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PREFACE

We are delighted to publish our book entitletRecent Innovative Approaches in
Agricultural Science Volume"l This book is the compilation of esteemed articles of

acknowledged experts in the fieldd basic and applied agricultural science.

The Indian as well as world population is ever increasing. Hence, it is imperative to
boost up agriculture production. This problem can be turned into opportunity by
developing skilled manpower to utilize the aJable resources for food security.
Agricultural research can meet this challenge. New technologies have to be evolved and
taken from lab to land for sustained yield. The present book on agriculture is to serve as a
source of information covering maximum pects, which can help understand the topics
with eagerness to study further research. We developed this digital book with the goal of

helping people achieve that feeling of accomplishment.

The articles in the book have been contributed by eminent sciestiatademicians.
Our special thanks and appreciation goes to experts and research workers whose
contributions have enriched this book. We thank our publisher Bhumi Publishing, India for

taking pains in bringing out the book.

Finally, we will always remaira debtor to all our wellwishers for their blessings,

without which this book would not have come into existence.

- Editors
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AGRONOMIC MICRONUTRIENT BIOFORTIFICATION IN PULSES CROPS

Abhishek 1*, A.D. Jagdhan#, K.K. Sharmat,
Chiranjeev Kumawat 1, S.S. Sharma and Ashish Kulhery 3
1Department of Soil Science and Agricultural Chemistry,
Sri Karan Narendra AgricultureUniversity, Jobner, Rajasthat303 329.
2Division of Soil Science and Agricultural Chemistry,
College of Agriculture, Dhule, Maharashtrad24 004.
4Department of Plant Physiology, Sri Karan Narendra Agriculture University,
Jobner, RajasthasB03 329.
*Corresponding author Email: abhigodara33@gmail.com

Abstract

Pulses are the second most important component of vegetarian human diet after cereals due to its
richness in proteins, vitamins and minerdfaintaining food and nutritional security for the increasing
population of the developing countries like India is challenging task. The productivity and quality of
pulses are not increasing as their demand. One of the major causes of decline in psoductivior no
micronutrient nutrition. Being a major source of protein of human diet pulses grown in low micronutrient
soils generally have low micronutrient content in their grains and causes micronutrient malnutrition in
human beings. As we known thatanonutrient has a significant role in proper functioning, metabolism
and development of various plant parts, so it becomes necessary to frame a micronutrient management
strategy based on soil, local climatic and rainfall condition of growing area.
Keywaords: Micronutrient, nutrition, productivity and pulses
Introduction:

India has first position on pulse production map of world and contributes ab@8e2%f global
production; yet, the total per capita availability of pulses in India is 40 grapepson per day as against
the minimum requirement of 140 gram per person per day as advocated by Indian Council of Medical
Research which is far lesser than the domestic requirerigps:{/www.nin.res.in/DietaryGuidelings

Pulses plays an important role in ensuring food and nutritional security and in soil nutrients recirculation,
with a huge potential to address needs such as future global food security, nutrition, and environmental
sustainability (Goyagt al.,2018).

Micronutrient imbalance is one of the major abiotic constraints limiting productivity of pulses.
The crucial role played by micronutrients in enhancing food and crop production in India is now a well
recognized fact. Widespread micronutrient deficienairese a welldocumented problem in food crops,
causing reduced yields and nutritional quality of the produce. crops, now being recorded all over the
country, have resulted in severe losses in yield and nutritional quality. It is estimated that nearly half
(49%) of the cultivated land are deficient in zinc (Zn) (49%). Next to Zn, boron (B) (33%) and iron (Fe)
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(15%) deficiencies are also limiting the crop production to a large extent. Extensive manganese (Mn)
(6%) deficiency is now being manifested in the maddhtensively cropped areas (Singh, 2018). The soil
deficiency of micronutrient results in poor uptake and ultimately micronutrient deficient grains. The
micronutrient deficiency or hidden hunger is more prevalent in areas where wheat and rice aoednain f
crops as compared to pulses. One of the major constraints for crop productivity in many countries of the
world is the deficiency of micronutrients. About half of the world population suffers from the
malnutrition of iron, zinc, calcium, iodine and sdlem which makes plant nutrition research
indispensable (Cakmak 2002, Alloway 2008). Most of the major staple crops of the world, such as rice,
wheat, cassava, beans, sweet potato, pearl millet or maize are often deficient in some of these mineral
elements About 2 billion people, across the world suffering from iron (Fe), zinc (Zn) and other
(multiple) micronutrient deficiencies (WHO, 2016). Hence, increasing the concentration of bioavailable
micronutrients in edible crop tissues has become a promisatggtrin modern agriculture, allowing the
access of more nutritious foods, to more people, with the use of fewer resources.

Table 1: Range of micronutrient (Zn and Fe) concentration (mg/100 g) in commonly consumed

pulses
Crop Zn Fe Reference
Chickpea 3.7-7.4 4.66.7 Hemlathaet al.(2007); Thavarajah and
2.455.29 2.9815.87 | Thavarajah (2012)
IIPR (201112)
Lentil 5.0813.69 4.028.15 Kumaret al.(2013)
4.244.96 1.91:8.21 IIPR (201112)
French bean | 2.18 5.94 Hemlathaet al.(2007)
Greengram 1.023.10 3.007.76 Hemlathaet al.(2007); IIPR (2016aL1)
Pigeonpea 2.35 4.93 Hemlathaet al.(2007); IIPR (201412)
1.683.70 1.138.46
Urdbean 1.453.72 4.697.28 | Hemlathaet al.(2007); IIPR (2016L1)
Cowpea 2.57 4.79 Hemlathaet al.(2007)

Source; Pulses: Challenges & Opportunities Under Changing Climatic Scemardidished by Indian
institute of pulse research, Kanpur (UP.)

Major strategies for management of micronutrient in pulse crops
Management of soil environment:

This is one of the simplest and easiest method of management of micronutrient deficiency. There
are certain soil environmental factong, pH, CEC, moisture, organic matter, soil depth, soil type, root
characteristics and interaction among nutrient elériet could affect the availability, mineralization of
micronutrients (Liet al, 2007). Modification of aforesaid properties could enhance the availability and
accumulation of micronutrients in soil and plant.Hetrtal. (2003) reported a gradual decreas both
total and available Fe, Mn and Zn gradually decreased from top soil to the bottom soil because the
solubility and availability of micronutrients are decreased if soil pH increases (mainly due to

2
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precipitation). Which could be prevented by maimgasuitable pH around 5.5 to 6.5. organic matter
plays an important role in Cu management in soil. Top soil having higher organic matter and low pH
have been reported high in available and total Cu due to complex formation. The availability of Mo and B
gererally are higher at higher pH valudscidence of Zn deficiency in the crops was attributed to high

Zn fixation in calcareous soils rather than their low total Zn content (Radigale 2012).Moving from

surface soil to the lower layers CEC graduafigreased which improve cation retention and reduce
leaching of base cations (Begwenal, 2015). In case of saline or alkaline soils, soil management with
lime or organic manures can alter soil properties such as pH and stimulate micronutrient bitigvailab
and crop uptakeMalencat al, 2017. Roots of some plants releases some kind of riatding
compounds such as Phyto siderophores and organic acids which increases the uptake of Fe, Cu, Zn, Ni,
and Mn, often by similar metdlinding compounds (Dikpa and Bindraban, 2016Jhere is higher Zn,

Mn accumulation in grain by the application of nitrogen which suggest a positive relation between
nitrogen application and micronutrientsid¢ planning about micronutrient management, care should be
taken abotinteractions with macronutrients, as P in soil or N within the plant which could interfere with
uptake, rooshoot transport (Cakmak and Hoffland, 20I2)e antagonism between phosphorus and Zn,

Zn and Cu has been reported by many researchers but stbem is not observed in accumulation of
these nutrients in grains (Shiwaketi al, 2019). Managing above soil environmental parameters could
be significant in improving micronutrient status of protein rich pulses crops.

Management of micronutrients through sustainable inputs:

Nutrient content, especially micronutrient, of the crops could also be enhanced by involvement of
sustainable inputs which supplies organic matter in soil like application of FYM, residue retention,
compost and green manure, biochar application, zeradilland bioinoculants. Th€u, Zn is the
micronutrient most affected by SOM. Moharanhal, (2017 recorded higher available Zn, Fe in plot
receiving FYM+NPK. But higher values of Mn and Cu were found in FYM alone at surface soil as
compared to suburfacesoil. Courtney and Mullen (2008) reported higher content and uptake of Mn, Cu
and Zn but lowered Fe content. It is reported by many researcherthdhatare mainly two reasons
behind the higher level of micronutrient in soil receiving above mentionedsifprganic matter), first is
the slow mineralization and adequate supply of micronutrient from these sources (high efficiency) and
second is the chelating ligands originating from decaying organic matter and root exudates ([2haliwal
al., 2019).Chelatbn of Zn and Fe by organic matter holds these nutrients in forms more accessible by
roots within the rhizosphere, and reduces formation of insoluble solid forms such as oxides and
carbonates in soil (Schukhal 2009) It has been reported that applicatiof micronutrients along with
rhizobia isolate enhanced the various growth attributes of Mungbam which is mainly due to greater
activity of nitrogenase activity and better assimilation of both macro and micronutGératsnaet al.

(2011) evaluated difrent strains ofzinc-solubilizing bacteria and reported that inoculation of Zn
solubilizes not only increase the zinc content in soil but also increases assimilation of Zn in soybean
seeds.
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Fertilizers management strategies:

Agronomic biofortification: Nutrient assimilation in edible plant parts could be enhahgeddopting

or modifying the fertilizer of application methodologyz; foliar, soil application, seed coating, seed
priming. The biofortification is the process by which the mineral conten¢ases in the edible parts of
crops, through the application of fertilizers to soil or foliar. There are several factors like source of
fertilizer, quantity of fertilizer and time and methods of application regulate the nutrient intake to the
edible plantparts and its bioavailability to the consumer (Singh and Prasad, 2014).Field studies from
India showed that the use of-2mriched urea on rice could increase yields and grain Zn concentrations
threefold (Cakmak, 2009).A review of experiments from ten cafri countries on the impact of Zn
enriched fertilizers showed that soil Zn application increased the Zn concentration in maize, rice and
wheat grains by respectively 23%, 7% and 19% and by 30%, 25% and 63% through foliar application
(Joyet al, 2015). Ithas been reported that the most effective agronomic practices for the Fe enrichment
of crops are by litter fertilization or foliar application of mineral Fe. Foliar application has resulted
increased Fe concentrations in wheat grain and rice grain whinhiidy due to rapid conversion into
insoluble forms when applied as soil application (Shatetaal., 2014; Marqueuiroz et al., 2015).
However, there is some contradiction on increase in Fe concentration in grain. Etokhg2016)
concluded that ggication of zinc and iron chelate increase grain zinc and iron concentration in cowpea
and at higher concentration antagonism exist between Fe and Zne&ravg2015) reported that foliar
spray of zinc at three different stages of chickpea had signifiofluence on zinc uptake both in grain

and straw during 20112 and 20123 (Table 2).

Table 2: Zinc content by grain and straw of chickpea as affected by foliar spray of Zn.

Treatment Zn uptake in grain (g hg Zn uptake in straw (g hg
201112 201213 201112 201213

Check (no zZn) 78.5 71.3 78.0 68.5
ZnSHH soil at 5 kg Zn ha 102.3 93.9 104.2 93.9
ZnSHH one spray (V) 96.3 87.9 103.3 92.8
ZnSHH two sprays (V + F) 112.3 103.2 128.6 116.2
ZnSHH, three sprays (V+F +G) 1249 114.8 166.8 152.0
Zn-EDTA soil at 2.5 kg Zn ha 102.7 93.9 114.5 103.5
Zn-EDTA one spray (V) 98.8 90.9 117.0 106.0
Zn-EDTA two sprays (V + F) 125.4 115.8 139.2 126.6
Zn-EDTA three sprays (V+F +G) 162.8 135.4 181.0 148.9
LSD (P = 0.05) 14.93 15.52 10.45 20.25

Source; Shivast al. (2015)ZnSHH=Zn sulfate hepta hydrate V= active vegetative stage, F= flowering
stage, G= grain filling stage
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GarciaBanuelo=et al.(2014) showed no response of plants upon foliar Fe application, especially
under treatment with inorganic and chelated Fe fertilizers. Among the different methods of application,
foliar application is more efficient as it can manage soil immobilizatiohgaiick availability of nutrients
to the crop (Lawsoet al, 2015). Hidataet al. (2017) reported that foliar application resulted higher zinc
in grain of chickpea than soil application and priming. Some reported that combined application in both
soil andfoliar often showed better results than solo application. Johetsaih (2005) conducted a series
of field experiment to compare soil fertilization and micronutrient seed priming and reported that soil
boron fertilization increased B content of the grafifentil (Lens culinari$, chickpea Cicer arietinun),
and wheat by a factor of two to five while Soil fertilization with Zn resulted in a small increase in Zn in
wheat grain. They also reported seed priming has no impact on both the properties.

Concluson:

Agronomic biofortification methods (seed priming, seed coating and soil or/ and foliar
fertilization) have the potential to increase micronutrient concentration in the grain. The increased
concentration of micronutrient may be achieved without coitemtnloss of yield. Soil application of
ZnSQ, ZnO, FeSQand other micronutrient fertilizers have the potential to enhance crop yield while
improving concentration in grain. Foliar fertilization with EDTA of FeS@nSQ may be a more
effective measureA concentrated effort is required for testing/analysing various-ffatification
strategies in their capacity to improve micronutrients density in grains of pulses under field conditions.
Other factors affecting nutrient enrichment/ density in gndin, cultivars, environmental conditions, soll
type, soil fertility status, crop species etc., may also be taken into consideration while making such
studies. Biofortified pulses are having huge potential to combat hidden hunger, as the edible portions are
denser in bioavailable micnoutrients, minerals and vitamins.
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ROLE OF PLANT GROWTH PROMOTING RHIZOBACTERIA (PGPR) IN

HORTICULTURAL CROPS

Murari Lal Chopra 1*, Priynka Kumari Jat 2,Vikas3 and Rajesh Choudhary?
1Department of Horticulture, Sri Karan Narendra Agriculture University, JobneB03 329.
2Department of Horticulture, Rajasthan Agricultural Research Institute,
Durgapura, Jaipur302 018.
3Department of Fruit Science, Dr Y S Parmar University of Horticulture and Forestry,

Nauni, Solanrl173 223.
*Corresponding author Email: m.l.chopra2@gmail.com

Abstract:

Because of the extensive use of synthetic chemical fertilizers and pesticides, agriculture is one of
the human activities thabntributethe most to growing levels of chemical lbhnts, causing significant
environmental harm and posing a risk to human health. The utilization of soil microorganisms in
horticulture is critical to overcoming the issue of boosting food production while reducing pesticide usage
and pollution, as welds enhancing natural resource productivity. Plant gr@mimoting rhizobacteria
(PGPR) are naturally occurring soil bacteria that colonies plant roots aggressively and promote plant
development. Frekving bacteria that occupy the zone around the rdotdsphere), those that colonize
the root surface (rhizplane) and endophytic bacteria that reside within roots are all included in the term
PGPR. Given the benefits of PGPR in terms offbitilization, biocontrol and bioremediation, all of
which have aavorable impact on crop production and ecosystem functioning, its use in horticultural
crops should be encouraged. PGPR aids in the increase of nitrogen fixation in legumes, the promotion of
freelliving nitrogenfixing bacteria, the synthesis of plantrimones, the control of fungal and bacterial
diseases, and the control of insect pests, as well as the delivery of additional nutrients such as
phosphorus, sulphur, iron and copper.

Keywords: PGPR, bacteria, health and ecosystem
Introduction:

New and novesolutions for plant growth enhancements are required to ease the burden imposed
on our environment and other resources. We examine some of the studies on the biological uses of free
living plant growthpromoting rhizobacteria to see whether there are \aaple answers to these
problems (PGPR). Agriculture, horticulture, forestry and environmental restoration are some of the most
common uses of bacteria to boost plant development. Antibiotic protection against pathogenic bacteria,
decrease of iron acceslgibto phytopathogens in the rhizosphere, creation of fungal celllysaig
enzymes, and competition with harmful microbes for locations on plant roots are all indirect methods
utilized by PGPR. The arrangement of bioavailable phosphorus for plaripgakérogen obsession for
plant use, sequestration of iron for plants by siderophores, creation of plant hormones like auxins,
cytokinins, and gibberellins and lowering of plant ethylene levels are all coordinated components of plant
development by PGPR (i&k, 1995).
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Plant growth promoting rhizobacteria (PGPR) are a type of bacteria that helps plants develop and
produce more through the use of various plant growth stimulating chemicals. When free living plant
growth enhancers are necessary plant growtlmetiog rhizobacteria (PGPR) have a wide range of
applications. The rhizosphere is the amount of soil around plant roots that is chemically, physically and
biologically impacted. Microorganisms thrive in this ideal environment, helping to promote soil healt
and fertility (Ahemad and Kibret, 2014). Exudates from the roots are the primary source of nutrition,
consisting of amino acids, monosaccharides and organic acids. This root exudate discusses the dynamic
development of plants and the role of microorgasisin the rhizosphere. These roolonizing
microorganisms could be fré@ing, parasitic or saprophytic and their diversity becomes different with a
continuous changing in community structure and species abundance.

Sustainable agriculture is the mostpiortant system in the world today because it has the
potential to meet our future agricultural needs in a way that traditional agriculture cannot. Plant vigour
and soil fertility are greatly improved by beneficial rhizobacteria. Plant growth promotirmpduiteria
(PGPR) might be used as bio fertilizers, phyto stimulators and biocontrol agents to reduce the need of
chemical fertilizers, which pollute the environment, pose health risks and deplete soil productivity. When
compared to synthetic fertilizerfsecticides and pesticides. PGPR have been shown to boost plant
development in a variety of ways. The primary goal of this study is to determine the function of PGPR in
long-term agricultural sustainability (Bhattacharyya and Jha, 2012).

There has recelytbeen a lot of interest in environmentally friendly and sustainable agriculture.
They promote crop growth and can aid in the argn maintenance of a healthy environment and high
agricultural yields. PGPR communities of various sorts may be founcde irhthospheric soil and they
have favorable impacts on crop yield (Aeisal.,2008). A few research studies have been conducted to
better understand the many types, components and relevance of soil PGPR individuals' group, as well as
their useful and begdicial roles in agricultural profitability.

Plant growth promoting rhizobacterial forms

In the root zone, there are two types of Plant growth promoting rhizobacteria (PGPR).
Extracellular plant growth promoting rhizobacteria (ePGPR) and intracelldat gtowth promoting
rhizobacteria (iPGPR) are two types of rhizobacteria that promote plant growth (Viveros et al., 2010).
The most important, ePGPRs, can be found in the rhizosphere, on the rhizoplane, or in the regions
between the cells of the root aext whereas iPGPRs can be found in the particular nodular arrangement
of root cells in rare circumstances. The bacterial genera includigrgbacterium, Arthrobacter,
Caulobacter, Chromobacterium, Erwinia, Flavobacterium, Azotobacter, Azospirillum, Bacillu
Burkholderia, Micrococcous, Pseudomonas and Seritadis a place with ePGPR (Ahemad and Kibret,
2014). The genera, for exampkljorhizobium, Bradyrhizobium, Mesorhizobitend Rhizobium has a
role alongside iPGPR, endophytes and Frankia species, wahioh can be used to help higher plants
settle barometric nitrogen (Bhattacharyya and Jha, 2012). The PGPR (Fig. 1) mechanism is complicated,
yet it is extremely beneficial for plant growth and development.
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Figure 1: Mechanism of plant growth promotionby rhizobacteria
Plant growth promotion: mechanism of action
Plant development advancement by plant growth stimulating rhizobacteria is a remarkable
feature, and this development change is due to several unique rhizobacteria characteristiet §Datta
2015). PGPR employs a variety of strategies for improving plant development and improving various
ecological conditions, either directly or indirectly (Fig. 2).
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Figure 2: Plant growth-promoting microorganisms impact plant development both directly and
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indirectly, as seen in this figure
Several mechanisms have been suggested by which PGPR can promote plant growth efficiently
(Tablel); Some important ones are as follows:
Table 1: PGPR and their effect on growth parameters/ yields of crop/fruit plants

PGPR Crop parameters

Rhizobium leguminosarut

Direct growth promotion of canola and lettuce

Pseudomonas putida

Early development of canola seedlings, gro
stimulation of tomato plant

Pseudomonaflurescens

increase in growth, leaf nutrient contents @
yield of banana

AzotobacteandAzospirillum spp.

Growth and productivity of canola

Pseudomonas, AzotobactrdAzospirillum spp.

Stimulates growth and yield of vegetables
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Direct mechanisms

Plant growth promoting rhizobacteria with direct systems that aid supplement take up or increase
supplement accessibility through nitrogen fixation from the environment, solubilization of mineral
supplements, mineralization of natural mixtures and theystamh of a few important phytohormones
(Bhardwajet al, 2014).

Nitrogen fixation

Nitrogen is an essential component of all living things, and it is the most essential supplement for
plant growth and crop productivity. Despite the fact that nitrogenemailp 78 percent of the earth's
surface, it remains inaccessible to plants. Regrettably, no plant species is capable of converting
atmospheric nitrogen into ammonia and providing it for rapid growth. The fundamental framework by
which ambient nitrogen care transformed into ammonia using an unexpected catalyst called nitrogenase
is known as Biological Nitrogen Fixation (Cakmadical.,2001). Plant growth promoting rhizobacteria
(PGPR) may fix atmospheric nitrogen and provide it to plants. PGPR maitaimaodes of operation
here: symbiotic and nesymbiotic. There are some nitrogens explaining microorganisms and their
seeking with the host plants.

A mutualistic interaction between an organism and a plant is known as harmonious nitrogen
obsession. Therganism penetrates the establishment first and then forms knobs in which nitrogen fixing
takes place. Rhizobia are a massive rhizobacteria colony that may form peaceful collaborations with
leguminous plants by colonizing and developing root knoldse plan development advancing
rhizobacteria broadly introduced as symbionts Rhgézobium, Bradyrhizobium, Sinorhizobiusnd
Mesorhizobiumwith leguminous plantd;rankia with nonleguminous trees and bushes. Then again, non
symbiotic nitrogen fixation is compied by free living diazotrophs and this can fortify amgetable
plants development, for example, radish and rice (Batassi, 2006). Noradvantageous Nitrogen
settling rhizospheric microscopic organisms having a place with genera inchabagcus, Aotobacter,
Acetobacter, Azospirillum, Burkholderia, Diazotrophicus, Enterobacter, Gluconacetobacter,
Pseudomonasnd cyanobacteria(Anabaena, Nostoc). In both symbiotic and ffee vi ng sy st em
genes are found for nitrogen fixation. Nitrogenase @éfies incorporate auxiliary qualities, associated
with actuation of the Fe protein, press molybdenum cofactor biosynthesis, electron gift, and
administrative qualities required for the combination and capacity of the enzyme. Immunization by
natural nitroga settling plant development advancing rhizobacteria on trim give a coordinated way to
deal for diseases management.

Phosphate solubilization

Phosphorus, along with nitrogen, is the most important component in plant nutrition. It is
involved in virtually all key metabolic processes in plants, including photosynthesis, vitality exchange,
flag transduction, macromolecular biosynthesis and respiration (Khah, 2010). It is inexhaustibly
accessible in soils in both natural and inorganic structures.sRiantt use phosphate in light of the fact
that 9599% phosphate exhibit in the insoluble, immobilized, and in the form of precipitation. Plants
retain phosphate just in two solvent structures, monobasRQHand diabasic (HP{) particles (Fig
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3). Plat development promoting rhizobacteria in the soil use a variety of mechanisms to make use of
inaccessible forms of phosphorus and so aid in making phosphorus available for plants to absorb.
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Figure 3: Movement of phosphorous in soil (Ahemad and Kibret, @14)

The standard phosphate solubilization segments used by plant improvement progressing
rhizobacteria are: (1) landing of complexing or mineral dissolving blends, such as normal destructive
anions, protons, hydroxyl particles, €Q@) flexibility of extracellular mixes (biochemical phosphate
mineralization) and (3) entry of phosphate at the season of substrate diminishment (natural phosphate
mineralization).

Phosphate solubilizing PGPR bind into the genéwhrobacter, Bacillus, Beijerinckia,
Burkholdeia, Enterobacter, Erwinia, Flavobacterium, Microbacterium Pseudomonas, Rhizobium,
RhodococcusandSerratiahave pulled in the thought of agriculturists as soil inoculums to improve plant
advancement and vyield. In any case, the beneficial effects ofnthmunization with phosphate
solubilizing tiny life forms used alone or in mix with other rhizospheric microorganisms have been
moreover uncovered.

Potassium solubilization:

The third most important macronutrient for plant growth is potassium. Solvensspota
convergences in the soil are normally low, and over 90% of potassium in the soil is in the form of
insoluble rocks and silicate minerals. Potassium deficiency is also becoming one of the major constraints
in the production stage as a result of unhbeda fertilizer application. Without enough potassium, the
plants will form weak roots, mature slowly, generate few seeds and provide lower yields. This
emphasized the need to find an alternative native potassium source for plant uptake and to maintain
potassium levels in soils for crop management (Kumar and Dubey, 2012).

Plant development elevating rhizobacteria can solubilize potassium rock through generation and
emission of natural acids. Potassium solubilizing plant development advancing rhizobdoteria,
example, Acidothiobacillusferrooxidans, Bacillus edaphicus, Bacillus mucilaginosus, Burkholderia,
Paenibacillusp. what's moreP?seudomonasas been accounted for to discharge potassium in open shape
from potassium bearing minerals in soils (Wangl., 2012).

Siderophore production

Iron is an essential micronutrient for all living things on the planet. Despite the fact that iron is
the fourth most abundant element on the planet, it is not readily absorbed by either microbes or plants in
oxygerrconsuming soils because the ferric aeti which is the dominant structure in nature, is only
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sparingly solvent, resulting in a low amount of iron available for osmosis by living beings (DeeSilva
al., 2000).

The homologous outer membrane receptor protein recognizes theidevaphore copiex.
Significant conformational changes are triggered by the creation of the ferric siderophore complex,
perhaps signalling the start of TonB interaction. Using essentialness presumably gave by the TonB
complex (proton method of reasoning force), theidesiderophore complex is viably transported into the
periplasm. Once in the periplasm, the ksiderophore complex is bound to a periplasmic confining
protein that vehicles the complex to the AB®e transporter in the cytoplasmic film, which transports
the complex into the cytoplasm utilizing essentialness from the hydrolysis of ATP (Fig 4).

The immediate advantages of bacterial siderophores on the development of plants have been
exhibited by utilizing radio labeled ferric Siderophore as a sole wigltsmf iron demonstrated that
plants can take up the named press by countless development advancing rhizobacteria including
Aeromonas, Azadirachta, Azotobacter, Bacillus, Burkholderia, Pseudomonas, Rhizobium, Sadatia
Streptomycessp. (Sujatha and Amma 2013) and upgraded chlorophyll level contrasted with
unimmunized plants.

) @ _.‘_IFO:I E‘:derophore

Corresponding OM

eDto

Periplamic

o

\ oM /

Figure 4: In a Gram-negative bacterium, general siderophorenediated iron transport

Phytohormone production

A wide range of microorganisms in the rhizosphere can provide ichksnthat control plant
growth and development. The synthesis of development stimulating phytohormones (such & indole
acidic corrosive (IAA), gibberellic acid (G} zeatin, ethylene and abscisic acid (ABA).

Ethylene is another plant hormone knownrégulate many processes such as the ripening of
fruits, the abscission of leaves, or the ripening of fruits (Fig 5). Furthermore, at high concentrations,
ethylene causes defoliation and cell formation, which impedes root and stem growth as well asgprematur
senescence, all of which result in poor product execution (Geaatl,2007). The plants incorporated 1
aminocyclopropané-carboxylate (ACC), which is the precursor of ethylene, in response to many types
of ecological pressure, such as cold, dry Ispdlooding, pathogen borne diseases and the presence of
significant metals. Under duress, high levels of ethylene can stop some operations, such as root extension
or nitrogen fixation in plants and induce premature senescence.
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Figure 5: Ethylene is a inytohormone that impacts many different processem plant growth and
development
Indole acetic acid (IAA)

Among plant development controllers, indole acidic acid (IAA) is the most widely recognized
common auxin found in plants and its constructive outcome on root development (Miransari, 2014).
Indole acidic corrosive influences plant cell division, augmematod separation; invigorates seed and
tuber germination; expands the rate of xylem and root advancement; controls procedures of vegetative
development; starts horizontal and unusual root arrangement; intercedes reactions to light, gravity and
brilliance; influences photosynthesis, shade development, biosynthesis of different metabolites, and
protection from unpleasant conditions (Spaepen and Vanderleyden, 2011). Tryptophan is an amino
corrosive regularly found in root exudates, has been recognized adplpriantecedent atom for
biosynthesis of IAA in microscopic organisms. The biosynthesis of indole acidic corrosive by plant
development advancing rhizobacteria includes arrangement by means of3ipgolesic corrosive and
indole-3-acidic aldehyde, whicls the most widely recognized instrument in microbesfikeudomonas,
Rhizobium, Bradyrhizobium, Agrobacterium, Enterobacterd Klebsiella (Shilev, 2013). Root
development advancement by the free living PGPR Algaligenes faecalis, Enterobacter cloacae,
Acetobacter dizotrophicoustypes of Azospirillum, Pseudomonaand Xanthomonassp. has been
identified with low level of IAA emission. In any case, microbially created phytohormones are more
compelling because difie reason that the edge amongst inhibitory and stimulatory levels of synthetically
delivered hormones is low, while microbial hormones are more powerful by excellence of their persistent
moderate discharge.

Cytokinins and gibberellins

A couple of plantimprovement progressing rhizobacteria Azotobacter sp., Rhizobium sp.,
Pantoeaagglomerans, Rhodospirillum rubrum, Pseudomonas fluorescens, Bacillus subtilis and
Paenibacilluspolymyxa can convey cytokinins or gibberellins or both can make either cytakinins
gibberellins or both for plant advancement headway (Kang et al., 2010). A couple of strains of
phytopathogens can in like manner join cytokinins. In any case, it creates the impression that plant
development advancing rhizobacteria deliver bring dowriokigin levels contrasted with
phytopathogens so the impact of the plant development advancing rhizobacteria on plant development is
stimulatory while the impact of the cytokinins from pathogens is inhibitory.
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In-direct mechanisms

Phytopathogenic micreganisms are a noteworthy and endless danger to reasonable agribusiness
and biological system soundness overall subverts the dirt nature, upset condition, corrupt soil richness
and thusly indicate hurtful consequences for human wellbeing, alongside depasind water. Plant
development advancing rhizobacteria is a promising reasonable and naturally neighborly way to deal with
acquire maintainable richness of the dirt and plant development in a roundabout way. This approach takes
move an extensive varietf misuse of plant development elevating rhizobacteria prompted lessening the
requirement for agrochemicals (manures and pesticides) for enhance soil richness by an assortment of
instruments that by means of creation of -amitirobials, siderophores, HCKRydrolytic proteins and so
on (Tariget al.,2013).

Induced systemic resistance (ISR)

Prompted protection might be characterized as a physiological condition of improved cautious
limit evoked in light of particular ecological jolts and therefore thengd inborn resistances are
potentiated against ensuing biotic difficulties (Avis, 2008). Bio priming plants with some plant
development advancing rhizobacteria can likewise give fundamental protection against a wide range of
plant pathogens. Ailments gfarasitic, bacterial, and viral source and in a few occasions even harm
caused by creepy crawlies and nematodes can be lessened after utilization of plant development
advancing rhizobacteria. Besides, instigated foundational protection includes jasnmmhatthydene
motioning inside the plant and these hormones fortify the host plant's resistance reactions against an
assortment of plant pathogens. Lipopolysaccharides (LPS), flagella, siderophores, cyclic lipopeptides, 2,
4-diacetylphloroglucinol and homasee lactones.

Impact of PGPR on growth and yield of horticultural crops

Different PGPR strains have showed promising indicators of crop development. Inoculation of
bacteria has increased plant production in various nations, and these PGPRs are noveiallynmer
available. In India, for example, many businesses produce bio fertilizers on a commercial basis, often
using Bacillus spp.,Pseudomonaspp.,Azospirillumspp. andBurkholderiaspp. (Naureegt al, 2009).

Strains of PGPR have increased plant growibkld and nutrition in potato (Malboaddt al., 2009;
Dawwanet al.,2013), plant growth increased in tomato (Walpola and Yoon, 2013; Beetadle@015)
as well as crop yield in tomato and pepper (Cugpels 1999), sugar beet (Cakmaétil.,2001),apple
(Aslantagt al., 2007), cucumber (Isfahnai and Besharati, 2012; &bl 2013), lettuce and eggplant
(Seymapet al.,2013; Patekt al, 2011).

Under water stress PGPR surges growth of pepper and tomato seedling by conferring resistance
(Mayaket d., 2 004 ) . I n greenhouse esnpoalationnsarget the dotwity bfe r i a
nitrogenase, urease and phosphatase enzymes as well as growth and nutrient uptake surged in red peppe
and tomato (Madhaiyan al., 2010). Floral and foliar inodation with PGPR enhance plant growth and
yield in apricot (Esitkeet al.,2002), sweet cherry (Esitkenal.,2006), mulberry (Sudhakait al.,2000),
raspberry (Orhast al.,2006), blueberry (De Silvet al.,2000), apple (Pirladgt al, 2007) and sour cherry
(Arikan and Pirlak, 2016).

In a field experiment, individual and combine application of PGPR stArwtdbacter brasilense
andA. chroococcumand arbuscular mycorrhizal fungsfpomus fasciculatuend G. mossegeindicated
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that dwal PGPR inoculation and arbuscular mycorrhizal fungi led to maximum plant biomass yield and
improve the nutrient uptake of N, P, K, Ca and Mg. in pomegrafatgida granatunlL.) seedling
(Aseriet al.,2008).

Barassiet al., (2006) revealed that seed owated with Azospirillum and irrigated with saline
medium showed notable surge in vegetative growth, better germination and fresh and dry biomass weight
of lettuce under saline condition. (Esitletral., 2010) studied that root inoculation with PGPR sizai
shows significantly increase growth, yield and nutrition content of strawberry plant under organic
growing condition. Farzana and Radziah (2005) revealed that inoculation with rhizo bacterial isolates
significantly increased plant growth and uptake wfient (N, P, K, Ca and Mg) in sweet potato cultivar.
PGPR in horticultural crops have been found to enhance a notable increase in growth and production of
strawberry (Seemat al.,2018), cabbage (Turahal.,2014), tomato (Gravedt al.,2007), pea (Tigq et
al., 2014), pepper and cucumber (Hanhal., 2006), black pepper (Dibypaul and Sarma, 2006) and
broccoli (Yildirim et al.,2011).

According to Datteet al, (2015), PGPR treatment of chilli seedlings can be used as a useful
strategy for increasinglkaloid content and productivity. Batool and Altaf (2017) investigated the effect
of PGPR on chilli by applying six different levels of nitrogen and phosphorous fertilizer at 50, 60, 70, 80
and 100% DAP and Urea recommended fertilizer amounts, as welbtassium as a recommended
fertilizer dose (RDF). At 75 percent fertilizer, the study found that PGPR boosted yield, plant growth and
N, P, and K absorption.

Furthermore, PGPR inoculation enhanced plant nutrient availability. &uras (2009)
confirmed a fungus and a phosphatelubilizing bacteria to determine their specific influence on
strawberry plants grown in pots and under greenhouse conditions. They concluded that the fungus and the
phosphatesolubilizing bacteria were capable of increasingvabexry plant nutrition and thus may
trigger growth and development under low phosphorous levels.

Conclusion:

Around the world, impressive advance has been accomplished in the zone of PGPR bio fertilizer
innovation. It has been additionally shown and dest@ated that PGPR can be exceptionally powerful
and are potential organisms for advancing the dirt fruitfulness and upgrading the farming yield. PGPR are
amazing model frameworks which can give the biotechnologist novel hereditary constituents and
bioactive chemicals having assorted uses in agribusiness and ecological manageability. Present and future
advance in our comprehension of PGPR decent variety, colonization capacity, instruments of activity,
definition, and application could encourage their improent as dependable parts in the administration
of maintainable rural frameworks.

References:

Ahemad, M., and Kibret, M. 2014. Mechanisms and applications of plant growth promoting
rhizobacteria: current perspectivlaurnal of King Saud Universi$cience26(1): £20.

Arikan, S. and Pirlak L. 2016. Effects of Plant Growth Promoting Rhizobacteria (PGPR) on Growth,
Yield and Fruit Quality of Sour CherrfPfunus cerasuk.), ErwerbsObstbau.

Aseri, G.K., Jain, N., Panwar, J., Rao, A.V. and Meghwal BOR8. Biofertilizers improve plant growth,
fruit yield, nutrition, metabolism and rhizosphere enzyme activities of pomegraiRatecd
granatumL.) in Indian Thar Deser&ci Hortic.,117: 130 135.

16



Recentnnovative Approaches in Agricultural Sciens&®lume |
(ISBN: 97893-91768-74-4)

Aslantas, R., Cakmakci, R. and Sahin F. 2007. Effectaitgrowth promoting rhizobacteria on young
apple tree growth and fruit yield under orchard conditi®@esHortic.,111: 371377.

Avis, T. J., Gravel, V., Antoun, H. and Tweddell, R.J. 2008. Multifaceted beneficial effects of
rhizosphere microorganisms @iant health and productivitySoil Biology and Biochemistry
40(7): 17331740.

Barassi, C.A., Ayrault, G., Creus, C.M., Sueldo, R.J. and Sobrero M.T. 2006. Seed inoculation with
Azospirillum mitigates NaCl effects on lettucei. Hortic.109: § 14.

Batool, S. and Altaf M.A. 2017. Plant growth promoting rhizobacteria (PGPR) reduces application rates
of fertilizers in chili Capsicum frutescens) cultivation.J Hortic., 4: 215.

Bernabeu, P.R., Pistorio, M., Torf€sjerizo, G., Estrad®e los SantasP., Galar, M.L., Boiardi, J.L.
and Luna M.F. 2015. Colonization and plant gropthmotion of tomato by Burkholderia tropical.

Sci. Hortic.191: 113120.

Bhardwaj, D., Ansari, M. W., Sahoo, R. K. and Tuteja, N. 2014. Biofertilizers function as key iplayer
sustainable agriculture by improving soil fertility, plant tolerance and crop produchiliityobial
cell factories 13(1): 66.

Bhattacharyya, P.N. and Jha, D.K. 2012. Plant grgmtimoting rhizobacteria (PGPR): emergence in
agriculture World Journd of Microbiology and Biotechnolog@8(4): 13271350.

Cakmakci, R., Kantar, F., Sahin F. 2001. Effect gfixing bacterial inoculations on yield of sugar beet
and barleyJ Plant Nutr Soil Scl.64: 527531.

Cuppels, D., Sahin F., Miller S.A. 1999. Maeatent of bacterial spot of tomato and pepper using a
plant resistance activator in combination with microbial biocontrol agehtgopathology89: 19.

Datta, M., Paul, d., Sinha, S.N., Sengupta C. 2015. Plant Growth Promoting Rhizobacteria Improve the
Production and Enhancement of Alkaloid Content in CHitont. Environ. Microbiol.1: 24-26.

Dawwam, G.E., ElbeltagyEmara, A.H.M., Abbas, |.H., Hassan M.M. 2013. Beneficial effect of plant
growth promoting bacteria isolated from the roots of potato pfamt. Agric. Sci58: 195 201.

De Silva, A., Petterson, K., Rothrock, C., Moore J. 2000. Growth promotion of high bush blueberry by
fungal and bacterial inoculantdort Science35: 1228 1230.

DibypaulSarma, Y.R. 2006. Plant growth promoting rhizobac{®@PR) mediated root proliferation in
black pepper Riper nigrumL.) as evidenced through GS Root® Softwatech. Phytopathol
Plant Prot.39: 1-4.

Esitken, A., Karlidag, H., Ercisli, S., Sahin F. 2002. Effects of foliar application of Bacillus stliilis
142 on the yield, growth and control of stimile disease Goryneum blight of apricot.
Gartenbauwissenscha@i7: 139 142.

Esitken, A., Pirlak, L., Turan, M., Sahin F. 2006. Effects of floral and foliar application of plant growth
promoting rhizobacteria (PGPR) on yield, growth and nutrition of sweet ct&giy-ortic. 110:
324i 327.

Esitken, A., Yildiz, H.E., Ercisli, S., Danez, M.F., Turan, M., Gunes, A. 2010. Effects of plant growth
promoting bacteria (PGPB) on yield, growth and nutrient contents of organically grown
strawberry Sci Hortic.124: 62 66.

17



Bhumi Publishing, India

Farzana, Y., Radizah O. 2005. Influence of rhizobacterial inoculatiogramth of the sweet potato
cultivar. Online J Biol Scil: 176 179.

Glick, B.R. 1995. The enhancement of plant growth by-lireeg bacteria.Can J Microbiol.41: 109
117.

Gravel, V., Antoun, H., Tweddell R.J. 2007. Growth stimulation and fruit yieldromgment of
greenhouse tomato plants by inoculation with pseudomonas putida or Trichoderma atroviride:
possible role of indole acetic acid (IAA)Soil Biol Biochem39: 1968 1977.

Gul , AL, ¥zakt an, H. , Kedogl u, Feld,of cilicgnaber Iplanis . 20
grown in perlite under Fusarium wilt streSsi. Hortic.153: 22 25.

Gunes, A., Ataoglu, N., Turan, M., Esitken, A., Ketterings Q.M. 2009. Effects of phosguialsalizing
microorganisms on strawberry yield and nutrient conceatrsit) Plant Nutr Soil Sci72: 385
392.

Han, H.S., Supanjani, Lee K.D. 2006. Effect oficoculation with phosphate and potassium solubilizing
bacteria on mineral uptake and growth of pepper and cucuPibet.Soil Environ52: 136136.

Isfahani, F.M. Besharati H. 201ZEffect of biofertilizers on yield and yield components of cucumber.

Biol Earth Sci.2: 83 92.

Kang, B. G., Kim, W. T., Yun, H. S., and Chang, S. C. 2010. Use of plant gpremhoting
rhizobacteria to control stress responses of ptasts.Plant Biotechnology Reportd(3), 179183.

Khan, M. S., Zaidi, A., Wani, P. A., Ahemad, M., and Oves, M. 2009. Functional diversity among plant
growth-promoting rhizobacteria: current status. In Microbial strategies for crop improvement.
SpringerBerlin Heidelberg 105132.

Kumar, P., Dubey, R. C., & Maheshwari, D. K. 2012. Bacillus strains isolated from rhizosphere showed
plant growth promoting and antagonistic activity against phytopathogditgobiological
research 167(8), 493499.

Madhaiyan,M., Poonguzhali, S., Kang.-B., Lee, ¥J., Chung <B. 2010. Effect of cénoculation of
methylotrophicMethylobacteriumoryzawith Azospirillumbrasilensend Burkholderiapyrrocinia
on the growth and nutrient uptake of tomato, red pepper andPtaog.Sdl. 328: 71 82.

Malboobi, M.A., Behbahani, M., Madani, H., Owlia, P., Deljou, A., Yakhchali, B., Moradi, M.,
Hassanabadi H. 2009. Performance evaluation of potent phosphate solubilizing bacteria in potato
rhizospheraNorld J. Microbiol.Biotechno25: 1479 1484.

Mayak, S., Tirosh, T., Glick B.R. 2004. Plant grovpttomoting that confer resistance to water stress in
tomatoes and peppeRlant Sci.166: 525530.

Miransari, M. 2014. Plant growth promoting rhizobactedaurnal of Plant Nutrition 37(14), 227-

2235.

Naureen, Z., Price, A.H., Hafeez, F.Y., Roberts M.R. 2009. Identification of rice blast disease
suppressing bacterial strains from the rhizosphere of rice grown in PakistgnProt.28: 1052
1060.

Orhan, E., Esitken, A., Ercisli, S., Turan, MsahinF. 2006. Effects of plant growth promoting
rhizobacteria (PGPR) on yield, growth and nutrient contents in organically growing ras@merry.
Hortic. 111: 38 43.

18



Recentnnovative Approaches in Agricultural Sciens&®lume |
(ISBN: 97893-91768-74-4)

Patel, B.N., Solanki, M.P., Patel, S.R., Desai J.R. 2011. Effect detiibzers growth, physiological
parameters, yield and quality of brinjal cv. SuratiRavdiydian J. Hortic.68: 370 374.

Pirlak, L., Kose M. 2009. Effects of plant growth promotirgzobacteria on yield and some fruit
properties of strawberryournal of Plant Nutrition32: 11731184.

Seema, K., Mehta, K., Singh N. 2018. Studies on the effect of plant growth promoting rhizobacteria
(PGPR) on growth, physiological parameters, yehd fruit quality of strawberry cv. chandlér.
PharmacognPhytocherv: 383 387.

Seyman,M., Turkmen, O., Dursun, A., Paksoy, M., Donmez M.F. 2013. Effects of bacteria inoculation on
yield, yield components and mineral composition in eggpl@otanum melogena L) COES T 6
CAPPADOCIA.

Shilev, S. 2013. Soil rhizobacteria regulating the uptake of nutrients and undesirable elements by plants.
In Plant Microbe Symbiosis: Fundamentals and Advangpsnger, New Delhi, 14167.

Spaepen, S. and Vanderleyden,2011. Auxin and planmicrobe interactionsCold Spring Harbor
perspectives in biology(4), 1438.

Sudhakar, P., Chattopadhyay, G.N., Gangwar, S.K., Ghosh J.K. 2000. Effect of foliar application of
Azotobacter, Azospirillum and Beijerinckia on leaf yieldd quality of mulberryMorus alba).J.

Agric. Sci.134: 227234.

Sujatha, N., and Ammani, K. 2014. Phosphate solubilization by the isolates of fluorescent pseudomonads.
International journal of advances in pharmacy, biology and chemi3try

Tarig, M., Ali, Q., Khan, A., Khan, G. A, Rashid, B., Rahi, M. S., Husnain, T. 2014. Yield potential
study ofCapsicum annuurh. under the application of PGPRdvancements in Life Sciencéé),
202-207.

Tarig, M., Hameed, S., Yasmeen, T., Zahid M. 2014. Moleatharacterization and identification of
plant growth promoting endophytic bacteria isolated from the root nodules ¢Pjsean sativum
L.).World J MicrobiolBiotechnol30: 719725.

Turan, M., Ekinci, M., Yildirim, E., Gunes, A., Karagoz, K., Kotan, R., $aur A. 2014. Plant growth
promoting rhizobacteria improved growth, nutrient, and hormone content of ca(ibragsica
oleracea)seedlingsTurk J Agric For.38: 327 333.

Viveros, O.M., Jorquera, M.A., Crowley, D.E., Gajardo, G., Mora M.L. 2010. Mechamisthpractical
considerations involved in plant growth promotion by rhizobactddarnal of Soil Science Plant
Nutrition. 10: 293319.

Walpola, B.C., Yoon M. 2013. Isolation and characterization of phosphate solubilizing bacteria and their
co-inoculationefficiency on tomato plant growth and phosphorous uptake.J. Microbiol. Res.

7. 266 275.

Wang, C., Guo, Y., Wang, C., Liu, H., Niu, D., Wang, Y., & Guo, J. 2012. Enhancement of tomato
(Lycopersicon esculentyntolerance to drought stress by pkgnbwth-promoting rhizobacterium
(PGPR) Bacillus cereus AR158ournal of Agricultural Biotechnology0(10), 10971105.

Yildirim, E., Karlidag, H., Turan, M., Dursun, A., Goktepe F. 2011. Growth nutrient uptake, and yield
promotion of broccoli by plant growtbromoting rhizobacteria with manundortic Sci.46: 932
936.

19



Bhumi Publishing, India

CONSERVATION AGRICULTURE: AN OVERVIEW

Suman Kantwa*1, Sanju Piplodaz and A.D. Jagdhanp
1Department of Agronomy, Sri Karan Narendra Agriculture Univeity, Jobner, Rajasthat303 329
2Department of Entomology, Sri Karan Narendra Agriculture Univesity, Jobner, Rajasthat803 329
3Division of Soil Science and Agricultural Chemistry, College of Agriculture, DhuleSM424 004
*Corresponding author E ma# kantwasuman@gmail.com

Abstract:

Conservation agricultur@CA) can be defined by a statement given byftloel and agriculture
organizatiorof theunited nationss a farming system that promotes minimum soil disturbanceng-e.,
till farming), maintenance of a permanent soil cover, and diversification of plant species. It improves
biodiversity and natural biological processes above and below ground, resulting in more efficient water
and fertilizer usage, as well as enhahe@d longterm crop production. Agriculture is one of the most
significant industries in most countries' economies, according to the New Standard Encyclopedia.
Conservation, on the other hand, is the use of resources in a way that ensures that ahasburoans
may utilize remains secure. Because the world's population has grown over time and more food is
required each year, conservation has become increasingly important.
Keywords: Conservation, farming, soil and resources.
Introduction

Global agriculture is facing humerous challenges and adversely affecting food and nutritional
security. Among others, intensive agriculture and excessive use of external inputs are leading to
degradation of soil, water and genetic resources and negatively rajfeadiricultural production.
Degradation of natural resources is posing a serious threat to meet the future demand for food, feed,
fodder and fiber. Wide spread soil erosion, nutrient mining, depleting water table, and eroding
biodiversity are the global ogerns which are threatening the food security and livelihood opportunities
of farmers, especially the poor and underprivileged. Soil degradation due to erosion and compaction
processes is the most serious environmental problem caused by conventiondtuegri€raditional
agriculture, based on tillage and being highly mechanized, has been accused of being responsible for soil
erosion problems, surface and underground water pollution, and more water consumption. So, attaining
food security for a growing gpulation and alleviating poverty while sustaining agricultural systems
under the current scenario of depleting natural resources, negative impacts of climatic variability,
spiralling cost of inputs and volatile food prices are the major challenges bedstef Asian countries.
Conservation agriculture, a concept evolved as a response to concerns of sustainability, of agriculture
globally, has steadily increased worldwide to cover about ~8% of the world arable land (124.8 M ha)
(FAO, 2012).
Conservation ayriculture (CA)

Conservation agriculture (CA) can be defined by a statement given by the food and Agriculture
Organi zation of the United Nations as AA far min
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no till farming), maintenance of a permanenil cover, and diversification of plant species. It improves
biodiversity and natural biological processes above and below ground, resulting in greater water and
fertilizer usage efficiency, as well as improved and {@rgn crop production. FAO definesnservation
agriculture as a resoursaving agricultural crop production strategy focused on improving natural and
biological processes above and below ground.
As per FAO definition CA is to:
1. Achieve acceptable profit
2. High and sustained productitevel
3. Conserve the environment
Goals of CA
1. CA attempts to protect, enhance, and make more effective use of natural resources by combining
integrated soil, water, and biological resource management with external inputs.
2. It contributes to environmental carsation as well as to enhanced and sustained agricultural
production.
3. It's also known as resourefficient agriculture or resouresffective agriculture.
Why CA needs?
Declining factor productivity
Shrinking farm profitability
Food and nutritional inseirity
Decrease in biodiversity
Soil organic matter reduction
Soil erosion and salinization

N o g R~ wDN

Decline in water table

8. Environmental pollution and human health
Philosophy of CA:

There is nothing wrong with our soils except our interference. It casaidewith considerable

truth the use of tillage has actually destroyed the productivity of our soils. (Faulkner, 1942)
6Soi l does not need tillage for effective crop g
This is the basis for the CA philosophy

1. Tillage is not necessary for crgpoduction.

2. Crop residues are a very valuable part of farming systems and must be retained in full and remain
on the cover as a mulch.
Permanent all yeaoound soil cover is essential.
Control and promotion of natural biological soil process through ootati

o &~ w

Soil degradation and erosion is a symptom of an unsuitable farming system.
6. Vehicle traffic management is adopted within an integrated systems approach.
Principles of conservation agriculture:
The Food and Agriculture Organization of the United Nati¢fh8O) has determined that
conservation agriculture has three key principles that producers (farmers) can proceed through in the
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process of conservation agriculture. These three principles outline what conservationists and producers

believe can be done tmnserve what we use for a longer period of time.

© © N o gk~ wDdpRE

1. Minimum soil disturbance:

The first major concept in conservation agriculture is to practise minimal soil disturbance, which
is critical for conserving minerals in the soil, minimising erosion, and priengmtater loss. Soll
tilage has long been considered a key step in the introduction of new crops to a given area in
agriculture. It was thought that tilling the soil would enhance the fertility of the soil by allowing
mineralization to occur. Tilling theoil can also produce significant erosion and crusting, resulting in
a reduction in soil fertility. The loss of soil micro and maorganism habitats, which is prevalent in
traditional ploughing approaches, is also reduced with minimal soil disturbarinenuvh soil
disturbance allows for/maintains optimal proportions of respiration gases in the rooting zone,
moderate organic matter oxidation, porosity for water transport, retention, and release, and inhibits
weed seed rexposure and germination.

2. Permanert soil cover:

The second essential concept in conservation agriculture is similar to the first when it comes to
soil protection. The concept of controlling top soil to establish a permanent organic soil cover can
allow organisms to develop inside the stiucture. The mulch that has been left on the soil surface
will be broken down by this growth. When this mulch decomposes, it will create a large amount of
organic matter, which will work as a fertiliser for the soil surface. Mulching also lessenddbigyve
of runoff and the effect of raindrops, resulting in less soil erosion and runoff. Soil aggregation,
biological activity, biodiversity, and carbon sequestration are all improved.

3. Crop rotation:

The practise of various crop rotations or crop intévastis the third premise. Pests like insects
and weeds will not be able to be rotated with specific crops using this method. Against selected
crops, rotational crops will operate as a natural pesticide and herbicide. Crop rotation can also aid in
the devéopment of soil infrastructure. Planting crops in a rotation allows for the development of a
large number of rooting zones, which improves water penetration. Cropping sequences and rotations
that include legumes aid to reduce pest population growth bypdisg life cycles, increasing
biological nitrogen fixing, reducing ofite pollution, and increasing biodiversity.

The three conservation agriculture pillars or principles support a wide range of functions:
Prevention of soil degradation and erosion
Praduction of abundant above and below ground biomass to protect the soill
Balancing of the C/N ratio during crop rotation
Mai ntenance of active fAsoil bi ol ogical i nfrast
Control of weeds, pests and diseases
Realization of economic sustainability
Preservation of soil nutrients
Soil moisture conservation
Off-site functions
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Resource Conservation Technologies:

1. Laser land levelling Laser levelling is process of smoothing the land surface from its average
elevation using lasexquipped drag bucket$his technique is well known for achieving higher
levels of accuracy in land levelling and offers great potential for water saving and higher grain
yields.

2. Furrow irrigation raised bed: In this method, crop is sown on raised beds-#ra2ws and beds
are sually made at 6000cm wide. Bed planting reduces the weed population on the top of the
bed. Bed planting reduces the lodging. Less seed and nutrient requirement by 25%. Good for
irrigation as well as drainage. Less water needs b4080. Best method obsving for wheat.

3. Direct seeded rice Rice direct seeding is the technique of starting a rice crop from seeds sowed
in the field rather than seedlings transplanted from a nursery. When compared to transplanted
flooded rice, direct sown rice uses less water

4. Precision farming: Precision farming, also known as precision agriculture, is an information and
technologybased farm management system that identifies, analyses, and manages spatial and
temporal variability within fields for maximum productivity, priability, sustainability, and land
resource protection while lowering production costs.

5. Surface seedingSurface seeding reduce erosion and conserve moisture and nutrients.

Improved varieties: Modern improved varieties offer much higher yields, bettelitguand
more stable production.

7. Zero tillage: Zero tillage is also called as no tillage. Zero tillage is extreme form of minimum
tillage. Primary tillage is fully avoided, while secondary tillage in the row zone is limited to
seedbed preparation.

Advantage of CA over Traditional Agriculture:

Issue Traditional agriculture Conservation agriculture

Erosion More wind and soil erosion Minimum

Soil health Poor Good

Soil organic matter Oxidizes SOM Soil organic buildup in the

surface layers

Weeds Controls but also causes md Reduce gradually after -2
weed seeds to germinate years

Cultivation costs High Low

Yield Can be lower where plantin Same or more than TA due
delayed timely planting

Soil temperature More variable Moderated

Water infiltration and soi| Lowest after soil pores cloggeq Best
moisture
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Conservation agriculture benefits:

© N o ok~ 0D

Enhance productivity and profitability

Reduce labour, fuel and energy cost

Enhances input use efficiency

Reduce erosion

Promote option fodiversification and intensification

Greater rural incomes, which are leading to check in-witzdn migration.
Mitigate greenhouse gas emissions

Reduction in incidence of weeds

The FAO believes that there are three major benefits from conservatiortaggicu

1

3.

Within fields that are controlled by conservation agriculture the producer will see an increase in
organic matter.

Increase in water conservation due to the layer of organic matter and ground cover to help
eliminate transportation and access runoff.

Improvement of soil structure and rooting zone.

Prospects of conservation agriculture:

1.

Reduce in cost of production This is key factor contributing to rapid adoption of zero till
technology. Cost reduction is attributed to saving on account of dieseyrland input costs,
particularly herbicides.

Reduce incidence of weedsNhen conservation agriculture is adopted resulting in reduced in
use of herbicides.

Saving in water and nutrients Higher soil water content under conservation agriculture than
underconventional agriculture.

Increased yield Conservation agriculture has been shown to increase crop yields by preventing
soil degradation, improving soil fertility, improving soil moisture regime and providing crop
rotational advantages.

Environmental benefits Zerotill and surfacemanaged crop residue systems provide a good
chance to avoid crop residue burning, which contributes to substantial amounts of greenhouse
gases such as carbon dioxide and methane.

Crop diversification opportunities: Crop divesification is possible with conservation
agricultural techniques. Cropping sequences/rotations and agroforestry systems, when used in the
right geographical and temporal patterns, can boost natural ecological processes even more.
Resource improvement No tillage when combined with surface management of crop residues
begins the processes whereby slow decomposition of residues results in soil structural
improvement and increased recycling and availability of plant nutrients. Surface residues acting
as mulchmoderate soil temperature, reduce evaporation, and improve biological activity.

Equi pment 6s of conservation agriculture:

1
2.

Laser land leveller
Bed planter
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No-till cotton planter
Happy seeder

Control traffic zero tillage
Multiple-crop zero till drill

N o g o

Zerotill seeder for seeding into residue
8.  Planter for permanent raised bed
Constraints in adoption of CA:
Lack of appropriate seeders especially for small and medium scale farmers
Wide spread use of crop residues for livestock feed and as fuel
Burning of crop esidues
Lack of aware
ness about the potential of CA to extension agents & farmers
Rigid mindset of Scientist and Extension workers
Lack of Govt. policies in proper residue management

N o g s~ WP

Challenges in CA:
Understanding the system
Building a system and farntrsystem perspective
Technological challenges
Site specificity
Longterm research perspective
Policy and institutional role in supporting the adoption and spread of conservation agriculture:
While the approaches towards sustainable intensification asednservation agriculture are
very promising, the specific technologies vary d
It is important that government and institutions also provide the necessary support. They must be
dynamic, able not only toespond to farmers varied and changing needs but also to reduce any risk

a c w D PE

during the changeover period. Policies need to focus on.
1. Facilitating national development strategies aimed at adapting conservation agriculture to
farmersd needs and wupscaling it;
2. Enoouraging stakeholders' engagement through national and regional platforms;
Bringing together suppliers and purchasers to work as a team with government field staff and
others in response to farmers6é needs and req!
4. Supporting farmer field school;
5. Promoting technologies and capacity building with technical extension programmes;
6. Facilitating procurement with credit lines.
Conclusion:

CA, a new paradigm for agricultural % is environmentally sustainable and offers an
opportunity for arresting and reversing the downward spiral of resource degradation, increasing
cultivation costs and makes agriculture more resourceeffiseent, competitive and sustainable. CA
improves oganic carbon stock, biological activity, above and bejpaund biodiversity and soil
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structure.lt reduces vulnerability to erratic rainfall as well as extreme temperature through its moisture

conservation and temperature moderation effects. It requislédge, thorough understanding, proper

channel to spread the conservation tillage technology, require financial back up and govt. efforts.
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Abstract:

Application protection materials for crop production are a crucial component of pest
management. Agricultural application of fertilizers and chemicals is frequently needed at specific times
and | ocations for accur at e,.Theseamlicatigng ard typically made n a g ¢
through use of ground sprayers and aerial application equipment. While these methods are well suited to
large acreage cropping systems. Piloted aircraft that carry a regular sprayer can cover well over hundreds
of hectares of crop fields. However, piloted aircraft are not prevalent in all dtkesanned aerial
vehi cl e sare(pégratediramptely either by telemetry, where the operator maintains visual contact
with the aircraft or autonomously along preprogrammatthp using GPS and inertial guidance. They are
more commonly known as fAdroneso. UAVs have beer
agriculture. Field operations over smaller fields can especially benefit from use of UAVs.

Keywords: Drone, pestfertilizer and chemicals
Introduction

Leaving the human out of a vehicle saves a lot of space and weight, and enables the creation of
smaller or more powerful vehicles. They can be cheaper to produce and easier to implement. Smaller
means in general alsmore versatile, as obstacles induce limitations, and accidents will cause less
damage to external objects. Autonomous vehicle will be more reliable and offer greater benefit. Aerial
vehicles also have the advantage of not touching the ground, and tharslesgffrom difficult terrain
conditions compared to wheeled or tracked vehicles. As flying removes the need for wheels and tracks on
the field, more space becomes available for crops and the available soil is less compacted. Planting
patterns do no longaeed to be in rows and crops can be mixed, such that the available resources can be
used in the best possible way. Unmanned aerial vehicles have become cheaper because many control
functions can be implemented in software rather than having to deperekpamsive hardware.
Influenced by factors including UAV types, mounted instruments and systems, flight height and weather
conditions, etc. Drift of hazardous materials is one of the most serious problems. Less efficient and more
costly. Coverage is not g@®od as ground sprayer (Dalamagkidis, 2015).

What is drone?

Drones are powered, aeri al vehicl es. Drone

equi pment 6. Can fly autonomously or be piloted r
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without a human pilot. Also called DRONE (Unmanned aerial vehidleJAV (Unmanned Aerial
Vehicle) is a flying device that can fly a pset course with the help of an autopilot and GPS coordinates.
The device also has normal radio controls; it can batgull manually in case of a fault or dangerous
situation. Sometimes the term UAV is used to refer to the complete system, including ground stations and
video systems, however the term is most commonly used for model planes and helicopters with both
fixed ard rotary wings.
Basic principle - How do drone work?
The 4 propellers of a drone or quad copter are fixed and vertically orientated. Each propeller has
a variable and independent speed which allows a full range of movements. The core components of a
droneare as follows:
Chassis: The skeleton of the drone which all componentry is fixed to. The chassis design is-@tftrade
between strength (especially when additional weights such as cameras are attached) and additional
weight, which willrequire longer prpellers and stronger motors to lift.
Propellers: Principally effect load the drone can carry the speed it can fly and the speed it can
manoeuvre. The length can be maodified; longer propellers can achieve greater lift at a lower rpm but take
longer to speedup/slow down. Shorter propellers can change speed quicker and thus are more
manoeuvrable; however, they require a higher rotational speed to achieve the same power as longer
blades. This causes excess motor strain and thus reduces motor life span. aggnessive pitch will
allow quicker movement but reduced hovering efficiency.
Motors: 1 per propeller, drone motors are rated in 0
per minute it can achieve when a voltage of 1 volt is supplied to ther mdh no load. A faster motor
spin will give more flight power, but requires more power from the battery resulting in a decreased flight
time.
Electronic Speed Controller (ESC) Provides a controlled current to each motor to produce the correct
spin sped and direction.
Flight Controller: The onrboard computer which interprets incoming signals sent from the pilot and
sends corresponding inputs to the ESC to control the quad copter.
Radio Receiver:Receives the control signals from the pilot.
Battery: Geneally, lithium polymer batteries are used due to high power density and ability to recharge.
Flying mechanism of Drone?
A drone is controlled manually with a handheld radio control transmitter which manually

controls the propellers. Sticks on the congohllow movements in different directions and trim buttons
allow the trim to be adjusted to balance the drone. Screens can also be used to receive live video footage
from the onboard camera and to display sensor data.
Further to this, oftboard sensors ngrovide helpful settings such as;

1. Auto altitude where the drone will move at a fixed altitude, and;

2. GPS hold, where the drone will remain at a fixed GPS position.
Drone can also be flown autonomously; modern flight controllers can use software to nfark GP
waypoints that the vehicle will fly to and land or move to a set altitude.
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General India drone laws
Here's all you need to know about the Drone Rules 2021 announced by the Union ministry of
civil aviation are as under:
U Built on a premise of trusself-certification and notintrusive monitoring.
U Designed to usher in an era of supermal growth while balancing safety and security
considerations.
U Several approvals abolished: unique authorization number, unique prototype identification
number, certitate of manufacturing and airworthiness, certificate of conformance, certificate of
maintenance, import clearance, acceptance of existing drones, operator permit, authorization of
R&D organization, student remote pilot license, remote pilot instructbooemation, drone port
authorization etc.
U Number of forms reduced from 25 to 5.
U Types of fees reduced from 72 to 4.
U Quantum of fee reduced to nominal levels and delinked with size of dramdnstance, the fee
for a remote pilot license fee has beeduced from INR 3000 (for large drone) to INR 100 for
all categories of drones; and is valid for 10 years.
U Digital sky platform shall be developed as a tfsendly singlewindow system.There will be
minimal human interface and most permissions wik&kégenerated.
U Interactive airspace map with green, yellow and red zones shall be displayed on the digital sky
platform within 30 days of publication of these rules.
U No permission required for operating drones in green zoGesen zone means the airspaip
to a vertical distance of 400 feet or 120 meter that has not been designated as a red zone or
yellow zone in the airspace map; and the airspace up to a vertical distance of 200 feet or 60 meter
above the area located between a lateral distancerad 82akilometer from the perimeter of an
operational airport.
Mechanism of pesticides distribution by using drones

The deposition of pesticides on plants with the use of unmanned aerial vehicles involves first of
the combined effect of the jet of thiquid sprayed and the stream of air generated by the rotors, which
must generate an air stream that is strong enough for the drone to fly at a specific height over plants and
to move. A strong stream of air coming from the turning drone rotors is ablahge the shape of the
jet of the liquid sprayed. The research carried out into the impact of the stream of air generated by drone
rotors on the distribution of the liquid that settles on the slot table demonstrates a possibility of an
increased concentian of the liquid settled under the central part of the jet (Berner and Chojnacki,
2017).
Sensors used in UAV:

1. Stillimage cameras

2. Video

3. Multispectral
- Identify nutrient deficiencies, pest damage, fertilizer needs and water quality.
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4. Hyperspectral
- Usedto analyse plant nutrients, plant diseases, water quality, and mineral and surface chemical
composition.
5. Lidar
- Using lasers this sensor produces elevation data that can create 3D models of your farm
6. Thermal
- Track the surface temperature of land plahts
In combination these sensors can give a 3D GPS accurate model of your field and data that the
human eye cannot pick up on much less track easily over time. Some terms you might hear are:
Normalized Difference Vegetation Index (NDVI) and Normalifzifference Red Edge (NDRENDVI
is basically a measure of plant health based on how a plant reflects light at specific frequencies. Healthy
plants reflect large amounts of néafrared light (NIR) where unhealthy plants absorb more.
Objectives of dronesin pest management
1) Deployment and performance of UAV for crop spraying
2) Development and Evaluation of Drone Mounted sprayer for pesticide applications to crops.
3) To determine the spraying systems by varying sprinkling speed with different Nqezde ty
4) Challenges and outlook for the development of UAV pesticide application technology.
5) To evaluate Droplet deposition at different altitudes of drones on various crops.
Different categories of UAV used in crop spraying
1. Fixed and Flying wing
2. Vertical take-off and landing
3 Mi cro UAVOS
4. Helicopters
5. Quad copters
Distinguish features of Rotary & Fixed wing drones

Rotary wing Fixed wing
1) Vertical takeoff landings 1) Hand / catapult launched
2) Ability to hover for long period 2) Limited Hovering ability

3) Limited flight timei.e., Low endurance (2380 | 3) Longer flight time; cover a large area (1 hour)
Minutes)

4) Requires more maintenance 4) Requires less maintenance

5) Relatively inexpensive 5) More expensive
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Drones for Pestmanagement

Aerial spraying is typically carried out by the use of manned helicopters. Aerial spraying
addresses several constraints in terrestrial ecosystems. They do not need any pathways. A large area car
be covered in one flight for spraying. Aeriakaping does have shortcomings. The manned craft needs to
be flown at significantly high altitudes considerably increasing the distance between the aircraft and the
crop. Pesticides sprayed from such altitudes are ineffective in targeting the pest mptheacting to
spray drifts causing environmental contaminatiuoeet al, 2016).
With this premise, UAVs are being investigated as a safe and high precision alternative for spraying
pesticidegHuanget al, 2009).UAVs do not have pilots on board and their downwash effect helps in
directing the spray to the plantations/ crop canc
the direction of air diverted by the action of the aerodynamic airfoil, winglmopéer in motion, as part
of the |l ifting process?o. Further, it is estimat e
UAVs than with traditional methods (Yamg al, 2018).
Insect pest management by drones is of twfold:
1) Reflectacebased crop monitoring can be used to identify pest hotspots by using drone mounted
sensors. These are categorically referred as 066¢
2) Precision application of agro chemicals & natural enemies by using drones. These are commonly
referrel as AActuat iaa,20l®onesd6d (Fil ho

s

Agricultural Field

Sensing Drone Actuation Drone

(%.;v, i g, \" R4
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Digital Map of Pest Infestation Digital Map of Pest Infestation

(@) (b)
a) Sensing drones used for detection of pest hotspots b) Actuation drones used for precision distribution

N 8-

of solutions
A) Reflectance based crop health monitoring by sensing drones
U Optical sensors vizRGB, Multispectral, Hyper spectral sensors used to identify the stress in
canopy.
0 Sensing drones first identify the spectral signatures of healthy plants.
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U Reflectance values at different wavelengths used to assess crop health.
U Using the software, data ismverted in to Vegetation Index map (Maslektal., 2018)
Operational specifications of remote sensing drones (Masleketral, 2019)

Specifications Fixed wing Rotary wing

Area 1-6 knt/ flight 0.5-2 knt/ flight

Endurance of flight 1-4 hr lhr

Above ground level height (m) 80-500 30-100

Typical pixel size (cm) 1-2 0.520

Resolution 4 k (8 16Mp) 4k (8 16Mp)

Frequency of deployment On demand On demand

Estimated cost (INR) 0.5-1 lakh/knt 0.5-1 lakh/knt

Possible Utilization Large scale yieldpattern| Patterns of disease, insects and p
of disease and pests and small area survey

Limitations Requires skill Cannot operate in rough weather

Remote sensing is the detection of energy emitted or reflected by various objects, either in the
form of electromagnetic energy including ultraviolet (UV) light, visibgght and infrared lighthat could
be used to detect plant stress before changes are visible to eye (Usha and Singhh20basic
principle in remote sensing of crops is healthy plabsoeb lighter and reflect less in contrast, stressed
plant reflects more and absorb less at different wave lengths.The following sensors are mounted on
drones to monitor the crop health includes 1) Multispectral sensor 2) Hyperspectral sensors 3) Near
Infrared sensors 4) Red, Green and Blue (RGB) sensor 5) GPS and GIS &amesiar §nd Barbedo,
2019). Huanget al (2018) reported that stress induced by two spotted mites in cotton determined by
using multispectral sensors. SimilarNebikeet al. (2016) uged multispectral sensors for detection of
thrips infestation in onion.Detection of brown plant hopper in rice using drone mounted optical sensors
(Prasannakumat al,, 2014). While, Psirofon&t al. (2017) differentiated the healthy and dead date palm
plarts due to infestationf Rhynchophorusferrugineusing RGB sensors and drones.
B) Actuation drones in crop spraying

Hussairet al (2019) reported that the hexa copter UAAS system provided a good uniformity and
coverage area at operating height of 1.5 m with 50, 75 and 100% spray nozzle opening under wind
conditions varying from 1 m/sec to 5.8 m/sec. Pest hotspots could potebgallganaged through
variable rate application of pesticides. Wher&danget al. (2019 investigatedhe control efficacy of
imidacloprid 70% WDG on wheat aphids by deploying aerial fomyder drone. He concluded that
70.9% control of aphids was observbg drone application which was comparable to other three
sprayers. Besides, higher working efficiency was observed by drone application @ 4.11ha/hr which is
significantly higher compared with other three grodmaged sprayers. However, Zhaegal. (2019)
examined the droplet deposition, control efficacy and working efficiency ofcpeter drone with 1.5%
abamectin and 2% Lufenuron against sugarcane stem borer. He found that control efficacy was higher
with 40% of dead larvae in drone spraying compareti WES grounebased sprayer. Besides, higher
spray efficiency was noticed with drone spraying @ 1 ha/21.3min. However, droplet deposition was
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significantly lower compared with KES sprayer. Leual. (2018) reported that the droplet deposition

and controlefficacy of 20% acetamiprid WP, 240g/l Spirodiclofen SC and 5% avermectin EC against
aphids and spider mites in cotton. Results found that the control effect by drone spraying on cotton
aphids and spider mites were 63.7% and 61.3%, respectively. Bedidpdet deposition shows
satisfactory results when the drone was 2m above the crop canopy.

Operational specifications of drones for agro chemical spraying

Type Flying Travelling/ Flying | Spray width | Water Nozzle type
height Speed volume
(Litre)/
ha
Drone 153.0 m|3-6m/s10 minuteg 3-5m 15-50 | Flat fan or CDA nozzle
above crop | / acre with approx. 200 pn
droplet size
Knapsack 0.61.0m 1-2 m/s One| Single nozzle | 360- Standard Hollow con¢
sprayer hectare/8 hours 500 or flat fan nozzle
Tractor 0.450.9 m|3 kms/hour Ong Boom length| 500 Standard Hollow con¢
mounted above the hectare/hr approx.11m | 1000 or flat fan nozzle

boom sprayell crop

Role of Drones in crop spraying

Crop spraying: UAV-based crop spraying activity is catchingfapt. Various companies are deploying

the VTOL (vertical takeoff and landing) UAV for the purpose. There are many factors involved in crop
spraying activity in agriculture like (a) type of crop, (b) type of pest and composition of spray, (c) area,
(d) seaon, (e) frequency, (f) effects of spray and (g) economics. These factors need to be studied before
successful deployment of VTOLs for crop spray. When UAVs are deployed for spraying agricultural
tracts, the distribution and spread of active ingredieriighes of formulations on the crop canopy should

be appropriate. The particle should not drift over or they should not impinge on crop canopy by imparting
stress. The liquid should be able to penetrate into the crop canopy and reach target site oh the plan
Secondly, the requirements for skilled labour may be a costly proposition. In agricultural activity, labour
is adding a major cost factor. Aspects like lack of skilled labour and increase in basic wages are pushing
the engineering community to find alteasinative solution.

Crop canopy. It plays a pivotal role in dispersing the spray particles. Horizontally sprayed crop canopies
imbibe major portion of the spray swathe. However, vertical shaped canopies require a different mode of
delivery wherein sprayasticles should disperse along the height of the canopy. Since UAVs discharge,
the spray particles should disperse along the height of the canopy. Since UAVs discharge the spray
particles overhead the crop canopy, the bottom portion of the crop remaifiofrespray. This may be
desirable in certain situations, like in the Tea ecosystem, where the predators and parasites hide under the
canopy deep into the canopy profile, while it may be undesirable in other crops like areca or coconut,
where the peststack even in the lower fronds.

Type of pest and composition of sprayType of pest whether it is highly mobile or sedentary with
chewing or sucking moth pests and where on the plant the pest feeds are crucially important.
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Composition of the spragnixture whether it is systemic or contact or dust or aerosol matters a lot. The

formulation of the spray should be uHawv volume spray so that it is meant for aerial spraying and not
for a knapsack or gator spraying. Presently, a majority of the operatorsm@sing the dosage level to
suite lesser flights for the same area, which harms the crop, soil, biodiversity and environment.

Area: Utilizing UAVs for spray applications will cover almost five times the area covered by manual

spraying using power pack syers, but cost per acre remains very high. Instead, it can be done utilizing

more labour by creating jobs and value for money.

Season This is also equally important. In India, for instance, there are mainly two séasiosusf and

rabi. Kharif being amonsoon cropping constitutes 65% of major crops. During this season, the wind

speeds are very high with rains. When UAVs are deployed for spraying activity due to windy conditions,
it is observed that spray particles drift from the crop canopy. This islesitable because of loss of
material and effectiveness of the dosage. Since UAVs fly very low to the ground, chances of gust and

crash are high.

Frequency. During Kharif season, it is required to have multiple forays as the area under the crop will be

at high and rain washes away the sprayed chemicals. This becomes more expensive because of multiple

deployments of UAV.

Effects of spray on crop The impact of spray application should not affect adversely the crop
architecture and structure. These UAVs ¥ii@Ls produce 1214 m/s downwash wing hitting the crop
lodging it. This induces high amount of stress on crops affecting the yield.

Drone technology: to combat desert locust plague

i Complementary approach in Locust control.
U Drones can target small swarms
u
U Enables mapping and precision spraying.
u
a
survey and management of desert locust.
a

that may possibly contain locust infestations.
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Drones are specially fitted with Ultra Low volume sprayers along with spectral cameras.

Determine the extent of desert locust eradications from spraying operations.
Two types of drones are available one with Fixedgwand the other with rotary wing used for

However, a challenge is to find more accurately a small green patch of vegetation in the desert

India first country to control
locusts through drones:
Agriculture ministry

The Union Ministry of Agriculture on Saturday said that India had become the first country to have
controlled locusts by using drones
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U The Directorate of Plant Protection, Quarantine and Storage (DPP&QS), Faridabad, is the nodal
agency for the antbcust operations.
U The permission will be limited for aerial surveillance, aerial photography, public announcement
and spraying of ardbcust pesticides.
U Also, the exemption shall be limited to battery operated ratémg air crafts only.
U Use of any otherype of Remotely piloted aircraft (RPA) is strictly prohibited.
U The DPP & QS upload the details of every RPA flight including details of pesticide, sprayed
guantity and area covered among others on DG
Actuation drones in precision application of natural enemieaused in biological control of insect
pests

Biological control is a potential sustainable alternative to pesticide use. It is the use of a
population of one organism to decrease the populatiamather, unwanted, organism (Van Lentegén
al. 2018). Biological control organisms include, but are not limited to, parasitoids, predators,
entomopathogenic nematodes, fungi, bacteria, and viruses. A large variety is commercially available.
Drones may b a particularly useful tool for augmentative biological control, which relies on the large
scale release of natural enemies for immediate control of pests (Van Leht&ié®18). They could
distribute the natural enemies in the exact locations whearg #ine needed, which may increase
biocontrol agent efficacy and reduce distribution costs.

They could distribute the natural enemies in the exact locations where they are needed, which
may increase biocontrol agent efficacy and reduce distribution ®sitse natural enemies, such as
insectkilling fungi and nematodes, can be applied with conventional spray application equipment (Shah
and Pell 2003, Shapiitan et al. 2012). Therefore, these biocontrol agents could potentially be applied
by drones as described above for pesticides (Berner and Chojnacki R0dr@s could distribute the
natural enemies in the exact locations where they are needed. Predatdhytiiulus persimilisan
important naturalenemy of twepotted spider mite is available in bottles mixed with the mineral
substrate vermiculite andthe recommended way of dispersal is by sprinkling contents intoindividual
plants Koppert 2017).Trichogrammaspp. is widely practiced against European corn borer, a major pest
of sweet corn and sugarcane boigiobest 2019)However, additional study is necessary to determine
more precisely these conditions. For any further study, they would recommend usimgnibeeliease
method instead of the Trickzards one: theelease is much faster and shaivs same efficacy for the
block where it workedBesides, to reduce the pest population, sterile insects and mating disruptors are
released by using droneBlfH2 Aerospace 2018) However, application of other natural enemies is
often costly and timeonsuming. For example, the predatory rRitg/toseiulus persimilidthiasHenriot
(Acari: Phytoseiidae), an important natural enemy of the worldwide pesspotted spidr mite, is
available in bottles mixed with the mineral substrate vermiculite, and the recommended way of dispersal
is by sprinkling contents onto individual plants (Koppert 2017, Biobest 2018).

Features and benefits of dronébased aerial biocontrolinclude
1. The ability to kill pests even when theyodre |
2. More efficient distribution than traditional application techniques
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Release of Sterile Insects by drones
A potential new area for use of drones in pest managemdht iselease of sterile insects.
Codling moth Cydiapomonella. (Lepidoptera: Tortricidae)] is a major problem in apple orchards
(Malus domestidaorkh.) (Judd and Gardiner, 2005), and pilot programs to release sterile insects with
drones have been successfucontrolling codling moth populations in New Zealand, Canada, and the
United States (DuPont, 2018; Seymour, 2018; Timewell, 2018). Furthermore, pilot programs for control
of pink bollworm Pectinophoragossypiella Saunders (Lepidoptera: Gelechiidae] ¢otton, and
Mexican fruitfly [Anastrephaludentoew (Diptera: Tephritidae)] in citrus, with dromeleased sterile
insects proved effective for control of thesepests in the United States (Rosenthal, 2017). Similarly, false
codling moth Thaumatotibialeucotreta Meyrick (Lepidoptera: Tortricidae)] could successfully be
controlled in citrus orchards in South Africa (FlyH2 Aerospace, 2018). The sterile insect technique (SIT)
produces sterile or partially sterile insects through irradiation. After matingwilidhinsects, there is
either no offspring, or the resulting off springis sterile, resulting in reduced pest populations. SIT is
environmentally friendly, speciespecific, and compatible with other management methods such as
biological control, making iain important IPM tool (Simmonat al, 2010). Drone release of the sterile
insects may be cheaper and faster than ground release, which occurs for instance by me@nsawf all
vehicles (ATVs), or release by manned aircraft (Tan and Tan, 2013).
Mating disruption by using drones
Drones could also be deployed to place mating disruptors suchas SPLAT (specialized pheromone
& lure application technology) in commercial fields (FlyH2 Aerospace 2018). SPLAT is an inert matrix
which can be infused with pheromones and/or pesticides and is applied as dollops. Mating disruption
relies on the release of pheromones, which interferés mate finding (Millerand Gut, 2015), while
attractandkill involves an attractant and akilling agent (Gregigal, 2018). A combination of these
methodseffectively controls various pests in a number of cropping systems, including blueberry
(Vaccinium orymbosumL.) and cranberry (Rodrigue2aonat al, 2010; Steffaat al, 2017).
Researchers fromthe University of Wisconsin are currently developing a drone releasemechanism for
SPLAT, to improve IPM practices in cranberry (Miller, 2015; Chasen and Stéffa).
Economics of drone
Cost of typical VTOL UAV with 1015 lit carrying capacity is about Rs. 12 lakhs (with
minimum spares) in India. Total live VTOL in most favoured conditions lasts for 1000 landings (if any
incidents do not occur). It means pandling construction of VTOL comes to 1200 Indian Rupees. In
addition to it, other overheads will add like cost of pest cost, cost of labour, cost of transport, cost of
operating overhead, cost of maintenance of UAV and profit of company. This roughlyisestpr2000
Indian Rupees per flight. In each flight UAVs are expected to cover only 1 adfédnif). Therefore,
the cost of operating VTOLSs for crop spray becomes unaffordable. It is also observed that the cost of
UAVs and operating overheads havé remluced that drastically over the years.
Advantages of drones
U Reduce the risk of pesticide to operator
U Useful in spot spraying or precision application over large areas
U Drones provide stressed and healthy images of crops
U Reduce the amount of formulatidaring spraying
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U Drones are portable, foldable and accessible to inaccessible areas

U Drones change the flight velocity flexibly to reduce drift hazard
Limitations of drones

U Environmental contamination & expensive vehicle cost

U Flight endurance and Payloadhstraints

U Small volume of the liquid tanks

U Short flying time

U Concerned about drift hazard

U  Flight drones are covered by aviation law
Conclusion

Drones are becoming increasingly adopted as part of precision agriculture and IPM. Drones with
remotesensing equipment (sensors) are deployed to monitor crop health map out variability in crop
performance, and detect outbreaks of pests. During the outbreaks of pests, different drones (actuators)
could be deployed to deliver swift solutions like pesticided natural enemies accurately and precisely.
Thus, it is evident that drone technology plays an integral role in precision pest management.

Future thrust
Need to
U Examine the pesticide drift on ndarget organisms
Investigate the Phytotoxicity on different crops
Study the residues in both plant and soil
Study the compatibility of different formulations for spraying
Develop new software programmes to diagnose specific insect pests

[T R e o]

0 Promote awareness & demonstraiof drones in rural areas
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Abstract:

At present time in India, sustainable food security for increasing population has to be the core
agenda of agricultural scientist. The declining share of limited land and water resources in agriculture
made this task even more challenging. Water is uraltgraccepted as a symbol of life as it is the most
crucial for maintaining an environment and ecosystem conducive to sustaining all forms of life. It plays a
vital role not only in fulfilling basic human need for life and health but in secamomic deMepment
also. Irrigation, the largest water user sector, is feeling the pressure of increasing demands of other user
sectors all over the world because of limited fresh water availability. On the other hand, the need to
increase agricultural production rfavhich also water is the most critical input, to meet the food, fodder,
fuel and fiber requirement of increasing population is equally important. Agriculture sector is the largest
water user sector using more than 90% of the water and it is assesstt thegsent efficiency of
utilization in medium and minor surface water irrigation project commands is less than 30%. In the above
scenario it is necessary to have the irrigation system in which both the crop water productivity and
irrigation efficiency ircreased considerably. Micro irrigation has become the most viable and efficient
technology in such a situation because it has the potential to achieve the crop water productivity to a
desired level and simultaneously maintatms irrigation efficiency abee traditional methods of fertilizer
application. The results have shown that drip irrigation out performs the traditional methods in all aspects
of crop production.

Keywords: Drip irrigation, wheat, water use efficiency and production.
Introduction :

Agricul ture is the primary source of l'i veliho
contributes about 17.76% of the couROrydandgrdss
requirements are expected to go up consistently in the future wihiotak. Among the various food
crops, cereals are the kingpins towards transformation of Indian agriculture from scarcity to sufficiency.
Wheat is the most i mportant staple food crop of
security. It 8 one of the most important and remuneraledicereal crops of India not only in terms of
acreage, but also in terms of its versatility for adoption under wide range eglegatic conditions and
crop growing situations. In India, wheat is cultivaiad31.45 million hectares area with production of
107.59 million tons and productivity of 34.21 ¢ hduring 201920 (Anonymous, 2021)In Rajasthan,
wheat is grown in an area of 3.12 million ha with an annual production and productivity of 10.92 million
tons and 35.01 @, respectively during 2012020 @Anonymous, 2021)
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Recognizing the importance of sustainable water use efficiency in agriculture, a number of water
management strategies have been introduced to improving the productivity and waféicieseyeof
these crops especially in the use of surface irrigation water. Physical and economic scarcity of water
across regions has forced water resources economists and scientist to critically analyze different options
for managing water. Results obtad from a study conducted by the International Water Management
Institute (IWMI) revealed that around 50% of the increase in demand for water by the year 2025 can be
met by increasing the effectiveness of irrigation (Amarasiegla, 2007). Among diffeent water
management strategies, drip irrigation is one suctedhi method receiving wider acceptance and
adoption, particularly in areas of water scarcity because improper scheduling of irrigation through
conventional method of irrigation (flooding) apdor adoption of scientific water management practices
often leads to reduction in crop yields. In areas having ample and cheap water resources with assured
supplies throughout the crop season, it may be possible to schedule irrigation as and whenteequired
meet the full water needs of crops and realize maximum potential yields. Drip irrigation is a very efficient
irrigation method possessing potential to improve irrigation performance. Drip involves application of
water drop by drop through closed netlwof plastic pipes at frequent intervals near to the root zone for
consumptive use of the crop. Drip irrigation helps to reduce the over exploitation of ground water that
partly occurs because of inefficient use of water under surface method of irrigatieinonmental
problems associated with the surface method of irrigation like water logging and salinity are also
completely absent under drip irrigation. Drip irrigation helps in achieving saving in irrigation water,
increase water use efficiency, deaedillage requirement, higher quality products, increased crop yields
and higher fertilizer use efficiency. Pressurized irrigation system has been found to be quite effective
under limited water availability not only in achieving higher productivity beb @&conomizing other
inputs such as fertilizers, pesticides, labour etc. Superiority of drip system in terms of water saving and
increased yield along with other benefits over surface method of irrigation in wheat is proved by many
research evidences so attempt has been made to discuss the importance of drip irrigation system in
wheat cultivation.
Effect of drip irrigation in wheat
Effect of drip irrigation on growth parameters

Growth of a plant is a result of cell division and enlargement of cells, which mainly depends
upon nutrients and water availability. It is well established fact that frequent application of water ensures
optimum availability of moisture to plants and cesht better nutritional environment in the root zone
which helped in growth and development of the plant. The application of water with drip irrigation
increased water availability for longer time which in turn helped in the rapid cell division and
multiplication and resulted in expansion of leaf area with increased chlorophyll content thereby
accelerating the photosynthetic rate and ultimately increased the supply of carbohydrates to the plants
which in turn increased the vertical and lateral growth opthets.Damoet al.(2021)revealed that drip
irrigation scheduling at 1.0 PEF enhance growth parameters (plant height and dry matter accumulation)
of wheat. Suryavanshi and Buttar (2018) revealed that drip irrigation improved dry matter accumulation
of wheat. The higher DMA undelrip irrigation was a result of higher plant height, LAl and number of
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tillers. It is well established fact that sufficient soil moisture for continued growth is maintained by
providing drip irrigation which leads to greater development of green tissaeaderesults in a higher
photosynthetic assimilation. As a result, plant growth improves leading to higher accumulation of the
total dry matter. Suradkat al. (2020a)conducted a field study at Akola, Maharashtra and found that the
drip irrigation had ignificant effects on growth attributes of wheat. Karangyal. (2019) stated that
drip irrigation brings significant effect on growth of the wheat plant as drip irrigation at 1.0 Etc recorded
higher plant height. Significant higher growth parameterg beadue to the optimum moisture supplies
under more regular irrigation treatments promoted the division and expansion of cell components and
thereby stem elongation, which effectively increased the plant growth in terms of plant height.
Lokhandet al (2019) found that the treatment combination of surface drip irrigation with 60 cm lateral
spacing recorded the significantly maximum values of plant height and flag leaf area in the comparison of
check basin method of irrigatioAccording to Rekabst al. (2019) it was observed that drip irrigated
wheat recorded increased values of dry weights and plant heighet Ra(2016) noted that the greatest
plant height, number of effective tillers per metre square, chlorophyll content and root length of wheat
were recorded under system of wheat intensification with drip irrigation at 20 cm emitters spacing.
Bhunieet al. (2015) observed that the increasing irrigation levels from 60 per cent to 100 per cent ETc
under drip irrigation produced increased plant heighit @y matter accumulation of wheat. The results
of field experiment conducted by Mabkteal. (2017) revealed that the plant height, leaf area index,
number of tillers and dry matter production of wheat were significantly influenced by drip irrigation.
Effect of drip irrigation on yield attributes and yield

In drip irrigation frequent application of water maintained the soil moisture almost near the field
capacity, thereby crop did not experience moisture stress during the growth period which helped the
plants to boost their growth leading to the development of yield attributes through supply of more
photosynthates towards the reproductive sink (Bhowenikl.,2018).Yield is the result of growth and
yield attributes of a crop and improvement in yield duedtip irrigation was mainly due to the
availability of higher soil moisture in the root zone throughout the crop growth period which resulted in
higher relative leaf water content, physiological growth and higher dry matter accumulation by
translocating ophotosynthates among plant parts and subsequently in development of yield components
and the vyield (Lakt al.,2013). Damoeet al. (2021)revealed that drip irrigation scheduling at 1.0 PEF
recorded higher numbers of yield attributes, grain yield and/ stield of wheat. Patel and Rank (2020)
found that drip irrigated wheat produced higher grain and straw yield of wheat than border irrigation
method. Suradkaet al.(2020a)at Akola found that the drip fertigation at different intervals significantly
improved the yield attributing characters of wheat. Suryavanshi and Buttar (2020) also revealed that the
drip irrigation had favorable effect on yield attributes and yield of wheat as compared to conventional
irrigation methodsAwaad and Deshesh (2019) reparthat application of water through drip irrigation
recorded the highest yield of grain and straw in wheat dapangiyaet al. (2019) reported that drip
irrigation at 1.0 ETc recorded increased yield attributes and yield of wBleaivmik et al. (2018) at
Pantnagar revealed that thield components of wheat were significantly affected by various irrigation
treatments and highest values were recorded with drip irrigation provided at 100% CPE on two days
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interval. Similarly, the same treatment also pded highest seed, straw and biological yield of wheat.
and yield of wheat. The reason behind this improvement that uniform and adequate availability of water
and better conductive rhizosphere for higher uptake of nutrients which in turn boost the sitaliteatt
through more photosynthates towards the sink and also reported that increase in yields might due to more
irrigations providing constant wetting of root zone which might have favoured greater release of nutrients
from soil. Barkhat al (2017) conalded that drip irrigation brings significant impact on yield of wheat
when compared with conventional method of irrigation. Yield and yield contributing parameters of wheat
were higher with system of wheat intensification with drip irrigation at 20 cmtemnispacing as
compared with conventional practice (Retoal., 2016). In their results, Bhurea al. (2015) found that
the yield attributes (viz., ear length, effective tiller per meter length, grain per panicle and test weight)
and yield (grain and stng of wheat were increased with increasing irrigation levels from 60 per cent to
100 per cent ETc under drip irrigation. Chouledral. (2015) also revealed that drip irrigation produced
higher yield attributes in wheat because the drip irrigation systamvery effective in soil moisture
conservation which was constantly utilize by growing crop and results in less water stress in root zone of
crop. Malveet al. (2017) observed that the drip irrigation had positive effect on grain yield of wheat. The
improvement in yield of wheat could be ascribed as favorable soil water balance and effective absorption
and utilization of available nutrients without wide fluctuations under drip irrigation treatments resulting
in higher growth rate, increased in assimilatafrphotosynthate, partitioning of photosynthates to sink
for better development of yield attributes and finally increasing the grain yield. In a field experiment
Tasal and Pawar (2013) found that the drip fertigation treatment was found to be more dhehafici
conventional method of irrigation and produced increased grain and straw yield of wheat. GbaY.ang
(2010) also reported that drip irrigation on wheat will gain higher yield and save more water than
traditional system.
Effect of drip irrigation on nutrient content, uptake and quality parameters

The increased nutrient content due to drip irrigation could be ascribed to more availability of
moisture in rhizosphere which solubilized the nutrients and ultimately the plants exploited more nutrients
from soil through their root proliferation. Under adequacy of soil moisture, the transpiration flow gets
increased owing to full stomata opening which intends to higher content nutrients. Since the nutrient
uptake is a function of its content in plant aeéd and straw yield the increase in nutrient uptake by the
crop could be ascribed to the cumulative effect of enhanced seed and straw yield and nutrient content in
plant. Excessive irrigation can result in unavailability or leaching of a major part @énmstresulting in
insufficiency of nutrient and low yields. Proper water management will hold these losses to a bare
minimum. Suradkaret al. (2020) observed that the drip fertigation at different intervals significantly
increased the N, P and K uptakevayeat cropBhowmik et al. (2019) reported thahe highest nitrogen,
phosphorus and potassium content and uptake was recorded with drip irrigation provided at 100% CPE
on two days intervalThe results obtained by Awaad and Deshesh (2019) showed thabtmp of
water through drip irrigation along with 100 kg N fececorded the highest nitrogen content as well as
nitrogen use efficiency compared with the other rate and levels of nitrogen and irrigation, respectively.
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The results obtained by Rekadhal. (2019) showed that drip irrigated wheat recorded improved values
of the uptake of N, Pand K.
Effect of drip irrigation on water use efficiency

The enhancement in watese efficiency under drip irrigation was due to enhanced grain yield
and comparablyower water consumption than other irrigation methods. Another reason thehaitip
irrigation hadminimum water requirement as the loss of wéteough evaporation from large amount of
groundis minimum in this process (Vanitha, 2008). The reasoimdehis increase was that scheduling
of irrigation through drip irrigation, provides optimum irrigation at critical growth stages of plants, which
matches the crop evapotranspiration rate, resulting in high -wsgeefficiency (Mehriyet al, 2020).
The experimental results revealed that high discharge drip irrigated wheat gave higher water use
efficiency and saved more water than border irrigation method (Patel and Rank, 2020). Results obtained
from the study revealed that during 2618 water productity of drip irrigated wheat was significantly
higher than sprinkler irrigated wheat and check basin method (Suryavanshi and Buttar, 2020etRekaby
al. (2019) observed that drip irrigated wheat recorded higher water use efficiency. From the results
obtainal by Barkhat al (2017) it was concluded that drip irrigation (at 0.8 alternate day pan fraction
evaporation) recorded higher water use efficiency in wheat in the comparison of conventional method of
irrigation. Chouharet al. (2015) revealed that driprigation produced higher water productivity in wheat
in the comparison of border irrigation and this may be due to the higher water losses in deep percolation,
in surface runoff and in evaporation from the soil in border irrigation. From the analysishbié ¢ackled
another fact about the good management of irrigation water leads in high water productivity and could be
achieved by saving irrigation water under drip irrigation. In another study it was revealed that drip
irrigation levels from 60 per cenfTE recorded higher water use efficiency (WUE) in wheat as compared
to surface irrigation (Bhune&t al, 2015). Tasal and Pawar (2013) found that the treatment of drip
fertigation recorded higher water use efficiency in wheat than conventional methodgafiar.
According to Kharroat al.(2011) drip irrigation applied to wheat was more efficient with 20 per cent of
water saving in comparison with surface irrigation. Many researchers (Lokdtaid@019, Bhowmilet
al., 2018, Malvet al, 2017, Abd Bl Rahman, 2009 and Liast al, 2008) found that drip irrigation had
significant effect on water productivity of wheat over surface check basin irrigation method. Similarly,
Bandyopadhyat al. (2009) reported that drip irrigation at 0.8 IW/CPE resultedigmificantly higher
WUE of wheat.
Effect of drip irrigation on economics

This improvement in economics was mainly due to increase in yield of crops owing to enhanced
nutritional environment of soil and availability of adequate moisture throughout the cropping season.
Bhowmik et al(2019) found thathe highest gross returns,trmeturns and B: C ratio of wheat were
recorded with drip irrigation provided at 100% CPE on two days interval. The highest gross monetary
returns, net monetary returns and B: C ratio of wheat was registered in the treatment receiving drip
fertigation at D0 per cent NK /ha in seven days interval as compared to lower level and conventional
method of fertilizer application in drip and furrow irrigation method (Suraékaal., 2020a).I1t was
noticed that drip irrigation (at 1.0 alternate day pan fractiop@wadion) gave highest net returns with
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higher B: C ratio of wheat than conventional method of irrigation (Batkhlg 2017). Racet al. (2016)

found that the system of wheat intensification with drip irrigation at 20 cm emitters spacing gave higher

netmonetary returns and B: C ratio in wheat. Tasal and Pawar (2013) observed that the drip fertigation

was found more profitable with net extra income in wheat as compared to conventional method.

Conclusion
An attempt has been made in this study to knowrtiprtance of drip irrigation in wheat using

the avail able information. From the above infor.

irrigation water compared to conventional irrigation method and also ensure uniform distributioarof wat

to the crops which resulted increased growth, yield and water use efficiency. So, it may be concluded

that, it is very important to use water in judicious way via modern irrigation technologies in arid and

semtarid region where limited water resourca® available and in this situation drip irrigation found
most suitable for getting maximum productivity with increased water use efficiency and higher economic
returns.
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Abstract:

A bio-fertilizer is a material that contains live microorganisms that colonise the rhizosphere or
the inside othe plant when applied to seeds, plant surfaces, or soil, and encourage growth by increasing
the supply or availability of primary nutrients to the host plant. Excess conventional Phosphorus (P) bio
fertilizers used to boost agricultural productivity inder to meet the world's evarcreasing food
demand may result in surface and ground water pollution, eutrophication of waterways, soil fertility
depletion, and the accumulation of toxic elements such as high selenium (Se) and arsenic (As) levels in
the sdl. A variety of soil microorganisms are capable of solubilizing/mineralizing insoluble soil
phosphate and releasing soluble P for plant use.These bacteria help a wide range of crops grow and yield
more. Inoculating seeds, crops, and soil with phosphéaibibzing microorganisms (PSM) is therefore a
feasible technique for increasing global food supply while posing minimal environmental risk. Despite
their importance in improving soil fertility, commercial agriculture has yet to adopt phosphorus
solubilizing microorganisms as a viable alternative to chemical fertilisers. Phosphorus fixation refers to
the processes of surface adsorption and precipitation. The decrease in the solubility of phosphorus
fertiliser supplied to the soil.

Keywords: Bio-fertilizers, phosphorous, microorganism and nutrients
Introduction :

Phosd meaning | ight and 6phorus6é meaning bri
necessary for plant development and growth. It is the tenth most abundant element and constitute about
0.12% of the earth crust. Soils usually contain 0:0155% P and the insoluble phosphate compound
constitute 999% of the total phosphorus. Soil solution phosphorus in soil ranges-3.p@&n.
Phosphorus in nemetallic element of the nitrogen family. ®¥phates PQ are existed in three
formsOrthophosphate (primary and secondary)Metaphosphate (salt of metaphosphoric acid)Organically
bound phosphate (bind with plant and animal tissue). Biofertilizers progimeriendly’ organic agre
input. Rhizobium Azotobacter Azospirilium and blue green algae (BGA) have long been used as bio
fertilizers. Leguminous crops benefit from Rhizobium inoculant. Wheat, maigstard, cotton, potato,
and other vegetable crops can all benefit frAmotobacter Sorghum, millets, maize, sugarcane, and
wheat are among the crops for whidzospirilluminoculations are advised. Nostoc or Anabaena or
Tolypothrix or Aulosira, blue gren algae belonging to the cyanobacteria genus, fix atmospheric nitrogen
and are utilised as inoculants for paddy crops produced in both upland and lowland settings. Anabaena, in
conjunction with the water fern Azolla, delivers up to 60 kg of nitrogernpetare every season while
also enriching soils with organic matter.
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Role of phosphorus in plants
Energy storage and transfer:Phosphorus is required for nearly every plant activity involving energy
transfer. The source of energy that drives the varietgheimical processes within the plant is high
energy phosphate, which is held as a component of the chemical structures of adenosine diphosphate
(ADP) and ATP. The scene is set for several crucial activities when ADP and ATP transfer the high
energy phospha to other molecules (called phosphorylation).
Photosynthesis:Photosynthesis is the most significant chemical reaction in nature. It uses light energy to
convert carbon dioxide and water into simple sugars in the presence of chlorophyll, with the energy
absorbed as ATP. The sugars are employed as building blocks to make other cell structural and storage
components, and the ATP is then accessible as an energy source for the numerous other processes tha
occur inside the plant.
Promotes early rootdevelopment and growth:Phosphorus is one of the most important elements for
plant root development. They stimulate plants to generate a dense network of new roots while also
strengthening old ones.
Transformation of sugars and starchesWith the releasefghosphate, starch phosphorylase catalyses
the reversible transfer of glucosyl units from gluectgghosphate to the nonreducing end of alplbD-
glucan chains.
Help in seed formation: Phosphorus have main important role in seed formation. Phytinmé&asaure
source of phosphorus which present in seed of the crops.
Nutrient Transport: Plant cells can store nutrients in far higher quantities than those found in the soil
solution in which they grow. This permits roots to take nutrients from the soil@sgluthere they are
only present in trace amounts. The movement of nutrients inside the plant is mostly dependent on
transport via cell membranes, which necessitates the expenditure of energy to counteract the forces of
osmosis. ATP and other higinergy Rmolecules offer the required energy once again.
Transfer of genetics characteristicsPhosphorus is an essential component of the molecules that make
up genes and chromosomes. As a result, it's an important element of the process of passing down the
geneic code from one generation to the next, giving the "blueprint” for all aspects of plant development
and growth. A sufficient quantity of P is required for the formation of new cells and the transmission of
the genetic code from one cell to the next. Rksndant in seeds and fruit, where it is thought to be
necessary for seed production and development.
Mineralization of phosphorus by phosphate solubilizing microbes

Phosphatenmineralization/solubilizing microorganisms have the ability to convert thduiblgo
forms of phosphorus into its soluble form, which later gets available to plants this biological phenomenon
is referred as mineral phosphate solubilization. Microorganisms involved in solubilization of
phosphorous include bacteriBacillus, Pseudomas Flavobacterium Micrococcus Streptomycasd
fungi belonging tdAspergillus, Penicillium and Trichodernadficiently solubilize insoluble phosphate of
rock phosphate groups and actinomycetes. These organisms secrete organic acids that solubilize insolub
phosphorous which becomes then available for plant absorption.
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Benefits of Phosphorus Solubilizing Microorganism

The impact of a PSMRseudomonaspp.) inoculation on a maize plant. In comparison to the
control that was not infected, maize that was injected with PSM grew faster. PSM operate as bio
fertilizers by making P accessible to developing plants that might otherwise be unavailable. Plant
dewlopment may be aided by phosphesotubilizing bacteria by increasing the effectiveness of
biological nitrogen fixation, producing phytohormones, and increasing the availability of trace metals like
zinc and iron. Phosphate Solubilizing Microorganismgeha significant synergistic influence on crop
development and growth. Aside from solubilizing P, certain PSM have shown promise as biocontrol
agents against a variety of plant diseases.PSM control infections by creating antifungal chemicals (such
as PAL, phenolics, and flavonoids), siderophores, antibiotics, hydrogen cyanide, and Iytic enzymes,
which all help to suppress pathogen development. Phosphate Solubilizing Microorganisms technique
enhances the fertility and agricultural usage of saikaline sd without the environmental or health
risks that come with using synthetic fertilizers on a regular basis.
Tablel. Effects of some PSM on crops

S. No. PSM Test crop Result
Aspergillus niger Wheat Improved growth
2 Aspergillus awamoriS29 Mung bean Increased plant growth, total

content, and plant biomass

3 Bacillusspp and Pseudomong Sesame Increased seed yield
spp
P. favisporus TG1R2 Soybeans Increased dry biomass

Aspergillus niger Penicilliun] Chinese cabbagq Increased growth

aculeatum
P. putida Moss Increased growth
Bacillus thuringiensis Rice Increased shoot length

Plant Growth Promoting Rhizobacteria (PGPRSs)
Plant growth promoting rhizobacteriBacteria that colonize the root of plant that enhance plant
growth. Act as botlBio-fertilizer and Biepesticides
Promote growth by:
a) Improved Nutrient Availability (Bidertilizers)
b) Suppression of Plant Disease (Bimtectants)
¢) Phytohormones Production (Bstimulants)
Phosphorus transformation
Forms of soil phosphorus andiptake by plants
Solution phosphorus: Soil solution P concentration varies widely among soils fr@niol1064
M. It required by plants depends on crops and level of production. The amoug@f Bnd HPQ?
present in solution depends on soil pH.
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Inorganic soil phosphorus: Inorganic P {85% to the total P) in soil solution {PO,/HPO,?)
not absorbed by the roots by microorganism can be adsorbed to mineral surfaces or precipitated as
secondary phosphorus compound surface adsorptionpegapitation reactions called phosphorus
fixation.
Phosphorus mineral solubility: Phosphorus concentration is controlled by P mineral solubility.
Al-P and FeP minerals Acidic soils
CaP mineralsCalcareous or alkaline soil.
Organic soil phosphorus: @anic P constitute about 30 to 65% of the total P in soil. organic wastage are
excellent sources of plant available P, with manure accounting 98% of organic P applied to the crop
lands.
Phosphorus fixation in soil

Phosphorous fixation: Surface adsorptamd precipitation reactions are collectively called as
phosphorus fixation. The reduction of solubility of fertilizer phosphorous that added to the soil. The main
inorganic form of phosphorous areRD, and HPQ® (orthophosphates ions). These anions raoe
absorbed by roots or immobilized by microorganism can be adsorbed and precipitated as secondary
phosphorous compounds. Surface adsorption and precipitation collectively called as phosphorous
fixation. These anions are highly reactive and quickly emgagadsorption reaction on the surface
particles and organic matter in the soil. The fixation reaction decreases the availability of soluble
phosphates for plant uptake. The type of orthophosphates ions that exist in the soil are primarily
depended on theoil pH and soil type.
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Figure 1. Relative effect of soil pH on P adsorption and precipitation
Phosphorus fixation in acidic soils
Phosphorous fixation occurs in acidic soil, wher# @, reacts with the surfaces of insoluble
oxides of Fe, Al and Mn involve series of chemical fixation reactions and thus interlocks the phosphorus.

OH OH
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\
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| |
OH OH
Dissolved P ion Precipitated hydroxly
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Phosphorus fixation in alkaline soil
The availability of phosphorous in alkaline soil is determined pritigijpg the solubility of the
various CagHPO,compound present.

CaH,(POy), + CaCQ CaH,(PQy).+ CG; + HO
Monocalcium phosphate Dicalcium phosphate (less soluble)
CaH,(PQ,). + CaCQ Ca(PQy), + CO, + H,O

Tricalcium phosphate (least soluble)
Tricalcium phosphate Carbonate and hydroxyl apatite (extremely insoluble)
Factors affecting of phosphorus fixation
Nature and amount of soil compnents
(a) Hydrous oxides of iron and aluminum:Iron and aluminum oxide compounds is soil are less
crystalline, the phosphate fixing capacity of the soil be more because of greater surface areas.
(b) Type of clay: Kaolinite > Montmorillonite > Vermiculite.
(c) Amount of clay:Soils with a lot of clay fix more phosphorus than soils with a modest quantity of
clay.
(d) Amorphous colloids: Allophane and other amorphous aluminosilicate minerals contain a significant
negative charge that is partially or complgtehlanced by complicated aluminium cations.
(e) Calcium carbonate: The higher the CaCQlevel in the soil, the better the phosphate fixation.
Adsorption of phosphate on the surface of calcium carbonate particles is possible.
Other ions:
Cations: Divalentcations enhance phosphate adsorption than that of monovalent cations.
Anions: Anions are hydroxyl, silicic acid, sulphate and molybdate etc.
Organic Matter: Various organic acids are formed during the breakdown of organic matter, which
solubilize phosphats and other phosphdtearing minerals, lowering phosphate fixation.
Temperature: The speed of a chemical reaction is affected by temperature. The solubility of phosphatic
substances like apatites is predicted to rise somewhat at high temperaturesafiemfrecreases the
mineralization of phosphorus from soil organic matter, agricultural leftovers, and other organic wastes,
for example, by promoting the activity of suitable bacteria. The rate of phosphorus fixation increases as
the temperature rises.
Over liming: Over liming increases the fixation of phosphorus by forming more insoluble P compound
in soil. Besides phosphate, molybdate (MoQand borate (Bg¥,HBO; and B(OH)) anions also fix in
the soils of mostly acidic reaction.
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Figure 2: Mineralization and immobilization process in phosphorous transformation
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Phosphorus cycling and transformation in the soil
Mineralization and Immobilization
Adsorption and Desorption: Phosphorus in soil solution is attached/bound to the surface of soil
particles by a process known as adsorption. Phosphorus is bound to clay surfaces as well as iron (Fe) and
aluminium (Al) oxides and hydroxides in the soil. Adsorption is a quick and reversible process, which
means that adsorbed phosphorus may be releagedhe soil solution by a process called desorption,
making it available for plant uptake.
Weathering, Precipitation and Dissolution: Weathering occurs when primary and secondary minerals
break down over time, releasing phosphorus into the soil solwrguidnt absorption. Primary minerals,
such as apatite, are extremely stable and weather resistant. As a result, as compared to secondary
phosphorus minerals like calcium, iron or aluminium phosphates, phosphorus is released relatively
slowly. Precipitatio on the other hand is a processahyich metal ions such as #land Fé&" (these ions
are dominant in acidic soils) and é&lominant in calcareous soils) react with phosphate ions present in
the soil solution to form minerals such asAl FeP or CaP. Precipitation is a gradual process that
results in the formation of metal phosphates. When these metal phosphates dissolve, they release
phosphorus into the soil solution, although at a very slow rate. When phosphate minerals dissolve and
release phosphaback into the soil solution, this is referred to as dissolution.
Phosphorus Loss:

Phosphorus is removed from soil by Crop/plant uptake, Runoff and erosion, and Leaching
Conclusion

Usually applied to seeds, plant surfaces, or soil, ddrtdizer includes living microorganisms
that colonies the rhizosphere or the interior of the plant and boost development by increasing the supply
or availability of primary nutrients to the host plant. Excess conventional Phosphorus-{@liliders
used to bodsagricultural productivity to meet the world's ewecreasing food demand may cause
surface and ground water pollution, eutrophication of waterways, soil fertility depletion, and the
accumulation of toxic elements such as high selenium (Se) and aenievels in the soail.
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Abstract:

Sustainable agriculture emphasizes the development of needs, knowledge, skills, social and
cultural values, technologies, ampdactices that are accessible, effective, and increase farmer quality
without compromising environmental goods and services in food productivity. A fundamental issue
connecting many of these approaches is the diversification of sustainable farming ractiaehieve a
more satisfactory interaction between society and the environment in sustainable agriculture, it is
required to anticipate competition for timely change, human activity, and resource consumption in order
to avoid possible conflicts.

Keywords: Sustainable agriculture, skill, knowledge, productivity and environment.
Introduction :

The greatest success will be achieved in agriculture today by reducing desired practices in
production and negative practices that adversely affect the environimegegnerate production, we must
reduce the use of inputs from renewable sources and petrblesed products and increase the use of
renewable resources. In general, it focuses on the needs, knowledge, skills and social and cultural values
of the local poplation. Sustainable agriculture is both a philosophy and an agricultural system. Its root
lies in a series of values that reflect ecological and social realism. This can only be achieved by
implementing sustainable methods and solutions in agricultue.fadt that agricultural practices are
adaptable with the environment and sustainable is of great significance for promoting ecological
sustainability. Sustainable agriculture is both a philosophy and an agricultural system. It includes design
and managenm¢ processes that work with natural processes to save resources, minimize waste and
environmental damage, while maintaining or improving operating margins. A sustainable agricultural
system cannot be entirely organic. There are many overlapping methadanin principles, these
methods can be used continuously for a long time, and can be 100% organic or at least largely organic.
"Organic" and "sustainable" are not entirely synonymous: organic emphasizes the usesyithetic
products, while sustainableeans the use of synthetic products that have been proven not to cause any
harm to the environment.Our food production system is turbulent, but it is gratifying that more and more
innovative farmers and scientists are introducing latest agricultural teesnithat are socially,
economically and environmentally sustainable. Sustainable cultivation techniques are ideal for all fields
and produce various types of fuels, food and fiber. Sustainable agricultural systems use latest scientific
practices to highegtroductivity while decreasing environmental degradation.
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What is a Sustainable Agriculture?

In the 1977 National Agricultural Research, Extension and Teaching Policy Act (7), the term
"sustainable agriculture" refers to agricultural practices usingegicall principles and is a study of the
relationship between organism and their environment. It is a form of agriculture designed to meet the
needs of contemporary people without compromising the resource base of future generations. .
Sustainable Agriculte is also called eefarming or organic farming or natural farming or permaculture.
Sustainability is a complex concept involving many aspects, especially economic, social and ecological
aspect (Figure 1).

Sustainable agriculture

Environmental Economic
Protect the Livelihooeds for the
environment world’s farmers.

and biodiversity. AHordable, quality
v food for consumers.

Social
Contribute to the well-being of
local communities inclUding those
involved In agriculture

Figure 1: Inter -relationship of sustainable development
Sustainable Agriculture Research and Education program
SARE is the United States Department of Agriculture which primary means to studying and
publicizing sustainable agriculture systems. More than 3000gwsdi@ve been implemented through a
competitive grant for works with teams of farmers, organizations and agencies. The SARE program was
originally called the Low Input Sustainable Agriculture (LISA) program. It was widely recognized and
approved by Congresbecause of the lack of scientific information to reduce the use of chemicals in the
1985 Food Safety Act in agricultural production. The LISA program began in 1988 and provided a loan
of US $3.9 million. Since the Food, Agriculture, Conservation andeTrat of 1990, LISA has been
renamed as a research and education program on sustainable agriculture and has been added to othe
programs:
1. Research on integrated crop/livestock operations.
2. Train Extension Service agents in disseminating sustainable fapmsiotices.
In 1991, SARE planned to cooperate with the Environmental Protection Agency to manage
agriculture under the Environmental Plan (ACE).
0 Sustainable Agriculture is a multifunctional process:-
i Production of food and fiber
Protection of the environment
Conservation of land and resources

Development of rural communities

= =4 =4 =

Maintenance of agriculture heritage
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Sustainable Agriculture Practices

Diversifying sustainable agricultural practices is a key issue that links many efptsedices. In
many cases, "keep it simple" is a better suggestion, but when it comes to agriculture, the sustainable and
productive systems are greater diverse and mixed, just like nature itself. Over decades of science and
practice, several importantsainable agricultural practices have emerged, such as:
Permaculture: Permaculture, is a contracton dfper manent agricultured. Th
Permaculture Onea Perennial Agriculture for Human Settlemenitstten by Mollison and Holmgren,
1978. Permaculture generates the easy and cheap plans with respect to production.Permaculture promotes
agricultural creativity and innovation. ik a design system of naturnaidinciples to the development of
people settlements and allowing humanity to live in harmony with the natural world. The principles
and ethics of permaculture can be applied to almost all region, including local economy, energy
systems, water supplies, tgnog systems, and food production. Food production through
permaculture is intention, design, and "not to work more difficult" to excludewaste and to create
efficient systems. Permaculture design techniques indpials hugelkultur garden bedberb,
keyhole and mandala gardenmsulching,growing crops without tillageeach plant serves multiple
purposes, and scales on the contour to kegprniagh on the landscape. Permaculture aims to create
an efficient and integrated culture of plants, animals, people and structures with little input and to
integrate different scales, from family gardens to large farms.
Biodynamic farming: Biodynamics cmbines ecology and overall growth practices based on the
philosophy of "anthropology". Farmers are motivated to manage their farms as a single alive
organism, where farming is intertwined and supports each other. Including animals on the farm to
improves sil quality and plant health. In terms of biodynamic, crops, animals and insects are
extremely diverse.The purpose of biodynamic is to minimize the use of external inputs by creating the
soil quality and fertility required for crop production. This goahthieved by implementing practices
such as spreading farm yard manure, composting covering crops, or rotating crops.lIts practices can be
applied in fields, gardens, vineyards, and other use of agriculture that manage different products.
Adopting Agroforestry Practices: It is a sustainable land management system that progressively
connects agricultural crops, trees, forest plants and animals and enhances overall production. It also
includes applied management practices that are compatible with culturdl ofiabe local people. In
Agroforestry involve two or more plant species, at least one of which is a perennial woody shrub (Figure
2). Agroforestry systems always have two or more results. Adding bushes to the farm can provide shelter
and shade for plantsyater resources and animals. If resolved in a sustainable manner, the agroforestry
system can combine agricultural and forestry practices to achieve sustainable, productive and diverse
land use.Trees and hurbs can help in control of soil erosion andringyadditional income to farmers.
Planting trees around water sources can help minimize the water loss through evaporation in the dry
season. They can stabilize the soil, minimize nutrient loss and improve soil structure. Agroforestry is a
powerful tool br farmers who are sensitive to desertification in arid regions.
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Figure 2: Multifunctional égro -forestry system in India
Hydroponics: Hydroponics grows plants in nutrient solutions to provide mechanical support orwithout
an inert medium (e.g., soil).is an innovative farming technique. Statkthe-art techniques for food

production in a controlled, soil setting are shown in the following photos.

—

Aquaponics The aquaponic is a sustainable method for growing fish and vegstdbis a system

for growing plants in water with which aquatic organisms have been cultivate. It is popular for
individuals, entrepreneurs, educators, missions and government. In hydroponic systems, the water
contained in the waste from aquaculture fslised to irrigate hydroponic plants (Figure 4).
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Nitrosomonas sp.-
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Figure 4. Aquaponics

Integrating Crops and Livestock: Industrial agriculture tends to separate animal and crop
production, animals that live in areas that are far from food production and plants that are far from
rich fertilizers. Keeping animals away from plants can prevent them from eating animals. However
there are indications that intelligent integration of animal and plant production may be the perfect
recipe for farms that increase efficiency and profitabilBrazing can also be a great way to rotate
plants. Instead of alternating crops, you can gtae cattle on different pastures on the farm so that the
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animals can eat various plants. Agricultural pastures provide a variety of nutrients to your cattle.
Movement of the cattle is also important for the soil, as too much foundation helps comzadit dinel
prevent soil erosion, while the remaining manure helps in fertile the farm.

Natural animal raising: Sustainable breeders use several practices. This practice is beneficial for
human, animals as well as environmental and nutritional needs. Animals grown in pasture or in a
favorite environment are less stressful and closer to their natural lifestyle.€line di sustainable
animal production is forests, pastures or wallnaged pastures where animals can move and graze
freely. Animals can interact socially with other animals and behave naturally (walking in mud,
choosing the plants they want to eat, rastéide by side, frolicking). Their health and happiness is
reflected in the quality of the products we receive from them. Fresh meat, eggs turn yellow and
contain more minerals and vitamins in milk. While animals and grasslands have developed mutually
bendicial relationships, livestock grazing and other grazing systems have enriched the land in many
ways.

Figure 5: Animals Raising

The fertilizer returns nutrients to the soil and completes the natural nutrient cycle. After
browsing and trampling undeiné hoof, the grass can also form stronger root systems and rich grapes.
This helps control erosion, accumulate soil through the rich growth of various grazing grasses, isolate
carbon emissions from the environment and protect to grassland habitats whereotmar wild
animals and insects.
Soil and Nutrient Management: Healthy soil is an essential part of sustainable agriculture because it,
along with water and nutrients, produces healthy plants that are less susceptible to pests and disease.
Methods to prtect soil health include using cover crops, composting, reducing cultivation, and
maintaining soil moisture through dead mulch. These methods also increase the ability to maintain soll
water. Some common practices for sustainable agriculture are shown in.
Zero tillage/conservation tillage: Intensification or traditional agriculture leads to soil degradation, loss
of organic matter, reduced soil organisms and reduced soil biological activity, which leads to a decline in
agricultural production. Although trasbnal farming methods can prevent weed problems, they can also
promote farm growth. In contrast, sustainable farming practices provide sustainable farming systems
depend on three basic rules, including soilless agriculture, continuous soil areas votreggdnts or
plant remains, and crop rotation (5, 11). The downward agricultural trend in Arizona has increased by
71% (13), which is evident in large producers of 200 acres, and has increased by more than 100% on
farms over 2,000 acres. However, thiggiice was not popular with small producers during the same
study period (13).
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Figure 6: Sustainable soil management
Precision chemical application:It can be defined as many practices including mechanical and biological
control to decrease pesticide wmad control pest populations (14). This method uses the variable rate
application technology (VRA). Unlike traditional agriculture, this method replaces the homogeneous
input, but uses the measurement of thesiom productivity difference, and gives thppropriate input
according to the space requirements generated by these differences. Proven methods include multiple
crops, intermediate crops and rotation. The key to their success lies in distributing the preferred food
source of pests by mixing plarttsey do not like. In addition, different cultures attract different insects,
some of which are natural enemies of pests. They help keep the population within a limited range,
imitating the balance of real ecosystems. Farmers can release many usefyldosbas grass laces and
ladybugs, and encourage other organisms such as birds and bats to act as predators of herbivorous pests.
Conservation reserve program CRP is a soil protection program managed by the Farm Service
Authority. In return for signingcontracts with farmers participating in the program, farmers are
encouraged to produce environmentally sensitive agricultural products and improve their health and
environmental quality (12). The land contract registered with CRP is valid for 10 to X5 Vharlong
term aim of the plan is to restore valuable plant cover to enhance water quality, control soil erosion and
decrease wildlife loss. A loagrm goal of the plan is to restore valuable vegetation to improve water
quality, prevent soil erosion amelduce wildlife loss.
Terraces Terracing is an effective method to control slope erosion. The horizontal steps of the terrace
reduce the speed of the water by preventing it from flowing down the mountain. Terraces move the water
almost parallel to the gpe of the site and lead the water to a safe and stable drainage ditch. By slowing
the flow of water, the terrace allows time for the water to penetrate the ground.
Cover cropping: Cover crops like alfalfa, vetch, clovers and other plant. When the swit sxposed, it
can be grown in ofseason time when the soil is left bare can be beneficial. Cover crops can strengthen
and protect soil health by supplementing soil nutrients, preventing soil erosion and preventing weed
growth, and reducing the need fature herbicide$14).
Crop rotation / diversity: It is practice of growingarious crops in sequential seasoris the same
field. Crop rotation helps in removal of pests and weeds control and also provides healtBgrseilof
the plant diversity methods that can be used include perennial crop rotation and complex intermediate
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crops. It is very useful to sow crops of rotating legumes, because legumes increase the level of nitrogen in
the soil and reduce the need for miten chemical fertilizers.

Conventional
Agriculture

Soil and Water conservation f
measures (Fanya-juu Terraces)

= SOM Levels: ~35% more than farms
with conventional agriculture’

= Crop Yields: at least 25% more than
farms with conventional agriculture”

H = = = Mound
H - = - = Trench
H

______________ + Accumulated sediment

Figure 7: Terraces

Figure 8: Crop rotation

U The following factors are taken into account in crop rotation:

1 Legumes should be grown without beans after planting.

9 Plants that need less water (irrigation) should be plantedpddiets that need more water.

9 Plants that need less fertilizer should be sprayed behind plants that need more fertilizers.
Precision nutrient management:Fertilization accounts for 10% to 15% of the cost of agricultural inputs
and is essential to increapeoduct productivity to 50%. The timing and type of fertilization is very
important for fertilizing the soil to react with the lack of primary element (nitrogen, phosphorus,
potassium, etc.) in the agricultural soil. Data such as climate and weathpropeitties and product type
are important in determining the appropriate fertilization time.

Reducing fuel use:Mechanized equipment to decrease agricultural labour usually uses fossil fuels. For
producers today, the direct or indirect use of fossil furelagriculture is not economically feasible. In
developing countries, large amounts of fossil fuels are used for agricultural production, especially
fertilizer production and machine use. Without fuel consumption, the modern agricultural production
processs impossible. However, not only the use of renewable energy instead of fossil fuels, but also the
onetime use of agricultural equipment and machinery can reduce agricultural fuel and carbon dioxide
emissions. Make agriculture environment friendly.

Irrig ation: By determining the optimal amount and determining the correct irrigation time based on
various parameters (such as soil moisture, effective sedimentation rate and evapotranspiration), efficient
irrigation, weather and weather forecasts, and-ties weather data can be achieved. By protecting
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scarce water resources and avoiding the negative impact of excessive water on the environment and
agriculture, leaching, salinity and fungal diseases, effective and economical irrigation can be ensured.
Irrigati on i s an integral part of Arizonads agricult
used for agriculture (1). This is based on the data provided in this study, irrigated arable land increased by
27% (13). According to reports, a method afgation application, such as buried drops, surface drops
and central pivot can increase the yield of crops (3). However, factors such as soil firmness and
compaction can limit the effectiveness of irrigation for crop yields, especially in systems without
ploughing. (4).
Watershed: The watershed is an important source of water in irrigation areas. These structures collect
water from small sources and, if necessary, carry out the effective storage and use of large flows and the
regulation of the water flow.
Manure Application: Between 2012 and 2017, the manure consumption of all fertilizer producers in the
state increased by 30% (13). This approach has advantages such as increased soil aggregation and
structure, water penetration and retention and even ealfth Just as we cannot rule out the contribution
of sludge to farmland profits, the data is also very limited in terms of field size, so it is difficult to directly
link earnings to the increase in farmland.Liquid fertilizers are a common and inexpesagive
improvement material in Arizona due to the growth of animal husbandry such as cattle, sheep and poultry
(13). As part of agricultural protection (especially direct seeding), fertilizer spreading methods must be
carefully selected and managed to highetrient consumption, while maintaining agricultural principles
(such as land cover) while avoiding issues such as water pollution, volatility, and greenhouse gases
Environmental issues such as emissions.
Managing Entire Landscapes and SystemsSustainable farms consider uncultivated or less dense areas
(such as riparian buffer zones or grasslands) as an integral part of the farm, due to their role in controlling
erosion, decreasing outflow nutrients and supporting pollinators and biodiverbity ba valued.
Increase the Sustainability of the Farming EnterprisesThe road to sustainable development is long
and complicated. Every company represents a unique combination of biology, climate, soil and
management conditions, so there is no "quidldteln” to ensure sustainability. However, there are some
principles that can help farmers develop more sustainable agricultural ecosystems. among them:

1 Use water and nutrients efficiently
Develop ecologicalhpased pest management programs
Improve energfficiency of food production and distribution
Diversify agricultural activities to diversify agricultural and economic risks
Crop rotation to improve crops and promote pest control
Use crops and greens and/or fertilizers to improve the quality andyeotikoil crops.
Cover the ground throughout the year
Develop an ecological pest control plan
Maintain profitability

=A =4 =4 =4 4 -4 -4 A

Protect water quality
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Conclusion
Sustainable development is considered to be an important ecosystem, habitat to biodiversity or

the webof life. A sustainable company needs a sustainable society: where society flourishes, the

company can thrive. Sustainable companies should be innovative, use appropriate environmental
technologies, develop skills and human resources, and increase pioduati order to remain
competitive in the market. The final conclusion is that in order to make the relationship between society
and the environment more satisfying, it is necessary to predict changes in a timely manner, human
activities and competitiorof the use of resources to minimize potential conflicts.
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Abstract:

India is a great agricultural economy. The major part of India land is used for agriculture and it is
t he worl dés s-based imdustrly that gredsces adwgge amount of crop residue, due to its
yearround farming. The crop residue is not a wasiaerial; it is useful for various purposes like
mulching, feeding of animal, energy sources, industrial use, for making the roofs and houses, thatching,
composting material etc. but left of residue burntfamm. The primary reasons for burning of crop
leftovers like lack of labour, high expenses for removing the residue from field and use of combines for
harvesting the crops. The burning of crop leftovers pollutes the environment, loss of nutrients, global
warming, harmful to human health. So, as a tgsalper treatment of crop remaining are quite important.

The recent researches have resulted to manage the residue through different practices like incorporation
of residue, livestock feeding, mulching, biofuel, biochar, forage chopper, wheat straw r¢hogey

seeder, gasification, stubble shaver, straw reaper, straw baler and other government schemes are used fol
residue management in India, mainly in Punjab and Haryana. The different practices in crop residue
management have improved the physiologib&chemical, morphological qualities of soil while also
contributing to the development of sustainable farming. This paper is useful for conserving the residue
management technologies is suitable in different farming system.

Keywords: Residue, crop, témology and management

Introduction :

India is a world agriculture powerhouse. Mainly, population of India is depended upon
agriculture and they grow different crops according to different cropping system. The major part of India
land is used for agriculture and grown different crops in differegions according to their climatic
conditions. In 201412 year, the production of wheat, rice, oil seed crops, millets, pulses viz. (93.8, 104.7,
30, 20.8, 17.1 mt) and they produce a large amount of crop residue resulting near about 550 mt of every
year in our country. The burning of residue is a big problem in our country. It causes the global warming
as well as burn the nutrients like N, P and K. Thetonewaste of rice release 1459 kg carbon dioxide,

59 kg carbon dioxide, 198 kg ash, 2.9 kg otimatter (Gadi, 2003). At present scenario, the burning
decrease the soll fertility, increase the global warming, human health hazard, pollution and they manage
to need at proper time with help of new techniques and government initiatives. Crop residgennesrha

is a major component of present scenario. It is more universally adapted and common practice for
conserving the agriculture. Firstly, the Sardar Patel renewable energy research institute 2004 observed
that 72 mt leftovers were burnt on farmland.Bvgear in India burned about 91.9 metric ton of crop
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waste due to lack of management practices, resulting increase the pollution, degrade soil fertility, global
warming, health hazards (Pathetkal. 2010). The Indian government has sought to this issoeigh a

variety of policies and initiatives aimed at promoting sustainable management practices such as
transforming agricultural left over into electricity. The farmers also used residue for broilers and husk or
straw used for animal feeding and used ¢iter purposes. Sometime they sell the waste in industries and
remaining residue is burnt on farm. The residue problem major in irrigated areas amdedteropping
system. Mainly, residue problem in Punjab and Haryana.

Crop leftovers of various cps near about 682.9 mt, the major part are utilized as a fuel, food and
in various manufacturer operations. Considering this there are around 177 mt of agricultural residue
accessible throughout the country (TIFAC 2018). In diverse farmland, about 88 agtmfvaste is
burned (TERI 2019). The residue discharge about 4678 killo ton of carbon monoxide into atmosphere per
year (TERI 2019). According to section 144 under civil procedure code (CPC) strictly restricted to
burning of paddy waste. In 2015, accoglito NGT banned the crop leftover in states like Punjab,
Haryana, Rajasthan, Uttar Pradesh. According to reports the totallyl5600 farmers burnt the residue
on farm in every year (Jitendet al. 2017). According to Ministry of agriculture and farmeelfare
(MOAFM) 2019 observed that the 49.9% rice residue in Punjab and 16.8% rice leftovers in Haryana
were burnt on farm.

Why farmers burnt crop leftovers on own farmlands?

1 To make the manures from residue is a long process
No other economic uses
At present time more use of combine harvesters
Farmers clean the field for growing the next season crop

= =4 =4 =4

The collection for waste consumes labour and time
9 Current time the farmers reduce the number of rearing animals
Loses of nutrients from crop residues by buring

S. Particulars Loss during one ton of| Loss in soil/ha
No. straw

1. Nitrogen 6-7 kg -

2. Phosphorus 1-1.6 kg -

3. Potassium 14-24 kg -

4. Sulphur 1.2-1.4 kg -

5. Organic carbon - 94 lakh ton
6. Urea - 79 kg

7. Diammonium phosphate - 13.74 kg

8. Potash - 127 kg
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Crop residue treatment refer to the quantity and dispersal of crop and also other plant waste on a
surface of soil, as well as their usage as a source of industrial of otheraddlrs products. A
considerable amount of agvmaste is crated each year.The crop residues are mainly of two types:

Field residue: These are the elements remain after that a crop has been collected in a field of agriculture.
Stem, stalks, petals, husks are among the remnants.
Process residueThey are the componés that remain after a crop has been transferred into a helpful
resource. Seed, root, baggases, molasses, husk they can be utilized as animal feed, nutrients, soil
conditioner and industrial material. The crop waste is not a waste material, they alie vagdus
purposes and also improve the soil:

1 The residue material is used for biogas production.

1 The organic matter content increased by the residue add in soil and they provide the better

environment for microorganisms for their growth and development.

1 The rice straw and husk of different crops are used for animal feeding in states like Punjab,

Haryana, Tamilnadu, Assam etc.

1 In residue material present some amount of nutrients like carbon, nitrogen, phosphorus,
potassium and provide the nutrients to sgien add in soil.
9 The husk material is used in cement mixtures and mix in clay for making the huts.
1 The sugarcane and banana waste are used in industries for making the paper, husk used as a litter
for rearing the poultry, mushroom cultivation etc.
1 Theresidue also improves the soil physical properties like texture, bulk density, pore spaces,
moisture content.
9 It also improves the pH of soil and act as a buffer agent and organic matter increase the negative
ion in soil to attract the cations.
1 Crop reside act as a source for pest, insect and diseases({@h:2004).
Composting, mechanization, biochar synthesis, biofuel, gasification etc. are important strategies for
reducing the problem and maintaining the residue nutrients in soil.
Recent practices
Balling of straw: In mushroom cultivation the straw and forest residue are mostly used in different areas
and another used for livestock feeding, fuel and manure for mushroom cultivation (&rat@a07).
Mulching: The residue material used as mulchio@void the erosion and maintain the moisture content
on upper surface of soil. They protect the soil from water and wind erosion (Téahe2003). The
residue used on soil surface and restrict the weed growth. It increases the nitrogen and caiioim cont
soil.
Composting processThe crop wastes are used for making the compost. It is used as litter for bedding
purpose of animal and use in pits. The litter absorbs the urine in straw resulting increase the nitrogen
content and it is used in farms asanure.
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Bio methanation: The biomass of straw is converted into biogas material. It contains the methane and
carbon dioxide. The biogas produces the&b@ of methane from one ton rice straw and used as fuel and
manure.
Gasification: The residue materialsed to produce the gas, act as a gasifier for produce gas in next
generations. The gas is used in the engines for producing the electricity. Hiom oesidue produces the
300 kw of electricity.
Straw baler: After harvesting of crop with combine harvesthe straw baler makes the bundles of rice
residue. The straw baler mainly used in rice crop.
Stubble shaver:The shaver means it is a type of blade and after harvesting of crop the stubble shaver use
in field for cut the straw and mix in soil to maintaig the soil fertility.
Straw reaper: After harvesting of crop the standing stubbles are present in field. The reaper cut the
stubbles near ground level and then put into trolley. The one trolley manages the 1000 kg /ha residue.
Happy combo seederlt is similar like seed drill but before the sowing of wheat, they cut the paddy
stubbles at ground level and sowing of wheat in rows.
Other machineries:

9 Forage chopper
Rotatory mulcher
Residue crushing machine
IISR plant residue shredder

=A =/ =4 =4

Mower
1 Sugarcane trasthopper
Management in different countries
Jianget al.2012 observed that the China produce every year 700 mt residue out of these the 14.9
% used as manure and fertilizer, 30% used as animal feed and litter purpose, 31% were remained in field,
17% were ged in biogas and bioenergy formation. In California (USA) the residue burning only
permitted by regulation. The government authorities to make the laws for burning and only burn the
waste in selected days. In Nepal, Indonesia, Nigeria, Thailand usedrgy egsources. For mushroom
and animal feed purposes were used in Syria, Pakistan, Iraq, Africa.
Conclusion
From review study, the crop residue is not a waste material. It improves the soil chemical,
physical and biological properties of soil. It is dder various purposes and also used as agricultural
point of view. At current, the technology is more advance and various machineries used for cutting the
waste material. So, not burn the residue and used for various purposes.
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Abstract:

One of the most recent problems worldwide is to protect the crops from insect pests and control
of insects is generallydone by synthetic chemicals.use of theigechemicals endangers the rtanget
livings, especially human beings.these synthetic chemical insecticides are persistent in nature and stored
in food which proved as lethal and dangerous for humans and animals' health.The negative effect of
chemicalinsecticides on human health led to growing interest in use of botanical insecticides due to their
nortpersistent nature in environment and +oxic behaviorto human health and also ecologically
accepted.In this we use plant originated compounds (edseitsiaflavonoids, alkaloids,glycosides,
esters and fattyacids)having insecticidal properties and used as an alternative to toxic chemical
insecticides and are used in pest control. Botanical insecticides are used to eliminate insect pests in
different wgs like act as feeding deterrents/antifeedants, toxicants,repellents, growth retardants,
chemosterilant and attractants.Botanical insecticides are only effective or lethal to targeted insect not to
beneficial natural enemies and provide residue free foodsafe to environment.Therefore, botanical
insecticides are recommendedto use in integrated pest management programme.
Keywords: Insect pest, insecticides, health and environment.
Introduction :

Insects are most diverse species of invertebrates and fiowatidhabitats. Less than 0.5 percent
insect species considered as pests. Insects cause damage to humans, farm animals and crops.some insec
create a major threat to most of the countries. one prominent example is the tsetse fly that puts about 100
million people and 60 million head of cattle at risk in-Salharan Africa due to the transmission of
trypanosomiasis.Phytophagous Insects are responsible for damage one fifth of the world's total crop
production annually. And for control of these insect pgsthgetic chemicals used. They have residue
problems which are lethal and dangerous for human and animal health. so, there is an urgent need to
move towards natural products as botanical insecticides. Instead of direct consumption of crop products
insecs also contaminated food products through excretion, mounting and dead bodies. Damage done by
insects also causes infection with bacterial and fungal diseases through transmission of their spores.In this
chapter we will discuss about the use of botanieaédticides in replacement of synthetic chemicals
which are health hazardous.
Types of botanical insecticides

Essential oils, Alkaloids, Flavonoids, Glycosides, Esters and fatty acids
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Essential oils:Essential oils extracted from various plants and their parts but oils extracted from aromatic
high effi and t
farmers.Botanicals act on insects asrepellent,ctinsal,

contr ol
acquainted growth
inhibitors,oviposition inhibitors,ovicides and growth reducing effects on various insect species.Essential
oils have larvicidal activity oimantriadispar(gypsy moth) larvae and repellent to ants, cockroach,beg

pl ants have cacy in pest

antifeedant,

bug and licepxic to termites.

Table 1 List of plant origin oils and targeted insect with their mode of action

Extracted by

Mode of action

Target insect

Mentha piperiteoil (Piper Repellent Ants, lice,flies, moths Callosobruchus
mint) maculates Tribolium castanun
Trachyspermum spf@jwain) Larvicidal Aedes aegypti
oil Culex quingquefasciatus
Nepeta cateria (catnip) Repellent Aedes aegyplivector for yellow fever virus)
Nepetalactone a.i., oil
Zingiber officinale & Insecticidal Tribolium castaneumSitophilus oryzae
Piper cubebaberrieghizome Antifeedent

oil)

Tagetes speciasl

Anti-insect activity

Ceratitis capitata Triatoma infestans

Melaleuca alternifoliaoil Fumigant Sitophilus zeamais
Rosemary,oregano,yarrow, Surface treatment Cockroach
Eucalyptus and mintoils Fumigation
Oregano oil Repellent Supellalongipalpa
Laurus nobilis oll Toxic Rhyzoperthalominica Tribolium castaneum
Lavandulahybrid, Rosmarinus Insecticidal Acathoscelidesbtectugadult)

officinalis, Eucalyptus globulug
oils

Tagetesninutaoils

Toxic, Acaricidal Repellent

Cochliomyia macellaria

Basil oil (eugenol) compound Repellent Mosquitoes
Basil oil (linalool)compound Toxic Bruchid zabrotesnd other storage pests
Zingiber zerumbeoil Repellent Lasiodermaserricorne
Juniperusproceraoil Repellent Anopheles arabiensisn@larial vector)
Verbenone and camphorin Antifeedent Mosquito
eucalyptus oil
Eucalyptus globules oil Toxic A.aegyptiarvae
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Lemon eucalyptus oll Prevent disease West nile virusr{eurological disease or eve
(p-menthane3,8-diol, PMD) death) spread by mosquitoes
a.i.,
CDC (Centre for disease
controland prevention, USA)
recommended
Eucalyptus oils rich iii TOXIC Varroa jacobsonifarasite of honey bee)
CINEOLE
Eucalyptus oll Prevent Tick bites in humans angduce tickborne
infections
Eucalyptus degluptals Repellent Culex quingquefasciatusosquito.
Eugenol,isoeugenol, Antifeedent Red palm weevil
methyleugenol, methyl (rhynchophorusferrugineu)
isoeugenol, coumarin, conifery
aldehyde
Andropogon nardus Repellent Mosquitoes
Citronella oil
Geraniol Attractant Oriental fruit fly
Geraniol, citronellol and Attractant Japanease beetle
citronellal (popillia japonica)

Alkaloids: Alkaloids are most vital group of botanical substances act as an importantingdecticides.

Table 2: List of some alkaloids, their plant origin with mode of action on targeted insect.

Alkaloid Plant Mode of action Targeted insect
Ryanodine Ryania speciosa (woody sten Muscular poision Thrips & worms
pyridine Ricinus communis Toxic Anopheles gambiae
(malaria vector)
Furocoumarin Rutachalepensis (leaves) Larvicidal Larvae of
Quinolone Antifeedant Spodoptera littoralis
cevadine, Schoenocaulon officinale Nerve poision Squash bug
veratridine (seeds)
Alkaloid Pergularia tomentosa Larvicidal Fifth instar larvae
Antifeedant Locusta migratoria
Pipernonaline Piper longum Larvicidal Mosquito
piperidine
Alkaloid Arachis hypogaea Larvicidal Chikungunya and

malaria vectors
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Flavonoids Flavonoids are used to protect plants agahgtophagous insects as botanical insecticides.
flavonoids protect the crops against insect pests by affecting their growth,development,life cycle and
behavior.

Glucosides:Cyanogeniglucosides presented in plant species areconsidered to have an imodetant

plant defense against phytophagous insects.

Table 3: List of some glucosides, their plant origin with mde of action on targeted insect

Glucosides Source plant Mode Target pest
Cardicglycosidal Calotropis procera Anti-larval& adult Hyalommadromedarii
(cardenolide)

Azadiractin Azadirachta indica Anti-larval& adult Hyalommadromedarii
Flavan glycosides Insect growth| Pectinophoragossypiella

inhibitory
Iridoid glycosides Antifeedent L.dispar gypsy moth¥
Cyanogenic glycosides defence Stored products

Pests

Anthraquinones Cassia species Antimalarial Mosquito

Insecticidal
Glycosides A.hypogaea Larvicidal Mosquito

Esters and fatty acids:As all types of botanicals, esters and fatty acids also have insecticidal and
inhibitory properties which proved as a major control mechanism of insect pests.esters are a type of
natural substances or organic compound that is formed by combining an acid and an alcohol.
E.g., allyl cinnamate,ethyl (E,Z),4-decadienoate.
Fatty acids likemethylesters, saturated fatty acids act as repellents and antifeedant against house flies.
Effect of botanical insecticides on insect life

Botanicals affect the development, growth and reproduction of insects invarious ways according
to the physiological chacters of insect and according to nature of naturally occurring substance by
different plant and their mode of action on different life stages and different mechanism by which insect
pests controlled by application of these naturally occurring plant selestam compounds.These act on
insectas;Repellents, Feeding deterrents/antifeedants, toxicants, growth retardents, chemosterilents and
attractants.
Repellents: Repellents are that plant origin substances which induce oriented movement in insects away
from their source by stimulating olfactory (smell) and other receptors.Botanical insecticides are
considered as safe measure applied in pest control because they have low persistency in environment and
|l ess or no residue pr obl eafesfor huméana asavell asforenvitolmes e a
and ecosystem.the activity of repellents on insects based on various factors like the type of repellents
(active ingredients), their formulation and mode of application, instead of these, environmental factors
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(temperature, humidity and wind) and sensitivity of the insects to repellents also affect the efficiency of

repellents.
Table 4 List of somerepellent male of action on targeted insect
Repellent Against (targeted insect)
Citronella oil Mosquito
Pyrethrum Glossina morsitanggetse fly)
Oils of Mentha piperita Tribolium confusum
Corendrum sativum
Essential oils ozanthoxylum spp. Tribolium catenium
Lesiodermaserricorne
Cymbopogoritratesoil Phlebotomus argentipsand fly)

Antifeedants: Botanical antifeedants are that natural plant occurring compounds that inhibit feeding in
insect when applied on foliagfood) withoutimpairing their appetite and gustatory receptors or repelling
them away from food by making thamattractive or unpalabée.

Table 5 List of someantifeedants mode of action on targeted insect

Plant Extract from Targeted insect
Pyrethrum Chrysanthemum cinerarifolium Glossina spp.
(Biting fly)
Azadirachtin Azadirachta indica Desert locust
Phlorizin Apple Non-apple feedingphid
Leptine,tomatine,solanine Solanum plants Leaf hoppers
tannins,saponins flavonoid| leaf extract oKhaya senegalensis Dinoderus porcellus
steroids and alkaloids
1,8-cineol Galangal termites

Insect Growth inhibitors: Botanical's insecticidewhich interfere with the growth, development and
metamorphosis of insedReducingthe weight of larva, pupa and adult stages and increase time of the
development stages. Plant derivatives also reduce the survival rates of larvae and pupae as well as adult
emergence.like azadirachtin and neem seed oil affect the development rate of insects.

Sterility: Sterility can be induced by sterile insect technique (SIT) and chemosterilentsthese are
substances which interferes with reproductive capability of repnwducinsects.Botanical
chemosterilents are originated compounds by plant parts,oilswith reduce insect oviposition, hatching and
pre and post embryonic processes.e.g., diallyl sulfide and diallyl disulfide

Attractants: Botanical compound that causes inseégtmake oriented movements towards their source.
Theyaffect both gustatory (taste) and olfactory(smell) receptors.
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Table 6: List of someattractant made of action on targeted insect

Attractant Plant Targated insect
Isothiocyanates Cruciferous plantgéseed) Pests of cruciferae
Propylmercaptan Onion Onion fly Hylemyaantiqua
Terpenes Barks Bark beetle
Sinigrin Crucifers Cabbage butterflfPieris brassicae
Conclusion

Botanical insecticides arenaturally occurring compounds extracted by plantwbéets have
insecticidal properties and used as best alternative to synthetic toxic chemicals to reduce residue problem
or their negative effect on ndarget livings like humans and animals. Synthetic insecticides are health
hazardous by their persisteratare in environment and nalegradability Botanical pesticides (essential
oils, flavonoids, alkaloids, glycosides, esters and fatty acids) have various chemical properties and modes
of action and effect on insects indifferent ways namely; repellents, dinfge
deterrents/antifeedants,toxicants, growth retardants, chemosterilantsand attractants.This recent era of
farming is shifting to the organic farming so there is a vast scope to use of botanical insecticides instead
of synthetic chemicals. In this wayapit originated botanicals proved as an excellent alternative to
synthetic chemicals.
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Abstract:

Increasing population, urbanization, industrialization and depletion of natural resources, there
needs a paradigm shift in farmers from production to productivity and to profitability. In this current
scenario, the major challenge arising is shrinkagaral,|depletion in water, availability of farm labours,
technical skills and its adoption for some advanced farming technologies in Imdien Horticulture
industry is shifting from traditional cultivation to the advanced technologies. The liberaliaadneg
and the framing of governmentdés farmer friendly
were facing serious challenges for many decadéth the increase in demand for horticulture crops in
India, the horticulture industry always seatew innovative technologies that would guide the farmers to
have more production with less human resource.

Keywords: Natural, technology, crops and cultivation.
Introduction :

Agriculture being the backbone of Indian economy accounts nearly 18% ob#s domestic
product (GDP) and hires half of the countryéds w
agriculture for their livelihood.India stands second in population next to China. Still, faces the challenge
to fulfil the demands of agricultal commodities for itsevegr owi ng popul ati on. I n
Swaminathan gave the concept of green revolution. It made the countsyffieient in achieving the
food production. It is so, because of the introduction of high yielding varietieseaise in cropping
intensity and high input applications like fertilizers and this has posed problems like surface and ground
water pollution, scarcity of water and agriculture pollution. In this context, there is need to convert this
green revolution toan evergreen revolution. With the increasing population, urbanization,
industrialization and depletion of natural resources, there needs a paradigm shift in farmers from
production to productivity and to profitability. In this current scenario, the méjalienge arising is
shrinkage of land, depletion in water, availability of farm labours, technical skills and its adoption for
some advanced farming technologies in Inddian Horticulture industry is shifting from traditional
cultivation to the advanced ec hnol ogi es. The | iberalized econo
farmer friendly policies given an importance to the Indian farmers who were facing serious challenges for
many decades.

With the increase in demand for Horticulture crops in India, ibsiculture industry always
seeks new innovative technologies that would guide the farmers to have more production with less human
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resource. In this chapter, | target to record the most recent, novel findings, innovative techniques and

cultivation practtes in ornamental flower production (open field or greenhouse cultivation) with respect

to irrigation, fertigation, mulching, protected structures and usage of GIS, GPS, remote sensing in

mapping, cataloguing and management of some horticulture crops.

Micr o irrigation

Micro irrigation is a contemporary technique of irrigation in which water is watered on the

surface or subsurface of the ground using drippers, sprinklers, foggers and other emitters.

Potential of micro irrigation

i
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i

Depending upon therop/flower

Savings in water.

High irrigation efficiency.

Increases production and productivity per unit area
Ideal for all soils / Topography

An easy way to undertake Fertigation

Reduces the labor, energy and time requirement

Micro irrigation systems

1.

Sprinkler irrigation : Sprinkler irrigation is a device or system that distributes water for
irrigation. It functions in a pressured manner, much like natural rainfall. This type of irrigation
efficiently distributes water. Furthermore, this provides areim®e in agricultural output. High
pressure sprinklers, sprays, and guns are utilized in this irrigation. They provide the exact amount
of water required for the plant's optimal development.

Spray irrigation: A jet spray may be used to transport water andvidely used. It may be
placed on a lawn or used to irrigate crops on vast farms, and it can move about simply in any
size.

Sub surface irrigation: Water is supplied to plants from below the soil's surface with this
irrigation method. This type of mic#iorigation is both helpful and effective. It simply requires a
small amount of water pressure to function properly. Tubes and pipelines for water distribution
are buried beneath the earth with this method, ensuring that no water is wasted. Water application
can be extremely efficient and consistent depending on the size of the subsurface irrigation
system. By removing surface water stagnation, subsurface irrigation helps to reduce disease and
weeds. A welldesigned subsurface irrigation system may improeeetificiency of water and
fertilizer inputs, resulting in higher agricultural yields of higher quality.

Bubbler irrigation: This system can be installed in areas where there is a significant demand for
water. It distributes water through little streams &mghtains that disperse water at a rate of
around 230 liters per hour. When a big volume of water must be administered in a short period of
time, it is recommended.

Drip irrigation: Drip irrigation is a type of micrirrigation system that has the potanhtio save

water by allowing water to drip slowly to the effective rootzone of plants, either from above the
soil surface or buried below the surface.
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Advantages of drip irrigation
x Increases yield up to 40% and saves water up to 70% compare to figatiainr
x  Maturing of plant is fast
x  Fertilizer use efficiency increases by 30%

x  Water application efficiency is high if managed correctly.

x  Moisture within the root zone can be maintained at field capacity.
x  Weed growth is lessened.

x  Water and fertilizedistribution is highly uniform.

x Labor cost is less than other irrigation methods.

x  Fertigation can easily be included with minimal waste of fertilizers.

Fertigation: Process of application of watsoluble fertilizers through drip irrigation system diredtby

the active root zone of the plant is termed as fertigation.

Benefits of fertigation

1) Increased nutrient use efficiency: When compared to traditional fertilizer application to the sail,
fertigation increases crop nutrient use efficiency.

2) Lesswater pollution: The intensification of agriculture, aided by the use of irrigation water and the
indiscriminate use of fertilizers, has resulted in chemical nutrient contamination of surface and ground
waterways. Fertigation reduces water pollution by aeimg nutrients such as nitrogen (N) and
potassium (K) from agricultural areas.

3) Increased resource conservation: Fertigation saves water, nutrients, energy, labour, and time.

4) More flexibility in agricultural operations: Fertigation allows field opierss to be more flexible.
Nutrients, for example, can be supplied to the soil when crop or soil conditions prevent traditional
equipment from entering the field.

5) Micronutrient delivery: Fertigation allows for the efficient use of compound and-reedgutrient
solutions containing modest quantities of micronutrients, which are otherwise difficult to administer
precisely to the soil when applied alone.
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6) Aids in good weed management: Fertigation aids in the reduction of weeds, especially between crop
rows. Weed management in widely spread crops is possible with the use of plastic mulch and
fertigation through a drip system. However, in order to get the most out of fertigation, caution must be
used in the selection of fertilizer and injection equipmasitivell as in the system's administration and
maintenance.

Table 1: Comparison of Fertilizer Use Efficiency (%)

Nutrients Fertilizer Use Efficiency (%)
Soil application Fertigation
Nitrogen 30-50 95
Phosphorous 20 45
Potassium 50 80

Fertigation methods: Micro Irrigation Systems (MIS) provides application of wadetuble fertilizers
and other chemicals along with irrigation water directly in the root zone and thereby significantly saving
the costly inputs. For injecting liquid feriékrs or chemicals an additional component is needed which is
called a fertilizer injecting system.
Different types of commonly used fertilizer injecting devices are discussed below.
1) Venturi injector method

Venturi injector consists of converging sectitmoat and diverging section. When the flowing
water passes through the constricted throat section, its velocity increases and the pressure reduce, creating
a suction effect. Due to suction, liquid fertilizer enters into the drip system through a tubéh&om
fertilizer tank. To start the venturi system the desired pressure difference between the entrance and exit
gauges is created by using pressure regulating valves to enable the flow of fertilizer into the drip system.
The rate of flow is regulated by @ues of the valves. The venturi system works because of differential
pressure in the system (usually 20 per cent). Venturi injectors come in various sizes and can be operated
under different pressure conditions. Suction capacity (injection rate), hearkeépssed, and working
pressure range will depend on the model.
2) Fertilizer Tank Method (By-Pass System)

A tank is used in this procedure, and the fertilizer solution is poured into it. For each use, the
fertilizer tank should have enough capacity to hible full fertilizer solution necessary for the planted
area. The pressure in the tank and the main line are the same, but a tiny leak in pressure is generated
between the off take and return pipes for the tank by use of a pressure reduction valve.s€kisvaer
from main line to flow through the tank causing dilution and flow of the diluted fertilizer into the
irrigation stream. With this system the concentration of the fertilizer entering the irrigation water charges
continuously with the time, startirat high concentration. As a result, uniformity of fertilizer distribution
can be a problem.
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3) Fertilizer injection pump method

A pump is used to extract the fertilizer stock solution from a storage tank and inject it into the
irrigation system under prag®. These are piston or diaphragm pumps that are powered by the irrigation
system'’s water pressure and whose injection rate is proportionate to the system's water flow. There is a
great degree of control over the fertilizer injection rate, there argyndicant head losses, and running
expenses are minimal. Injection rates may simply be adjusted to get the desired mixing ratio. The solution
is usually pumped from an unpressurized reservoir, and the pump type chosen is determined by the power
source.

The size of the injection pump should accommodate the maximum amount of fertilizer to be
injected at any time during the season. Also, consider that on any given cycle, the fertigation process
should be the completed in less time than is necessary to raegtghtion needs of the crop grown. The
system should flush itself with clean water at least once after injecting the fertilizer solution.

Selection and compatibility of fertilizers

Because liquid fertilizers dissolve quickly in irrigation water, tlag ideal for fertigation.
However, in poor nations like India, liquid fertilizers are scarce and expensive, limiting their usage.
Differential solubility in water, compatibility among various fertilizers, and filtering of undissolved
fertilizer pollutantsare all issues that arise when utilizing granular fertilizers.

Table 2: Nutrient (N-P,Os-K,0) content of common fertilizers suitable for fertigation in their solid
and saturated liquid forms

Nutrient Compound Nutrient content in (N; P,Os; K,0)
Nitrogen Urea 46-0-0
Ammonium Nitrate 33-0-0
Ammonium Sulphate 21-0-0
Phosphorous Mono-ammonium phosphate 12-61-0
Di-Ammonium phosphate 18-46-0
Potassium Potassium chloride 0-0-60
Potassium nitrate 13-0-46
Potassium sulphate 0-0-50
Mono-potassium phosphate 0-52-34

The solubility of various granular fertilizers in water varies, which is further influenced by
irrigation water temperature. If two or more fertiliser solutions are combined together, one or more of the
fertilisers may precipitate if théertilisers are not compatible. As a result, such fertilisers may not be
suited for simultaneous fertigation application and must be administered separately (Patel and Rajput,
2004). When (NSO, and KCI are combined in a tank, for example, the mixta@isbility is greatly
decreased due to the creation gB5K)y. Calcium nitrate with any phosphates or sulphates, magnesium
sulphate with dior moneammonium phosphate, phosphoric acid with iron, zinc, copperand manganese
sulphates and so on are exampliesracceptable mixes.
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Mulching

reasons, including preserving soil moisture, boosting soil ferdility health, limiting weed development,
and improving the aesthetic attractiveness of the region. Mulch material is divided into two types: organic
and inorganic. Organic mulches are made from plant materials such as compost, grass clippings, and so

Mulch is a coating of material that is put to the soil's surface. Mulch is used for a variety of
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Figure 1: Fertigation Fertilizer compatibility Chart

on, wheeas inorganic mulches are made from plastic or other analogous resources.

Benefits of Mulching

i
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Keeps the soil cooler and helps prevent evaporation.

Suppress the Weeds as they do not get the light

Prevent soil erosion

i e e TE T SEEL

Slow down rainwater runff, and incease the amount of water that soaks into the soil.

Organic mulches also improve the condition of the soil by slowly decomposing also becomes a

source of plant nutrients

Organic matter becomes food for the beneficial earthworms and other soHdargarisns in the

soil and creates a very good porous soil.

This improves root growth and increases the infiltration of water

Maintains a soil temperature.

Growth Regulators
PlantGrowth Regulatorare any various synthetic or naturally occurring plant substamat

regulates the growth of the plant at very low concentrations Growth regulators are classified in to

Auxin, Gibberellins(GAs), Cytokinin's,Abscisic acidABA) and Ethylene.
Role of Growth regulators in flower crops

i

u
ii
u

Root initiation

Cell division anccell elongation

Callus formation in Tissue culture

Germination of seeds
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Stimulates the fading of flower colour

Off season flower induction

Retard the growth

Enhances the growth, yield and quality of the flower
U  Extend the vase life/ shelf life of the Wers

Protected cultivation

[T B e B

A greenhouse/ poly house is a framed structure covered with transparent or translucent material
and provide large enough area for cultivation of crops or prorogation under partially or fully controlled
environment.

Potential of poly house
U Provides favorable microclimate condition for the plantCultivation of crop in all season is
possible
Higher yield with better quality
Conserve moisture and thus leads less irrigation
Helps to control pest and diseases
Helps in hardening dflants

[T e S e T e S

Protect the crop from wind, rain, snow, bird, hail, etc.
U Generate employment
Global positioning system (GPS)
V GPS is a Satellite based navigation system used to find out the exact location in the field, to
assess the spatial variability and sipexific application of inputs.
V Originally developed for military operations in the 1980's, but later

made available for civilian use in the mid 1990's. Since then, GPS j
available 24/7.

neededo be fully active, the extras are spares. _

V Set of 24 satellites in earth orbit that send out radio signals that canms

processy ground receiver to determine position of the earth. This allows

every point of the Earth's surface to have a unique address.
Bradford Parkinson

o f GP.

mpl e m

He has been first the chief ar
conception, engineering devel opmen
the title the OFather of GPS6.

GPS System has 3 Segments.
1) Control Segment:Ground station, located around terld that makesure

that satellites are working properly.
2) Space Segment24 satellite are placed in to orbit
3) User SegmentThe GPS receiver used by the community/ man (Ekrdx device)
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How GPS Works

i

Falsecode signals are created in control segment and when the satellite signhals match the false
signals GPS system start working.

Satellitesemit specially coded signals much like FM radio signals. Each satellite transmits its
exact location along with a timedference signal.

These signals travel all the way to earth in about 1/15th of a second.

GPS receivers decode the signals and use them to calculate the distance (range) from the receiver
to each satellite in view.

A process called trilateration is usedc@culate positions on Earth. The GPS receiver needs at
least 4 satellites to determine a 3D position (Lattitude, Longitude and Elevation).

Since the signals travel so fast, even tiny delays caused by tree canopy, buildings, or atmospheric
conditions carnntroduce error in the range calculations.

Geographic information system (GIS)

Geographic Information System (GIS) is a computer system capable of assembling, store,

manipulate, and display GPS collected spatial data in the form of a map.

GIS is also know as brain of precision farming

Functions of GIS

i

a
a
a

DATA capturing: GPS, aerial photography, scanning
DATA Storing: CD, or any hard drives.
DATA Manipulation:

Visualization:
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Dr. Roger Tomlinson (1962) invited the GIS
Component of GIS

U Hardware: Hardware is the physical component of the computer and GIS runs on it. Hardware
may be hard disk, processor, motherboard and so on.

U Software: It provides tool to perform geographic query, run analysis model and display
geographic data in the map form.SGsoftware uses Relation Database Management System
(RDBMS) to store the geographic data.

U Data: Data are the fuel for the GIS and Geographic data are the combination of physical features
and its information which is stored in the tables.

U Peopleuse all dove three components to run a GIS system.

Types of GIS Data
i. Raster Data:Raster data store information of features in cell
pixels.
Each cell contains data.

ex: land cover, elevation. e
ii. Vector Data: There are three types of vector data, points, lmespolygons.

U More closely resemble the real world. Raster / Image

i Vectors models are used to store data which have discrete bounc -
like country borders, land parcels and roads.
Remote sensing
Remote sensing is the process of acquiring information about the Earth's
surface by measuring its reflected and emitted radiation without coming int
direct contact with the object.

Sateltite -w Incident _
Solar Radiation

Reflected
Solar Radiation

Types of remote sensing

1) Passive remotesensing systems which meashyeusing energy that is naturally available.
example: Sun
This can only take place during the time when the sun is illuminating the Earth.
2)Active remoter: provide their own energy source for illumination.
The sensor emits radiation which is directedamthe target to be investigated. The radiation reflected
from that target is detected and measured by the sensor.
Example: LASER, RADAR
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Passive Remote Sensing Active Remote Sensing
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1. The first generation of platforms for instruments generating remotely sensed data from the
surface of the Earth caurised pilotflown aircraft and
2. The second generation consisted of Earthiting satellites.
3. Recent developments in the technology for remotely sensed data from the surface of the Earth is
drones or UAVs (Unmanned Aerial Vehicles), etc.
Table 3: Classification of Drone

Weight Category
<250 ¢ Nano
250g2Kg Micro
2 Kg-25Kg Small

25 Kg-150 Kg Medium
>150 Kg Large

Large

UAS
18,000 ft. = T T W

Small
UAS Crime scene

surveillance

Application of GPS GIS and Remote sensing iHlorticulture
V Crop identification and Acreage estimation
V ldentifying the Planting position and Weed location
V  Soil moisture, fertility level identification and soil sampling collection
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V Identification of pest and diseases

V Mapping and cataloguing of trees

V  Yield mapping
Conclusion

The successful development and implementation of advanced technology in agriculture is still a

far-off possibility in the Indian agriculture/ Horticulture sector because of lack of skill among the
farmers, small land hold andeterogynous cropping pattern. The blooming IT sector and extensive
agriculture research will pave the way for such smart farming concept to revolutionize horticulture
industry in India.
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Abstract:
Regulation of flower has immense practical valllee system by which the flowers are produced
in off season is referred to as O6forcingo. FI owe
methods and chemical methods to produce flowers to match the demands during the desired timings or
fedivals like Christmas, New Year, Easttic The time of peak flowering does not generally coincide
with the time of greatest demand, therefore any method of modifying the flowering sequence to avoid
peak production in particular month and promotion ofenar less continuous and uninterrupted flower
production throughout the year would confer great advantage to the grower as well as consumer. In this
aspect the possibility of altering the time of pruning, use of plant growth regulators and split applicatio
of fertilizers at regular interval may enhance the flower production in off seksoring enables the
flower production during the oeason period when the demand for flowers is generally very @f§h.
season flower induction will enhances the ineoofi the farmers and thus improves their livelihood and
in the consumer point of view flowers is available throughout the year.
Flower forcing/off-season flower induction
The system by which the flowers are produced insofason i s Foranfgée.r rlem ¢
Horticultural point of view, flower forcing is any operation imposedtioa plants, after reaching its
ripenesgo-respond stage, in order to stimulate flowering. The flowering dates or period may be earlier or
later than normal date or period ofle r i n g . Il n 1901, Ni col as Dames
fl oweringo in Hyacinths.
Goals of flower forcing
The goals of such operation are as follows
U Off-Season ProductionCut flowers that are available during their normal season are plentiisl, th
fetching quite a low price. Sometimes, the farmers have to sell their flowers at a loss, otherwise
none can be sold. In some cases, harvested cut flowers that could not be sold were left to spoil.
Some were even left on the plant as it was not pldétéo harvest them. This is a big loss to the
farmers. Thus, it is advisable for the farmers to produce cut flowers during tbeasfin period, to
avoid the loss and to obtain higher prices of the produce, although the inputs may be high.
U SpecificDate Production: Similarly, the demand for cut flowers is quite high during certain
occasions, such as Chri st mas Cel ebration, N e
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advantage if they could produce cut flowers to be available on these occasions.

The objectives/ Importance for flower forcing

The objectives of forcing a plant to flower during-sfason or at certain specific dates are as
follows:

a) To Avoid Surplus of flowers in normal seasonMost of the flowers are produced during their
respective seasons that have favourable conditions suitable for their production. Thus, large quantities are
available and, as a consequence, fetch a low price or ev&aledle.

b) To Avoid Wastage or Spoilage of Flowerstnlike most other products, flowers are perishable
with time. They are either spoiled or left as waste if not used, or sold.

¢) To Avoid Danger of Epidemics:on season production of flower is subject to a numbersect
attacks and disease epidemics due to the presence of favourable climatic conditions for their growth.

d) To Distribute Employment Throughout the Year: flower production requires intensive labour.

During the normal peak season of production, mostréaboare engaged in one job or another- Off
season flower production helps to distribute em
economy.

€ To I ncrease Fdrtmerss 60 blvnicoounse :t hat the far mer 0 s
produds that are on high demand.

f) To Reduce Imports and Balance of Tradel t is the floristsd custo
abroad or other state to satisfy the demands of the customers during certain times of the year when
domestic production is not possible/ea at a much higher price. &€ason flowers, or those produced
at certain specific periods, help to reduce imports and balance of trade.

g) To Satisfy the Customers at the Time of NeedsGenerally speaking, the need for flowers of
the customers is not seaml, but spread allear round depending on certain specific occasions. Off
season flowers, or those produced at certain specific dates, are to satisfy the customers at the time of their
needs.

Table 1: Flowering season of important flowers

S. No Crop Normal season of flowering Off-season

Jasminum sambac

Jasminum grandiflorum
Jasminum auriculatum

Februaryi June
June-September
May - September

July- January
October May
October April

2 Rosa centifolia March October November February
3 Tuberose February October November January
4 Chrysanthemum SeptemberFebruary March August
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Physiology of Flowering

A. Hypothesis of Flowering
Before a plant can flower in response to its environment (particularly temperature and day

length) the organs that detect the environmental change, usually leaves or meristems, must reach a

c
r
f
t

ondition called oéripeness hat reapbeddretdchihmag
espond stageo, and upon exposure to proper sti
or mati on of hypot hetical substances. These S |

emperatoréegendad Dfl stimulated by proper photop

be developed into flower, which bloom sooner or later.

B. Factors Affecting Flowering

a. Temperature: Temperature, especially low temperature, is an important factor for flowering.
Winter wheat, for example, will not flower at all if not exposed to low temperature; likewise,
coloured bracts underneath poinsettia flowers will not turn red or other cdlthesemperature

is high. Temperature is particularly effective in flower initiation of bulbs, especially the type in
which flower primordia are formed during storage after harvest in the summer but before
replanting in the fall. Stored bulbs, e.g., pgliirises, can be accelerated to flower by exposure to
low temperatures (@30C), but a high temperature (20 ta°’GPpre treatment is essential if
flower formation is to occur at all.

b. Photoperiod: This is a cycle of day length within a -P4 period. Flavering of a plant in
response to photoperiod is known as 6dahot ope
long-day, or dayneutral plant. A shoftlay plant is the one in which flowering takes place when
the day length is shorter than a criticalue (any number of hours of day length per day); while
a longday plant is the one in which flowering takes place when the day length is longer than a
critical value. A dayneutral plant is the one in which flowering is not affected by photoperiod.

C. Flowering Behaviour of Plants

(i) All-Year Round: There are two types of plants in this group based on how much the season can
influence, namely:

(i) Little or no seasonal influenced:Flowering occurs all year round with little or no influence of
the season. Exampare roses, marigold, chrysanthemum, and heliconia.

(iii) Great seasonal influencedThe season greatly influences flowering in this type of plant. There
is a time when flowering occurs profusely due to favourable climatic conditions, and at the other
times, ot quite profusely, simply because the weather is not optimum. Examples are jasmine,
Dendrobium orchids, etc.

(iv) Seasonal:These are planting that flower during specific seasons (i-eedson). There are two
types of plants in this category, namely:

(v) Temperature Influenced: These are plants whose flowering is influenced by the temperature,
especially low temperature. Examples are bulbs including amaryllis, tulip, daffodil, narcissus,
etc. which will flower upon exposure to low temperatures.
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(vi) Photoperiodic Influenced: These are plants whose flowering is influenced by the photoperiod.

They are divided into two kinds:

Short-day Plants: These are plants that flower when the day length is shorter than a critical value.
Temperature may have influence on flowering; e.g., poinsettia, in which the bracts will not turn red if the
temperature, is high, although flowers are borne after exptsstort days.

Long-day Plants: These are plants that flower when the day length is longer than a critical value.
Humidity may have influence on flowering; e.g., Siam tulip, in which the initiated flowers will not
develop if the humidity is low.

Method of off-season flower forcing

I) Mechanical Flower Forcing

a)

b)

d)

Pruning: Pruning helps to broaden the C/N ratio, thus stimulating flowering. This can be seen in
the case of bougainvillea in which flowering takes place soon after pruning, with the application
of proper fertilizers and watering. Other flowers, such as roses, also need pruning for flowering
induction.

Leaf Trimming: Leaves may provide inhibitor to flowering, like in the case of jasmine. Thus,
cutting off some leaves or portion of a leaf helps to induce flowering. 3.3.3 Ringing: Ringing
helps to broaden the C/N ration, thus stimulating flowering. This is obvioug inatbe of fruit
trees in which ringing induces flowering and fruiting.

Ringing: Ringing helps to broaden the C/N ration, thus stimulating flowering. This is obvious in
the case of fruit trees in which ringing induces flowering and fruiting.

Accumulat
materials

Low-temperature Storage:Many plants are promoted to flower by low temperature storage.
This can be done by keeping the plants, usually the bulbs or corms, in the refrigerator for a period
of time before they are taken out for planting.

Breaking Dormancy: Seed and buds of some plants are in dormant stage, i.e. no growth at all,
for a period of time. Breaking dormancy can be done by exposure to low temperature, or
treatment with chemicals and gibberellins. The latter, i.e. gibberellins, are more commonly used
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in association with flowering. Applied gibberellins break dormancy of manyreglairing seeds
and induce flowering of many coeléquiring plants.

VRS
. W%

i) Adjusting Factors Affecting Flowering

a) Temperature: For low temperaturgrequiring plants, the temperature can be adjusted by keeping
the plant parts, mostly bulbs or seeds, in the refrigerator or freezer.

b) Photoperiod: Photoperiod can be adjusted either by providing supplementary light from artificial
sources, such as tungsten bulbs and fluorescence lamps, to prolonging the duration of day length,
or keeping the plants in a dark room to shorten the duration of day length. There are two main
aims of adjusting photoperiod:

¢) To induce flowering by giving optimum photoperiod: By providing supplementary light to a
long-day plant to exceed the critical value, flowering will be induced; e.g., peppermint requires at
least 16 hrs of day length to flower, whereas the maximum day length in Thailand is 14.30 hrs;
thus, alittle over 1.30 hrs of supplementary light is needed to induce peppermint to flower in
Thailand.

d) To keep the plant in noninductive cycle so that it will not flower: By providing
supplementary light to a shetty plant to exceed the critical value,wtll not flower, but
remains in the vegetative phase; e.g., chrysanthemum, adstyoptiant, requires 14.30 hrs or
less to flower, whereas the day length in Thailand is less than that, thus it will flowegaall
round even from a small plant, makinghian-productive, and only small flowers are produced.

By providing supplementary light to exceed 14.30 hrs of day length, it will not flower, until such
time that is optimum, light is cut off, and it will flower profusely.

Photoperiodism
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Table 2: Maintenance of photoperiod in chrysanthemum

Growth phase | Weeks from planting Photoperiod

Vegetative Up to 56 weeks from planting tilll Long day: 13 hrs light and 11 hr

phase the plant attains 50 to 60 cm heig| dark

Flowering 5 -6 weeks after vegetative phasg Short day: 10 hrs light and 14
hrs dark

") Chemical Flower Forcing

Four types of chemicals affect flowering, namely fertilizers, plant hormones, ethylene, and other
chemicals.

a) Fertilizers: Certain fertilizers affect the C/N ratio of the plant, which in turn affects flowering.
The broader C/N ratio, i.e., higher C, will induce flowering, while the narrower C/N ratio, i.e., lower C,
will keep the plant in vegetative phase. Adjusting fertilifmrmula can be used to retard or stimulate
flowering.

Retarding flowering: This can be done by providing fertilizers having high amounts of N to the
plant. Watering should also be provided so that N will be readily absorbed by the plant.

Stimulating flowering: This can be done by giving fertilizers having low amounts of N, and
reducing watering. Other chemicals that help to fix N to a bound form can also stimulate flowering.

b) Plant Hormones: There are two main types of plant hormones what affeeefing, namely:

Gibberellins: At least 50 gibberellins have been discovered in fungi and plants. All could properly
be called gibberellic acids, or GA. Gibberellins have the unique ability among plant hormones to
stimulate extensive growth of intact ptanit has been demonstrated that gibberellins can substitute for
the longday requirement in some species, and has an interaction with light. They also overcome the need
some species have for inductive cold period to flower (vernalization). It appeatheh@armation of
flowers caused either by long days or by cold periods might normally depend upon thapbafld
endogenous gibberellins during these periods, because the gibberellin content on some affected plants
increases following these treatments.

Growth retardants: These are a group of synthetic chemicals that inhibit stem elongation and
cause overall stunting. They do so in part because they inhibit gibberellin synthesis. These include:
Phosphon D, Amo1618, CCC or Cycocel, and Ancymidol. Growtardants (e.g., CCC) promote
initiation of floral primordium by reducing endogenous GA level, or antagonizing its inhibitory effect on
floral initiation.

Ethylene: Ethylene has been popularly known to induce flowering in the pineapple. A sprinkle of
acetykne, a precursor of ethylene, on top of the pineapple plant, is quite effective in inducing the
pineapple plant to flower. An ethylemeleasing substance, called ethephon or ethrel, is commercially
available. The induction of flowering in the mangoes #r@dbromeliads by ethylene is unusual, because
the gas inhibits flowering in most other species.
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Other Chemicals: There are a number of other chemicals that are used to induce flowering,
especially of fruit trees. These include the explosive potassium chlorate and its related compound
sodium chlorate, potassium nitrate, thiourea, paclobutrazol (commercially krsowwitar), etc. which,
when applied as soil drench or leaf spray results in flowering of many fruit trees.

Drawbacks of off-season flower forcing

U Lack of information

U Limited research on traditional flowers

U This might affect the yield, quality and fragranaf normal season bearing

U It may affect the economic lifespan of the plant

U Need for the study of plant physiology for-s#ason flower forcing
Conclusion

Forcing enables the flower production during thesafdson period when the demand for flowers

is generally very high. Ofseason flower induction will enhance the income of the farmers and thus,

increases their livelihood. From the consumer point of view, flowers are available throughout the year.

References

Adnan, Y., Atif, R., Salman, A., Muhamma4,, Usman, T., Fariha, J., Muhammad, N and Mansoor,
H.,2013, Effect of different pruning dates on growth and floweringRaéa centifoliaPak. J.

Agri. Sci.,50(4): 605609.

Dhiman, S. R., Gupta, Y. C., Thakur, P., Kashyap, B., Sharma, M and Sharma, K., 2018, Effect of
different blackout materials on offeason flower production of chrysanthemum
(Dendranthema grandiflofalndian J. Agric. Sci.88(4): 601 605.

Muhammad, A. Shoaib, R., Adnan, Y., Atif, R., Usman, T., and Rashid, W., 2012, Different strategies
to create earliness and enhance quality of tubeR®&(thes tuberosal.) cv. Single.Asian J

Pharm. Biol. Res., short communicatienSSN: 22342218.
RanchanaP., Kannan, M. and Jawaharlal, M., 2014, Methods for breaking dormancy and germination
of tuberoseRolianthes tuberogaseedsThe Asian J. Hort 9(2): 334337.
Rao, D and Sushma, K., 2016, Standardization of techniquesrfinwous growth and pretionin
Jasminum sambagnder agro climatic conditions of Telangana state, Indgaic. Sci.Digest.,
36(4): 267271.

Sharma, R and Bora, S., 2016, Effect of dry scale removal of tuberose bulbs for breaking ddrmmancy.
J. of Adv. Biotech. Reg(3): 12111214.

Sobhana, A. 2014 . , Ef fect of bi oregul ator s al
(Jasminum samb@cThe Asian J. Horf 9(1): 1660163.

Sujatha A. S., Sujatha, K and Venugopalan, R., 2009, Influence of pruning time on entizaielg

and quality ofJasminum sambétwers during offseasonindian J. Agric. Sci.79 (12):
857-860.

91



Bhumi Publishing, India

SENSOR BASED IRRIGATION MANAGEMENT IN AGRICULTURE

M.B. Khadadiyal*, L.J. Desad and U.J. Pate¥
1Department of Agronomy, S.D. AgriculturdUniversity, Sadarkrushinagar, Gujarat 385 506
2Centre for Research on IFS, S.D. Agricultural University, @arkrushinagar, Gujarat 385 506
3Department of Agronomy, Navsari Agricultural Univesity, Navsari, Gujarat 396 450
*Corresponding author Email: patelmahesh722@gmail.com

Abstract:

In many sections of the country, rising water demand has created major concerns about the
viability of irrigated agriculture. As a result, understanding crop water demankieig practical concern
for improving irrigation water usage efficiency. Traditional irrigation methods offer superfluous watering
to one area of a field while leaving other portions of the field without irrigation. Changing environmental
circumstances a@ha scarcity of water have necessitated the development of a method to efficiently
manage field irrigation. Nenptimal water use is one of the most serious issues in agriculture.

Introduction :

Agricultural water management is now widely acknowledged aerimus difficulty that is
frequently tied to development concerns. Agricultural activity has deteriorated many freshwater
resources, resulting in ovexploitation, nutrient pollution, and salinization (Thompstral, 2007). To
deal with the water loss problem in conventional irrigation systems including flood irrigation and furrow
irrigation, several irrigation technologies such as drip irrigation, sprinkler irrigation, and so on are used
(Rehmaret al, 2014).

Irrigation water demand is crucial to water resource allocation for the benefit of the economy and
natural ecosystems in the severely watarce area. In order to improve irrigation scheduling, it is
necessary to establish the water requirements of crapa. rAsult, a system for identifying when water
needs to be delivered to the fields is needed. This strategy will relieve farmers of some of their
responsibilities while also supporting them in maintaining ideal soil conditions for greater crop yield. As
a conseguence of technological improvements, it is now possible to design systems that eliminate the
farmer's direct involvement in crop watering.As a result, a novel method of gatheritighieedhta from
the field utilizing a soil moisture sensor has thaential to provide reliable monitoring of soil water
status in agriculture areas. Because the sensor nodes are very inexpensive, they may be used to create
dense population of soil moisture sensors that accurately mimic the intrinsic soil moisiaéityeseen
in each area (Dursenal.,2014). The major goal of this chapter is to evaluate the need for sbased
technology in an autonomous irrigation system that can be utilized to make the most efficient use of
water while also saving the farm@oney, power, and time.

Key principles for improving water productivity
9 Increase the crop's commercial yield for each unit of water it transpires.
1 Reduce all outflows, including evaporative outflows other than crop stomatal transpiration (drainage,
seepge, and percolation).

1 Make more efficient use of rainwater, stored water, anddgoality water.
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Strategies to improve water productivity

1
T
T
T
T

Increasing irrigation application efficiency.
Changing irrigation application methods.
Improving irrigation schedulig

Using sensing system to guide the management.
Moderate, controlled deficit irrigation.

Irrigation scheduling

When to irrigate?

There are three ways to decide when to irrigate

1
1
1

Measure soil water status
Estimate soil water using an accounting approach
Measure the crop stress

How much to irrigate?

There are some relations to decide how much to irrigate

1
1
1
1

Net irrigation requirement
Gross irrigation requirement
Irrigation interval

Irrigation period

Advantages of irrigation scheduling

Irrigation scheduling offers several advantages:

T

=A =4 =4 =4 =

It enables the farmer to schedule water rotation among the various fields to minimize crop water
stress and maximize yields.

It reduces the farmer's cost of water and labour as it minimizes the numbégabibins.

It saves money on fertilizer by reducing surface runoff and deep percolation (leaching).

It improves agricultural yields and quality, resulting in higher net returns.

It reduces drainage requirements, decreasing »@jging issues.

It increasegeturns by using "saved" water to irrigate re@sh crops that would otherwise go
unirrigated during water shortages.

Obijectives of irrigation scheduling

)l
T
T
T

To maximize yield

To conserve water

To reduce nutrient leaching

To enhance water application efficagn

Sensorbased irrigation scheduling

1

There are a number of sensor systems now available that provide valuable information on when a
field is ready to be irrigated.
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1

1

Wireless data transmission and improved software interfaces are now making these sensors
practical for farm use.

An affordable way to gain experience with seAsased scheduling is to monitor a field for a
season and review the data over the winter & sy your irrigation decisions matched the
sensor readings.

The main methods of irrigation scheduling

There are three main methods of irrigation scheduling:

Soil-based methods.

Plantbased methods.

Climatebased methods.

The climatebased method,l@ng with its accompanying computer programs orifiilcharts, is

usually what comes to mind when the term irrigation scheduling is mentioned. The other two methods are

both sensebased methods, employing sensors that make immediate contact with thisoplan

environment. Since they are a more direct approach to answering the question of when to turn on the

water.

Soil-based methods of irrigation scheduling

T

T

Soil-based scheduling methods rely on sensors that monitor the moisture level in the soil at
appr@riate locations and depths.

As a plant uses water, the root zone soil moisture reservoir is depleted. Many devices are
available that can measure the amount of remaining water in the soil.

When sensors indicate that remaining soil moisture level reactritically low value, irrigation

is applied. To a lesser degree, sensors can also indicate when irrigation has restored the moisture
to the desired level, in which case, the irrigation system is shut off.

The procedures often used to employ soil moister sensing devices for irrigation scheduling

include:

1.
2.
3.

N oo o &

Determine the irrigation application amount to apply.

Determine which type of sensor to use.

Decide whether to collect sensor data manually or involve automation. There are two levels of
aubmation. One, the sensors automatically turn the irrigation system on (and possibly off) and
two, only data is collected automatically (through haidng or telemetric signal) but the
irrigation is turned on/off independently of sensor readings.

Decide at what depths to install the sensors and at how many locations in the field.
Determine the sensor value which will serve
Decide how often sensor measurements will be taken.

Convert numericatlata into graphical representations.
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Overall system design for ET and soil sensor based irrigation

Types of soil moisture measuring devices

1 A great variety of SMS devices are currently available. Only those that is suitable for irrigation
scheduling.

1 These devices include tensiometers, resistance devices (gypsum and granular matrix blocks),
neutron probes, and sensors that measure dielectric constant.

Placement of moisture sensing devices

9 Other than the sensors that use access tubes, the SMS dinsceabed above only measure
water content at their specific location.

9 Itis important that enough sensors are installed in the irrigated area and at enough soil depths to
determine overall water status. Furthermore, it is important that installatidre cfensors and
future collecting of data does not influence subsequent measurements.

How many depths to monitor

9 Irrigation managers need to have enough depths monitored to allow good irrigation decisions be
made.

1 Researchers may wish to monitor morettiegn the soil profile, but schedulers need not over
burden themselves by installing sensors at too many depths. Usually scheduling objectives can be
met with three, two, or even one depth per location. (Devices using access tubes, like a neutron
probe, @n collect readings at humerous depths and are only limited by how deep the access
hole/tube is).

What locations to monitor?

Mul ti ple sensors at various depths, but at a
no matter what size, shoulthve at least two stations to account for possible irrigation system non
uniformity. Due to the poor distribution uniformity often found in flood irrigation, at least three or four
stations may be called for.

Installation of Soil Moisture Sensors

The nstallation of sensors should not drastically disturb the surrounding soil. If so, it may affect
normal rooting and/or water movement, especially if a hardpan exists and the installation process were to
break through the pan.When possible, it is best ¢talihsoil moisture sensors in undisturbed soil. For
example, a pit could be excavated and TDR sensors could be installed in the undisturbed pit walls.
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Using soil moisture data

The neutron probe and some TDR devices are capable of giving moisture readings in volumetric
water units (for example a reading of 20% by volume = 0.20 inches of water/inch of soil depth).

Thus, the irrigation application depth needed to be applied eadily be determined by
subtracting the current root zone moisture status from the corresponding status at field capacity, a soil
moisture condition occurring one to three days after a substantial irrigation or rain event. However, many
SMS devices use usi of measurement other than water volume, such as soil tension or an arbitrary
numeric scale. These sensor manufacturers may provide literature to help convert their sensor values to
another form of soil water content.

Remote data collection

ContinuousSMS data collection with data loggers can provide new insight into crop water use
patterns.Another technology that has emerged over the last few years involves incorporating telemetry
into automatic data logging. This technology will continue to growasdsts for it declines.

Role of sensors in irrigation scheduling

A sensor that will sense the moisture level in the land (sand) is called soil moisture sensor.For
determining the soil moisture content (in volumetric and gravimetric forms), variousigeel can be
employed, which can be categorized into (i) classical and (ii) modern techniques for both the laboratory
and in situ measurements. The classical soil moisture measurement techniques include thermo
gravimetric, calcium carbide neutron scatigri gypsum block and tensiometer methods. While the
modern techniques utilize soil resistivity sensor, tensiometers, infrared moisture balance and dielectric
techniques like Time Domain Reflectometry (TDR), Frequency Domain Reflectometry (FDR)
capacitancdechnique, heat flux soil moisture sensors, ma&extro mechanical systems and optical
techniques (Lekshrat al., 2014). Estimation of water content based on sensor measurements provide real
time, in situ measurements at a relatively affordable cost.n8msture sensors potentially provide the
means to irrigate in accordance with the unique characteristics of a given crop in a given field.

These sensors canalbeneusedneashoad, AAstdrmeir use ¢
method, or they cabe used to complement irrigation management based on experience (Thempson

al., 2007).A conceptual system layout of distributedfiéld Wireless Sensor Network (WSN) is
illustrated in Figure. The system .deemglesiare sngart ov er
devices that are used to collect the applicatinanted data requirements.

g
Tellular

Sensor Node

Figure 2: Application of sensor network in fieldSource: (Sherinet al.,2013)
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A sensor network performs three basic functions: (i) Sensing (i) Communication and (iii)
Computation by using hardware, software and algorithm. The nodes perform several roles. The
distributed nodes that collect the information are called source node thkilnode that gathers the
information from all source node is called the sink node or the gateway node. The sink node could have
relatively high computing power. A source node also works as a routing node due to the requirement of
multi hop routing. Exteal memory is an optional module that could be needed in case of data storage
requirement for local decision making. Thefigld sensors monitor the field conditions of soil moisture,
soil temperature, and air temperature.AHlfigld sensory data are wlessly transmitted to the base
station. The base station processes thiield sensory data through a udgendly decisioamaking
program and sends control commands to the irrigation control station (Redtnan 2014).In this
system farmers can gigte real time information (ex. soil moisture and crop growth) of their farmland by
android app or through automatic SMS facility, for better crop management practices. Using this
information, the farmers could be advised that when and how much to irrigate

Type of sensors used in irrigation
scheduling

Soil water sensors Crop sensors
Soil water content Soil water tension @
L3 1)Iinfrared
1) Neutron 1)Tensiometers thermo
pr_'obe } 2)Gypsum couples
2) Time domain Blocks(Electr 2)Sap flow
reflect:ometg_g ical Sensors
3) Capacitance resistance 3)Dendrometers
sensors blocks)

Types of Measurements

There are three different physical properties measured by sensors often used to determine when
to irrigate:

Soil matric potential is a measure of how tightly water is bound to th¢hsoligher the matric
potential the moravater stresses the plant is under. Sensors that measure matric potential include:
tensi ometers (Figure) and electronic sensors, suU

Figure 3: A tensiometer installed in a cotton row
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Volumetric moisture content is a measure of the volume of water per volume of soil. There are
several types of sensors that measure this property including capacitance sensors, time domain
reflectometry (TDR) sensors, and neutron probes.Canopy tempdsatuneeasure of the temperature of
the surface temperature of the leaves. Transpiration cools the leaves; and, as water stress increases,
transpiration decreases, so the canopy becomes warmer. Canopy temperature can be measured by
carefully placing thermamples directly on the leaves, but it is most commonly measured with an
infrared thermometer.

Tensiometers
Principle: A partial vaccum is created in a closed chamber when water moves out through a porous

ceramic cup to the surrounding soil.

Vacuum gauge/ l Soil tension generates
/ vacuum here

Tube

Neutron Probe

High energy is lost iIn
neutron collision with atoms
having low atomic weight
like hydrogen atoms.

Americum 241
& Beryllium

neutrons
=

Slow
neutrons

Time Domain Reflectometer (TDR)

Dielectric constant of soil is the function of content of moisture present in the soil. Travelling
time of an EM wave changes as velocity of travelling wave is affected by the dielectric constant of soil.
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Frequency Domain Reflectometry (Capacitance Sensors)
Principle: The electrical capacitance of a capacitor that uses the soil as a dielectric depends on the soail
water content.
When connecting this capacitor together with an oscillator to form an el&ctiocuit, changes
in the circuit operating frequency detects the changes in soil moisture.

Electrical resistance blocks
Principle: Change in moisture content of a soil produces a change in electrical conductivity in a porous
block placed in a soilwo electrodes embedded in it.

Infrared thermocouples

It is a sensor which measures leaf temperature. When it is compared to air temperature, it is used
to predict the health status and transpiration activity of the plant. It works based-air teafiperature
differential condition.
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Dendrometers

These sensors measure daily shrinkage/swelling and radial growth of the stem, and are
successfully used to detect stress condition.

Control plant
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Sap flow sensors
Sap flow sensors are used to quantify whole plaater use and dynamic plant water transport in
treesandcrops. By knowing planivater use and plant water transport, we can schedule irrigation.

Sensor type Advantages Disadvantages

Neutron probe Accurate, repeatable, samples| Needs field calibration, Radiatig
large relative area, one sensor | hazard
all sites& depths

Time domain reflectomete| Calibration curve is unaffected b It samples small area
soil texture, salinity, BD an
temperature, less expensive

Frequency domail Easy to set up and to transmit t| Highly affected by soil condition
reflectometer data immediately next to the senso
high variability, more expensive

Tensiometers Simple, easy, quick &accurate Maintenance issue, High cost, or
determination in the field, usefi useful on sandy soil

for crops requires frequel
irrigation at low tensions

Gypsum blocks Inexpensive, repeated measurem( Highly  variable output, very
sensitivity to electrolytes, poo
relation between soil water conte
and block readings, sensitive

temperature and salinity
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Conclusion

From ongoing discussion, it can be concluded that rising population increases pressure on limited
water resources are forcing us to think about viable options about irrigation scheduling. Scheduling water
application based on sensor readings are effettiveater saving without affecting yield. Sensor based
automated irrigation system can save more water than conventional manual system. Besides increasing

WUE and water productivity it can also be used for higher water application efficiency.
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Abstract:

Carbon sequestration is theocess of capturing and storing carbon dioxide in the atmosphere for
lengthy periods of time in order to reduce global warming and avert hazardous climate change
conseqguences. To put it another way, it's the process of taking carbon from the atmosphenéngnit
in a reservoir. Carbon pools are another name for carbon storages or reservoirs. A carbon pool is a system
or process that has the ability to store or release carbon. It might be natural or caused by humans. Forest
biomass, wood products, smiland the atmosphere are all examples. A forest's carbon pools contain a
complex mix of live and dead organic materials, as well as minerals. Carbon dioxide is stored in
geological carbon pools caused by humans.

Keywords: Sequestration, carbon dioxide,g®and atmosphere.
Introduction :

Human actions are causing the Earth to become warmer than it has ever been. As a result of
human activities disrupting the natural carbon cycle, the greenhouse effect and global warming have
emerged. When fossil fuels abeirned for transportation, heating, cooking, power, and industry, more
carbon is released into the atmosphere than is naturally absorbed. In the end, we are increasing the
amount of carbon in the atmosphere. As a result, global warming and climate ahauhgeoming more
prevalent. The terms "global warming" and "climate change" allude to a rise in world average
temperatures. Natural occurrences and human activity are thought to be contributing to rising world
average temperatures.Climate change is adwddle threat that requires immediate action on the part of
the international community. Climate change and its consequences will have an influence on all
countries, particularly emerging countries. The average temperature of the world has risen by 1.4°F
(0.72°C) during the past century, according to temperature as a climate change indicator. Over the
following century, it is expected to climb another 2 to 11.5 degrees Fahrenheit (NCAR, 2014).

The use of forest is also a financially viable techniquestiuce emission from atmosphere. It
could also bring significant benefits to the local communities involved and consequently helps in
reducing poverty at the same time. Forestry projects can bring social, economic and local environmental
benefits to millims of people (Dhanwangt al., 2014).

Challenges in Indian agriculture

Depleting soil organic matter Loss of organic matter also occurs because erosion washes away topsoil
and humus. Overall, cropping returns less organic matter to the soil than deesegetation. Roots are

a great contributor to soil organic matter.
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Imbalance in fertilizer use- The widely held belief in India is that balanced fertiliser use necessitates the
use of three primary plant nutrients, namely nitrogen, phosphorous, assipot, in the ratio of 4:2:1,
and that any variation from this standard will limit agricultural production increase.
Emerging multi-nutrients deficiencies Deficiencies are actually relative and a deficiency of nutrient
may be related to an excessive ditgrof another. For example, Mn deficiency may be induced by
adding large quantities of Fe, provide that soil Mn is marginally deficient.
Declining nutrient use efficiency The efficiency with which plants consume available mineral nutrients
is referred & as nutrient utilization efficiency. It may be defined as the amount of biomass produced per
unit of input (fertilizer, nutrient content). Day by day, the efficiency of nutrient utilization diminishes.
Declining crop response ratie The decliningfertilizer response ratio is an indicator of declining
responsiveness of soil fertility to fertilizer application. According to Department of fertilizers, the
declining fertilizer response ratio in Indian agriculture is due to inadequacy and imbalaeddinerf
use and increasing muftutrient deficiency.
Negative soil nutrient balance A nutrient deficiency (negative value) shows that soil fertility is
deteriorating. The nutrient balance is the difference between the nutrient inputs (mostly anioral man
and fertilizers) and the nutrient outputs (mostly water) in an agricultural system (the uptake of nutrients
for crop production and pasture management).
Stagnation in food grain productivity- Agriculture stagnation is described as a condition in wttieh
agriculture sector experiences poor growth, production, and productivity. Factors like as farming
primarily for selfconsumption, a lack of sufficient irrigation, and a lack of utilizations of modern
technologies, among others, define such a situafibe. main causes of this standstill in food grain
output include decreased soil fertility as a consequence of excessive fertilizer usage, pesticide use,
intensive farming, and other factors, all of which result in poorer yields in subsequent years.
Climate Change and its Impact
Global Warming- Surface of earth is warmth from sun heats. Earth absorbs most of sun energy but
reflects back some energy in the form of infrared radiation. Green house gage€SL;@FC and NO)
are present in atmosphere, traristne infrared radiation and reflected back to the earth. This reflected
energy falls on the earth surface and keeps it warmer. This is called global warming and greenhouse
effect.
Greenhouse Effectin greenhouse effect solar radiation passes through |#ae atmosphere. Most
radiation is absorbed by the earthds surface an
and the atmosphere. Some infrared light is absorbed amahiteed in all directions by greenhouse gas
molecules, while othersavel through the atmosphere. This has the effect of warming the earth's surface
and lower atmosphere.
Major greenhouse gases

CO,- 76%

CH,- 13%

N,O- 6%

Flurocarbons5%
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Source of greenhouse gaseb developed countries: Emission from automobiles fatbries contains
CFCs. In developing countries: Deforestation causes rise jiHe®€l, methane gas from paddy field and
livestock and nitrous oxide from N base fertilizer.
Agriculturebs contribution to greenhouse gas emi
Agricultural emissions as %f total anthropogenic sources
CO,- 15%, CH- 49% and NO- 66%
Expected changes in agricultural emissions in 2030
CO,- Stable or declining, CHFrom rice stable or declining and from livestock 60% increases and
N.O- 35-60% increases.
Effects of Climate Change
A Effects of global warming will not be uniform throughout the globe
Temperatures are predicted to rise more at the poles and less in the tropics
Global Precipitation will increase and weather patterns will change
Melting of polar ice which will lead to sea level rise

To Do Do o

Warming of the oceans could lead to an increase in the frequency and intensity of hurricanes and
tropical storms

Water levels in the great lakes are expected to di&fieét

New areas could potentially be open to agriculture

o Do o

CO; has a fertilizing effect on crops
A Increase in hurricane precipitation could lead to drought relief in east coast
Impact of climate change on soil health
Increased greenhouse gas in the atmosphere
- Increased temperature
- Greater evaptranspiration
- Soil water deficit
- Increased salinization
- More mineralization
Possible Solutions
- There are many different ways to help reduce the effect of greenhouse gases and limit global
warming.
- Mitigation- Reducing the @ancentration of greenhouse gases by either eliminating their sources or
creating more sinks.
- Adaptation Consists of Initiatives and measures to reduce the vulnerability of natural and human
systems against actual or expected climate change effects.
One Sdution: Soil Carbon Sequestration
Carbon sequestration in the agricultural sector refers to the capacity of agricultural lands and forests to
remove carbon dioxide from the atmosphere.
Necessity
- Cin excess amount in atmosphere is dangerous
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V Causes globakarming
V May causes productivity losses in agriculture
- Cin excess amount in soil is beneficial
V Improves soil quality & crop productivity
V Mitigates global warming
Hence carbon sequestration is important.
Carbon sequestration
Removingcarbon frorthe atmosphere and depositing it in a reservoir.
Three major ways:
I.  Oceanic carbon sequestration
II.  Geological carbon sequestration
lll.  Terrestrial or biological carbon sequestration
a) soil carbon sequestration
b) Forest carbon sequestration
Ocean Sequestration
Carbon is stored in the ocean through two natural pumps: solubility and biological, and there are
similar manmade mechanisms, such as direct injection and ocean fertilisation. With or without human
action, balance between the ocean and the atmosphéeveritually be established, with 80 percent of
carbon remaining in the ocean. Whether the carbon is put into the atmosphere or the ocean, the same
equilibrium will be reached. The purpose of ocean sequestration is to accelerate the natural process."
Captue, separation, transport, and injection of ,Citom land or tankers are all part of carbon
sequestration by direct injection into the deep ocean. The ocean already absorbs 1/3 gfréheaSen
in a year. The ocean has 50 times as much carbon as tspasre.
Geological Sequestration
CO; is stored underground in rock formations that may hold significant volumes ofd€O
lengthy periods of time. confined to tiny pore spaces (have held oil and nat. gas for millions of years)
Terrestrial carbon sequestration
The natural absorption of CO2 from the atmosphere through photosynthesis and storage of
carbon in biomass and soils. Tropical deforestation accounts for 20% of global CO2 emissions each year,
but forests and crops absorb CO2 from the atmergphe rate of carbon sequestration varies depending
on the tree species, soil type, area climate, terrain, and management method.
Soil carbon sequestration
Soil carbon sequestration is the process of transporting carbon from the atmosphere into the soi
via plant leftovers, where it is stored for a long time. Carbon dioxide is transferred from the atmosphere
into the soil via crop wastes and other organic substances in a form that is not reemitted promptly.
Natural carbon sequestration
Cseqnatural plaes include natural grasslands, wetlands, organic soils, and even ligtansep
fires may retain large quantities of C. Natural environmental conditions that encourage carbon
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sequestration. Because of slow oxidation rates, soils in chilly areas whitimbigture content retain a lot

of carbon.

Benefits of adding Carbon for soil and plants

OM increases soil aggregation

Reduces soil erosion

Increases plant available water

Decreases mechanical impedance

Decreases bulk density over time

Increases CEC artuliffer capacity

Can increase crop yields over time

Keeps nutrients in the soil instead of running off or leaching

Methods of carbon sequestration in agriculture

a)

b)

d)

Conservation agriculture

Minimal soil disturbance

Residue retention

Minimal soil compaction.

Cropping sequences

Crop rotation

Agro forestry in carbon sequestrationDirect role: Carbon sequestration rates ranging from1.5
to 3.5 Mg C h&'yr'*in agroforestry systems

Indirect role: Agroforestry has also some indirect effects on C sequestrationitsiredps to
reduce pressure on natural forests

Neem + Cowpea

Guava + stylo

Mango + Greengram

Leucaena + sunhemp

Sequestration by AM fungi

Biochar application

Forest management practicesTree plantings have the advantage of accumulating carbon in
perennal biomass of abovend belowground growth, as well as in soil organic matter.

Organic farming in carbon sequestration

Carbon sequestration via plant roots. Regenerative organic agriculture's capacity olages

carbon sink

Organically enAnced healthy soil contains large amounts of complex orgaréomponents

that aren't easily water soluble but create tiny holes that allovergamic  soils handle water
better.

€)

Green manure
Non-legumes: supply OM
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Legumes Both OM and fix N
- Legumes add 230 Ibs N/ac
Advantages of green manure crops
- Positive impact on soil's physical and chemical qualities.
- Maintain the soil's organic matter and carbon balance.
- The soil microbial community uses it as a sourcenotifand energy.
- The activities of soil organisms were increased.
- Aeration is improved.
- Improve the structure and tilth of the soil.
F)Improved grassland management Accelerated soil erosion, compaction, dryness, and salinization
can all contribute to persistent grassland degradation. Grassland quality should increase as a result of
carbon sequestration strategies in the soil. Restoration strategies should include:
- Increasing soil cover
- Improving soil structure to reduce water flow and erosion.
g) Biochar- carbonrich solid a byproduct of lowtemperature pyrolysis of biomass also known as
charcoal, biomass derived black carbon, Agrichar. formed under compledetiat exclusion of oxygen
at low temperatures between about 400 and 500°C.
Benefits of carbon sequestration
- Affecting thermal characteristics
- Improving structure stability
- Increasing plant accessible water
- Reducing soil erosion
- Helps to pevent global warming by storing and cycling nutrients
- Contributes to cation exchange capacity
- Maintains biological activity, variety and productivity
- Increases agronomic productivity and adds sustainability to the agricultural system
- Reduces amospheric C@Qconcentrations.
Constraints of carbon sequestration
- Removal of crop residues
- Conventional tillage
- Long term effect
- Increased demographic pressure on natural resources
- Lack of awareness about soil health
Terminology/definitions
Carbonmarket: virtual financial place where people buy and sell carbon credits.
Carbon creditcarbons credits are like certificates that represents a reduction of GHG in atmosphere.
One carbon credit= one tones of £O
Carboncredit givesyou a license to palte.
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Carbon offset using carbon credits to balance the total emissions that result from a defined activity
measured in carbon dioxide equivalent (€O
Carbon finance- carbon finance means to find the lowest emission reduction possibilities.
Carbons Footprints | t i s defined as Aithe total sets of
organization, event, product or person.
Carbon tax- it is usually defined as a tax based on greenhouse gas generated from burning fuels. it put a
price on each tonne of GH&nitted, resulting in reduced emissions of GHG.
Carbon Farming- Carbon farming is simple farming in a way that reduces GHG or capture and holds
carbon in vegetation and soils.
CDM- The clean development mechanism allows a country with an emission reduadienthe Kyoto
protocol to implement an emission reduction project in developing countries.
Conclusion

Carbon is primarily added to the soil through plant residue and is primarily removed thropugh CO
respiration and the burning of fossil fuels. The addition of carbon to the soil improves many physical soll
properties and is beneficial to plant growth.Carbon accumulation in agricultural soils can be accelerated
by no till farming practices, planting oger crops, rotating crops, and other conservation
practices.Agricultural practices that remove carbon from the soil include tilling agricultural fields,
leaving land fallow after harvest, and under fertilizing fields.Carbon sequestration is viable inption
offsetting the abundance of carbon that has been released into the atmosphere by human activity and
there are many tools that can be accessed that provide both soil and forest carbon sequestration.
Future thrust:

Increase the research focus on ideimifythe best management practices that enhance the carbon
potential of soil under different Agrecological region of the country

Increase the research and development support for innovative technologies to accelerate total C
sequestration in cropping $gm

Develops and promotes regional and state specific approach to enhance soil C stocks

Policy on minimum tillage and conservation agriculture is needed to be developed for major soil

groups of India and promoted to adopt
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Abstract:

The increase in productivity with adoption of advanced technologies also increases the use of
chemical fertilizers and pesticides causing serious damage to environment and health. Till today,
chemical fertilizers and pesticides are mostly in use for atitm of horticulture crops leads to the
deterioration of soil characteristics and fertility and might leads to the accumulation of heavy metals in
plant tissues, affecting the nutritional val ue
and without chemicals. Subhash Palekar, the discoverer of Zero budget natural farming (ZBNF), gave
many theories, principles and methods of ZBNF.Zero budget farmers use mulching, soil protection
techniques, natural pesticides and fertilizers. The principéthadls of ZBNF include crop rotation, green
manures, compost, biological pest controland mechanical cultivation. There are, most popular, 4 pillars of
zero budget natural farminge.jivamrita (microbial culture), bijamrita (seed treatment), achhadana
(Mulching) and whapasa (the condition where there exist both air molecules and water molecules present
in the soil) and also gave the formulae for pest management, which he named, the agniastra, the
brahmastra and the neemastra.

Keywords: Natural farming, crps, manures and management
Introduction :

Agriculture in India has witnessed several t
technologyled intensification of agriculture transformed India from food scarce country to food surplus.
However, it &0 led to adverse impacts like, soil degradation, biodiversity losses, rising cost of
cultivation, etc. Rising application of chemical fertilizers and pesticides with stagnating/ declining crop
productivity dovetailed with uncertain market conditions aliinate change effect resulted into
unremunerated agriculture. Consequently, large number of farmers falling into debt trap and distress in
farming sector became pervasive. In due course, organic farming started gaining importance. The demand
for organic bod products is on constant rise wendle. India exported organic products worth $ 515
million in 201718, about 40% higher than previous year. Currently, 1.78 million hectares of cultivated
area is estimated to be under organic farming in India. Thaegi,high price of organic food products
vis-a-vis conventional food makes it inaccessible to-losome population. On the other hand, need of
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large quantity of FYM/organic fertilizers and costly certification process make it impossible for
smallholder &rmers to adopt it.
Highlights of Economic survey 20120 Agriculture and food production
U The annual growth rate in real terms in agriculture and its allied sectors was 2.88 per cent from
201415 to 201819, according to the Survey, the estimated groath in 20120 is 2.9 per cent
U Agricultural and allied fields productivity was impacted by inefficient irrigation systems and
degradation of soils due to improper use of chemical fertilizers
U Economic Survey Report 2020 emphasized the importarsgstdinable agricultural practices
to support small and margi nal farmers, who c
Need of the hour
U Advancement towards sustainability
U Restricting the use of harmful chemicals
U Quality and poison free food
U Less expense farmg
U Farming with the harmony of nature
Natural Farming
Natural farming (NF) is purported to be a disruptive farm practices addressing major concerns of
farmers of rising cost of production. It basically envisages ecological or regenerative agriculture
appoaches under which application of any kind of chemicals to soil biosystems are prohibited. It relies
more on soil biology than soil chemistry by encouraging ruutipping, rouneheyear soil cover,
addition of formulation made up of cow dung and uriteesigger the microorganisms in the soil system.
The Economic Survey (2019) categorized the alternative farming practices like natural farming or ZBNF
as one of the organic farming models. It also highlights that the main aim of ZBNF is eliminatioa-of agr
chemical and to sustain agricultural production with-gmmdly processes in tune with nature. Through
ZBNF, soil fertility & soil organic matter is restored, less water is required, and it promotes ¢limate
friendly agriculture system.
History
MasanobuFukuoka (19132008)
(Author, Philosopher and Japanese farmer)
U A father of moderrday natural farming, worked on methods based on his own unique theories,
insights and philosophy
U Masanobu Fukuoka -Sitm alwi Rebobkt i ¢ Odpencipletiofc at es
natural farming
Minimum cultivation
No chemical fertilizer or prepared compost
No dependence on chemicals

To To o o

No weeding by tillage or herbicide
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Shri ShubhashPalekar
A Indian natural farming movement centered on its founder Shri. Subhash Pé&ekar
Amaravathi, Maharashtra. Persued B.Sc. Agriculture degree from College of Agriculture, Nagpur
A Worked with tribals farmers of Melghat
A Initially did conventional farming upto 1985 but switched to Natural Farming
A Conducted 154 seffnanced projects fim 19852000
Principles of natural farming
V Natural inputs Toxic free freely available resources in nature
V Low-inputs No use of chemicals and fertilizers, promotes natural catalyst of biological processes
in the soil and natural protection from diseases
V  Mulching- Soil protection, creates conductive environment for biological processes in the soll
V  Multiple cropping Minimizes the risk of crop failure, continuity of income source
Four Pillars of natural farming
1. Beejamrutha/Panchgavya (Organic Seed treatment)
2. Jeevamrutha/
3. Acchadan(Mulching)
4. Whapasa(Moisture and air)
Practices
1) Organic seed treatments
1 Beejamrutha/ Panchagavya
2) Nutrient replenishment using organic formulations
9 Liquid Jeevamrutha, Ghanajeevamrutha and Beejamrutha
3) Mulching with organic materials
9 Live mulches and nehive mulches
4) Proper maintenance of soil moisture and airWaphasa
5) Conservation horticulture practices
T Minimum tillage, cover crops and intercrops
6) Multiple cropping
T Intercropping, Mixed cropping, Multi storey cropgin
7) Pest and disease management using cow and natural plardased preparations and extracts
1 Plant based AsthrafNeemasthra, Agni asthra, Brahmasthra, Dashaparni)
1) Organic seed treatmentsBeejamrutha
Ingredients used and procedure
0 Local cow dung, cowrine, lime and soil
U The dung is tied in a cloth and is kept in urine for about 12 hours
U The dung is removed from cow urine, cow dung is squeezed and urine is added with about 50
grams of lime
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Importance
U Naturally occurring beneficial microorganisms &wand in cow dung. These microorganisms are
cultured in the form of beejamrutha and applied to the seeds/ cuttings as inoculum
U It is reported that seed treatment with beejamrutha protects the crop from harmful soil borne
pathogens and also helpful in duxing IAA and GA (Sawanttet al, 2007)
2) Nutrient replenishment using organic formulations
All the nutrients required for plant growth and development are already present in the soil but
they are in unavailable form. Several microorganisms presesuilirhelps in converting un available
form in to available form. Organic formulations like jeevamrutha, ghanajeevamrutha are enriched with
several beneficial microrganisms when added in to the soil helps in further multiplication of beneficial
microbesn the soil.
Preparation of Jeevamrutha
Ingredients used
U 200litres of water in a barrel
10 Kg fresh local cow dung
5 to 10 liters aged cow urine
2 Kg of jaggery

[ e B e B o

2 Kg of pulses flour
U Handful of soil from the bund
Importance
V Soil is saturated withll the nutrients, but these are in the nawailable form to the roots of the
plants
V Beneficial micreorganisms in Jeevamrut convert the nutrients in-analable form into
dissolved form, when it is inoculated to the soil
V Jeevamrutha is either spraygatinkled on the crop field or added to the irrigation tank in regular
interval of 15
Preparation of Ghanajeevamrutha
Ingredients used
U Fresh desi cowdung00 kg
0 Desi cow urine
U Organic jaggery 2 kg (per every 100 kg of fresh cowdung)
U Pulse four 2 kg (pe every 100 kg of fresh cowdung)
U Handful of undisturbed bund soll
Importance
U A solid form of Jeevamarutha which is prepared in areas where the water availability is scarce.
Microbes present in dormant state get activated when added to the soil.
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Table 1: Microbial population of beejamrutha between 1 to 7 days after preparation(Devakumar

et al.,2013)
Microbial populations (CFU"s*)
Days after
Yreuacation Bacteria Fungi Actinomycetes N-fixers P-solubilisers
(105 (10%) (107 (104) (104
1 623 22 2 71 =¥
2 435 11 2 40 42
3 371 11 1 39 34
4 250 9 2 39 34
5 208 2 1 28 25
[ 190 2 1 19 20
7 171 1 1 15 10

Table 2 Microbial population of jeevamrutha between 1 and 10 days after preparation

Microbial population
Microbes Days after preparation
01| 02 03 04 05 | 06 07 08 09 |10
Bacteria (10°) | 213| 351 | 269 271 361 | 495 [ 692 | 780 | 813|855
Fungi (10%) 12 6 2 1|6 7 3 2|29
Actinomycetes (10°) | 1| | 1 1 ) 1 9 73
N-Fixers (10) #1129 16 46 23 | 09 20 27 3169
P-Solubilizers (10%) 6l | 60 12 18 37 | 53 61 18 50 |80
Table 3 Biochemical parameters of panchagavya, beejamrutha and jeevamrutha
(Devakumar et al.,2013)
Parameters Panchagavya Beejamrutha Jeevamrutha
1AA (ug/ml) 145 6.0 387
GA (ng/ml) 26.76 3622 30.00
Cytokinin (pg/ml) il 136 148
Ascorbic Acid (ug/ml) 13.00 1294 16.24
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Table 4 Macro and micro nutrient content of panchagavya, beejamrutha andjeevamrutha
(Chakraborty and Sarkar, 2020)

3) Mulching with organic materials

Parameters Panchagavya Beejamrutha Jeevamrutha
N (ppm) 2366 658 742
P (ppm) 187 195 96
K (ppm) 1354 821 323

Ca (mg/l) 152 189 194
Mg (mg/l) 48 19 34
$ (mg/) 485 564 503
Fe (me/l) 9.17 2.4 14.47
Mn (mg/l) 0.287 0394 0.238
Zn (mg/l) 0.268 1.56 0.249
Cu (mg/l) 218 244 2.36

Advantages
i Prevent soil and wind erosion
U  Slow down rainwater ruoff
i Slow decompose
U Adds organic matter
U Food for the soil fauna
U Improves root growth
U Increases the infiltration of water
U Improves the watenolding capacity of the soil
i Decaying organiecnatter also becomes a source of plant nutrients
0 Maintains a more even soil temperature

4) Proper maintenance of soil moisture and a#Vaphasa

0 Waphasa refers to proper maintenance of soil air and soil moisture. It helps to provide proper soil

aeration hus helps in respiration of soil fauna and plant roor growth and also helps in maintain the

soll structure. e

Pore Space Soil Selids
~50% ~ 50%

4) Conservation horticultural practices

U A set of cultural practices that aims in proper resource management and conserve both soil and

environmeial health.
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Practices

\Y
\%
\%
\Y
\Y

Advantages

Vv

T <K<K <K< KL

\%

Reduced tillage / minimum tillage

No burning of crop residues

Permanent crop and weed residue mulch
Continuous crop land use

Crop rotations and cover crops

Water retention

Increase in organic matter
Reduce soil erosion
Micro-Organism enhancement
Saves money

Soil evaporation reduction

Improved soil fertility
Weed control

6) Multiple cropping

U Multiple cropping is a practice of growing two or more crops in the same pi¢aedduring a
single growing season. It is a form of polyculture.
Need
x  As per Agriculture census 2041%, the average size of operational holding has declinéd&
hectare in 20146 as compared tb.15hectare in 20101
x  The small and marginal holtjs (<2 ha) now constitute 86%, while the large holdings (>10 ha)
are merely 0.57% of the total land holdings
Advantages
U Better source utilization
0 Mutualism
U Increase yield per unit of land
U Increase the crop bio mass
U Reduces pest and disease attack
U It helpsto maintain the soil fertility
U Insurance against crop failure

7) Pest and disease management using cow and natural pldogtsed preparations/Extracts
Concepts of pest management under natural farming

i

[T e B el e B

No use of pesticides like insecticides and fungicides
Pest management using natural plant preparations
Respect for lifeNo harm to noftarget organisms
Altering / modulating insect behavior

Producing residue free fruits

Trap crops and border crops
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Table 5: Examples of plants with antimicrobial activity, target pathogen and them active

substances

Crop Target organism Active substances Reference

Alt ria alt ta, . . .
ernarta atternata Gallic acid, Pyrogallol, Rutin, Gaikwad et. al., 2012

Jatropha spp. Fu;armm f)xyspor.um, Myricetin, Daidzein Oskoueian et. al., 2011.
Rhizoctonia solani

Caryophyllene, Germacreniso, | Cui et. al., 2016.

Lantana camara | Escherichia coli ;
Caryophillene

Ocimum o . Estragole, 1,8- cineole, Sienkiewicz et. al.,
basilicum Escherichia coli trans-a-bergamotene 2012
Prot " . ..

. . TOReES PP Piperine and Chavicine )

Piper nigrum Fusarium oxysporum Raniet. al., 2013.
. Aspergillus niger,

Azadiract . . .

sadiracta Microsporum gypseum, Azadirachtin, Nimonol, Epoxy Ganesh et. al., 2014,

indica azadiradione

Aspergillus flavus

Table 6. Mode of action of selected botanical pesticides on selected crop pests

Mode of action Target References

Source Plant
pests

Binding to acetylcholine receptors thereby, disrupting the

Neem nervous system, repellence, feeding deterrence, inhibition of Insects Grdisa and

oviposition, egg hatching and molting. Grsic., 2013.

Delay and inhibit spore germination, inhibits protein
Garlic and DNA synthesis, inhibits production of Fungi Perello et al.,
mycotoxins, disrupts cellular components and their 2013.

activities, hyphal and mycelial modifications.

Inhibits cellular activities, Impairs permeability of plasma
Aloe . Lo . Karpagam and
membrane, denatures proteins, inhibits ATP production and Bacteria Devaraj., 2011
glucose uptake. " :
Inhibits egg hatching, larval toxicity, Fevi ,
Marigold structural modification and mortality Nematodes ey]zsglc; b

Factors to scale up natural farming
U Removing negativity around NF
U Institutional arrangement for capacity building and awareness creation among the farmers
U Farmers Producers Organizations (FPOs) formation and recognition as niche products
U Establishment of demonstration plot at ground level
Indian scenario of natural farming
U0 The Government has been promoting natural farming in the country through the schemes such as
Rashtriya Krishi VikasYojana (RKVY) (2007) and Paramparagat Krishi VikasYojana (PKVY)

(2015)
0 I ndi abs Legislature i s advanci nglé thraughu thea | f
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traditional agricultural devel opment pl ands
Development Plan.

0 Karnataka 10agrec | i mati ¢ zones under SAUO®Ss

U AP-2,00000 ha5,23000 Farmers3015 villages, Target10 lakh farmers by 2022022.

(Source Technical Report on Natural farming -NAARM, Hyderabad)
Conclusion
Increase in cost of production and increase in global demand for residue free healthy food
produce has driven some farmers from conventional intensive practices to sustainable fruit production
practices which can considerably reduce the input cost and decrease the environmental pollution caused
by the injudicious use of agro chemicals. Hencéymahfarming practices could be one of the options to
sustain fruit production in harmony with the nature.
Future thrust:
0 Systematic research should be conducted at |
0 Creating awareness through training and demot
0 Certification of Natural Farming produce
U Encouraging Farmers Producers Organization (I
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Abstract:

Water scarcity is the major obstacle in cultivation of flower crops since they require frequent
irrigation during their crop period. To overcome this problem of water scarcity, different methods are
being used such as micro irrigation systempzédlage, mulching and hydrogel. Hydrogels are cross
linked polymers with a hydrophilic group which have the capacity to absorb large quantities of water up
to 503600 times of their dry weight without dissolving in it. Hydrogel are used to maintaimeisture
and increase water holding capacity of the media. Hydrogels may prove as a practically convenient and
economically feasible option to achieve the goal of agricultural and horticultural productivity under
conditions of water scarcity. Applicatioof hydrogels in ornamentals like cut flowers along with the
improved media properties showed good results in vegetative and floral traits showing better
performance. In indoor and foliage plants use of these hydrogels improved growth and quality of plants,
water use efficiency by reducing leaching losses and irrigation frequency.

Keywords: Hydrogel, moisture, flowers and irrigation.
Introduction :

Indiais knownasfi | aohadg r i c becausef peesencef well fertile soil, wide variability in
agroclimatic conditionsandmostof the populationis dependenbn agriculture.In India, agriculture land
is about 159.7 million ha, out of this 60% of the land face water scarcitindiadranks 41 position in
the world in terms of water scarcity. In lagiRajasthan, Madhya Praded¥iaharashtra, Gujarat,
Jharkhand, Chhattisgarh and some parts of Andhra Pradesh, Tamil Nadaraathkafacethe problem
of water scarcity. To overcomethis problemsomeof the methodssuchas micro irrigation, mulching,
hydrogels, etc., havieeen utilized.

Hydrogel

Hydrogelis awaterswollenandcrosslinkedpolymerproducedoy simplereactionof oneor more
monomers. Hydrogdiavean absorptiorcapacityof waterupto400to 1000timestheir dry weight.After
absorptionof waterfrom soil, whenits surroundingseginto dry out, the hydrogelgraduallyreleases up
to 95% of its stored waterAgricultural hydrogelsare the syntheticpolymers generallymade from
petroleum products. Most of the hydrogehich areusedin agricultureare Cross linkedpolymers of
polyacrylategPA) and acrylamidecrylatecgolymers.

Two typesof Polyacrylates
Soluble (linear) polyacrylates: It will dissolvein water and cannot be used for water absorption
Insoluble(crosslinked) polyacrylatesDo not dissolve but forms a gel whenwateris addedandis often
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usedin agriculture Jandscapeandnurserysituationsasawayof retaining moistureTheyarealsocalled
iSuper abs or HPARSor fiphoyl dyrmaetrisnog gel s .
Applications in various streams

ound dressing
%

Contactlens

Drug delivery

Disposable Diapers

Classification of Hydrogels
Basedon source
Natural: Hydrogel are madefrom the naturally availablepolymerslike cellulose,protein, silk,
wool etc.
Synthetic: Hydrogel are made from the semisyntheticpolymers like cellulose nitrate and
cellulose acetatetc.
Semi synthetic: Hydrogel are made from the mamade synthetic polymers like polyethylene,
PVC, Polystyrene
Based on polymeic composition
Homo polymeric: Hydrogels arenadefrom thesamespecies ofmonomers
Co polymeric: Hydrogelsaremadefrom the physicaland chemicalinking monomers
Multi polymer ic: Hydrogelsaremadefrom the multimonomerss knownasmulti polymeic
Based ondegradability
Biodegradable:If thehydrogelsaredegradablein soilis knownasbiodegradable
Non-biodegradable: If the hydrogels are nedegradable in soil is known as nbiodegradable
Based onconfiguration
Amorphous: If the hydrogel is available in powder form is known as amorphoushydrogel
Crystalline: If the hydrogel is available in Crystalline form is known as Crystallinehydrogel
Semicrystalline: If the hydrogel is available in serorystalline form is known as semi
crystallinehydrogel
Composition of hydrogel
Hydrogel mainly made of basic monomer acrylic acid These monomeric units possessa
hydrophilic groupi.e., carboxylic acid whichattractswater moleculesowardsthem. The semonomers
polymeiize into crossedinked polymess.
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Water absorption mechanismof hydrogel

The hydrophilic groups (viz. acrylamide, acrylacid , acrylate, carboxyliacid etc.) of the
polymer chain are responsible fovater absorption inhydrogels. The acid groupsare attached tthe
main chainof the polymer. When this polymer s are putin water, the latter entersinto the hydrogel
system by osmosis and hydrogen atoms react and come out as positive ions. This leavesiorgativ
alongthe lengthof the polymerchain. Henceéhe hydrogelnow has several negative charged regaaih
other. This forceghe polymerchainto unwind and open ufd.hey alsoattractwater moleculesndbind
the m with hydrogen bonding-dydrogel can absorb more than 400 times its weight of water by this
mode.Whenits surroundings begin to dry outje hydrogelgradually releases up to 9584 its stored
water Thisprocesgan last up to-Byears, bywhichtime biodegradabléydrogeldecomposes.
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Preparation of hydrogel

Acrylic acid (AAc)

MethylenebisacrylamidgMBAAmM)i As acrosslinking agent
PotassiunpersulphatéKPS)as initiator

Potssiumhydroxide(KOH)
Water, 1100 L
Distilled water 15 L KPS, 270 g Water, 1070 L
Distilled water 15 L Water, 500 L I ]
AAg ISK Mixi
—&—0 xing . : o
KOH. 9.3 Kg 85 °C Polymerization Washing "'?';‘f;’“’ (
\ 3 minute e +> rs
MBAAM, 60 2 30 minutes 15 minutes 60 minutes l Vi
—_— -
Water, 560 L 20 Kg Dry SAH
Packing

Acrylic acid, potassium hydroxidemethyl bisacrylamides araddedin tol5 litre of distilled
water All thesecompounds are mixeat 85°C temperaturfor an about halfan hour.Then the initiator
potassium per sulphate is mixed in 1& Histilled waterandthis is pourednto the initial mixture. Then
polymerizationoccurs.After polymeiizations add 500 of
hour. Then, the products are dried at 80° C in vacuum. In this proeds®st allthe wateris removed

water and washing was carried out a one

from the hydrogel Then add 20 kg dry SAH for removinidpe tracesof moistureif present evemfter
vacuum drying. Finally packingf hydrogelis done.
Properties of hydrogel for applicationsin agriculture:
A High absorptiorcapacityin salineandhard waterconditions
Lowestsolublecontentandresidualmonomer
Low price
High durability andstability in the swellingenvironmentand duringstorage
Gradualbiodegradability withoutormationof toxic species
pH neutralityafterswelling in water
Photostability
Rewetting capability.
Methodof applicationof hydrogelin soil
Dry application
5kg/haof hydrogel withdry, finesandof 0.25mmsizein 1:10ratio.
Forvegetableandflower crop, mixtureis appliedat upperlayerof soil.

To Do To To To Do o Po Do Do Do Do

Appliedin alinewhereseed is to bsown.
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Wetapplication:

Mix granulesin waterandkeepit for 60-90min, then subsequenapplicationat the rate of 1part
of hydrated polymer/ 4 partdf soil.

Idealfor smallapplicationdike repottinghouseplant, plantingshrubandsmalltrees.
Application rate of hydrogelin various soil/Purpose

Purpose Applicationrate
Arid & Semtaridregions 4-69/kg soil
For pot plant 0.5-2.0g/pot

To reducedoughtstress 0.2-0.4%of soll

Pusahydrogel
It is a semisythetic superabsorbergolymer developedit IARI, New Delhi. It is a cellulose

basedhydrogel which has absorbency@ 4I°C and absorbsvater 400 times its dry weight and
graduallyreleaseshe same. It is stabl@ soil for a minimum periodof oneyear. Appliedunderthe soil
andnear rootzoneof theplant. Lowratesof soil application :32kg /haforhorticulturalcropsand 2-5kg/
hafor field crops.
Licensedmanufacturinggompanie®f PusaHydrogel

A MIs Earth Internationa(P)Ltd., Delhi
M/s NagarjunaFertilizersP)Ltd., Hyderabad
Thesarpanch samaj, Delhi
M/s Huntin organics(P)Ltd.,Faridabad
M/s MadhusudamndCompany(P)Ltd.Jaipur

A M/s Carborundum UniversgP)Ltd., Bengaluru
Commonly marketed hydrogels

To o To o

Pusahydrogel,soil moist, jal shakti, watdock, luguasorb, stockosorb, agrosoak

Applications of hydrogelin agriculture

A Enhanceshe wateruseefficiency
Reducesghe soil erosionandrun-of f
Increaseshe microbial activity
Reducedertilizer leaching
Sometimesactascarrierfor fertilizer andpesticides
Minimizes Soil compaction
Enhancingsoil permeabilityandinfiltration.
Applicationsof hydrogelin floriculture
Increasesvaterand fertilizeruseefficiency
Act asCarrier for fertilizerand biocidegor extending vaséfe
Improvesthe physicalpropertiesof media/soil
Enhanceshe quality of indoor plants

To To To To To Do o Do Do Do Do Do

Helpsin lawn establishmenin arid condition/low waterrequirement
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A Propagatiorof theflowers.
Drawbacks of Hydrogel
A Lackof awareness
A Limited researclon flowersandornamentals
A Hardto handle
A Low mechanicastrength
A Non-adherentn nature.

Conclusion
Application of hydrogel inarid and seniiarid regions improve soil properties, increases the

water holding capacity of the soil, enhancement of the soil water retention, improving irrigation

efficiency, increasing the growth of various crops. It also provides a conducive atmdgphbebetter
growth of roots in welldrained soils and ultimately increases yield. In floriculture industrythey are used
for production of good foliage plants, for good flower yield, to reduce irrigdtieequency in indoor
plants, in turf management togauce good root and shoot biomass and alsmpoove vase life of cut
flowers. Hydrogels may prove as a practically and economically feasibien to achieve the goal of
agricultural and horticultural productivity under conditions of watarcity.
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Abstract:

Plant genetic modification was first documented 10,000 years ago in Southwest Asia, where
humans used atrtificial selection and selective breeding to develop plants. The present GM (Genetically
Modified) crop revolution has resulted from advances in aguirilscience and technology since then.

The fast advancement of genomic studies has been aided by the genome sequencing of various species.
For the study of plant functional genomics, such as gene discovery, new insights into gene function, and
analysis ofgenetically influenced features, genetic transformation is a potent tool and an essential
approach. In addition, functional complementation utilizing genetic transformation has validated the
function of genes extracted using ragsed cloning of mutantlales. The production of genetically
modified crops is growing more essential as new features emerge and more acres are planted with GM
cultivars than ever before. The introduction of genetically modified crops and goods into global markets
has heightenethe regulatory necessity to monitor and verify the presence and quantity of GM types in
crops and products. Gene transformation and genetic engineering help to boost agricultural output in
general. With a current CAGR of 9-88% and potential research fpsiin biofortification, precise DNA
integration, and stress tolerance, the GM seed industry is expected to bring productivity and prosperity to
commercial agriculture.

Keywords: Genetic, GM, technology and commercial.

Introduction :

Increasing population, global warming, diminishing natural resources such as land, water, etc.
combined with biotic and abiotic stresses have resulted in severe problems for the world population,
which is increasing worryingly and is projected to reachtfll®n by 2025 (Kailashet al.,2018). The
commercial plantation of the first transgenic crops was started in 1995 and up to 2000, a total of 44.2
million ha of transgenic plants were grown in 13 countries (James, 1988). Agricultural biotechnology has
also become a sustainable approach to fight the shortage of food and malnutrition by increasing the
productivity of different crops as well as enhancing or altering proteins, vitamins, carbohydrates, lipids,
and micronutrient composition (Brookes and Barfa@®17). In India, since the 1990s major crop
productivity has increased significantly using plant breeding programs, which is still far below the global
average, mainly because of persisting diseases caused by pests @isa018). In India, US$250
million for pesticides are utilized per year to control bollworms and sucking pests of cotton for
agriculture (Reddy and Zehr, 2004). The major prominence of agricultural biotechnology has been on
traits for improvement in crops related to diseases, péstbicide resistance, nutritional quality,
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tolerance, and longer shdiffe to abiotic stresses such as salt stress, moisture, and temperature. To
accomplish the demand for food from the limited natural resources, it is vital to adopt improved
sustainal® agricultural methods (Ashraf and Akram, 2009). The crop improvement through conventional
breeding techniques has resulted in limited accomplishment. To overcome these limitations, genetic
engineering or transgenic technology has been developed and tcalisgenesis. It is the process of
introducingan exogenous gene from omiganisminto another with the intent of enabling the latter to
exhibit some new property or characteristics that can be transmiwéfdpgdng. By using transgenic, we

can produe plants with desired characters and increase yields and crops are resistant against pests and
diseases (Jamiepighin, 2003). Biotechnology application provides new opportunities to farmers of
developing countries and the potential to increase the livamglatds of farm households (Kathage and
Qaim, 2012) and to improve their livelihood (Bazeinal.,, 2011). Along with the positive impact, there

are some negative impacts also, enginegrgetticidalproperties, develops someew starains of
resisitant  psts, protein sequencearechangedtheengineeredr modifiedorganismcould
produceknownor unknownallergens and antibiotic resistance. Therefore, more study is required in this
field to determine the safety of these plants and to decide whethearthegfe for the environment and

for those who consume these products over the ages (Jamiepighin, 2003).

Methods of gene transfer:

Gene transfer to plants has developed into an important tool for studies in plant biology. The
analysis of gene structure damegulation to reach a high level of sophistication. Much knowledge has
arisen from the development of methods for the introduction of foreign DNA into a plant cell and from
the study of transient and integrative transformation in both homologous anuldggias systems. There
are mainly two methods by which we can transfer the gene or transgene from one organism to another
organism.

a) Indirect gene transfer

Indirect gene transfer is mainly the transfer of genes through vectors by two methods

1. Vector (Agrobacterium tumefaciensinediated or indirect gene transfer

2. Virus-Mediated Gene Transfer

b). Direct gene transfer
It is also called vectdess gene transfer.
There are the following methods for direct gene transfer
A Electroporation

Microprojectile bombardment
Microinjection
Liposome-Mediated Transformation
Silicon Carbide Fibre-Mediated Transformation
Polyethylene glycol (PEGmediated transfer
DEAE Dextran-Mediated transfer

o To o Do Do Do
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Figure 1: Method of direct gene transfer
a). Indirect gene transfer
1). Vector (Agrobacterium tumefaciensmediated or indirect gene transfer

Because these bacteria have the natural ability to trandBMA from their plasmids into the
plant genome upon infection of cells at the wound site and causearganised growth of a cell mass
known as crown gall, Ti plasmid of Agrobacterium tumefaciens has been widely used among the various
vectors used in plant transformation. This bacterium is also known as a "plant genetic engineer."

Ti plasmids are use® deliver beneficial foreign genes into target plant cells and tissues.

Agrobacterium
tumefaciens
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N
@ 2] 5]

—_—— — _—
R Insertion of Intro- Rege- @iy Eie
. gene into duction neration = 7
plasmid ir:tot of plant
usin plan L ham |
TDNA restr?ctlon cellsin —— Plant with
J enzyme and culture T DNA new trait
Restriction  pNA ligase carrying
site new gene
within plant
chromosome

Figure (2): Method of Agrobacterium-mediated gene transfer
(Source: http://'www.anselm.ed/
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Example
1). Bar gene introduced usidgrobacteriuramediated gene transfer agaihstbicide in Sugarcane and
rice
2). After cocultivation with Agrobacterium tumefaciens against the papaya ringspot virusi4@®h
transgenic papaya plants were renewed from hypocotyls and immature zygotic embryos carrying a binary
plasmid vector system ntaining the neomycin phosphotransferase (nptll) gene as the selectable marker
and-glucuronidase (GUS) gene as the reporter gene (Azad et al., 2013).
Advantages
A This is a natural method of gene transfer.
A Agrobacteriunrcan conveniently infect any explant (cells/tissues/organs).
A Even large fragments of DNA can be transferred.
A Transferred DNA is stable.
A Transformed plants can be regenerated effectively.
Limitations
A Many crops are not infected Bygrobacterium(monocotyedons e.g., cereals)
A 1tis difficult to transform the regenerative cells e.g., embryonic cells lie in deep layers which are
not easy targets f@kgrobacterium.
2). Virus-Mediated Gene Transfer (Plant Viruses as Vectors)

Plant viruses act as efficient getransfer agents because they can infect the plants and amplify
the transferred genes through viral genome replication. Viruses are natural vectors for genetic
engineering. The viral infections are mostly systemic. They can introduce the desirabletgefmast
all plant cells.

Examples
A Potato virus X and Geminivirus are some of the viral vectors that are commonly used.
Limitation

Always a risk for the transferred gene to be lost anytime
Direct or Vector-less DNA Transfer:

Electroporation

Electropoation can be used to introduce cloned genes into novel hosts to obtain transient gene
expression or stable transformation to obtain permanently transfected cell lines carrying genetically
engineered genes of novel properties and industrial potential (E8&%). Electroporation is a new gene
transfection technique, which entails brief, higtensity pulse(s) to create transient pores in the cell
membrane to facilitate the entry of exogenous molecules like DNA, RNA, protein, etc., which are
otherwise exclded. Removal of the external field leads to the resealing of the membrane electro pores,
which ensures the survival of the electrically stimulated recipient cells (Prasanna and Panda 1997).
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Figure (3): - Mechanism of electroporation(Source:https://slideplayer.com/slide/531428)

Example
1 Used in tumor treatment, gene therapy,-babbed therapy.
Advantages:
1 This technique is simple, convenient, and @dftctive.
1 The transformed cells are in the same physiological statestdtdroporation.
1 By optimizing the electrical field strength and addition of spermidine, the efficiency of
transformation can be improved
Limitations:
1 Under normal conditions, the amount of DNA delivered into plant cells is very low.
1 The efficiency of edctroporation is highly variable depending on the plant material and the
treatment conditions.
1 Plants are not easily regenerate particularly when protoplasts are used.
Microprojectile bombardment
The particle bombardment technique was first introduce&dnyford in 1987 and was initially
named biolistics by its inventor Sanford (1988). Biolistics is a combination of biological and ballistic.
There are other names for this technicpegrticle gun, gene gun, and bio blaster. This technique involves
coating microcarriers (gold or tungsten particles approxi 0.6 um in diameter) with the DNA of
interest and then accelerating them at high velocities to penetrate the cell of an organism.
Pre-integration phase
In this phase, vector DNA molecules are splicegetber. This results in fragments carrying
multiple gene copies.
Integrative phase
In this step, gene copies are inserted into the genome of the host plant. It facilitates additional
transgene integration, which may occur at the same or a nearby logigbrcopy numbers at a single
locus are typically connected with particle bombardment, and this sort of single locus may be favourable
for plant regeneration following transformation.
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Microinjection
Microinjection is a direct method and it involves theahanical insertion of the desirable DNA
into a target cell. The target cell might come from embryos, meristems, intact cells, protoplasts, callus,
and so forth. It is employed for the transfer of cellular organelles as well as chromosomal modification.
The altered cell is cultivated and nurtured after microinjection to mature into a transgenic plant. This
method has resulted in the development of transgenic tobacco and Brassica napus. Microinjection has
several drawbacks, including its slowness, high cast] requirement for educated and specialised
workers.
Liposome-Mediated Transformation
Liposomes are microscopic spherical vesicles and form when phospholipids are hydrated. Liposomes
being positively charged and attract towards negatively charged DNA and cell merithameDNA
fragments are treated with liposomes, the DNA fragments gapsulated inside liposomes. These
liposomes may attach to cell membranes and fuse with them, allowing DNA fragments to be transferred.
As a result, DNA enters the cell, then the nucleus. The positively charged liposomes are particularly
effective in complring with DNA, binding to cells, and quickly transferring DNA

O
OOO o
o O O

Lupospmes Protoplast Fusion of liposomes Release of plasmids
containing in the protoplast
plasmids

Fig. 16.2. Liposomes mediated gene transfer.

Figure 4: Liposomes mediated genéSource: http://www.biologydiscussion.com/gene/gene
transfer/top4methodsfgendransferwith diagrams/11898)
Advantages:
A DNA is stable which can be storéa some time in liposomes before transfer.
A It applies to a wide range of plant cells.
Limitations:
A The major problem with this technique is very difficult to associate with the regeneration of
plants from transformed protoplasts.
Silicon carbide fibre-mediated transformation
This method is the least complicated. Fibers, which are single crystals of silica organic minerals
like silicon carbide with an elongated form with a diameter of 0.6 mm and a lengtfi & him, are
utilised in this procedure. Fughmore, it has a great resistance to expandability. In this method, silicon
carbide fibers are added to a suspension containing plasmid DNA and plant tissue (immature embryos,
callus, cell cluster) (Wangt al, 1995). It is then mixed in commercial shaker vortex. Fibers coated
with DNA penetrate the plant cell wall in the presence of small holes produced at the time of collision
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between fibers and plant cells (Kaeppteal, 1992). The technique has been used in a variety of plants,
including wheat,dbacco, maize, rice, etc.
Advantages

A Direct delivery of DNA into intact walled cells, avoids the protoplast isolation.

A The procedure is simple and does not involve any costly equipment.
Limitations
A Silicon carbide fi br emustée handledawittdauiangeambryormc; ptat e r e
cells are rigid and dense, and they are impervious to penetration.
Polyethylene glycol (PEGmediated transfer
Polyethylene glycol (PEG)mediated transfer, in the presence of divalent cations (usirfg), Ca
destabilizes the plasma membrane of protoplasts and renders it permeable to naked DNA. In this way, the
DNA enters the nucleus of the protoplasts and gets integrated with the genome. Polyethylene glycol
(PEG) when carried out by the conjunction then thieieficy of transformation increases.
Advantages:
A This procedure may be used to a wide range of
at the same time.
Limitations

A The DNA is susceptible to rearrangement and degradation.

A Integration offoreign DNA by unsystematic way into genome may result in undesirable traits.

A 1tis difficult to regenerate plants from the transformed protoplast.
DEAE Dextran-Mediated transfer

In this method, the desirable DNA can be complex with a high moleseight polymer diethyl
aminoethyl (DEAE) dextran and transferred. The major limitation of this process is that it does not yield
stable trangormants
Transgenic Vegetables Resistant to Disease

Transgenic Crop Inserted Gene or Gene Resistance tadisease | References
Product
Potato Osmotic gene Phytophthora infestans| Li et al (1999)
Tomato and potato Lactoferrin Bacterial wilt(Ralstonia| Chong and Langridg
solanacearum) (2000) and Leeet al
(2002)
Tomato Human  antimicrobial Cathelicidin Jung (2013)
peptide  (hCAP18/I+
37)0
Tomato Artificial microRNAs to | Tomato leaf curl virus | Vu et al (2013)
silence  viral coal
proteins AV2/AV1
(amiR-AV1-3)
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Tomato Bs2 Bacteria Xanthomonas Horvathet al (2012)

Tomato, cucumber| Endochitinase Fungal pathogens Shah et al (2010),

and carrot Kishimotcet al (2002),

and Punja and Rahar]
(1996)

Tomato Bivalent gene chitinas| Botrytis cinerea Chenet al.(2009)
and alfalfa defensir
(CHIAFP)

Potato RB gene from the wilg Late blight resistance | Kuhl et al. (2007) and
species Solanum| (Phytoptorainfestans) | Liu et al.(2009)
bulbocastanum

Potato StPUB17 Late blight resistanc( Ni et al.(2010)
(UND/PUB/ARM) (Phytoptorainfestans)
repeat type gene

Potato Endochitinase gen| Foliar and soilborng Loritoet al (1998)
from mycoparasitiq fungal pathogen
fungi

Potato Defensins (alfAFP) Verticillium dalhiae Gaoet al (2000)

Potato Cercosporianelittin Broadspectrum Osuskt al.(2000)
cationic peptide (34a| resistance tq
chimeric peptide phytopathogens
MsrAl+melittin)

Transgenic Vegetables

Resistant to Insect

Transgenic Crop Inserted Gene or Gene Resistance to Insect References
Product
Pea azuki bean Alpha| Callosobrunchus spp. | Fatunla and Badar
amylase (1983)
Potato CpTi Lacanobia oleracea Bell et al.(2001)
Potato cry3a Leptinotarsa Alyokhinet al. (2008)
decemlineata
Tomato, eggplant/| Cry 1b, CrylAc, Cry Lepidopteraninsects Rashid and Bal (2011
brinjal, cabbage, |1 Ab, Cry - Kumar et al. (2010),
cauliflower, okra, | endotoxin) Krattiger (2010) ang
watermelon and Kim et al.(2016)
potato
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Tomato, cabbage

Cry 2Ab

Lepidoptera and

dipteral insects

Sakeret al (2011)

Tomato Kchip LnvRNAI-2214 | Insect resistance Tarafdaet al (2014)

Tomato Galanthus nivalig Insect resistance Wakefieldet al (2006)
agglutinin (GNA)

Transgenic Vegetables Resistant to Nematode

Transgenic Crop Inserted Gene or| Product Resistance to References
Gene nematode

Tomato Colocasia esculent{ Meloidogyne incognita | Chanet al. (2010)
cysteine proteinas
inhibitor (CeCPI)

Tomato Rice chitinase gene (ch M. incognita Kalaiarasaat al.(2008)
11)

Tomato Cry6A Meloidogyne spp. Li et al (2007)

Tomato CaMi gene from Meloidogyne spp. Chenet al. (2007)
Capsium annuum L.

Tomato Mi-1 from Solanum| M. incognita Milligan et al.(1998)
peruvianum

Brinjal Crylab M. incognita Phapet al.(2010)

GMO crops in India

A Bt cotton is the only GM crop grown in India

To o Do o

Cultivation of Bt cotton was allowed in 2002
India has become a net exporter of cotton in the last a decade

Yield is more than 80% compared to ABhcotton

A More than 600 hybrid seeds are in cultivation now

Bacillus thuringiensis
Ishiwatari Shigetane (1901) was the first to isolate Bacillus thuringiensis. Bacillus thuringiensis,

96% of the total cotton cultivation area is covered by Bt cotton in Sirsa

sometimes known as Bt, is a grguositive, facultative aerobic, rdike, motile, and sporulating bacteria.

Bacillus thuringiensis is a naturally occurring dodlrne bacteria that generates endotoxin (cry protein or

delta toxin) crystals that are harmful to insects and hence work as insecticides.

Mode of action ofBacillus thuringiensis

Bacillus thuringiensidbacteria are insect pathogens that form proteins known as Cry and Cyt
toxins which are encoded by the cry gene when insect feed on Bt cotton this protein crystal enter into the
insect body in inactive form but when it obes into the midgut due to alkaline nature of midgut the
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protein become active monomer which binds to the epithelial cell of insect midgut and this process result
activation of cell death pathway.

Bacillus thuringiensis (Bt)
RS -

”4 N -
AT T T

Solubilization Activation

Septicemia
Bt corn Bt Cotton Dead larvae

Binding to

receptor Toxin Membrane
M Tean oligomer GPIl-anchored inserton
5 monomer

= oo ) :\m .
TR Rt N Neee

vaiis
Insect midgut cells S in Pores lead to

= : : 1 h
o AT osmotic cell lysis Cell deat
& <
Jurat-Fuentes Laboratory s \
(http://web_utk.edu/~jurat/)

Activation of
cell death pathway

Figure (5): Mode of action ofBacillus thuringiensis
(Source: http://juratfuenteslab.utk.edu/Btresearchtable.html)

Insecticide usage in cotton
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Figure 7: Insecticide usage in cotton (Kranthi, 2012)
The use of inseiide from 19952004 against bollworms was high as compared to other sucking

pests, but when Bt cotton cover more areas in 2@BL1 then the insecticide uses against the sucking
pest increased due to the development of resistance.
Other GM crops

Transgenic Virus Resistant Papaya

A Initial work is taken by Dennis Gonsalbes on transgenic papaya (1979).

A In 1992, Hawaii is papaya industry faced economic disaster when Papaya ringspot virus (PRSV)
was discovered in the Puna district of Hawaii Island where $8¥eatate was papaya grown.

A

SunUp and Rainbow cultivars were developed from the initial field trial in the Puna district of
Hawaii Island.
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A Fruit production data of SunUp and Rainbow show that yields were at least three times higher
than the industraverage.
Bt Brinjal
Bt Brinjal is India's first genetically modified vegetable crop to reach the commercialization
stage, and if released, it would be directly ingested by people. Bt Brinjal is generated by inserting
a gene crylAc fronBacillus thuringiensiswhich has been used for a long time as a biopesticide
in horticulture.
A It is reported that when Bt toxin is ingested by the insect, there would be disruption of the
digestive process ultimately resulting in the death of the insect.
In 2010, B Brinjal controversy took place in India, and the reasons for controversy are
following
A India's agriculture with MNC (Multinational Corporation) charging Indian farmers for their
seeds. The supply of seeds will be regulated and costlier. Indian farmdds vawe to depend
on MNC for the seeds.
A 1t is dangerous to introduce these experimental foods into the market without proper research
because GM crops on rats are fatal for lungs and kidneys.
A The tests conducted by Mahyco, the company which producibgial, were simply not valid
and raised serious health concerns.
Major problems in Brinjal

A The brinjal shoot and fruit borer is a ser.]
A 1t is a monophagous p e spants padidularly the shaots and a | |
fruits.

A Destroys the fruit and has a negative i mpa:

A Even after several pestici de70pgqenti cati ons,
Positive Impacts of GM crops
1 Improvedagriculturalperformance(yields)
Reducedisageof pesticidesandherbicides
Improvednutritional attributes

Increase shelf life

= =4 =4 =4

Reduce farm cost
1 Increase farm profit
Nutrition enrichment
A Golden rice, developed by the IRRI, provides a greater amount of vifamin
A Modified Cvendish banana expressfi@ the amount of vitamin A as compared to unmodified
varieties
A GM soybeans offer improved oil profiles for processing.
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Self-life

A The first GM food approved for sale in the U.S. was Flavrsavr tomato, which hagea seff
life. This was achieved by the suppression of the enzyme polygalacturonase, which occurs
naturally in the cell walls of tomato and causes ripe tomatoes to soften (Prakash, 2005).

A An apple has been genetically modified which is resistant againstnbmg known as the
Nonbrowning arctic apple, awaiting regulatory approval in the U.S. and Canada. By using
Agrobacterium tumefacienshich contain kanamycin (KM) resistant gene and antisense PPO
gene transgenic apple calli were prepalddrétaet al.,2014).

Pathogen/ pest resistance
A Baci | | usendoded inseatiaidal @rotsiris iave been engineered into rice, tobacco,
corn, and cotton crops.
A In 2015, genetically engineered oranges t|
available(trials were underway). Transgenic papaya was developed by incorporating PRV DNA
which is resistant against papaya ringspot virus

Stress Resistance

A Plants are engineered to tolerate nonbiological stress such as high soil salinity, drought, and frost.

A Monsant o6s -raizehegpings th&first genetically modified crop that is resistant to
drought get US marketing approval in 2011.

Yield

A Herbicidetolerant crops have lower production costs and irseistant crops reduce pesticide
use.

A Yields increased 9% for herbicide tolerance and 25% for insect resistance.

A A farmer who adopted GM crops made 68.2% higher profits than otlléragieret al., 2014)

Antibiotic resistance

In the development of transgenic crops' use of antibiotic resistaackers have raised concerns
about whether these crops will transfer their antibiotic resistance genes to soibrganisms, therefore
it increases the level of antibiotic resistance in the environment (Tasfday2014).

New methods are underwanlk for removing the antibiotic resistance genes before the plants are
released for commercial use (Dale and Ow, 1991; Ebireirah, 1997; lamtham and Day, 2000; Ze
al., 2001), so that these genes can be used during development and then elimimatéuk ffinal
product.
Soil conservation

Herbicidetolerant crops may allow farmers to less useiscibrporated premergent herbicides.
This alters the postmergent weed control may increase theilh@nd conservation tillage practices,
water loss, dcreasing soil erosion and increasing soil organic matter (Cannell and Hawes, 1994).

Adoption of GM crops has a number of consequences. The percentage differences between GM
and norGM crops are presented as an average. All GM crops, including hertotadant and insect
resistant characteristics, are included in the results. The number of observations varies depending on the
outcome variable; yield is 451; pesticide amount is 121; pesticide cost is 193; total production cost is 115;
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and farmer profit isL36. The symbol *** denotes statistical significance at the 1% level. (KIumper and
colleagues, 2014)

Impacts of GM Crop Adoption

80 -~
68.2*%**
60 A
40 A
21.6™**
- 20 o
=
2 97 :
-20 4
_40 = L
-36.9 -39 D***
-60 -
Yield Pesticide Pesticide cost Total Farmer profit
quantity production
cost

Negativeimpacts of GM crops

Genetic modification enables the transfer of genetic material from any species to plants or other
creatures. The introdtion of a single gene into various cells can produce wildly varied results, and the
general pattern of gene expression can be altered. In a single creature, a single gene may control
numerous separate features. Even the insertion of a single gene caanhiaNeience on the host's
complete genome, resulting in unwanted side effects that may not all be visible at the same time. This
sort of danger is difficult to forecast.The risk associated with the GM crops like adverse effects on the
health of people athe environment, genetic contamination/interbreeding, increased selection pressure on
target and noftarget organisms, competition with natural species, loss of management control measures,
long-term effects, and Ethical Concerfhanced pathogenicitihe emergence of a new disease, pest,
or weed, increased disease burden if the recipient organism is a pathogenic microorganism or virus,
increased weed or pest burden if the recipient organism is a plant or invertebrate, and negative effects on
species, ammunities, or ecosystems are just a few examples.

Moral issues

Moving genedrom animalsto plants with the help of biotechnological application gets
into awholemoral, religious,firestorm, andpolitical. Some people believe that humans have r t
create life. Combining genes in this way would not occur in the normal process of
evolutionconflictswith their philosophy of life. Transgenic crops increasing the vyield, but
it mustberecalledthatsimply growingmoreof acrop does not guaranteleat it will reach the starving
people.

Conclusion and future thrust

GM crops are highly nutritive and resistant against pests/pathogens. Current market trends
project them as one of the fastgsbwing and innovative global industries, which not only dfign
growers but also consumers and major country economies. Transgenic technology is a useful invention
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that provides more and cheaper food as compare tetraosgenic. However, in order to combat

unethical research and disinformation, the agricultusnegs and scientific community must invest in

improved science communication and regulation. Imperfections and significant GM technologies may
also be combated by tighter regulation, monitoring, and implementation by government agricultural
organizationsas well as a worldwide enhanced risk mitigation plan and communication with producers,
resulting in a higher level of acceptability. More study is needed in this subject to discover the real safety
of these plants and to determine whether they are satbdcenvironment as well as for humans who
consume them over time.
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Abstract:

Healthy soil is thefoundation for profitable, productive and environmentally sounds
agricultural systems. By understanding how the soil processes that support plant growth and
regulate environmental quality are affected by management practices, it is possible to design a
crop and soil management system that improves and maintains soil health oveBadimis. a
critical resourcethe way in which it is managed can improve or degrade the quality of that
resource. Soil is a complex ecosystem where living microorganisms andrptaatbind mineral
particles and organic matter together into a dynamic structure that regulates water, air, and
nutrients. In an agricultural context, soil health most often refers to the ability of the soil to sustain
agricultural productivity and proté environmental resources. A healthy soil provides many
functions that support plant growth, including nutrient cycling, biological control of plant pests,
and regulation of water and air supply. These functions are influenced by the interrelated physical
chemical and biological properties of soil, many of which are sensitive to soil management
practices.

Keywords: Soil, quality, productivity and practices.
Introduction :

Soil productivity is demarcated as the ability of soil to produce crops or otims plah specific
yields using prescribed management methods. Soil productivity is usually measured by comparing inputs
and output. I n agriculture, Aout puto wuswually r
nutrients, water, genetic resoas; pest control or work. Therefore, for a given input (such as water or
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plant nutrients), productivity is usually calculated as efficiency [i.e., water use efficiency (WUE) or
nutrient use efficiency (NUE)]. Soil productivity is important for agricultaedelopment, food security

and agricultural support. This is a means of survival for the poor. In most developing countries,
agriculture is the key source of economic growth (6), and income is used for industrialization and poverty
reduction. Lowincome griculture in developing countries has the highest GDP (30%) and the highest
employment rate, accounting for 68% of total employment. On the other hand, im¢ogie countries,

this ratio is 4% and 2% (5).

Crop productivity and soil quality can be enbed by proper soil and crop management practices
that reduce the need of additional arable land and increase ecological and economic flexibility (8, 12 and
9). Better soil management practices can increase filtration, reduce surface runoff that cae thereas
utilization of moisture and nutrient management (1, 3, 11 and 2). Plant management can increase Yyield
(10 and 1).

Soil productivity Soil's ability to produce agricultural products depends on all the physical,
chemical and biological properties oktkoil. Soil fertility is not only one aspect of soil productivity, but
also a very important aspect. For example, the soil can be more fertile, but there is little vegetation due to
lack of water or poor temperature. Even in suitable climatic condittbessoil's ability to create an
environment suitable for plant roots varies. A good natural fertility or soil fertility is required for
successful cultivation. This chapter mainly focuses on maintenance and improvement of the soll
productivity.

What is soil?

Soil is defined as a thin layer of the earth's surface, consisting of decaying and degraded rocks,
complex mineral compounds, organic matter, water/air, and organisms such as fungi, bacteria, insects and
worms, and plants. Some important soil fumetis shown in figure 1.

Soil as a medium for plant growth is an ancient concept and that can be traced back to the early
stages of agriculture. This concept emphasizes the role of soil in plant growth. As a medium of plant
growth, important aspects ofikare:

1 The role of soil in providing plant growth factors.
1 The development and dissemination of roots in soil.
1 The role of soil in the movement of plant nutrients, water and air to the root surface for
absorption.
Soil environment

The soil environments one of the main factors determining plant growth and development.
Basically, the soil environment consists of solid and porous parts. In these parts, various chemical and
physical factors are affected by microorganisms. The soil environment is dimideitiriee types: such as
physical, chemical and biological environment.

1. Physical environment

The physical environment is a related to morphology, structure, texture, aeration, stress and

resistance.
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2. Chemical environment
The chemical environment is aaidd to nutrient availability, organic matter, pH, acidity, salinity
and sodicity.
3. Biological environment
The biological environment is a related to microorganisms and microbial activity in the soil.

Habitat for Soil Organisms

Water Supply
and Purification

Medium for
Plant Growth

Engineering Medium

Recycling nutrients
and organic wastes

Figurel: Functions of soil
What is Soil Productivity?

Soil productivity is a capacity of the soil, which is measured by yield (biomass). Productivity is a
very broad term, and fertility is only one of the factors that determine crop yield. Solil, climate, pests and
diseases, plant genetic potential and humanagement are key factors in soil productivity measured by
crop yield. The total amount of nutrients is not only sufficient, but must also be obtained in an easily
available form and in a balanced ratio. In addition to fertility, other factors alseniletgproductivity.

AnAl'l the productive soils are fertile but not al

Soil productivity is the ability of the soil to support plant growth under normal conditions. Soil
productivity is reflected in the growth of forest plaarsd the amount of organic matter produced in a
certain place. It provides water and nutrients for plant growth, provides a medium for plant root growth,
and physically supports equipment used for logging, sorting, and additional processes. Keeping soil
productivity is essential for sustainable land management. The improvement component in soil
productivity is shown in fig2.

Vvater storage
2 —quality

Figure 2: Soil productivity related component
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Most productive soll
There are 12 kinds of order in the world. Among thifullisols has a high productivity because
it is rich in organic substances added for a long time from plant roots. Due to its high organic content, it is
considered to be the most productive land in the warldhdia, alluvial soil is the most productive saill,
located in parts of Tamil Nadu, Odisha, Madhya Pradesh and some part of Karnataka.
Factors influencing soil productivity
The factors affecting soil productivity contain all the factors that affect the physical, chemical
and biological conditions of the s@hvironment for plant growth. This includes fertility, the relationship
between water and air, and all practices that affect the activities of biological agents such as pests,
insects, diseases, and microorganisms.
l. Genetic or Internal factors: may be temnas hereditary factors which cannot be manipulated
such as soil texture.
Il. Environmental or External factors: The aggregate of all the exterior condition and influences
affecting the life and development of an organism.
a. Climatic factor (Toxic atmospherelsstance, solar energy)
Soil reaction
Growth restricting substance
Biotic factors
Anthropogenic factors
Soil fertility and soil productivity seem to be synonymous, but in soil science, these two terms
have different meanings. Soil fertility determines $tetus of nutrients in soil, while soil productivity is

® a o T

determined by many factors that affect agricultural production.
Soil fertility

This is the condition or basic ability to provide plants with satisfactory nutrients in the soil.
According to modern &s, soil fertility is the capacity of the soil to produce economically valuable plants
to maintain soil health. This is one of the soil productivity factors.

Improving soil fertility can increase soil productivity. Organic (compost, pest and FYM) and
inorganic (urea, DAP, SSP) fertilizers can be added to improve soil fertility. This is the best maternal
management system and a cheap way to increase fertility. As soil fertility eventually increases, soil
productivity increases. Soil productivity improveméenshown in fig 3.

Figure 3: Soil productivity improvement through soil fertility enhancement
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Soil Degration Soil Conservation

Processes Processes

-Soil Erosion -Conservation Tillage
-Nutrient Runoff -Crop Rotations
-Waterlogging SOIL -Improved Drainage
-Desertification PRODUCTIVITY -Residue Management
-Acidification -Water Conservation

-Compaction -Terracing

-Crusting -Contour Farming
-Balanced Chemical Fertilizers

-Organic Fertilizers

-Organic Matter Loss

-Salinization
[

Figure 4: Relationship of soil productivity to soil degradation and soil conservation (4)

Soil degradation process
Soil degradation refers to the lossppbductive capacity of the soil in the form of loss of fertility,
loss of biodiversity and soil degradation. Lasefradation process include (1) soil erosion (water and
wind erosion) (2) excessive of salts (salt and alkalization), (3) chemical degramtidification,
contamination, toxicity), (4) physical degradation (crusting, compaction, oxidation), and (5) biological
degradation (loss of soil biodiversity). According to a recent United Nations report, nearly a third of the
world's arable land hassgdippeared in the last 40 years. It has been reported that if the current rate of loss
continues, the entire world could lose its productivity in 60 years.
Impact of soil degradation on soil productivity
The effects of soil degradation jeopardize futuredpiction potential, including soil severity and
biodiversity loss, salinization of irrigated areas, excessive use of groundwater, accumulation of pollutants
and pest resistance. The rapid increase in agricultural production and productivity generally has a
negative impact on agricultural natural resources.
Soil erosion
Soil erosion is defined as the separation of soil particles, transportation from one place to another,
and deposition in other places due to the action of water, wind, gravity, and ottes. f8pil erosion
involves three steps such as:
U Separating soil particles from the sail,
U Transporting them by spraying, floating, rolling, pulling and
U Depositing them elsewhere.
Soil erosion removes the most valuable soils, which are the most prodpativef the soil
profile used for agricultural purposes. This loss of soil reduces production and increases production costs.
Soil erosion effect ishown in the photo.
The effects of erosion on farm land and crops are:
Reduced capacity of soil to stareisture and nutrients
Destroy soil infrastructure

Reduces physical and chemical properties

=A =4 =4 =

Loss of newly planted plants
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1 Low-grade mud deposits.
9 Loss of plant nutrients

1 Reduce soil productivity

Figure 5: Soil Erosion
Over grazing
Excess grazing reduces soil productivity and biodiversity, which is one of the causes of
desertification and erosion.

Figure 6: Land affected by overgrazing

Excess grazing is believed to be the cause of the spread of invasive foreign plants and weed
species. Walking while grazing cows can cause major and related changes in soil surface properties such

as:
U Increase in soil strength and bulk density
U Reductionm soil macro porosity
U Reduction of soil conductivity and hydraulic permeability.
Desertification

Arid regions of the world (dry, serairid and sub humid with potential evaporation exceed
precipitation) account for about 40% of the earth's surface. haitsal state, the area varies from rain to
meadow, mixed grass and shrubs to thorny forests depending on the rainfall. However, they are mainly
affected by human activity by excessive grazing and unsustainable agricultural practices. Degradation of
soil in dry areas is called desertification. The effects of desertification are shown7n Fig
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Figure 7: Land affected by desertification
Salinization
Salinity is the accumulation of salt on or near the surface due to a complete lack of soll
productivity, and ultimately occurs by methods such as irrigation and evaporation of saline ground
water. The concentration of soluble salts in saline medium is very high, which will affect plant
growth and productivity. Salt in the soil and water can influence thé grawth in three ways.
I. It can lower the water use rate by increasing the osmotic potential.
II. By increasing the ion concentration and inhibiting biological metabolism, certain ionic effects can
be produced.
lll. It can reduce soil moisture permeability and seilation by negatively affecting the soil structure.
The negative impact of soil salinity on plant growth and productivity depends on the type of crop
being cultivated.

Rt A R L S e
Figure 8: Impact of soil salinization on crop and soll

Water logging
The stagnationfavater is excessive moisture in the root area and is create anaerobic conditions. Various
changes in soil properties due to water logging are shown in Fig. 9.

ysical changes

a) Soil compaction

b) Increased bulk density

c) Massive structural changes

d) Oxygen depletion

e) CO,; accumulation

f) Lowered diffusion coefficient for
gases

Chemical changes
a) lon toxicity
b) Secondary metabolite toxicity

Electro-chemical changes

a) Increased specific conductance
b) Decreased redox potential (Eh)
c) Decreased soil pH

Biological changes

a) Reduced mineralization
b) Reduced aerobic microbial
activity

Reduced immobilization

<)

Figure 9: The impact of water logging on soil properties
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Excess water interferes with the exchange of gas and atmosphere, and biological activity uses
oxygen (also called anaerobic bacteria, hypoxia or hypoxia) available in air and Wetgmoductivity
of the land is affected due to waterlogging. Waterloggiag also be referred to as saturation of soil
surplus.
Acidification

Soil acidification is the formation of hydrogen cations that lower the pH of the soil. Chemically,
this occurs when a proton donor is added to the medium. The donor can be an aeisl sitrit acid
(HNO,), sulfuric acid H,SOy) or carbonic acidH,CGs). It may also be a compound that releases protons
such as aluminum sulfatd ,(SOy); and reacts in the soil. Acidification also arises when alkaline cations
[such as calcium (Ca), magnasi (Mg), potassium (K), and sodium (Na)] are released from the soil.
This process is caused by excessive precipitation, which drops to resulting in a drop in pH. Soil fertility is
lossed. Some effects of acidification on plant growth and health are shdiga 10. For example, in
particular, the concept that soil acidity may be affecting plant production came from the pioneering work
of Williams and Donald (1957) and Williams (198)) which showed that soils around Canberra under
continuous pasture systempsadually became more acid. Soil productivity is affected by the acidification
process due to different soil changes, such as:
Nutrient shortage for plants.
Toxicity of element
Problems in weed control
Effect on aquatic biota
Impact on infrastructure
Decrease the microbial populations in the soil.
Reductions the activity of nitrifying bacteria.
Reduce the nodule formation in leguminous roots.
Decrease soil productivity
Increase in soil salinity and erosion

=A =4 =4 =4 4 4 4 A4 4 A

Deterioration of soil structural and water quali

Figure 10: Death of plant due to low pH
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Organic matter loss

Organic soil materials include all active soil organics and residues of dead organisms of varying
degrees of decomposition. The organic carbon content in the soil considietef@yeneous mixture of
simple and complex carbonaceous substances. Sources of organic matter are plant residues, animal and
green manure, compost and other organic matter. The reduction in organic matter is due to a decrease in
rotting organisms or an d@nease in the rate of degradation due to natural, natural or human factors.
Organic matter is an important part of healthy soil. The soil deteriorates with a decrease. The reduction in
organic matter is attributed to the reduction of decayed organisnsioges in natural or human factors
leading to an increase in the decomposition rate. Organic matter is considered to be an important part of
healthy sail, its degradation leads to soil degradation.
Compaction

Compact soils limit root growth, cause problémdrainage facility and impair nutrient supply.
Compaction inhibits the soil's ability to distribute water, air, and nutrients. Compaction is an indicator of
transporting equipment and indicating soil health. Soil compaction (as defined by pediaa&isois
density) can be determined by difficult or easily pulling tools such as a penetration meter or planter or
soil tillage tool.Surface crusting and plough layer compaction are mainly common with intensively tilled
soils. The effect of compaction soil properties and plant growth is shown in fig. 11.

IHeavy Viachinery

I Foot Traffic

L

Owver-tilling

Work with wet
soil

Figure 11: Plant growth in compacted soil

How to improve soil productivity?

We can improve soil fertility by addition of organic matter to the soil, improving soil structure
and promoting healthyertile soil; Using green manure crop or legumes to recover nitrogen from the air
through a process of biological nitrogen fixation (BNypugh the application of findose fertilizers to
compensate for the losses caused by absorption of plants andaibesses; Better use of water and
nutrients through minimum leaching losses.

Soil conservation practices

Soil conservation is practices that farmer can use to prevent soil erosion, produce organic matter,
and improve soil productivity. These practice® included crop rotation, soil cultivation reduction,
mulching, grow cover crop and terrace farming.

Crop rotation

Crop rotation is an important part of sustainable cultivation system. During normal growth
periods, crop rotation yields are generally 1@%her than single cultures, and up to 25% during dry
growth periods. When growing grains or vegetables after soybeans, an additional supply of nitrogen will
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definitely increase production. However, both crops provide enough nitrogen, but the yiettraftiaie
crops is usually higher than that of a single crop.

Rotations containing nehost plants can effectively control insects such as corn root worms,
roundworms (e.g., soybean cyst roundworm) and diseases (e.g., pea rot). In the case of some soil
diseases, the time interval for planting the same or similar crops is relatively si2oyeéls in the case
of rot of onion leaves) and longer (radish or radish hernia). Shown good crop rotation in fig 12.

Conservation Tillage
Conservative tillage is a form of tillage that minimizes the tillage practices, where soil disruption
is reduced and about 30% of soil surface covered with residues. It can protect previously cultivated soil
aggregates, organic matter and surface resi@i@sservation tillage may include the following changes:
1 Timing of tillage
1 Use less destructive tillage tools
1 Minimum tillage practices

Not tilled Tilled

Soil compaction soil structure

Figure 13: Comparison between zero tilled and tilled soil structure
Contour farming

Contour farming is the practicgf cultivating sloping land along continuous elevation lines to
conserve rainwater and reduce soil loss from surface erosion. These objectives are achieved through the
work of rows of crops, furrows and tractor wheels, which act to collect and store texinweall
reservoirs, thus increasing of infiltration, water holding capacity and soil productivity.
Cover crop

Cover crops are often included as a nutritional management tool in tillage systems (7). The cover
crop may or may not be a legume. Plantoayer crops in front of or between the main crops and
between the trees or shrubs where the crops are planted can improve soil physical and chemical
properties. Cover crops are reducing soil degradation and improve soil health and soil productivity.
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Figure 14: Contour farming
Mulch

By introducing mulch or crop residues into irrigation canals, erosion and soil loss can be
effectively reduced. The furrow cover absorbs shear forces and slows the furrow speed, thus reducing the
separation and transport sédiments. By reducing the flow rate, the mulch can reduce the soil flow
giving the added water more time to penetrate. In this case, residues from previous crops should be used
as mulch, effectively controlling furrow erosion and often increasing sodugtivity. The figure 15
shows the crop residue used for covering surface.

Figure 15: The irrigation channels are covered with crop residues
Soil organic matter
Organic soil matter, a traditional biodegradation product, improves the chemicahgsidal
properties of soil and soil health. Its composition and rate of decomposition affect soil structure and
porosity, moisture penetration rate and soil storage capacity, soil biodiversity and biological activity and
availability of plant nutrients. @ organic matter is improving soil health and sustainable agricultural
productivity (Fig. 16).

Figure 16: Impact of organic matter on plant growth
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