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ABSTRACT

A field experiment was conducted to evaluate the tillage and integrated nutrient effect on growth, yield
and yield attributes of maize (Zea mays L.) during rabi season, 2017-18 and 2018-19 at research farm of
the Uttar Banga Krishi Viswavidyalaya, Pundibari (26°39°N, 89°38’E; 41 m msl), Cooch Behar, West
Bengal, India. The experiment was laid out in split-plot design comprising three replications with three
tillage, viz., zero tillage (ZT), conventional tillage (CT), and Alternate tillage (AT) i.e., maize in ZT and
rice in CT condition as main plot factor. Four nitrogen treatments including control i.e., NS;= No
nitrogen (0:50:100), NS,=Full recommended dose of NPK fertilizer (N4 Ps,K,o0), NS,= NS,+ Crop
residue @ 6 Mg/ ha, NS;= 75% of fertilizer N along with FYM @ 25% N (N,,, P5,K,o0 TFYM @40 kg
N /ha), NS,= 75% of fertilizer N along with Vermicompost @ 25% fertilizer N. (N,, P5;K ;0 - VM @
40 kg N/ha) as subplot factor. The results revealed that maize grain yield, yield attributes (plant height,
cob length, total no of grain in a cob and weight of 100 grains) and nutrient uptake increased significantly
(p<0.001) in CT and AT practices over the zero tilled plots. In case of different N sources, NS,
treatment had the significant effect in respect of yield, yield attributes and uptake over the control plot
(NS,). Results showed that grain yield 4.22% and 4.23% and total N uptake 6.16% and 3.23% increase
was recorded in conventionally tilled plot and as well as alternate tilled plot respectively in 2 years
pooled data. In case of total P and total K uptake followed the same trend in respect of different tillage
practices. The major findings of this study revealed that nitrogen level of N ,, Ps,K,,, + VM @ 40 kg N/
ha along with conventionally and alternative tillage practices showed better performance of maize crop
in terms of growth, yield, and yield attributes and nutrient uptake.
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Introduction

Maize (Zea mays L.) is known as “Queen of
cereals” in light of its high production potential
and extensive adaptability. Maize is an essential
cereal crop grown all over the world after rice
and wheat, maize ranks third among cereals in
India. The productivity of maize is largely
dependent on its nutrient management and is
known to be a heavy feeder of nutrients.
Appropriate tillage operations are desired for
improvement of the soil structure and better
production of the crop and as a result yield
increases. Proper tillage operations improve
physical properties of soil while unsuitable,
unnecessary and excessive tillage operations may
not give the ideal outcomes and henceforth
fundamentally diminishes the harvest yield (Igbal
et al., 2005). Continuous cultivation of fields with
same tillage implement (cultivator) creates a
plough/hard pan in the subsoil layers which
adversely affects crop productivity in semi-arid
regions (Wasaya et al., 2011, Shahzad et al.,
2016). This rise in plough pan gradually prevents
roots from penetrating into deep soil layers and
also decreases the root proliferation (Whitmore et
al.,2011), and yield of crops (Mao, 2009).

Many researchers reported that deep tillage
(DT) or conventional tillage (CT) practices
improve aeration (Zorita, 2000), soil porosity
(Hao et al., 2001), conserve soil moisture and
nutrients for plant and microbes (Patil et al.,
2006). More grain yield (9%) and biomass (27%)
in maize (Zorita, 2000) were achieved in DT or
CT practices (Zorita, 2000). In contrast, minimum
tillage (MT) plots have greater plant emergence,
grain N and lower grain moisture (Wiatrak et a/.,
2006). Soon et al. (2005) obtained 12% increase
in crop yield and 14% N uptake in MT plots.

Nitrogen fertilization plays a significant role
in improving soil fertility and increasing crop
productivity (Habtegebrial et al., 2007). Application
of N had a strong and significant impact on
different growth and yield traits (Sanjeev et
al.,1997; Fedotkin and Kravtsov, 2001; Mahmood
et al.,2001). Various N levels also had substantial
effect on biomass production, grain yield, harvest
index (Paolo and Rinaldi, 2008; Rafiq et al.,
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2010). N fertilization results in increased grain
yield (43-68%) and biomass (25-42%) in maize
(Ogola et al., 2002). The use of organic and
inorganic nitrogen fertilizer with well managed
agronomic practices can increase yields. Sole
residue incorporation (Anatoliy and Thelen, 2007)
or in combination with N fertilizer have positive
effects on plant growth and production as well as
on soil physiochemical properties. Synergistic
effects of N with organic fertilizers (residue or
FYM) accumulate more soil total N (Huang et
al., 2007), but sole effects of FYM result in
increased yield of maize (Anatoliy and Thelen,
2007), improved porosity (25%) and water
holding capacity 16 times (Gangwar et al., 2006).
The use of organic fertilizers such as
vermicompost helps in maintaining soil fertility,
and has evident environmental benefits as it
enables on-farm recycling of organic waste.
Vermi-compost increases growth, yield and
tomato quality when used as a soil supplement
(Gutierrez-Miceli et al., 2007) or as an alternative
to mineral fertilizers in rice-legume intercropping
(Jeyabal and Kuppuswamy, 2001). Maize plant
height (218.9 cm), leaf area index (3.59) and dry
matter (159 g/plant) owed their best expression
in the treatment involving application of 100 per
cent N, P,O, and K,O with FYM at 10 t/ha and
was at par with 150 per cent N, P,O; and K,O
compared to other treatment combinations (Verma
et al., 2000).

Although several studies pointed out the
benefits of tillage, organic and inorganic sources
of N application on different cereals, but most of
the work has been done on tillage and N as
individual factors and little information is
available on their interactive effects especially on
maize. Therefore, the present study was designed
with the objective to find out better tillage
practice and N level for higher maize yield under
terai-agroecological region of humid sub-tropical
eastern India.

Materials and Methods

Soil and climate of experimental site

Field experiment was conducted at research
farm of Uttar Banga Krishi Vishwavidyalaya,
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Pundibari, Cooch Behar, West Bengal, India for
2 consecutive year 2017-18 and 2018-19. The
experimental site (26°19” N, 89°23” E; 41m above
msl) represents the area under Terai agro-
ecological situations. The climate of the region is
sub-tropical and per humid in nature with
moderate temperature in summer, cold in winter
and monsoonal rainfall. The area receives a mean
annual rainfall of 3261.2 mm, about 80% of which
occurs between June to October. The mean
maximum and minimum air temperature are
recorded as 30.1°C and 19.7°C, respectively
(average of 30 years: 1989-2019). Monthly
rainfall distribution (bar), max. and min.
temperature (line) all over the year in 2017-18
and 2018-19 data during study period showed a
minor difference as compared to corresponding
30-years long-term average data presented in
Fig. 1.

Soils at the site are broadly classified as Typic
Fluvaquent of the order Entisols. Soils, in general,
are classified with strong to moderately acidic in
reaction, medium in organic carbon status, loamy
sand to sandy loam in texture, high in total N and
P, and medium to low in potash (Paul, 2009).
Soils of the area are formed form alluvial
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sediments under the influence of high rainfall
resulting into huge loss of base forming cations
like Ca** and Mg*" through percolating water.
Soils of this area, in general, are characterized as
coarse textured and acidic in reaction. According
to soil fertility classification followed in West
Bengal, soils are moderately to less fertile with
medium to high in total N and total organic
carbon, high in total P and medium to low in
potassium (Sinha,2013). The dominant soil
texture is sandy loam and it belongs to Aquic
moisture regime according to USDA soil
taxonomy (Biswas, 2016).

The weather conditions for maize growth
period (December-April) under research are
summarized in Fig. 1. The maximum rainfall was
recorded in the month of April (213.60 mm) in
2017-18 and in 2018-19, the maximum rainfall
was more or less similar with 30 years average
data (137.00 mm and 147.26 mm, respectively).
The air temperature during the season was normal.
The maximum average temperature was recorded
in the month of March (30.03, 29.45, 29.03°C,
respectively). The minimum average temperature
was observed in the month of January (9.81, 9.25,
9.02°C respectively).
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Experiment details

The experiment was conducted to study the
effects of three tillage methods and five nitrogen
application rates including control (N,) on some
crop yield attributes. The experiment comprised
of three treatment factors a) tillage- three methods
- zero(ZT), conventional (CT) and alternative
(AT) tillage and b) nitrogen application -five
levels - Absolute N control (NS,; NoPs,K,q), Full
dose of NPK fertilizer (NS;; N;sPs0K o), Full
dose of NPK fertilizer along with crop residue
application (NS,; NS, + CR@ 6 Mg/ ha)., 75% of
fertilizer N along with FYM @ 25% N. (NS;;
N PsoKige TFYM @40 kg N /ha.), 75% of
fertilizer N along with Vermicompost @ 25%
fertilizer N. (NS,; Ny, Ps;K 00 - VM @ 40 kg N/
ha.) giving rise to altogether fifteen treatment
combinations. Tillage was placed in the main plot
and N levels were randomly placed in the sub
plots in each replication with sub plot size of
8mx7m.The Plots under ZT and AT treatment,
the seeds were sowing directly by no-till seed
drill machine but in case of CT treatment, two
times ploughed by cultivator followed by land
levelling and finally the seeds were sown by seed
drill. Standard agronomic package of practices
were followed. Three irrigation in all the
treatment plots. At 80% maturity plants were
harvested manually from each treatment plots.

Grain and straw samples of maize were
collected at harvest and analyzed for total N using
a micro-Kjeldahl method (Bremner,1965), while
in case of total P, digestion of oven dried plant
sample with conc. H,SO, and HCIO, and P present
in the digest was measured by vanado-molybdate
yellow colour method as described in Jackson
(1973) and K were determined using sulphuric-
nitric-perchloric acid digest measured using flame
photometer as described by Piper (1966). Nutrient
removal was estimated by multiplying the N, P
and K concentration (%) of grain and straw with
their respective yield (kg/ha) and finally the
nutrient uptake by grain and straw was sum up to
obtain total nutrient uptake.

Statistical analysis

The experimental design was Split plot design
with three replications. Analysis of variance for
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each parameter was performed using SPSS
(Version-16.0) package. Treatment means for all
variables were compared using ANOVA and
significance of treatment means were assessed by
either LSD or Duncan’ s multiple range test
(DMRT) at 5% probability level (P<0.05).

Results and Discussion

Impact of tillage, organic and inorganic N
sources on yield and yield attributes

Tillage practices had significant (P<0.05)
effect on yield attributes of maize crop showed in
Table 1. Plant height was significantly higher in
CT and AT over ZT plot and was statistically at
par with each other. Length of cob was
statistically higher in CT plot in 2 years average
data. Weight of 100 grains (28.69 g) were
statistically higher in CT than in ZT and AT.
These results were in line with Albuquerque et
al. (2001), who reported that plant height, number
of grains per cob and grain weight were higher in
CT as compared to ZT system. Khan et al. (2009)
reported that maize crop grown on deep tillage
produces heavier grain weight as compared to CT
and ZT sown crops.

The increase in number of grains in a cob
might be due to optimum dose of nitrogen, which
plays an important role in tissue development,
cell division, enhance plant growth and thereby
increased number of grains per row. Similar
results were in agreement with Shah et al. (2001)
and Rasheed er al. (2002). Like as tillage,
nitrogen also had significantly effect on yield and
yield attributes. NS, (N 4,Ps,K,,0+ crop residue @
6 Mg/ ha) treatment only had the significant effect
on more or less 70-80 % on yield attributes of
maize crop. As noticed in case of tillage
treatment, weight of 100 grain was statistically at
par with each other under different N source
treatments and it was higher than NS, (23.37 gm)
and increased 100 grain weight by increasing
amount of N level and it was in line with Gokmen
et al. (2001) and Wajid et al. (2007) reported that
1000 grain weight increased with increasing N
levels.

Among all the possible interaction effect,
there was more or less similar trend followed.
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Interaction effect of tillage regimes and nitrogen
on grain yield, and harvest index of maize was
shown in Table 2. From the consequence of the
two years of experimentation and their
information revealed that there was huge contrast
in every boundary. There is no significant
difference noticed in grain yield under
conventional tillage (CT) (8.26 Mg/ha) and
alternate tillage (AT) (8.25 Mg/ha) as the values
were statistically at par with each other. Lowest
grain yield was recorded in zero tillage (ZT) (7.91
Mg/ha) treatment and it was near about 1.3 Mg/
ha decrease than any other tillage practices. There
was no significant difference in harvest index (HI)
of ZT (41.42) and AT (41.44), however, highest
HI was observed in CT (42.40). Similar outcomes
were also indicated by Ghumman et al. (2001),
who reported that maize yield is less in minimum
tillage as compared to CT. These results are
additionally upheld by Marwat et al. (2007), who
revealed that CT systems are more productive
than zero and reduced tillage systems. Gomma et
al. (2002) also found similar results. They
conducted field experiments and studied maize
grain yield under different tillage systems and
highest grain yield was obtained by conventional
tillage treatment.

Highest grain yield (10.01 Mg/ha) was
recorded in NS, and it was 67.23% higher than
the absolute control treatment (NS,) was observed
in NS, (Table 1). There was no significant
difference in grain yield of NS, and NS,.
However, treatment NS, was recorded second
highest in grain yield (9.57 Mg/ha). Among
different N sources treatment plots, NS, i.e., N,,
PK,po VM @ 40 kg N/ha was the superior
treatment along with CT and AT practices in
respect of grain yield. Habtegebrial et al. (2007)
also found similar results they reported that the
various tillage practices have significant influence
on grain yield of maize. However, grain yield
increased continuously with the increasing
nitrogen levels. The grain yield from 180 kg ha™!
N was at par with 120 kg ha! N treatment, which
indicates that higher rate of nitrogen application
is not a sound strategy to obtain maximum.
Sharma et al. (2018) outlines 120 kg N ha! as an
appropriate dose N fertilization for hybrids maize

Different Tillage, Organic and Inorganic N-sources on Growth and Yield of Maize 171

cultivation in inner Terai region of Nepal, which
was close to our findings. Maize productivity
invariably responded to organic and inorganic N-
treatments probably due to the carry-over effects
of inorganic N from the previous rice crop. The
lower N level in the soil results in lower yield
due to less unavailable N for the optimum plant
growth (Lemcoff & Loomis, 1994). The maize
grain yields under N and incorporated organic N
were significantly higher than the sole organic
treatments. The improved growth and yield of
maize under the FYM combined with N plots
were attributed to greater soil water content,
higher nutrient availability, and more soil
protection from erosion compared to control
treatment (Chiroma et al., 2006). Conventional
tillage also had good impact on harvest index and
generally higher than AT as well as ZT. HI
(43.04) was recorded in NS; treatment. There was
no significant difference observed in HI of NS,,
NS, and NS,. However, the lowest HI was
recorded in NS, (38.33).

Impact of tillage, organic and inorganic N
sources on nutrient uptake

Result of both years of experimentation and
their pooled data revealed that there was a
significant difference in each parameter. 2 years
pooled data revealed that highest total N uptake
was recorded highest in CT (160.53 kg/ha) and it
was 3-6% higher than other tillage practices.
There was no significant difference recorded in
ZT (150.64 kg/ha) and AT (155.34 kg/ha) in
respect of total N uptake. Tillage practice
improved the availability of nutrients and water
for efficient uptake that ultimately resulted in high
grain yield. The results are also in line with the
findings of Gul et al. (2009) and it may be due to
availability of nutrients and more production of
root hairs because of well tilth soil favourable for
root proliferation and it may also have facilitated
nutrient uptake.

Among the N sources, total N uptake was
recorded highest in NS, (195.68 kg/ha) which was
statistically at par with NS, (186.55 kg/ha) and
NS, (177.44 kg/ha) treatments (Table 1). Lowest
total N uptake was being with NS, (48.97 kg/ha).
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In case of total P and total K uptake no similar
trend was followed in mean effect as well as
interaction effect. Tillage had no significant effect
on total P and K uptake but nitrogen regimes had
tremendous effect on uptake of P and K. Total P
uptake was recoded highest (62.11 kg ha') in
FYM along with inorganic fertilizer treated plots
(NS;) followed by the vermicompost combined
with 75% fertilizer nitrogen (NS,) treated plot and
lowest was recoded in absolute control plot (NS,;
26.27 kg/ha). Total Potassium uptake by maize
was highest (275.73 kg/ha) in inorganic fertilizer
along with crop residue treated plot followed by
vermicompost combined with 75% fertilizer
treated plot. With regards to the N sources, crop
residue addition plot and vermicompost treated
plot was found best results in terms of total N
and K uptake by the maize plant and FYM treated
plot showed intermediate results. However, a
combined use of organic and inorganic fertilizers
gave a higher N and K values. The present work
confirms that crop residue (6 Mg/ha) and
vermicompost (5 Mg/ha) when used with NPK
fertilizer ensured availability of more nutrients.
Also, the need for NPK fertilizer can be reduced
or combined with organic sources for better maize
production. Plant N uptake of N can be better by
application of a dose higher than the 120 kg/ ha
used. An earlier study had reported maize grain
yields from sole inorganic fertilizer and from
complementary application of inorganic and
organic fertilizers to be comparable and
significantly higher than yields from sole organic
fertilizer application (Makinde et al., 2001). Kasi
et al. (2019) study shows that organic manure
and inorganic sources treatment influenced the N,
P, K content in grain and straw. This result was
similar with our findings.

Conclusions

From this study, it was concluded
conventionally tilled plot as well as alternate
tillage practices along with NS, treatment that
implies 75% of fertilizer N along with
Vermicompost @ 25% fertilizer N (N ,, Ps,K o0 +
VM @ 40 kg N/ha) promoted higher grain yield,
stover yield, N uptake. In some cases, crop
residue and FYM treated plot also had a good
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impact on yield attributes and N uptake by hybrid
rabi maize rather than sole application of fully
inorganic fertilizer. However, for obtaining higher
maize yield and N uptake, use of vermicompost
combined with 75% fertilizer N may be
recommended.
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