢. Manual 8 9 400 400 3200 3600
Application
2 of fertilizers 10 10 400 400 4000 4000
and puddling
3 Cost of fertilizer
108.7 108.7
a. Urea ke/ha ke/ha 7 7 760.9 760.9
b. SSP 250 kg/ha 250 kg/ha 8.4 8.4 2100 2100
¢. Mop 66.67 kg/ha | 66.67kg/ha 19.6 19.6 1306.73 1306.73
Uprooting
4 and
transplanting 15 16 400 400 6000 6400
of seedling
5 | Interculture 10 10 400 | 400 | 4000 4000
operation
Harvesting,
6 | threshing and 35 36 400 | 400 | 14000 | 14400
winnowing
7 Seed 35kg/ha 35kg/ha 15/kg | 15/kg 525 525
g Mlscelslaneou 1500 1500
TOTAL R) 39792.63 | 41063.73




Cost of cultivation per ha for rice (both years) under precision nitrogen
management for SPAD based N application

Mandays/quantity Rate Total (%)
Sl .
N Particulars
0. 2022 2023 2022 2023 2022 2023
1 Field preparation
a. Tractor 2 2 800/hr | 900/hr 1600 1800
b. Power 1 | 800/hr | 900/hr | 800 900
tiller
¢. Manual 8 9 400 400 3200 3600
Application
2 of fertilizers 10 10 400 400 4000 4000
and puddling
3 Cost of fertilizer
76 76
a. Urea ke/ha ke/ha 7 7 532 532
b. SSP 250 kg/ha 250 kg/ha 8.4 8.4 2100 2100
¢. Mop 66.67 kg/ha | 66.67kg/ha 19.6 19.6 1306.73 1306.73
Uprooting
4 and
transplanting 15 16 400 400 6000 6400
of seedling
5 | Interculture 10 10 400 | 400 | 4000 4000
operation
Harvesting,
6| threshing and 35 36 400 | 400 | 14000 | 14400
winnowing
7 Seed 35kg/ha 35kg/ha 15/kg | 15/kg 525 525
g Mlscelslaneou 1500 1500
TOTAL }) 39563.73 | 41063.73




Cost of cultivation per ha for toria (both years) under irrigation for control

treatment
Mandays/quantity Rate Total (%)
Sl. )
No Particulars
' 2022-23 2023-24 | 2022-23 | 2023-24 | 2022-23 | 2023-24
1 Field preparation
a. Power 1 1 800/hr | 900/hr 800 900
tiller
. Manual 8 9 400 400 3200 3200
, | Application 5 10 400 400 2000 2000
of fertilizers
3 Cost of fertilizer
a. Urea 109 kg/ha | 109 kg/ha 7 7 763 763
b. SSP 375 kg/ha | 375 kg/ha 8.4 8.4 3150 3150
c. Mop 50 kg/ha 50 kg/ha 19.6 19.6 980 980
4 Line sowing 10 10 400 400 4000 4000
5 | Interculture 10 10 400 400 4000 4800
operation
Harvesting, 13
6 | threshing and 13 400 400 5200 5200
winnowing
7 Seed Skg/ha Skg/ha 90/kg 90/kg 450 450
g Mlscelslaneou 1000 1000
TOTAL ) 25543 25643




Cost of cultivation per ha for toria (both years) under irrigation for IW: CPE=0.8

Mandays/quantity Rate Total (%)
SI. .
No Particulars
' 2022-23 2023-24 | 2022-23 | 2023-24 | 2022-23 | 2023-24
1 Field preparation
a. Power 1 1 800/hr | 900/hr | 800 900
tiller
. Manual 8 9 400 400 3200 3200
» | Application 5 10 400 400 2000 2000
of fertilizers
3 Cost of fertilizer
a. Urea 109 kg/ha | 109 kg/ha 7 7 763 763
b. SSP 375 kg/ha | 375 kg/ha 8.4 8.4 3150 3150
c. Mop 50 kg/ha 50 kg/ha 19.6 19.6 980 980
4 Line sowing 10 10 400 400 4000 4000
5 | Interculture 12 1 400 400 4800 | 4400
operation
Harvesting,
6 | threshing and 13 13 400 400 5200 5200
winnowing
7 Seed Skg/ha Skg/ha 90/kg 90/kg 450 450
g Mlscelslaneou 1000 1000
TOTAL ) 26343 26043

Vi




Cost of cultivation per ha for toria (both years) under irrigation for IW: CPE=0.1

Mandays/quantity Rate Total (%)
Sl. )
No Particulars
' 2022-23 2023-24 | 2022-23 | 2023-24 | 2022-23 | 2023-24
1 Field preparation
a. Power 1 | 800/hr | 900/hr 800 900
tiller
. Manual 8 9 400 400 3200 3200
2 .
Application 5 10 400 400 2000 2000
of fertilizers
3 Cost of fertilizer
a. Urea 109 kg/ha | 109 kg/ha 7 7 763 763
b. SSP 375 kg/ha | 375 kg/ha 8.4 8.4 3150 3150
c. Mop 50 kg/ha 50 kg/ha 19.6 19.6 980 980
4 Line sowing 10 10 400 400 4000 4000
. Int It
fereurure 13 12 400 400 5200 4800
operation
6 Harvesting,
threshing and 13 13 400 400 5200 5200
winnowing
7 Seed Skg/ha Skg/ha 90/kg 90/kg 450 450
8 Mlscelslaneou 1000 1000
TOTAL ) 26743 23443
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