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ABSTRACT: A field experiment was conducted at Meerut, Uttar Pradesh, to assess the effect of different
nutrient management practices on nutrient content, nutrient uptake and nutrient use efficiency of Indian
mustard (Brassica juncea L.). Increment in use of inorganic fertilizers without inclusion of organic nutrient
sources has intensified nutrient deficiencies of major and micro nutrients in plants. It also has degraded the
soil health and pollution in environment. Integration of major and micronutrients with organic manures
sustains the soil health and stabilizes the crop production by improving productivity. Standardization of
Integrated Nutrient Management approach involving FYM, biofertilizers and inorganic fertilizers can
maintain soil health and sustain crop productivity. Indian mustard cultivar Pusa Mustard 31(PDZM -31)
was grown during winter (rabi) season of 2020-21. The treatments comprised of Control (T1), 100% N (T2),
100% NP (T3), 100% NPK (Ta4), 125%NPK (Ts), 100% NPK+ S@40kg ha? (Ts), 1009%NPK+ Zn @5kg ha!
(T7), 100% NPK + B @1kg ha* (Tg), 75% NPK+ VC @ 2t ha* (To), 75%NPK+FYM @ 6t ha? (T1w), 75%
NPK + VC @ 2t ha'’+ Azotobacter (T11) and 75% NPK + FYM @ 6t ha* + Azotobacter (T12) and analysed
in RBD comprising of 3 replications. Results revealed that treatments T11 and T12 had significant influence
on Nutrient content, Nutrient uptake by seed and stover and on Nutrient use efficiency of Indian mustard.

Keywords: Nutrient management, Nutrient content, Nutrient uptake, Nutrient use efficiency, Double zero Indian
mustard.

INTRODUCTION

Indian mustard (Brassica juncea L.) is commonly
known as raya or laha. It is an important oilseed crop in
the world. It plays an important role in meeting edible
oil demand of the country. Indian mustard is chiefly
cultivated in Uttar Pradesh, Rajasthan, Madhya Pradesh,
Haryana, and Gujarat. Its cultivation is also being
extended to non-traditional areas of cultivation in
southern states like Karnataka, Tamil Nadu and Andhra
Pradesh.

Among the various cultivated oilseed crops, the
contribution of Rapeseed and Mustard is around 26%.
Rapeseed and Mustard is grown on an area of 6.9
million hectares, 73.41 Mt of production and 1.03 Mt
hal productivity in India (Anonymous 2021). India is
ranked third after Canada and China sharing about
11.0% of the global rapeseed-mustard production
(72.41 mt) and 24.7% and 29.4% in terms of area and
production, respectively, of oilseeds in India during
2018-19. The estimated demand of oilseeds by 2030 is
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82-101 mt and contribution of rapeseed-mustard is
projected to be 16.4-20.5 mt, accounting its share of 20-
25% in production (Chauhan et al., 2020).

Technical constraints such as lack of implementation of
improved cultural practices, cultivation on lands with
low fertility status and economical constraints such as
exploitation by middlemen followed by high market
prices are some of the major constraints for mustard
production in India. Added to this is the use of high
yielding varieties of mustard which has led to increased
depletion of nutrients from the soil. Consumption of
nutrients have remained lower as compared to their
removal. This imbalance between nutrient availability,
supply and removal cannot be overcome by application
of fertilizer alone. This can be achieved through
improvisation of Nutrient Use efficiency through
balanced and integrative use of different nutrients.
Enhancing Nutrient use Efficiency can build up soil
fertility which in turn leads to better productivity of the
crop. Integration of major and micronutrients with
organic manures sustains the soil health and stabilizes
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the crop production by improving productivity.
Standardization of Integrated Nutrient Management
approach involving FYM, biofertilizers and inorganic
fertilizers can maintain soil health and sustain crop
productivity. Among the various agronomic factors that
are known to enhance crop production, fertilizer and
nutrient management play a significant role. The
efficiency of fertilizer nitrogen is only 40-50%,
phosphorous 15-20% and Sulphur 10-12% in Indian
soils and this could be enhanced by efficient use of
inputs (Hegde et al., 2004). The soil quality improves
with the application of organic manures like FYM, leaf
compost and Vermicompost (Meena et al., 2014).
Nutrient uptake by mustard and nutrient use efficiency
increases due to integrated nutrient management
practices (Shekhawat et al., 2012). Integrated
application of FYM, PSM and Azospirillum promotes
significantly higher nutrient uptake in mustard (Singh et
al., 2014).

The nutrient requirement of Indian mustard, in general is
high and inadequate nutrient use often leads to low
productivity of the major nutrient elements, which is
insufficient in most of the Indian soils, plays appreciably
an important role in Brassica juncea. Knowledge of the
concentration of the dosage of plant nutrients in a crop
and the amount of nutrients removed by a particular
crop from the soil may be a useful guide for the
recommendation of a sound nutrient management
Programme. Use of chemical fertilizers in combination
with organic manure is essentially required to improve
the soil health (Prasad et al., 2017). Chemical fertilizers
alone cannot sustain the desired levels of crop
production under continuous farming. Integrated
nutrient management is very essential as it not only
sustains crop production (Verma et al., 2016) but also
improves soil health and ensures safe environment
(Babu et al., 2017). For sustainable crop production,
integrative effect of organic, inorganic and bio-fertilizers
is important. Biofertilizers and organic manures play a
significant role in sustaining soil health. Nitrogen,
phosphorous and potassium as major nutrients and
Sulphur, boron among the secondary nutrients play an
important role in influencing the yield and quality of
mustard. Moreover, balanced fertilization is an
important aspect of crop production technology. The
balanced nutrient management through conjunctive use
of organic, inorganic and biofertilizers facilitate
profitable and sustainable crop production and maintain
soil quality (Singh and Sinsinwar 2016). There is a great
scope for enhancing the production of Indian mustard by
increasing the area under cultivation and improvising its
productivity by the application of organic manures
(FYM) with balanced fertilization keeping in view, the
soil fertility status and soil health.

Though some information about mustard nutrition is
available but the role of nutrient use efficiency on
effecting the productivity of crop under the influence of
different organic, inorganic nutrients and biofertilizers
needs to be worked out. The suitable treatment of
different nutrients with appropriate dosages is to be
worked out to understand nutrient uptake, availability
and achieve maximum yield.
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MATERIAL AND METHODS

The experiment was carried out at Crop Research
Centre, Sardar Vallabhbhai Patel University of
Agriculture and Technology, Meerut (U.P.) to study the
influence of different nutrient management practices on
productivity and profitability of Double Zero Indian
Mustard in Randomized Block Design with 12
treatments, replicated three times. The maximum and
minimum temperatures recorded were 35.21°C and
4.89°C during the crop growth period. Maximum
temperature ranged from 18.13°C to 34.01°C during
maturity phase of the crop. Relative humidity varied
from 26.57%t094.86%during crop growth period. The
area receives mean annual rainfall of 845mm. The soil
of the experimental field was sandy loam in texture,
lowin available nitrogen (220.7 kg ha) and organic
carbon (0.48%), medium in available phosphorous
(13.8 kg ha) and potassium (247.2 kg ha) and slightly
alkaline (pH 7.8) in reaction with electrical conductivity
of 0.22 dSm™. The gross and net plot size were 6m x
4.5m and 4.8mx2.7m respectively. The crop variety
Pusa Mustard 31(PDZM-31) was sown on 19 October
2020 and harvested on 20 March 2021. The seed rate
was 5 kg ha'. Seeding was done in the row to row
spacing of 45 cm and plant to plant spacing of 15cm.
There commended dose of nitrogen (120kgha) was
applied in two equal split, the half as basal and the
remaining half was top dressed 2 times at the time of
first and second irrigation. The whole quantity of
potassium (40 kg ha?') was applied as basal dose
through Murate of Potash at 8-10 cm depth along with
half dose of nitrogen prior to sowing. Phosphorous was
applied as basal dose (60kgha?) through DAP.
Vermicompost and FYM were applied in the field as
per treatments at the time of sowing. The sulphur was
applied through Gypsum in the field as per treatments.
Boron was applied through borax at the time of sowing.
Zinc was applied at the time of sowing in the form of
Zinc sulphate.

The seed was treated with Azotobacter@200g/10kg
seed which was applied as per treatments before the
sowing. One thinning was done after 30 days of sowing
to maintain a plant-to-plant distance of about 15 cm.
Weeding and hoeing operation were performed
manually after first and second irrigation at proper soil
moisture condition of the soil. The observations
recorded included Seed yield (q ha), Stover yield (q
hal), Biological yield (q ha), Harvest index (%), N
(%), P (%), K (%), S (%), B (ppm) and Zn (ppm)
content in seed and stover, N, P, K, S, B and Zn uptake
by seed and stover, Nutrient use efficiency of Nitrogen,
Phosphorous and Potassium. Indian mustard plants were
collected treatment wise for determination of N, P, K
content in grain and stover. Five Indian mustard plants
having intact leaves (dry and green) were selected
randomly from sample row (2" row of plot) of each
plot. The plants were chopped (2mm size),
homogenized and a representative sample was dried at
70°C for 72 hrs to make it free from moisture. Similar
procedure was adopted for the analysis of the grain
samples also. Nitrogen was determined by Kjeldahl’s
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method as described by Piper (1960). Well ground seed
and straw samples were digested in diacid mixture on
HNO; and HCIO, (4:1) and P concentration in the
extract was estimated calorimetrically by method as
described by Chapman and Pratt (1961). Potassium
concentration in the diacid extract was determined by
flame photometrically as per procedure given by Black
(1965). Sulphur in the extract can also be estimated by
a colorimetric method using bariumchromate. Digestion
of samples was done by di-acid mixture using double
distilled water. The zinc content in seed and stover was
estimated with atomic absorption spectrophotometer
(AAS) by Lindsay and Norvell (1978) method. The
plant samples were analyzed for available B, by
extracting with hot 0.02M CaCl, (Aitken and Callum
1987). In this method, 5 mL of plant extract, 2 mL of
buffer and 2 mL of azomethine-H indicator was added
to the tube and volume was made upto 10mL with
distilled water. After 2h, absorbance was taken at 420
nm with spectrophotometer. Nutrient uptake was
calculated by multiplying nutrient content with yield
and correction factor divided by 100. Agronomic
efficiency is calculated by the following formula where
Y. is yield under test treatment (kg ha?), Yo is yield
under control (kg ha?) and A: is units of nutrient
applied in the test treatment.

AE= Y Yo

t

The Physiological efficiency (PE) indicates the ability

of crop to transform acquired nutrient into economic
yield and expressed as kg of grains produced per kg of
nutrient absorbed. It is calculated by the following
formula where Y:is yield under test treatment (kg hat),
Yo is yield under control (kg ha?), Ut is uptake under
test treatment, U, of nutrient in control.

Yt B Yo

Ut - Uo

Partial factor productivity indicates productions of a
crop in comparison to its nutrient input. It is expressed
ask g of grains produced per kg of nutrient applied and
is worked out as

PE =

PFP =¥
N

Statistical analysis of the data was done as per the
standard analysis of variance technique for the
experimental designs following SPSS software-based
programme, and the treatment means were compared at
P< 0.05 level of probability using t-test and calculating
CD values.

RESULT AND DISCUSSION

Nutrient content in seed and stover. Data regarding
the influence of different nutrient management practices
on N, P, K, S, Zn and B content per cent in seed and
stover during rabi season 2020-21 in mustard crop is
presented in Table 1.

Table 1: Influence of different nutrient management practices on seed and stover content in Indian mustard.

Sr. No. Sii e|(oj| N content (%) P content (%) K content (%0) S content (%) Zn(sgr;:;e nt B content (ppm)
(g/ha) | Seed | Stover | Seed | Stover | Seed | Stover | Seed | Stover | Seed | Stover Seed Stover
T, 8.89 3.19 1.26 0.55 0.20 0.75 1.17 0.49 0.21 43.35 38.04 22.04 120.90
T, 13.79 3.40 1.34 0.57 0.21 0.93 1.34 0.51 0.23 47.26 39.32 24.14 121.85
T 16.75 341 1.35 0.62 0.22 0.94 1.36 0.51 0.23 47.30 38.29 25.38 122.86
T, 18.77 3.40 1.36 0.64 0.22 0.97 1.45 0.51 0.24 47.41 38.74 25.33 123.70
Ts 22.38 343 1.39 0.66 0.24 1.33 1.61 0.52 0.25 48.01 39.32 25.84 124.42
Ts 21.96 3.39 1.38 0.63 0.25 1.23 1.46 0.62 0.33 49.32 39.63 26.38 124.40
T; 20.17 3.37 1.37 0.61 0.21 1.21 1.44 0.57 0.23 56.05 66.05 26.53 124.97
Ts 18.37 3.38 1.36 0.62 0.23 1.22 1.46 0.53 0.23 49.65 40.03 41.09 285.89
Ty 20.07 3.44 142 0.65 0.25 1.27 1.56 0.52 0.25 49.21 40.98 28.85 136.14
T 20.67 3.45 143 0.66 0.27 1.27 1.55 0.52 0.24 49.52 40.24 28.65 136.65
Ty 22.54 3.46 1.44 0.67 0.29 1.29 1.56 0.53 0.25 50.24 40.40 29.02 137.79
T 22.66 3.48 145 0.68 0.30 1.30 1.57 0.53 0.26 49.85 40.53 29.43 138.26
SEm + 0.48 0.01 0.02 0.01 0.01 0.01 0.01 0.003 0.008 0.15 0.15 0.19 0.28
(P=Ci)|.305) 141 0.04 0.05 0.04 0.03 0.05 0.03 0.008 0.024 0.44 0.44 0.57 0.83

Among the different nutrient combinations, it can be
observed that the maximum N content in seed and
stover was found in T,, and was statistically at par with
To, Tyo and Ty Significantly higher P content in seed
(0.68%) was found in treatment T,, which was found to
be statistically at par with T,, Ts, Tg, Tqo and Ty Ty
recorded maximum P content (0.30 %) in stover which
was statistically at par with T,, and Tq;. Treatment Ts
showed maximum K content (1.33%) in seed which
remained at par with T; and T;, whereas, Ts recorded
significantly higher K content in stover. Treatment Tg
recorded significantly higher S content (0.62 %) in seed
and stover than rest of the other treatments. Treatment
Indira et al.,
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T, exhibited maximum Zn content (56.05 %) in seed
and stover which was significantly higher than other
treatments. Treatment Tg exhibited maximum B content
(41.09 ppm) in seed and stover which was significantly
higher than rest of the treatments. The lowest N, P, K,
S, Zn & B content in seed and stover was recorded in
T, (Control).

Nutrient uptake. Treatment T, exhibited maximum
nitrogen uptake by seed (78.8kg ha*) and total uptake
(187.8 kg ha) which was found to remain at par with
Ts, Tg and T,5. Maximum phosphorous uptake by seed
(15.4 kg ha) was exhibited by T,, which was found to
remain at par with Tsand T,,. Total uptake(37.9 kg ha)
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was significantly higher in ttreatment T,, which was
found to remain at par with T,;., Among the various
treatments, Ts exhibited maximum potassium uptakebe
seed (29.7 kg ha'), stover (123.0 kg ha) and total
uptake (152.7 kg ha') which was at parwith Ty; and
Ti2. The maximum sulphur uptake by seed (13.6 kg
ha') and total uptake (38.9 kgha') was found in
treatment Te which was significantly higher than other
treatments. The maximum zinc uptake by seed (133.3
gha?) and total up take (489.2gha) was found in
treatment  T,(100%NPK+Zn@5kghat)which  was
significantly higher than other treatments. Treatment T,
(100%NPK +B@1kgha™) exhibited maximum boron
uptake by seed(75.5gha™) and total uptake(1930.2gha”
). The lowest Total uptake of N, P, K, S, Zn and B was
obtained in Ti The results might be owing to super
optimal supply of nutrient sources to crops as well as
due to indirect effect resulting from reduced loss of

organically supply nutrients this finding is confirmed
with Chaturvedi et al. (2010). Total uptake of
potassium and sulphur by mustard was higher under
soil test recommendations of NPK + FYM which might
be due to higher availability of the plant nutrients from
the soil reservoir and additional quantity of the nutrients
supplied by FYM. Higher biomass production may be
the most pertinent reasoning for higher uptake of
nutrients in the treatments referred above supported by
Arbad and Ismail (2011). Additional amount of nutrient
supplied by biofertilizers or farmyard manure and the
beneficial effects of organic matter addition attained in
connection with the improvement in physico-chemical
properties of the soil was the reason for higher uptake
of nutrient (Das et al., 2010). The results of present
study are in close conformity with the findings of Brar
et al. (2016); Bijarnia et al. (2017); Bisht et al. (2018);
Sahoo et al. (2018).

Table 2: Influence of different nutrient management practices on nutrient uptake in Indian mustard.

Sr. No. N uptake P uptake K uptake S uptake Zn uptake B uptake
Seed total Seed Total Seed Total Seed Total Seed Total Seed Total

T 27.1 69.1 4.9 14.4 6.6 61.0 4.5 14.4 38.5 214.8 19.6 579.8
T, 46.9 102.3 7.8 20.4 12.9 91.7 7.1 20.9 65.2 296.0 33.3 748.6
Ts 57.1 1145 10.4 24.2 15.7 99.7 8.6 23.1 79.2 314.5 42.5 797.6
Ts 63.9 123.0 12.0 26.1 18.2 110.0 9.6 24.8 88.9 334.0 47.5 829.9
Ts 76.9 149.9 14.9 33.2 29.7 152.7 115 30.6 107.4 407.9 57.8 1008.7
Te 74.5 146.7 13.8 32.8 27.1 138.9 13.6 38.9 108.3 409.1 57.9 1002.2
T, 68.1 134.0 12.3 27.3 24.4 125.1 11.6 27.6 133.3 489.2 53.6 924.5
Ts 62.2 123.3 11.4 26.3 22.5 117.7 9.7 25.0 91.22 350.9 75.5 1930.2
Ty 69.0 139.1 13.1 31.0 25.6 136.4 105 28.7 98.7 388.9 57.9 1021.8
T 71.4 142.6 13.6 33.0 26.2 138.1 10.8 28.5 102.3 391.6 59.2 1041.6
Tn 78.0 152.4 15.2 37.3 29.1 146.1 12.0 31.2 113.2 415.0 65.4 1094.8
T 78.8 153.8 154 37.9 29.4 147.2 12.1 31.9 112.9 417.3 66.7 1105.0

SEm £ 17 3.0 0.48 1.05 0.81 3.01 0.2 0.7 2.3 8.19 14 27.7
CD

(P=0.05) 5.0 8.9 1.42 3.09 2.39 8.85 0.8 2.1 6.76 24.05 4.3 81.4

Nutrient use efficiency

Nitrogen. Among the various treatments it can be seen
that maximum Agronomic efficiency of nitrogen
(12.42) was obtained by the application of 75%
NPK+VC@2 tha™ (Tg) whereas, the lowest Agronomic
efficiency (1.68) was recorded in 100% NPK. Highest
physiological efficiency (70.11) was recorded by the
application of 100% NP (T3) and next in order was T,
and Ti2. The lowest was physiological efficiency was
obtained in T.. Maximum partial factor productivity
(25.17) was obtained in T12 which remained at par with
T11. However, the lowest partial factor productivity was
recorded in T,

Highest Agronomic efficiency (30.59) was found in T,
which was at par with T,; whereas the lowest was
obtained by the application of Ts. Similar trend was
observed in case of Partial factor productivity of
various treatments. Significantly higher Partial factor
productivity was obtained by the application of 75%
NPK + FYM@ 6t ha + Azotobacter (T12) which was
found to be statistically at par to T11 and the lowest PFP
(27.91) was recorded in T; Physiological efficiency
was found to be non-significant.
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Potassium. Highest Agronomic efficiency (45.88) was
found in T,, which was at par with T,; whereas the
lowest (24.69) was obtained by the application of Ta.
Similarly maximum Partial factor productivity (56.65)
was found in T, which was at par with T,; whereas the
lowest (44.77) was obtained by the application of Ts, It

can be observed that highest Physiological efficiency
(85.84) was obtained in T, and lowest (30.96) was
recorded in Tg.

The combined application of macro and micronutrients
with farmyard manure and biofertilizer (Azotobacter)
could increase the uptake of nutrients due to better
microbial activity and root growth under affable soil
physical condition created by farmyard manure. The
result corroborated the findings of Kacchave and
Hurgat (2000). The finding on the increase in content
and uptake of nutrient by application of chemical
fertilizers with FYM and biofertilizers are in agreement
with the observations made by Singh et al. (2014);
Sharma (2016); Reddy and Singh (2018); Rohit et al.
(2019).
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Table 3: Influence of different nutrient management practices on Nutrient use efficiency of Indian mustard

Phosphorous.
Sr. No Agronomic efficiency Physiological efficiency Partial factor productivity
T N P K N P K N P K
Tl — — — — — — — — —
T, 4.08 — — 21.01 — — 11.49 — —
T 2.46 11.95 — 70.11 141.06 — 13.95 27.91 —
T4 1.68 16.46 24.69 64.06 139.71 85.84 15.64 31.28 46.92
Ts 8.99 17.99 26.99 34.19 134.68 58.27 14.92 29.85 44.77
Te 10.88 2177 32.66 28.74 146.94 63.76 18.30 36.60 54.90
T, 5.31 18.80 28.20 35.70 153.38 55.13 16.81 33.62 50.44
Ts 7.90 15.80 23.70 39.23 14541 30.96 15.31 30.62 45.93
Ty 12.42 24.84 37.26 34.05 136.23 59.09 22.30 44.60 50.18
Tio 7.64 26.17 39.26 3331 119.21 51.66 22.97 45.94 51.68
Tu 6.44 30.34 45.51 26.76 128.64 43.33 25.05 50.10 56.36
T 4.32 30.59 45.88 42.57 115.77 34.45 25.17 50.35 56.65
SEm + 0.43 0.93 1.35 2.88 8.10 3.14 0.43 0.89 1.20
CD
(P=0.05) 1.27 2.77 4.06 8.50 NS 9.42 1.29 2.66 3.62
CONCLUSIONS REFERENCES

It can be concluded that the integrated application of
inorganic fertilizers, organic manures and biofertilizers
gives better productivity in Indian mustard. Among the
various nutrient management practices, treatment Tig
(75% NPK + VC@ 2t ha* + Azotobacter) and T12 (75%
NPK + FYM@ 6t ha' + Azotobacter) exhibited
significant influence on nutrient content, nutrient
uptake, nutrient use efficiency and productivity of
Indian mustard.

FUTURE SCOPE

In terms of future scope of using vermicompost and
inorganic fertilizers in mustard cultivation, there is
likely to be continued interest in both options.
Vermicompost is gaining popularity as an environment
friendly and sustainable alternative to inorganic
fertilizers. As consumers become more aware of the
impact of chemicals on the environment and human
health, the demand of organic food products is
increasing, and the use of vermicompost may help meet
this demand. However, inorganic fertilizers are likely to
remain a popular option due to their efficiency and
effectiveness in providing essential nutrients to plants.
With advances in research and technology, there may
be opportunities to develop more targeted and precise
applications of inorganic fertilizers that can minimize
waste and environmental impact. Overall, the future
scope of using vermicompost and inorganic fertilizers
in mustard cultivation will likely depend on arrange of
factors, including consumer demand, environmental
regulations, and technological advancements. Farmers
and researchers will continue to explore the best ways
to optimize crop yield and quality while minimizing the
impact on the environment.
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