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Study on the impact of various irrigation methods on soil properties in maize
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ABSTRACT

A field experiment was conducted to find out the changes in soil physical and chemical properties and soil fertility
under various irrigation methods in maize-groundnut cropping system at Agricultural Research Station,
Bhavanisagar, Tamil Nadu. The experiment was laid out in strip plot design in a plot size of 15 m?with 6 main plot
treatments viz drip irrigation, drip fertigation, sub-surface drip irrigation, sub-surface drip fertigation, sprinkler
irrigation and conventional method of irrigation and 3 sub-plot treatments viz absolute control (no fertilizer),
recommended dose of NPK fertilizers through normal fertilizers/recommended dose of NPK fertilizers through
water soluble fertilizers (according to the irrigation treatment) and recommended dose of NPK fertilizers through
normal fertilizers/recommended dose of NPK fertilizers through water soluble fertilizers (according to the irrigation
treatment) + vermicompost @ 5 tonnes/ha and treatments replicated thrice. The results of the study revealed that
sub-surface drip fertigation with the application of recommended dose of NPK fertilizers along with vermicompost
@ 5 tonnes/ha was superior in enhancing the soil physical, chemical and post-harvest soil fertility status.
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INTRODUCTION

Maize (Zea mays L) is one of the most
versatile emerging crops having wider adaptability
under varied agro-climatic conditions. Globally maize
is known as queen of cereals because it has the highest
genetic yield potential among the cereals. It is cultivated
on nearly 150 Mha in about 160 countries having wider
diversity of soil, climate, biodiversity and management
practices and contributes 36 per cent (782 MT) in the
global grain production (Kumar et al 2005).

Among the maize growing countries, India
ranks 4" in area and 7™ in production representing
around 4 per cent of the world maize area and 2 per
cent of total production. During 2018-19 in India, the
maize area has reached to 9.2 million ha (https://
iimr.icar.gov.in/india-maze-scenario/). Among Indian

states, Madhya Pradesh and Karnataka have the
highest area under maize (15% each) followed by
Mabharashtra (10%), Rajasthan (9%), Uttar Pradesh
(8%) and others. After Karnataka and Madhya
Pradesh, Bihar is the highest maize producer.

Maize in India, contributes nearly 9 per cent
in the national food basket and more than Rs 100 billion
to the agricultural GDP at current prices apart from
generating employment to over 100 million man days
at the farm and downstream agricultural and industrial
sectors. In addition to staple food for human beings
and quality feed for animals, maize serves as a basic
raw material as an ingredient to thousands of industrial
products that includes starch, oil, protein, alcoholic
beverages, food sweeteners, pharmaceutical, cosmetic,
film, textile, gum, package and paper industries etc
(Kumar and Jat 2018).
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Water is a crucial input for augmenting
agricultural production towards sustainability in
agriculture. Scientific water management aims to
provide suitable soil moisture environment to the crop
to obtain optimum yield commensurate with maximum
economy in irrigation water and maintenance of soil
productivity. During the winter season less water is
required at early stage of crop while at later crop
growth stages water requirement increases due to rapid
increase in evapo-transpiration demand (Kadasidappa
and Rao 2018).

The long term effect of irrigation on soil
chemical and physical properties that affect soil
productivity requires quantification. Irrigation
encourages continuous cropping of land which can have
beneficial effects on soil properties. Improved yield
and increased organic matter levels have been observed
under long term irrigated rotations. Irrigated production
has also been shown to increase the total nitrogen and
carbon content of soil in cases where these values were
low in the native condition.

The aim of this work was to study the impact
of various irrigation methods on soil fertility status of
maize under maize-groundnut cropping system.

MATERIAL and METHODS

A field experiment was conducted at
Agricultural Research Station, Bhavanisagar, Erode
district, Tamil Nadu. Before sowing of maize, the initial
soil samples were collected from the experimental field
and analysed for physical properties viz bulk density,
particle density and pore space and chemical properties
viz pH, EC, CEC and organic carbon and fertility
parameters (available nutrients). The soil of the
experimental site was neutral in reaction (pH 6.8), free
from soluble salts (EC 0.15 dS/m), low in organic
carbon content (0.12%), low in available nitrogen (252
kg/ha), medium in available P (13 kg/ha) and high in
available K (535 kg/ha). The bulk density, particle
density and pore space of the experimental site were
1.12 Mg/m® 2.0 Mg/m’ and 50 per cent respectively.

The experiment was laid out in strip plot design
in a plot size of 15 m?with 6 main plot treatments viz
I —Drip irrigation, I, Drip fertigation, I,— Sub-surface
drip irrigation, I,— Sub-surface drip fertigation, I.—
Sprinkler irrigation and I~ Conventional method of
irrigation and 3 sub-plot treatments viz S — Absolute
control (no fertilizer), S,—~ Recommended dose of NPK
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fertilizers through normal fertilizers/recommended
dose of NPK fertilizers through water soluble fertilizers
(according to the irrigation treatment) and S,— S, +
vermicompost @ 5 tonnes/ha, treatments replicated
thrice. The maize (COHM 5) was the test crop.
Regular crop production and protection measures were
followed. The irrigation and fertilizer applications were
carried out as per treatment schedule. The plot-wise
soil samples (0-15 cm) were collected after the harvest
of maize crop. These samples were analyzed for pH
(by 1:2.5 soil:water suspension), electrical conductivity
by conductivity meter (Jackson 1967), organic carbon
by rapid titration method (Walkley and Black 1934),
available N by alkaline permanganate method (Subbiah
and Asija 1956), available P by Olsen’s method (Olsen
and Sommers 1982), available K by ammonium acetate
extraction method (Jackson 1967) and CEC by neutral
normal ammonium acetate method (Jackson 1967).

RESULTS and DISCUSSION

Effect of various irrigation methods on soil
properties

The plot-wise soil samples collected (0-15 cm)
after the harvest of maize crop were processed and
analysed for post-harvest soil properties. Data on
analysis of soil samples for bulk density, particle density,
pore space, pH, EC, organic carbon, CEC, available
nitrogen, phosphorus and potassium are given in Table
1.

The bulk density and pore space were
significantly influenced by the main plot treatments and
their interaction effect and there was no significant
difference among the sub-plot treatments. The particle
density was not significantly influenced by both main
plot and sub-plot treatments. Similar observations were
made by Salgado et al (2004).

In case of pH and EC, the data indicated that
among the main plot treatments, I, (sub-surface drip
fertigation) recorded the lowest pH (6.8) and EC (0.15
dS/m) and there was no significant difference between
the main plot treatments in case of pH. The pH and
EC were significantly influenced by sub-plot
treatments. Among the sub-plot treatments the lowest
pH of 6.8 and EC (0.15 dS/m) were recorded by S,
(recommended dose of NPK fertilizers +
vermicompost @ 5 tonnes/ha). Among the interactions,
sub-surface drip fertigation with recommended dose
of NPK fertilizers + vermicompost @ 5 tonnes/ha
(I,S,) recorded the lowest pH and EC as also reported
by Malik et al (1994). The findings are also in line with
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the results reported by Singh et al (1980) and Halemani
et al (2004).

The data on organic carbon and CEC indicated
that among the main plot treatments I, (sub- surface
drip fertigation) recorded the highest organic carbon
(0.14%) and CEC (16.7 cmol (P*)/kg) and the
parameters were significantly influenced by the main
plot treatments. Among the sub-plot treatments the
highest organic carbon (0.14%) and CEC (16.6 cmol
((P")/kg) were recorded by S, (recommended dose of
NPK fertilizers + vermicompost @ 5 tonnes/ha)
followed by S, Among the interactions, sub-surface
drip fertigation with recommended dose of NPK
fertilizers + vermicompost @ 5 tonnes/ha (I,S))
recorded the highest organic carbon (0.15%) and CEC
(16.9 cmol (P*)/kg).

The main plot treatments significantly influenced
available N. Among the main plot treatments, the
highest value of 190 kg/ha was recorded by I, (sub-
surface drip fertigation) and the treatments I, and I,
were on par with each other. Among the sub-plot
treatments the highest available nitrogen status (193
kg/ha) was recorded by S, (recommended dose of NPK
fertilizers + vermicompost @ 5 tonnes/ha) followed by
S,.

Among the interactions, sub-surface drip
fertigation with recommended dose of NPK fertilizers
+ vermicompost @ 5 tonnes/ha (I,S,) recorded the
highest available nitrogen (215 kg/ha) and the treatment
combination IS, (sub-surface drip irrigation with
recommended dose of NPK fertilizers + vermicompost
@ 5 tonnes/ha) was on par with IS, The lowest
available nitrogen content of 126 kg/ha was noticed
with conventional method of irrigation with no fertilizer
(L,S,) and this was on par with LS (sprinkler irrigation
with no fertilizer).

The available phosphorus content of post-
harvest soil was significantly influenced by the
treatments. Among the main plot treatments the
highest value of 7.3 kg/ha was recorded by I, (sub-
surface drip fertigation) followed by I, andI,. Among
the sub-plot treatments, the highest available
phosphorus content of 7.6 kg/ha was recorded by
S, (recommended dose of NPK fertilizers +
vermicompost @ 5 tonnes/ha) followed by S,.
Among the interactions, 1,S, recorded the highest
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available phosphorus (9.0 kg/ha) and the treatment
LS, and IS, behaved similarly The lowest available
phosphorus content of 4.5 kg/ha was noticed with
conventional method of irrigation with no fertilizer
(IS, and this was on par with IS, (sprinkler irrigation
with no fertilizer).

With regard to available potassium status, the
main plot treatments significantly influenced the
available potassium. Among the main plot treatments
the highest value of 367 kg/ha was recorded by I, (sub-
surface drip fertigation) which was on par with I, and
L.

Among the sub-plot treatments, the highest
available potassium (409 kg/ha) was recorded in S,
followed by S,. Among the interactions, IS,
recorded the highest available potassium (434 kg/
ha) which was similar to LS, and the lowest available
potassium content of 269 kg/ha was noticed with
conventional method of irrigation with no fertilizer

IS)).

The results are in line with those of Magare
etal (2018). They reported that the availability and
distribution of nutrients in the soil depend on their
solubility, moisture and difference. The higher
available N, P, and K in the soil after plant harvesting
when using drip fertigation system could be attributed
to the minimal losses in minerals via leaching and
the enhancement of nutrients movement in the soil
comparing to surface and/or sub-surface drip
irrigation system. Slight improvement in the post-
harvest soil fertility levels of N, P and K was noticed
in fertigation plots.

This confirms that fertilizers solubilize the
unavailable phosphorus to available P form and
increase the P use efficiency. Supply of water and
N fertilizers at shorter intervals increased the
nutrients availability in the soil. Malik et al
(1994) and Bharambe et al (1997) reported that
there was increase in the availability of soil nutrients
under drip fertigation system compared to the direct
application to the soil.

Conventional method of irrigation with no
fertilizer (I .S,) recorded less available nitrogen due
to low nutrient use efficiency. Similar trend was
noticed in case of available P and K.
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CONCLUSION

Present study indicated that in the post-harvest
soil properties of maize, the application of recommended
dose of fertilizers + vermicompost @ 5 tonnes/ha with
sub-surface drip fertigation significantly influenced the
physical and chemical properties and also soil fertility
status than rest of the treatments.
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