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Oats has been cultivated from ancient times in many
parts of the world, particularly in European countries. In
India, oats is one of the most popular cereal fodders of
winter season. It is grown in North, Central and Western
zones of the country. It is widely grown for green fodder
because of its luxuriant growth, good palatability, highly
nutritious nature and rich in soluble carbohydrates and rel-
ished by all animals. At the present, India faces a net deficit
of 35.6% green fodder (IGFRI, 2018). To meet the current
deficit of fodder, it has to be met by improving productiv-
ity which may be possible through efficient nutrient-man-

Integrated use of organic and inorganic nutrient sources influences the nutrient
content, uptake and nutrient use efficiencies of fodder oats (Avena sativa)

DINESH KUMAR1, MAGAN SINGH2, MANISH KUSHWAHA3, GOVIND MAKARANA4 AND M.R. YADAV5

ICAR-National Dairy Research Institute, Karnal, Haryana 132 001

Received: February 2021; Revised accepted: November 2021

ABSTRACT

A field experiment was carried out during the winter (rabi) seasons of 2018–19 and 2019–20 at Karnal, Haryana
(India), to study the residual effect of maize (Zea mays L.) varieties and integrated nutrient-management practices
on nutrient content, uptake and nutrient use efficiencies of fodder oats (Avena sativa L.). The experiment was laid
out in split-plot design with 3 replications. In main plot, the residual effect of 3 maize varieties (V1, ‘African Tall’; V2,
‘J 1006’; V3, ‘P 3396’) on oats and in subplot, 4 nutrient-management practices (N0, Control; N1, 100% RDF; N2,
75% recommended dose of fertilizer (RDF) + plant growth-promoting bacteria (PGPR) + Panchagavya spray; N3,
50% RDF + 25% FYM + PGPR + Panchagavya spray) were studied. Results showed that different maize varieties
were found statistically ineffective in producing the residual effect on yield, nutrient content and uptake of fodder
oats. Among the nutrient management practices, an application of 75% RDF + PGPR + Panchagavya spray re-
sulted in significantly higher green fodder yield at I cut, II cut and total (36.7, 26.4 and 63.1 t/ha, respectively) as
compared to the control and 100% RDF. Application of 75% RDF + PGPR + Panchagavya spray and 50% RDF +
25% FYM + PGPR + Panchagavya spray significantly enhanced the nutrient content and uptake of fodder oats
over the control. The maximum nutrient-use efficiencies, viz. partial factor productivity (69.6 kg DM/kg NPK ap-
plied), agronomic efficiency (26.8 kg DM/kg NPK applied) and recovery efficiency (114.1%) were also found with
the application of 75% RDF + PGPR + Panchagavya spray, while the least values of these efficiencies were noted
under 100% RDF through chemical fertilizers. Overall, the application of 75% RDF + PGPR + Panchagavya spray
may be recommended to enhance the yield, nutrient content, uptake and nutrient-use efficiencies of fodder oats,
besides replacing 25% RDF through chemical fertilizers.
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agement practices.
Nutrient management is an important aspect of the In-

dian soil as it is deficient in several macro- and micronutri-
ents. Intensive cereal – cereal cropping sequence necessi-
tates the judicious use of organic and inorganic nutrient
sources for sustainable crop production (Rathod et al.,
2013). Indiscriminate and continual use of the higher dose
of chemical fertilizers for cereal fodder creates harmful
effect, viz. inadequacy in one or more micronutrients,
which leads to drop in productivity and also adversely af-
fects the soil health leading to various other problems
(Kumar et al., 2021). It may also lead to drop in nutrient
use efficiencies. Integrated use of organic and inorganic
nutrient sources could be a better nutrient-management
approach for sustainable agriculture. Inclusion of organic
manures has resulted in significant increase in crop produc-
tivity (Bandyopadhyay et al., 2010). Farmyard manure
(FYM) is one of the most preferred components of organic
manures to which farmers have access in mixed farming
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system. For sustainable crop production, the soil organic
matter and microbial activities which are crucial features in
nutrient-management should be maintained (Johnston et
al., 2009). Plant growth-promoting rhizobacteria (PGPR)
boost the crop performance by colonizing plant roots
(Kumar et al., 2021). The use of PGPR has been proven to
be an environmentally sound approach for improving crop
growth and yields by regulating hormonal and nutritional
balance; and solubilizing nutrients (Vejan et al., 2016).
Unlike other countries which rely on medium-to large-
scale dairy farms, about 80% of the total livestock belong
to small and marginal farmers with average herd size of 1–
2 animals (Yes Bank, 2018). The dung produced by these
cattle is insufficient for supplying plant nutrients and its
urine also is not handled properly. If by-products of cow
are converted to any valuable product, i.e. Panchagavya,
which is rich in plant nutrients, could help in supplying
adequate plant nutrients in crops. Panchagavya is a special
preparation made up of 5 byproducts from cow, viz. dung,
urine, milk, curd and ghee, along with certain other ingre-
dients and contains many macro and micro nutrients
(Kumar et al., 2021), growth- regulatory substances, viz.
indole acetic acid (IAA), gibberellic acid (GA3), cytokinin,
and beneficial microbes, viz. lactic acid bacteria yeast,
photosynthetic bacteria etc. (Swaminathan et al., 2007). It
has capacity to promote the plant growth and provide im-
munity in the plant systems. Integrated nutrient-manage-
ment approach helps in increasing the productivity (Meena
et al., 2019), nutrient-uptake (Nalini et al., 2020) and nu-
trient-use efficiencies (Singh et al., 2020) of various crops.
Considering the above facts in view, the present study was
carried out with the aim of improving the nutrient-use ef-
ficiencies (NUEs) of oats by adopting integrated nutrient-
management practices.

MATERIALS AND METHODS

The present experiment was laid out during the winter
(rabi) season of 2018–19 and 2019–20 at Research Farm
of Agronomy Section, ICAR-National Dairy Research In-
stitute, Karnal, Haryana (India). The experimental soil was
neutral to slightly alkaline in reaction (pH 7.61). It con-
tained 0.312 dS/m electrical conductivity, 0.63% organic
carbon, 192.4 kg/ha available N, 29.71 kg/ha available P
and 195.7 kg/ha available K. Climate of the experimental
site was semi-arid and the average annual rainfall of the
area varies from 690 to 720 mm. The experiment was con-
ducted in split-plot design with 3 replications. In main plot,
the residual effect of 3 maize varieties (V

1
, ‘African Tall’;

V
2
, ‘J 1006’; V

3
, ‘P 3396’) on oats cv. Kent and in sub-plot,

four nutrient management practices [N
0
, Control; N

1
, 100%

Recommended dose of fertilizer (RDF); N
2
, 75% RDF +

PGPR + Panchagavya spray; N
3
, 50% RDF + 25% FYM +

PGPR + Panchagavya spray] were studied. Recommended
dose of FYM @ 10.0 t/ha was applied at the time of sow-
ing (as per respective treatments), whereas N, P

2
O

5
 and

K
2
O were applied @ 120, 40 and 40 kg/ha through urea,

single superphosphate and muriate of potash respectively.
One-third of total N and full dose of P

2
O

5
 and K

2
O were

applied basal and the remaining two-thirds of N was ap-
plied in 2 equal splits at 32 days after sowing (DAS) and 3
days after the first cut. Panchagavya was prepared by mix-
ing of 5 byproducts of cow, viz. urine (22.5 litres), dung
(15 kg), milk (6 litres), curd (6 kg) and ghee (1.5 kg) along
with coconut juice (6 litres), ripened banana (3 dozen),
jaggery (3 kg) and turmeric powder (0.75 kg). This mixture
was put in sealed container and shaked twice a day up to
25 days. It produced around 30 litre Panchagavya which is
sufficient for 3 spray at 25, 40 and 85 DAS over 1 ha
crops. Seed rate of 80 kg/ha was taken and treated with
Bavistin 50% WP @ 2 g a.i./kg seeds followed by PGPR (as
per treatment) @ 120 ml/ha seeds. After shade drying for
around half an hour, the seeds were sown using Pora
method. A pre-emergence herbicide, i.e. pendimethalin 30
EC @ 0.75 kg a.i./ha, was sprayed to control/ check the
weed growth at initial stage. The first cut was taken at 68
and 70 DAS; and the second was taken at 51 and 48 days
after the first cut during 2018–19 and 2019–20 respec-
tively.

Green fodder samples (at both cuts) were collected and
dried in hot-air oven at 65 ± 5°C till constant weight at-
tained during both the years. These were ground for the
estimation of nutrient content. The N, P and K contents
were estimated using Modified Kjeldhal’s method (Jack-
son, 1973), ammonium vanadomolybdo phosphoric acid
yellow colour method (Richards, 1968) and flame photom-
eter method (Jackson, 1973) respectively. Di-acid digestion
(HNO

3
-HClO

4
) followed by atomic absorption spectropho-

tometer was used for Ca and Mg (Hanlon, 1998), S
(Chesnin and Yien, 1950) and micronutrients estimation
(Prasad et al., 2006). The accumulation of these nutrients
was computed by multiplying the concentrations of respec-
tive nutrients with their dry-matter yield. Nutrient-use ef-
ficiencies, viz. partial factor productivity (PFP), agronomic
(AE) and recovery efficiency (RE), were calculated using
the total dose of N, P and K nutrients applied through
chemical fertilizers, FYM and Panchagavya in their respec-
tive treatments. Although, addition of nutrients through
PGPR was not considered in estimating the nutrient use
efficiencies. Partial factor productivity is a simple produc-
tion efficiency expression and was calculated in units of
crop yield per unit of nutrient applied as per Fixen et al.
(2014) where, DFY is dry fodder yield and DM is dry-mat-
ter.

Agronomic efficiency denotes the units of additional
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crop produced per unit of input (nutrient) added externally
and was calculated as suggested by Fageria and Baligar
(2005). Recovery efficiency (%) is the proportion of ap-
plied nutrient taken up by the crop, usually expressed as a
percentage. It was calculated by using the equation sug-
gested by Fageria and Baligar, (2003).

Experimental data were processed in Microsoft Excel –
2010 and analysed with the help of analysis of variance
(ANOVA) technique for split-plot design using statistical
analysis system (SAS) software at the ICAR-Indian Agri-
cultural Statistics Research Institute (IASRI) server. Statis-
tical significance among treatments means differences for
various parameters were analysed by least significant dif-
ferences (LSD) at 0.05 probability level.

RESULTS AND DISCUSSION

Fodder productivity
The green fodder yield of oats was not affected signifi-

cantly due to residual effect of maize varieties (Fig. 1). This
may be due to alike behaviour of maize varieties which left
similar soil rhizospheric conditions (Kumar et al., 2021).
However, various nutrient-management practices caused
significant differences on green fodder yield. Application
of 75% RDF + PGPR + Panchagavya spray significantly
enhanced the green fodder yield at the first cut compared
to the other treatments, while at the second cut, the use of
75% RDF + PGPR + Panchagavya spray resulted in sig-
nificantly higher green fodder yield than the control and
100% RDF. Alike the first cut, the total green fodder yield
was considerably higher under 75% RDF + PGPR +
Panchagavya spray than the remaining treatments. Treat-
ments of 100% RDF and 50% RDF + 25% FYM + PGPR
+ Panchagavya were statistically at par with each other.

The enhancement in green fodder yield with 75% RDF +
PGPR + Panchagavya might be owing to better growth and
development. The PGPR helps in activating the certain
growth-promoting enzymes which could have played vital
role in boosting green fodder yield (Saleem et al., 2015).
Further, the higher NPK fertilization either from chemical
fertilizers or panchagavya enhanced the chlorophyll con-
tent which led to increased photosynthates, protoplasmic
constituents and accelerated hyperplasia and hypertrophy
which ultimately resulted into luxuriant vegetative growth
and green fodder yield. Our results are in line with the ear-
lier work of Singh et al. (2010), who reported the higher
green fodder yield by applying 75% fertilizer + 25% RDN
through FYM as compared to 50% fertilizer + 50% N as
FYM.

Fig. 1. Green fodder yield of oats as influenced by residual effect of
fodder maize varieties and nutrient-management practices
(mean of 2 years)

Table 1. Influence of residual effect of maize varieties and nutrient-management practices on primary and secondary nutrient contents of
fodder oats (mean of 2 years)

Treatments N (%) P (%) K (%) Ca (%) Mg (%) S (%)

I Cut II Cut I Cut II Cut I Cut II Cut I Cut II Cut I Cut II Cut I Cut II Cut

Residual effect of fodder maize varieties
‘African Tall’ 1.90 1.71 0.32 0.26 1.40 1.27 0.40 0.37 0.26 0.25 0.17 0.16
‘J 1006’ 1.89 1.70 0.31 0.26 1.38 1.25 0.40 0.37 0.26 0.25 0.17 0.16
‘P 3396’ 1.83 1.64 0.31 0.26 1.37 1.25 0.39 0.36 0.25 0.25 0.17 0.16

SEm± 0.04 0.04 0.01 0.01 0.04 0.04 0.01 0.01 0.00 0.00 0.01 0.00
LSD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS

Nutrient-management practices
N

0
1.73C 1.54C 0.29B 0.24C 1.27B 1.16B 0.38 0.36 0.24 0.24 0.16B 0.15B

N
1

1.87B 1.69B 0.31A 0.26B 1.41A 1.26A 0.39 0.36 0.26 0.25 0.17B 0.15B

N
2

1.97A 1.76A 0.32A 0.27A 1.44A 1.31A 0.40 0.37 0.26 0.25 0.18A 0.17A

N
3

1.94AB 1.73AB 0.32A 0.27A 1.42A 1.29A 0.41 0.38 0.26 0.26 0.18A 0.17A

SEm± 0.04 0.02 0.01 0.00 0.03 0.03 0.01 0.01 0.01 0.01 0.00 0.00
LSD (P=0.05) 0.08 0.05 0.01 0.01 0.06 0.06 NS NS NS NS 0.01 0.01

N
0
, Control; N

1
, 100% RDF; N

2
, 75% RDF + PGPR + Panchagavya spray; N

3
, 50% RDF + 25% FYM + PGPR + Panchagavya spray; Same

letters within each column indicate non-significant difference among the treatments using LSD test (P<0.05)

Nutrient content
The primary as well as secondary nutrient contents of

fodder oats were not influenced significantly at both cuts
by residual effect of maize varieties (Table 1). With respect
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to nutrient-management practices, the application of nutri-
ent treatments (N

1
, N

2
 and N

3
) showed significantly higher

N content at both cuts compared to the control. Further
comparison indicated that, N

2
 practice was statistically at

par with N
3
 at both cuts and noted significantly higher N

content over N
1
 and N

0
. For phosphorus, the application of

N
1
, N

2
 and N

3
 treatments were statistically at par and

showed 7.0, 11.5 and 10.6% respectively, higher P content
at the first cut over the control. However, at the second cut,
N

2
 and N

3
 practices were statistically at par with each other

and both resulted in significantly higher P content than N
1

and N
0
. Compared to the control, the application of N

1
, N

2

and N
3
 treatments performed statistically similar and

showed significantly higher K content at both cuts than the
control. The extent of enhancement in K content owing to
application of N

1
, N

2
 and N

3
 was 10.7, 12.6 and 11.4% re-

spectively at the first cut and 8.3, 13.2 and 11.3%, respec-
tively, at the second cut over the control. Among the sec-
ondary nutrient content, only S was significantly differed
with nutrient management practices. Treatments N

3
 and N

2

were statistically similar for S content at the first and sec-
ond cut, respectively, and noted considerably higher values
over N

1
 and N

0
.

The main plot treatments did not cause significant varia-
tions on micronutrient content (Table 2). However, an in-
tegration of organic and inorganic nutrient sources showed
significant influence on micronutrient content at I and II
cuts. As compared to the control, the application of N

1
, N

2

and N
3
 practices recorded significantly higher Fe content at

both the cuts. Comparison among N
1
, N

2
 and N

3
 treatments

showed that, significantly higher Fe content was noted
under N

3
 and N

2
 practices as compared to N

1
 at first and

second cut. In case of Zn, the application of N
3
 and N

2

treatments significantly boosted the Zn content at the first
cut over the control, while at the second cut, considerably
higher Zn content was noted in N

3
 practice than rest of all

treatments, except N
2
. With respect to Mn, treatments N

3

and N
2
 were statistically similar and resulted significantly

higher Mn content than N
1
 and N

0
 at the first and second

cut respectively. Similarly, N
1
, N

2
 and N

3
 practices were

found statistically similar and enhanced the Cu content
over the control (14.15 mg/kg) at the first cut, while at the
second cut, N

2
 and N

3
 practices were statistically at par and

recorded significantly higher values over N
1
 and N

0
.

Macro-as well as micro nutrient content of fodder oats
at both cuts were not influenced significantly by residual
effect of different maize varieties which may be due to
similar behaviour of these varieties in soil system, thus re-
mained statistically ineffective. However, application of
75% RDF + PGPR + Panchagavya spray and 50% RDF +
25% FYM + PGPR + Panchagavya spray practices consid-
erably enhanced macro-and micro-nutrient content over the
control. The addition of FYM to soil may have improved
the soil structure, cation exchange capacity, water-holding
capacity and microbial population which resulted in to
higher nutrient solubilization and lower nutrient loss from
soil by various process, henceforth supplied essential nu-
trients continuously. The greater root growth with PGPR
inoculation could also be another probable reason for
higher nutrient content. The release of phyto-hormones
either from PGPR or by decomposition of FYM could lead
to higher root-hair growth which enable crop to absorb
more nutrients from soil. Furthermore, the higher micronu-
trient content in fodder oats might be owing to directly

Table 2. Micronutrient content of fodder oats as influenced by residual effect of maize varieties and nutrient-management practices (mean of
2 years)

Treatments Fe (mg/kg) Zn (mg/kg) Mn (mg/kg) Cu (mg/kg)

I Cut II Cut I Cut II Cut I Cut II Cut I Cut II Cut

Residual effect of fodder maize varieties
‘African Tall’ 225.4 206.0 26.15 21.98 76.56 67.99 15.25 11.96
‘J 1006’ 226.7 208.1 25.56 21.38 78.86 67.73 14.69 11.72
‘P 3396’ 221.1 202.9 25.96 21.44 75.22 66.34 15.04 11.79

SEm± 4.54 3.6 0.60 0.47 1.52 1.37 0.35 0.25
LSD (P=0.05) NS NS NS NS NS NS NS NS

Nutrient-management practices
N

0
210.7C 190.6C 24.40C 20.67C 72.14C 62.65C 14.15B 11.12C

N
1

222.0B 203.2B 25.40B 21.46BC 74.88B 64.96B 14.99A 11.66B

N
2

231.1A 213.8A 26.60A 21.88AB 79.60A 70.63A 15.39A 12.21A

N
3

233.8A 215.0A 27.17A 22.39A 80.91A 71.16A 15.44A 12.29A

SEm± 3.28 1.6 0.44 0.41 1.20 0.92 0.22 0.17
LSD (P=0.05) 6.9 3.4 0.93 0.87 2.52 1.92 0.46 0.35

N
0
, Control; N

1
, 100% RDF; N

2
, 75% RDF + PGPR + Panchagavya spray; N

3
, 50% RDF + 25% FYM + PGPR + Panchagavya spray; Same

letters within each column indicate non-significant difference among the treatments using LSD test (P<0.05)
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addition of micronutrients to soil through FYM or indi-
rectly by solubilizing through PGPR. Besides above rea-
sons, the addition of chemical fertilizers itself supply the
essential plant nutrients. These confirm the findings of
Pandey (2018).

Nutrient uptake
The uptake of primary (Table 3) as well as secondary

(Table 4) nutrients in oats were not influenced significantly
at both the cuts by residual effect of fodder maize varieties.
With respect to nutrient-management practices, the appli-
cation of 75% RDF + PGPR + Panchagavya spray signifi-
cantly enhanced the N uptake at the first cut compared with

rest of the treatments. While at the second cut, N
2
 and N

3

options enhanced the N uptake significantly over N
1
 and N

0

options. The integration of reduced dose of chemical fertil-
izers (75% RDF) with PGPR and Panchagavya spray (N

2
)

significantly increased the total N uptake as compared to
that of N

3
, N

1
 and N

0
. In case of P uptake, the INM prac-

tices (N
2
 and N

3
) significantly enhanced the P uptake over

the control at the first, second cut and their total. For the
first cut and total of both cuts, significantly higher P uptake
was recorded under N

2
 practice than rest of treatments.

However, at the second cut, N
2
 and N

3
 practices were

found statistically at par and recorded significantly higher
P uptake than N

1
 and N

0
 practices. Likewise, significantly

Table 3. Influence of residual effect of maize varieties and nutrient-management practices primary on nutrient uptake of fodder oats (mean of
2 years)

Treatments N (kg/ha) P (kg/ha) K (kg/ha)

I Cut II Cut Total I Cut II Cut Total I Cut II Cut Total

Residual effect of maize varieties
‘African Tall’ 107.6 67.1 174.7 17.75 10.21 27.96 78.50 50.00 128.5
‘J 1006’ 101.6 63.3 164.9 16.66 9.56 26.22 74.14 46.14 120.3
‘P 3396’ 97.4 60.3 157.7 16.46 9.48 25.94 73.29 46.05 119.3

SEm± 5.6 3.5 8.1 0.51 0.33 0.72 2.29 2.67 4.2
LSD (P=0.05) NS NS NS NS NS NS NS NS NS

Nutrient-management practices
N

0
64.5C 42.2C 106.8D 10.83C 6.55C 17.38D 47.64C 31.71C 79.4C

N
1

108.3B 65.7B 174.0C 18.06B 9.98B 28.05C 81.77B 48.93B 130.7B

N
2

123.0A 75.3A 198.4A 20.17A 11.52A 31.69A 89.13A 56.05A 145.2A

N
3

112.9B 71.0A 183.9B 18.76B 10.95A 29.71B 82.69B 52.90A 135.6B

SEm± 3.2 2.1 3.4 0.61 0.34 0.58 2.61 1.73 2.8
LSD (P=0.05) 6.6 4.4 7.1 1.29 0.71 1.22 5.48 3.64 5.9

N
0
, Control; N

1
, 100% RDF; N

2
, 75% RDF + PGPR + Panchagavya spray; N

3
, 50% RDF + 25% FYM + PGPR + Panchagavya spray; Same

letters within each column indicate non-significant difference among the treatments using LSD test (P<0.05)

Table 4. Influence of residual effect of maize varieties and nutrient-management practices on secondary nutrient uptake of fodder oats as
(mean of 2 years)

Treatment Ca (kg/ha) Mg (kg/ha) S (kg/ha)

I Cut II Cut Total I Cut II Cut Total I Cut II Cut Total

Residual effect of maize varieties
‘African Tall’ 22.32 14.55 36.87 14.65 9.80 24.45 9.68 6.35 16.03
‘J 1006’ 21.53 13.59 35.12 13.70 9.17 22.88 9.12 5.89 15.01
‘P 3396’ 20.56 13.31 33.88 13.51 9.06 22.56 8.99 5.82 14.81

SEm± 1.18 0.99 1.97 0.50 0.55 0.99 0.58 0.29 0.76
LSD (P=0.05) NS NS NS NS NS NS NS NS NS

Nutrient-management practices
N

0
14.26C 9.71C 23.97C 9.12C 6.49C 15.61C 6.03C 4.10C 10.13C

N
1

22.66B 14.08B 36.74B 14.99B 9.70B 24.69B 9.61B 6.02B 15.63B

N
2

25.19A 15.96A 41.15A 16.36A 10.70A 27.05A 10.99A 7.08A 18.06A

N
3

23.78AB 15.52A 39.29A 15.35B 10.49AB 25.84AB 10.42A 6.89A 17.31A

SEm± 0.74 0.57 0.98 0.46 0.43 0.60 0.37 0.24 0.47
LSD (P=0.05) 1.56 1.20 2.05 0.97 0.90 1.26 0.77 0.51 0.98

N
0
, Control; N

1
, 100% RDF; N

2
, 75% RDF + PGPR + Panchagavya spray; N

3
, 50% RDF + 25% FYM + PGPR + Panchagavya spray; Same

letters within each column indicate non-significant difference among the treatments using LSD test (P<0.05)
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higher K uptake at the first cut and total of both cuts was
obtained with N

2
 practice as compared to N

3
, N

1
 and N

0
,

whereas at the second cut, N
2
 and N

3
 practices were ob-

served statistically at par and resulted in significantly
higher K uptake than N

1
 and N

0
.

In case of secondary nutrients (Table 4), significantly
higher Ca uptake at the first cut was obtained with N

2
 prac-

tice as compared to N
1
 and N

0
. However, it remained at par

with N
3
 practice. At the second cut and total of both cuts,

N
2
 and N

3
 practices performed statistically similar and re-

sulted in significantly higher Ca uptake than N
1
 and N

0

practices. In the case of Mg, significantly higher uptake
was obtained under N

2
 practice than the remaining treat-

ments. However, at the second cut and total of both cuts,
N

2
 practice significantly increased the Mg uptake over the

control as well as N
1
, but remained at par with N

3
. In the

case of S, the use of N
2
 and N

3
 practices showed statisti-

cally similar and higher S uptake over N
0
 and N

1
 at first,

second cut and their total. Application of N
1
 treatment also

enhanced the S uptake significantly over control at first,
second cut and their total.

The micronutrients uptake of fodder oats were not influ-
enced significantly due to residual effect of maize varieties,
except total Cu uptake (Table 5). Significantly higher total
Cu uptake was noted when oats grown after maize cv. ‘Af-
rican Tall’ compared to ‘J 1006’ and ‘P 3396’, though nu-
trient-management considerably influenced the micronutri-
ents uptake. At the first cut, N

2
 treatment was found statis-

tically equal to N
3
 and significantly higher Fe uptake than

N
0
 and N

1
, while at the second cut, N

2
 and N

3
 practices

were found to be statistically at par and both recorded con-
siderably higher Fe uptake compared to N

1
 and N

0
 (Table

5). Further results revealed that, use of N
2
 practice showed

Table 5. Residual effect of maize varieties and nutrient-management practices on micronutrient uptake of fodder oats (mean of two years)

Treatment Fe (g/ha) Zn (g/ha) Mn (g/ha) Cu (g/ha)

I Cut II Cut Total I Cut II Cut Total I Cut II Cut Total I Cut II Cut Total

Residual effect of maize varieties
‘African Tall’ 1267 809 2077 147.1 85.9 232.9 430.1 266.6 696.7 85.6 46.8 132.4A

‘J 1006’ 1212 770 1982 136.4 79.1 215.5 421.4 250.4 671.8 78.7 43.3 122.0B

‘P 3396’ 1178 748 1926 138.1 78.7 216.8 402.1 245.4 647.5 80.0 43.3 123.3B

SEm± 45 39 80 6.4 3.5 9.2 18.7 13.8 29.3 2.5 1.7 2.8
LSD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS 7.9

Nutrient-management practices
N

0
787C 521C 1308D 90.8C 56.3C 147.1C 269.3C 170.9C 440.2C 52.8C 30.3C 83.1D

N
1

1289B 791B 2079C 147.6B 83.5B 231.1B 435.3B 253.2B 688.5B 87.1B 45.3B 132.4C

N
2

1438A 912A 2350A 165.4A 93.3A 258.7A 495.6A 301.3A 796.9A 95.7A 52.1A 147.8A

N
3

1363AB 879A 2242B 158.4A 91.7A 250.1A 471.4A 291.0A 762.5A 90.0AB 50.3A 140.3B

SEm± 43 26 45 4.3 2.9 4.5 16.1 7.3 18.5 3.0 1.4 3.1
LSD (P=0.05) 91 55 96 8.9 6.0 9.5 33.9 15.3 38.9 6.2 2.9 6.4

N
0
, Control; N

1
, 100% RDF; N

2
, 75% RDF + PGPR + Panchagavya spray; N

3
, 50% RDF + 25% FYM + PGPR + Panchagavya spray; Same

letters within each column indicate non-significant difference among the treatments using LSD test (P<0.05)

noticeably higher total Fe uptake amongst all nutrient-man-
agement practices. All the nutrient treatments significantly
boosted the Zn uptake over the control at first, second cut
and their total uptake. Use of N

2
 and N

3
 practices signifi-

cantly enhanced the Zn uptake at first, second cut and their
total as compared to N

0
 and N

1
. Considering the Mn up-

take, the application of N
2
 and N

3
 practices significantly

boosted the Mn uptake by 84.0 and 75.0% at first cut, 76.3
and 70.3% at second cut and 81.0 and 73.2% for total of
both cuts, respectively, over the control. For Cu uptake, N

1
,

N
2
 and N

3
 treatments significantly increased its value at

both cuts as well as their total over the control. At the first
cut, N

2
 was found statistically equal to N

3
 practice and re-

corded significantly higher Cu uptake over the N
1
 treat-

ment. At the second cut, N
2
 and N

3
 practices were found

statistically at par, and both the practices recorded consid-
erably higher Cu uptake compared to 100% RDF. Further
results revealed that, use of N

2
 practice recorded noticeably

higher total Cu uptake amongst all nutrient-management
practices.

Integration of organic and inorganic nutrient sources (N
2

and N
3
) recorded significantly higher nutrients uptake, es-

pecially S and micronutrients as compared to 100% RDF.
Since nutrient uptake is a function of dry-matter yield and
respective nutrient content. Henceforth, enhancement in
both these factors resulted in higher uptake of nutrients.
Pandey (2018) in oats and Vennila et al. (2019) in bajra
napier hybrid grass also reported higher uptake of essential
plant nutrient.

Nutrient-use efficiencies
In this study, various nutrient use efficiencies, viz. par-

tial factor productivity (PFP
npk

), agronomic efficiency
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(AE
npk

) and recovery efficiency (RE
npk

), were determined
(Fig. 2). Results revealed that, the maximum PFP

npk
, AE

npk

and RE
npk

 were obtained when oats sown after maize cv.
African Tall (47.8, 16.7 kg/kg and 72.6% respectively),
while minimum PFP

npk
 was obtained by residual effect of

‘P 3396’ variety (45.27, 16.51 kg/kg and 65.68% respec-
tively). With respect to nutrient-management, application
of N

2
 practice recorded the maximum PFP

npk
, AE

npk
 and

RE
npk

 amongst all. Enhancement in these nutrient-use indi-
ces owing to the application of N

2
 practice was 1.44, 1.65

and 1.76 folds over N
1
 and 1.05, 1.15 and 1.17 folds over

N
3
 respectively. The higher nutrient-use efficiencies, i.e.

PFP
npk

, AE
npk

 and RE
npk

, with combined use of FYM or
PGPR, Panchagavya and reduced dose of chemical fertil-
izers might be ascribed to their higher dry-matter yield and
nutrient uptake. Our results supporte findings of Singh et
al. (2020).

chemical fertilizers on soil physical properties and productiv-
ity of soybean. Soil and Tillage Research 110: 115–125.

Chesnin, L. and Yien, C.H. 1950. Turbidimetric determination of
available sulphates. Soil Science Society of America Journal
15: 149–151.

Fageria, N.K. and Baligar, V.C. 2003. Methodology for evaluation
of lowland rice genotypes for nitrogen use efficiency. Jour-
nal of Plant Nutrition 26(6): 1315–1333.

Fageria, N.K. and Baligar, V.C. 2005. Enhancing nitrogen use effi-
ciency in crop plants. Advances in Agronomy 88: 97–185.
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Hanlon, E.A. 1998. Elemental determination by atomic absorption
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Fig. 2. Nutrient-use efficiencies of oats as influenced by residual
effect of fodder maize varieties and nutrient management
practices (mean of 2 years)
PFP, Partial factor productivity; AE, agronomic efficiency; RE, re-
covery efficiency; V

1
, african Tall; V

2
, ‘J 1006’; V

3
, ‘P 3396’; N

0
,

control; N
1
, 100% RDF; N

2
, 75% RDF + PGPR + Panchagavya

spray; N
3
, 50% RDF + 25% FYM + PGPR + Panchagavya spray

Capped lines shows the standard error of mean

CONCLUSION

Based on the 2 years experiment, it can be concluded
that different maize varieties were statistically similar to
exhibit the residual effect on nutrient content and uptake in
fodder oats. Application of 75% RDF + PGPR +
Panchagavya spray and 50% RDF + 25% FYM + PGPR +
Panchagavya spray significantly enhanced the nutrient con-
tent and uptake of fodder oats over the control. The maxi-
mum nutrient-use efficiencies (partial factor productivity,
agronomic efficiency and recovery efficiency) were also
found under the application of 75% RDF + PGPR +
Panchagavya spray, while the least were noted under 100%
RDF through chemical fertilizers.
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