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Maintaining Soil Fertility :

Be Given Top Priority

— N.K.Goyal, Sandeep Rawal and B.R.Kamboj'
Krishi Vigyan Kendra Damla,Yamunanagar
CCS Haryana Agricultural University, Hisar

With rising population, limited availability of
agricultural land, small land holdings and declining
soil fertility, India is under serious threat of losing its
food surplus status in the near future. According to
estimates, the demand for foodgrains is expected
to increase to 355 million tonnes in 2030. The
capability of the soil to provide all the essential plant
nutrients in available form is called as soil fertility.
The inherent capacity of the soil to supply nutrients
to plants in adequate amount and in suitable
proportions is called as soil fertility. Maintenance of
soil fertility is a great problem of our farmers.
Cultivation of particular crop year after year in the
same field decreases the soil fertility. To increase
the soil fertility, it is necessary to check the loss of
nutrients and to increase the nutrient content of soil.

Advancing food security and environmental
sustainability in farming systems require an
integrated soil fertility management approach that
maximizes crop production while minimizing the
mining of soil nutrient reserves and the degradation
of the physical and chemical properties of soil that
can lead to land degradation, including soil erosion.
Such soil fertility management practices includes
the use of fertilizers, organic inputs, crop rotation
with legumes and the use of improved germplasm.
The factors effecting the fertility of soil are parent
material, climate and vegetation, topography,
inherent capacity of soil to supply nutrient, physical
condition of soil, soil age, micro-organisms,
availability of plant nutrients, soil composition,
organic matter, soil erosion, cropping system and
favourable environment for root growth. Soil is an
essential natural resource. Life on earth is directly
dependent upon soil because without soil there will
be no vegetation and no food for animals and
human beings. Soil conservation and management
practices include measures to restore and maintain
soil fertility, prevent soil erosion and to improve the
degraded condition of the soil.

Losses of Plant Nutrients from the Soil

Soil is the store house of plant nutrients. Losses
of plant nutrients from the soil are the main cause of
decreasing the fertility of soil. Plant nutrients are lost
from the soil by the following ways:

(i) Removal of Plant Nutrients by
Harvested Crops : Plant absorbs nutrients from
'Registrar, CCS Haryana Agricultural University, Hisar

the soil and stores them in their different parts. The
crops remove large quantity of nitrogen and
potassium and relatively small quantity of
phosphorus. Four to five per cent of total nitrogen is
lost from soil per acre annually through the
harvested crops. The loss can be reduced by
adding farm waste materials to the soil.

(if) Removal of Plant Nutrients by Weeds :
Weeds compete with crops for mineral nutrients.
Competition begins when the supply of plant
nutrients falls below the requirements of both
weeds and crops. Weeds by nature of them grow
fast and remove the plant nutrients from the soil.
This will be severe if weeding is not done as soon as
weeds emerge.

(iii) Losses of Nutrient by Soil Erosion :
Erosion is the physical removal of top soil by water
and wind. Plant nutrient, particularly nitrogen
remains on the upper layer of soil. When erosion is
severe, the nutrient is lost along with soil and the
fertility of soil decreases accordingly.

(iv) Losses of Nutrients by Leaching :
Fertilizers, both straight and mixed, are soluble in
water and as such they are liable to loss by leaching
in rain water or irrigation water. Leaching loss is
more acute in sandy soil and bare soils. Nitrogen is
mainly lost from soil by leaching.

(v) Losses of Nutrients in Gaseous Form :
Nitrogen is generally subjected to loss in gaseous
form.

The biochemical reduction of nitrate nitrogen
to gaseous compounds is called 'denitrification' and
is thought to be the most widespread type of
volatilization

(vi) Loss of Nutrients by Crop Residue
Burning : Plant nutrients are stored in harvested
crops and in residues left after harvesting. Most of
the farmers prefer to burn the residues left after
harvesting of crops which in turn results in loss of
plant nutrients but loss of soil fertility due to loss of
organic matter and microorganisms.

Different approaches to manage soil fertility
efficiently

An integrated soil fertility management aims
at maximizing the efficiency of the agronomic use of
nutrients and improving crop productivity. This can
be achieved through the use of grain legumes,
which enhance soil fertility through biological
nitrogen fixation and the application of chemical
fertilizers.

Whether grown as pulses for grain, as green
manure, as pastures or as the tree components of
agro-forestry systems, a key value of leguminous
crops lies in their ability to fix atmospheric nitrogen,
which helps reduce the use of commercial nitrogen
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fertilizer and enhances soil fertility. Nitrogen-fixing
legumes are the basis for sustainable farming
systems that incorporate integrated nutrient
management.

Soil fertility can be further improved by
incorporating cover crops that add organic matter
to the soil, which leads to improved soil structure
and promotes a healthy, fertile soil; by using green
manure or growing legumes to fix nitrogen from the
air through the process of biological nitrogen
fixation; by micro-dose fertilizer applications, to
replenish losses through plant uptake and other
processes; and by minimizing losses through
leaching below the crop rooting zone by improved
water and nutrient application.

Soil Health Improvement

To improve the health of soil following steps
must be taken into consideration :

(i) Crop Rotations : The practice of growing
various crops alternately on the same form in pre-
planned succession is known as crop rotation.
Cultivating the same crop in a particular plot year
after year leads to decrease in crop productivity and
the depletion of soil nutrients. Hence, crop rotation
is an eco-friendly and solve the problem of mono-
crop cultivation.

(ii) Conservation Tillage : Conservation
tillage is much better option than conventional
tillage. Itincorporates plant residues from previous
crops into the soil, which increases soil nutrients
and soil moisture.

(iii) Use of Bio-fertilizers and Bio-
pesticides : The Green Revolution has been one
of the biggest success stories of independent India.
The main reason is the enhanced use of chemical
fertilizers and pesticides. However, this has caused
soil degradation and pollution of surface as well as
groundwater sources.

Therefore, as an effective measure, the
government gradually replaced chemical fertilizers
by biological manure, compost and bio-fertilizers
(efficient strains of nitrogen-fixing, phosphorus-
solubilizing or cellulolytic micro organisms, e.g.
Legume-Rhizobium, Azotobacter, etc.).

It also includes an environment-friendly
approach to waste management through gradual
replacement of synthetic chemical pesticides by
soil-friendly bio-pesticides (bio-pesticides include
eco-friendly pest enemies like microbial botanical
or plantbased and biochemical pesticides).

(iv) Organic Farming : The use of manure,
bio-fertilizers and bio-pesticides in crop production
is called organic farming. It is a kind of agriculture
system, which avoids or largely excludes the use of
chemical fertilizers, pesticides and other synthetic

agro chemicals, which have caused soil
degradation, ground water pollution and spread of
pesticide-resistant pests.

The objective of organic farming is to develop
a sustainable agriculture system so as to ensure
enough food production without harming the
environment or degrading soil fertility.

(v) Manure/Green Manures : Manure is the
material of organic origin (mostly from animals and
plants) which is used to increase soil nutrients. In
addition to nutrients, manure provides carbon and
other constituents that improve the soil's humus
content, biological activity and soil physical
structure. The bio-decomposed farmyard manure
is an excellent source of soil nutrients and contains
ammonium, phosphorus, potassium and micro-
nutrients. The use of earthworms in composting of
organic waste is known as vermicomposting.
Vermicomposting of animal refuse and agricultural
residues results in composts with a high nutrient
content.Green manures provide a sufficient
amount of nitrogen and other nutrients and
enriches the physical, chemical and biological
quality of soil. Itis grown in the field and is left under
the soil for decomposition after ploughing. Green
manure is a renewable and nutrient rich resource.
Soil Fertility Improvement

The following things must be properly
followed for increasing the fertility of soil : (i) Proper
use of land (ii) Good tillage (iii) Crop rotation
(iv) Control of weeds (v) Maintenance of optimum
moisture in the soil (vi) Control of soil erosion
(vii) Cultivation of green manure crops
(viii) Application of manures (ix) Cultivation of cover
crops (x) Removal of excess water (drainage) and
(xi) Application of fertilizers.

Soil degradation is estimated to be severely
impacting the 147 million hectares of cultivable land
in India, causing a successive deterioration in its
productive capacity. In the recent years, experts
have witnessed a worrying sign of declining total
factor productivity and compound growth rates of
major crops. In several agricultural regions across
the country, there has been observed a gap
between nutrient demand and supply including
decline in organic matter status, deficiencies of
micronutrients in the soil, soil acidity, salinization
and sodification. Experts say one of the main ways
forward is to make agriculture more sustainable
and reviving the age-old practices of soil
regeneration while balancing the same with
judicious use of agro-chemicals. The agro-
chemical industry must also rise to the occasion
and invest in producing organic biological products
that help improve the health of soil. 1
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Major Physiological Disorder in Gotton

— N.K. Yadayv, Anil Mehta and Preeti Yadav'
Cotton Research Station, Sirsa
CCS Haryana Agricultural University, Hisar

Major physiological disorder affecting cotton
crop and the possible means to manipulate the
physiology of the plant so as to mitigate the impact
ofthe adversity are as follows :

Physiological shedding of buds and bolls
The gravity of the problem can be visualized

from the fact that nearly 60-70 per cent of the
fruiting parts are shed by the cotton plant due to
physiological and entomological reasons. Many
factors are here to account for the physiological
shedding in cotton. Major causal factors are :

Environmental factors: Cloudy weather,
moisture stress, excessive rainfall during the
reproductive phase; High temperature and Water
logging at the flowering and early boll development
phase.

Cultural factors: High density planting,
improper drainage, imbalance in nutrition and
micro nutrient deficiency.

Remedial measures to reduce the shedding

(i)  Application of Naphthalene acetic acid (NAA)
at10-20 ppm.

(i) To avoid excessive vegetative growth use
growth retardants such as; CCC at 50 ppm at
90 days after germination.

(i) Keep the field free from excessive water or
provide requisite quantity of water through
protective irrigation to the extent possible.

Leaf Reddening
Leaf reddening is assuming importance in

recentyears. Depending on the intensity and stage of
occurrence, this disorder is likely to affect yield and
fiber quality considerably. Major causal factors for
this order: Sudden lowering of night temperatures in
the month of October and beyond; Prevalence of
water logged/high moisture profile for a prolonged
period of time; moisture stress; excessive boll load;
lowered leaf nitrogen status (less than the critical
level); deranged amino-acid profile in the plant
system; impediments to normal root activity and
genetic makeup of the variety/hybrid (some are
highly susceptible and some are tolerant).

Remedial Measures

(i) Adjust sowing time to allow the crop to skip
over the adverse ambient environment during
the critical stages of boll development.

(i) Timely correction of N status of the crop through

'Krishi Vigyan Kendra, Sirsa

appropriate means prior to and during boll

development.

(i) Correction of Magnesium deficiency
wherever noticed.
Bad Opening of the Bolls

This disorder is otherwise known also as Tirak
disorder. The problem is basically concerned with
premature and improper cracking of bolls, instead
of normal fluffy type of opening. Bad opening of
bolls results in impaired lint and seed quality apart
from reduction in yield. Broadly, causal factors for
bad boll opening can be divided into soil and
environmental factors :

Soil Parameters : Soil with salinity in the sub
soil, light sandy soil and nitrogen deficiency.

Environmental Parameters : The prevalence
of warm and dry weather during the fruiting period
and Low humidity during the fruiting period.
Remedial Measures
(i) Resorting to frequent irrigation to retard

development of sub-soil salinity or alkalinity.
(i)  Applying the proper correctives for nitrogen

enrichment especially in the light sandy soil.
(i) Use of growth retardants to check excessive
vegetative growth and thereby reduce the
crop demand for more moisture and nitrogen
during the boll development stage.
Para wilt

In the 1980's new wilt malady (as distinct from
the regular wilt caused by biotic factors) received
considerable attention in the view of its increased
incidence in certain pockets and specifically in
some hybrids. Plant show sudden drooping of
leaves which ultimately get wilted but the root
system remains intact.

Causal Factors : Either one or both the
parents of some of the susceptible hybrids were
found wilt prone; wilt incidence was found to be on
the higher side under light soil conditions compared
to medium and deep soil and the percent wilt
incidence was found to vary in the same hybrid/
varieties over years as well as locations apparently
indicating the crucial role played by environment in
the expression of this disorder.

Remedial Measures

(i) Foliar application of cobalt chloride @ 10 ppm
immediately after the appearance of
symptoms. There would be no recovery if
permanent wilting has already setin.

(i) Irrigating the crop at early stages of wilt
incidence was found to mitigate the malady to

some extent. 1
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Solar powered NFT/Container hydroponic
system for kitchen gardening

2 Arun Kumar Attkan, Sunil Kumar and Nitin Kumar
Deptt. of Processing and Food Engineering
CCS Haryana Agricultural University, Hisar

India's population currently estimated at 1.34
billion, is projected to rise to 1.51 billion by 2030 and
further to 1.66 billion by 2050 before declining to
1.52 billion by the century's end. Tremendous
increase in population has become a major threat
to the agriculture due to utilization of land for
housing and commercial purposes. In urban areas
people are health conscious and at some places
they've started to grow vegetables on rooftop for
their daily consumption. Proper management in
growing these crops requires good structures and
automatic irrigation system, making the system
more reliable and productive. The use of solar
energy not only makes the whole process
sustainable but also makes it efficient and
economical as the solar energy is free, renewable,
abundant and clean source of energy. Thus, there
is an urgent need for high-yielding agriculture
technology that efficiently utilizes land, water,
fertilizer and energy without relying on national
power grid system. Such techniques are discussed
as below:

Nutrient Film Technique (NFT) : hydroponics
in the form of indoor/outdoor cultivation is being
explored as a potential technology to provide
reliable and healthy produce to consumers living in
a dense urban environment.Hydroponics is a part
of the system classified as soilless culture. In
general, hydroponics facilitates growing of high
quality crops with an efficient use of water in a
shorter period of time as compared with other
systems. Itis a system in which water is kept move
continuously through the roots of the plant.

Container Hydroponics : One of the major
problems is emergence of soil borne pathogens
called nematodes with every crop cycle due to
growing of roots on same piece of land, which
ultimately affects the crop growth and plant fails to
deliver its potential yield. Hence, to counter such
maladies, huge quantities of pesticides and
nutrients are required in the soil, which are not safe
to the human health and environment and also add
to the much higher cost of production as well. In this
method, plants are grown in pots or grow bags filled
with porous root media (inert material) and placed
in rows by connecting them in series with supply
and drain pipes. Water and nutrients are pre-mixed
and supplied to each plant as per its requirements

in a controlled manner thereby enhancing the crop
yield many times in even lesser space as compared
to conventional soil based polyhouse/greenhouse
cultivation.

Importance in the Context of Current
Status : Decreasing of land area causes
conventional agricultural system become
uncompetitive because of price of land is rising day
after day. Hydroponic agriculture cultivation
technology system provides an alternative way for
farmers who have a narrow field or just have a yard
to carry out agricultural business as well as for
domestic vegetable growing at rooftop particularly
in urban areas as kitchen gardening. Hydroponics
system has advantages such as: the density of
plants per unitarea doubled or land-saving, product
quality i.e. shape, size, flavor, color, cleanliness or
hygiene); planting does not depend on the season
or time and can be adjusted in accordance with
market needs. Hydroponic cultivation usually
implemented at greenhouse to keep plant growth
optimally and to protect from external elements
such as pests, rainfall and climate change. In
addition, continuity of energy supply becomes a
main problem of hydroponic cultivation because of
its dependence on energy sources. Especially,
when using controlled system with a number of
equipment to be controlled such as sensors
(temperature, soil moisture), controller and others
require continuous electrical energy. The use of
generators is not efficient due to the cost and
pollution generated. Utilization of Photovoltaic (PV)
panel as a renewable energy at housing or
transportation this moment is considered as
solution to reduce dependency to fossil energy. Its
usage for agriculture machine and equipment still
not popular since it is expensive initial investment
compared to the benefit obtained so that farmers
prefer machines which use combustion engine.
Solar energy utilization in agricultural equipment,
for long-term, will be as an energy source is very
promising.

The implementation of an energy management
system using new methods, hardware and
software, can help to organize and follow the
evolution of automated hydroponic system. The
main advantage is the efficient use of renewable
energy sources that contributes to the production of
green and clean electricity. O
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Management of Rice Straw

through Microorganisms

— Dhinu Yadav,Leela Wati and Sneh Goyal
Department of Microbiology
CCS Haryana Agricultural University, Hisar

In recent years, paddy is being harvested
using a combined mechanical harvester and large
quantity of straw is left in the field. Amajor portion of
rice straw is disposed off by burning oris mulched in
the fields. Rice straw, if not properly handled, will
cause many problems to farmers as well as to the
environment. If rice straw is left in the field without
proper management, it can cause the spreading of
diseases, such as stem disease which originates
from the rice straw and can also encourage the
breeding of pests, especially rats. Burning of straw
is not the solution to deal with such type of waste, as
itis harmful to the environment. Although, rice straw
is one of the important source of plant nutrients, its
natural decomposition is slow owing to the
presence of incalcitrant compounds like cellulose,
hemicellulose and lignin. Microorganisms play a
pivotal role in the breakdown of the above complex
compounds into simple and make them in available
forms. Soil is an abode of microorganisms capable
of degrading lingo-cellulosic material derived from
dead plants and other sources. Among various
microorganisms, fungal species are predominately
cellulose, hemicellulose and lignin degrading
converting these complex polymers into simple
sugars and phenolic acids, which further support a
host of other microbes in the soil. Some of the soil
fungi economically employed for crop residue
degradation is Trichoderma harizianum and
Pleurotus sajor caju. Microorganisms can be
employed to manage rice straw by production of
ethanol, biogas and compost.

Ethanol : Ethanol is a known feed stock for
countless chemicals and industrial purpose beside
its use for potable purpose and now a days its use
has been extended as biofuel. Rice straw contains
about 25-45 per cent cellulose (the major
constituent of all plant material and the most
abundant organic molecule), 20-30 per cent hemi-
cellulose (the second most abundant component of
lingo-cellulosic biomass) and 10-15 % lignin (the
third main heterogenous polymer in lingo-cellulosic
residues). For conversion of rice straw into ethanol,
sugars are required which can be obtained from
hydrolysis of cellulose and hemicellulose, but lignin
acts as barrier for conversion of cellulose into
sugars. In order to remove lignin, reduce cellulose
crystallinity and increase the porosity of the
material to make cellulose desirable to hydrolysis
for subsequent fermentation, a pre-treatment
process is essential. Thus, from rice straw, ethanol
is produced by using three steps:-pre-treatment,
hydrolysis and fermentation. For microbiological

pre-treatment of rice straw, fungi of the class
basidiomycetes with the ability to degrade lignin
can be used. The bioconversion of pre-treated rice
straw into ethanol can be performed separately by
employing fungal cellulose for hydrolysis and
Saccharomyces cerevisiae for fermentation or a
two-step process combining hydrolysis and
fermentation together that has been successfully
tested in our laboratory. The complexity of the
process and low ethanol yields are various
challenges for ethanol production fromrice straw.

Biogas : Biogas is a clean fuel that can be
produced from rice straw by employing a consortium
of hydrolytic, acetogenic and methanogenic bacteria
that are available in cattle dung. Fine size (1cm)
chopped rice straw mixed with cattle dung @ 5%
(total solid basis) can be fed to biogas plants for
biogas production. To use higher concentration of
rice straw in biogas plant, it is pre-treated with
microorganisms, before feeding into biogas plants.
Biogas generated can be used as fuel and the biogas
slurry can be used as valuable manure.

Compost : Rice straw is rich in C (41%), N
(0.5-0.8%), P (0.05-0.1%), K (0.3-20%) and Ca
(0.03-0.17%). To prepare compost from rice straw,
the soaking solution is prepared by mixing 10 g of
Aspergillus awamori inoculant and one gram of
urea for every litre of water. In soaking solution, the
dry straw bundles are dipped for 3 minutes and
extra solution is discarded to prepare a large heap
of 5 meter length, 1.25 meter width and 1.25 meter
height. The whole heap is then covered with a 20 to
30 cm layer of untreated straw or polythene to
retain the moisture. To maintain the moisture
regimen (70%) of the heap, watering is done
weekly and turning is done at one month interval
and the compost is ready in three and half month.
The rice straw compost is found to contain 1.2-
1.4% N, 0.6-0.7% P and 1.9-2.2% K. It also
contains a range of micronutrients and beneficial
microorganisms for crop growth and soil health
which are not usually contained in inorganic
fertilizers. The nutrients from compost are released
slowly which are less likely to be lost by leaching,
the high temperature generated during composting
(above 55°C) keeps pathogen levels low and
reduce the viability of weed seeds contained in the
compost material. It is easy to handle, fairly
stable,has no odor and nutrients are easily
available for different crops.

Conclusion : Microorganisms play an
important role in the management of agricultural
wastes and bioconversion of rice straw through
microorganisms offers several benefits such
as clean fuel in the form of ethanol, biogas,
and quality compost which can enhance soil
fertility and soil health that can lead to increased
agricultural productivity, improve soil biodiversity,
reduce ecological risks and create a healthier
environment. 1
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