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PREFACE 

We are delighted to publish our book entitled "Recent Innovative Approaches in 

Agricultural Science Volume I". This book is the compilation of esteemed articles of 

acknowledged experts in the fields of 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 available 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 aspects, 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 scientists, academicians. 

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 remain a debtor to all our well-wishers for their blessings, 

without which this book would not have come into existence.  

- Editors 
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Abstract 

 Pulses are the second most important component of vegetarian human diet after cereals due to its 

richness in proteins, vitamins and minerals. Maintaining 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 productivity is low or 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 that micronutrient 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. 

Keywords: Micronutrient, nutrition, productivity and pulses 

Introduction:  

 India has first position on pulse production map of world and contributes about 25-28% of global 

production; yet, the total per capita availability of pulses in India is 40 gram per person 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 requirement (https://www.nin.res.in/DietaryGuidelines). 

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 (Goyal et 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 deficiencies inare a well-documented 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) 

mailto:%20abhigodara33@gmail.com
https://www.nin.res.in/DietaryGuidelinesforNINwebsite.pdf
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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 most of intensively 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 are main food 

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 selenium 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 promising strategy in 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 4.6-6.7 Hemlatha et al. (2007); Thavarajah and 

 2.45-5.29 2.98-15.87 Thavarajah (2012) 

   IIPR (2011-12) 

Lentil 5.08-13.69 4.02-8.15 Kumar et al. (2013) 

 4.24-4.96 1.91-8.21 IIPR (2011-12) 

French bean 2.18 5.94 Hemlatha et al. (2007) 

Greengram 1.02-3.10 3.00-7.76 Hemlatha et al. (2007); IIPR (2010-11) 

Pigeonpea 

 

2.35 

1.68-3.70 

4.93 

1.13-8.46 

Hemlatha et al. (2007); IIPR (2011-12) 

Urdbean 1.45-3.72 4.69-7.28 Hemlatha et al. (2007); IIPR (2010-11) 

Cowpea 2.57 4.79 Hemlatha et al. (2007) 

Source; Pulses: Challenges & Opportunities Under Changing Climatic Scenario, published 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 factors viz; pH, CEC, moisture, organic matter, soil depth, soil type, root 

characteristics and interaction among nutrient element that could affect the availability, mineralization of 

micronutrients (Li et al., 2007). Modification of aforesaid properties could enhance the availability and 

accumulation of micronutrients in soil and plant.Hart et al. (2003) reported a gradual decrease in 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 
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precipitation). Which could be prevented by maintaing suitable 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 

generally are higher at higher pH values. Incidence of Zn deficiency in the crops was attributed to high 

Zn fixation in calcareous soils rather than their low total Zn content (Rafique et al., 2012). Moving from 

surface soil to the lower layers CEC gradually increased which improve cation retention and reduce 

leaching of base cations (Begum et al., 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 bioavailability 

and crop uptake (Valencaet al., 2017). Roots of some plants releases some kind of metal-binding 

compounds such as Phyto siderophores and organic acids which increases the uptake of Fe, Cu, Zn, Ni, 

and Mn, often by similar metal-binding compounds (Dimkpa and Bindraban, 2016). There is higher Zn, 

Mn accumulation in grain by the application of nitrogen which suggest a positive relation between 

nitrogen application and micronutrients.While planning about micronutrient management, care should be 

taken about interactions with macronutrients, as P in soil or N within the plant which could interfere with 

uptake, root-shoot transport (Cakmak and Hoffland, 2012). The antagonism between phosphorus and Zn, 

Zn and Cu has been reported by many researchers but same pattern is not observed in accumulation of 

these nutrients in grains (Shiwakoti et 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, zero tillage and bioinoculants.The Cu, Zn is the 

micronutrient most affected by SOM. Moharanaet al., (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 sub-surface soil. Courtney and Mullen (2008) reported higher content and uptake of Mn, Cu 

and Zn but lowered Fe content. It is reported by many researchers that there are mainly two reasons 

behind the higher level of micronutrient in soil receiving above mentioned inputs (organic 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 (Dhaliwal et 

al., 2019). Chelation 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 (Schulinet al. 2009). It has been reported that application of 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 micronutrients. Sharma et al. 

(2011) evaluated different strains of zinc-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 enhanced by adopting 

or modifying the fertilizer of application methodology viz; foliar, soil application, seed coating, seed 

priming. The biofortification is the process by which the mineral content increases 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 plant parts and its bioavailability to the consumer (Singh and Prasad, 2014).Field studies from 

India showed that the use of Zn-enriched urea on rice could increase yields and grain Zn concentrations 

threefold (Cakmak, 2009).A review of experiments from ten African 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 

(Joy et al., 2015). It has 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 which is mainly due to rapid conversion into 

insoluble forms when applied as soil application (Shahzad et al., 2014; Marquez-Quiroz et al., 2015). 

However, there is some contradiction on increase in Fe concentration in grain. Molina et al. (2016) 

concluded that application of zinc and iron chelate increase grain zinc and iron concentration in cowpea 

and at higher concentration antagonism exist between Fe and Zn.Shivayet al. (2015) reported that foliar 

spray of zinc at three different stages of chickpea had significant influence on zinc uptake both in grain 

and straw during 2011-12 and 2012-13 (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 ha
−1

)  Zn uptake in straw (g ha
−1

) 

2011-12 2012-13 2011-12 2012-13 

Check (no Zn) 78.5  71.3  78.0  68.5 

ZnSHH soil at 5 kg Zn ha
−1

 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) 124.9  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; Shivayet al. (2015),ZnSHH= Zn sulfate hepta hydrate V= active vegetative stage, F= flowering 

stage, G= grain filling stage 
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 Garcia-Banuelos 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 immobilization and quick availability of nutrients 

to the crop (Lawson et al., 2015). Hidato et 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 and foliar often showed better results than solo application. Johnson et al. (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 grain of lentil (Lens culinaris), chickpea (Cicer arietinum), 

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.  

Conclusion: 

 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 concomitant loss of yield. Soil application of 

ZnSO4, ZnO, FeSO4 and other micronutrient fertilizers have the potential to enhance crop yield while 

improving concentration in grain. Foliar fertilization with EDTA of FeSO4, ZnSO4 may be a more 

effective measure. A concentrated effort is required for testing/analysing various ferti-fortification 

strategies in their capacity to improve micronutrients density in grains of pulses under field conditions. 

Other factors affecting nutrient enrichment/ density in grain, viz., cultivars, environmental conditions, soil 

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 micro-nutrients, minerals and vitamins. 
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Abstract: 

 Because of the extensive use of synthetic chemical fertilizers and pesticides, agriculture is one of 

the human activities that contribute the most to growing levels of chemical pollutants, 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 well as enhancing natural resource productivity. Plant growth-promoting rhizobacteria 

(PGPR) are naturally occurring soil bacteria that colonies plant roots aggressively and promote plant 

development. Free-living bacteria that occupy the zone around the root (rhizosphere), those that colonize 

the root surface (rhizo-plane) and endophytic bacteria that reside within roots are all included in the term 

PGPR. Given the benefits of PGPR in terms of bio-fertilization, biocontrol and bioremediation, all of 

which have a favorable 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 

free-living nitrogen-fixing bacteria, the synthesis of plant hormones, 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 novel solutions 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 growth-promoting rhizobacteria to see whether there are any viable 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 accessible to phytopathogens in the rhizosphere, creation of fungal cell wall-lysing 

enzymes, and competition with harmful microbes for locations on plant roots are all indirect methods 

utilized by PGPR. The arrangement of bioavailable phosphorus for plant take-up, nitrogen 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 (Glick, 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 growth promoting 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 health 

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 microorganisms in the rhizosphere. These root-colonizing 

microorganisms could be free-living, parasitic or saprophytic and their diversity becomes different with a 

continuous changing in community structure and species abundance. 

 Sustainable agriculture is the most important 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 promoting rhizobacteria 

(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 fertilizers, insecticides 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 recently been a lot of interest in environmentally friendly and sustainable agriculture. 

They promote crop growth and can aid in the long-term maintenance of a healthy environment and high 

agricultural yields. PGPR communities of various sorts may be found in the rhizospheric soil and they 

have favorable impacts on crop yield (Avis et al., 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 beneficial 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 intracellular plant growth 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 cortex, whereas iPGPRs can be found in the particular nodular arrangement 

of root cells in rare circumstances. The bacterial genera including Agrobacterium, Arthrobacter, 

Caulobacter, Chromobacterium, Erwinia, Flavobacterium, Azotobacter, Azospirillum, Bacillus, 

Burkholderia, Micrococcous, Pseudomonas and Serratia has a place with ePGPR (Ahemad and Kibret, 

2014). The genera, for example, Allorhizobium, Bradyrhizobium, Mesorhizobium and Rhizobium has a 

role alongside iPGPR, endophytes and Frankia species, all of which 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 promotion by 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 characteristics (Datta et al., 

2015). PGPR employs a variety of strategies for improving plant development and improving various 

ecological conditions, either directly or indirectly (Fig. 2).  

 

Figure 2: Plant growth-promoting microorganisms impact plant development both directly and 

indirectly, as seen in this figure 

 Several mechanisms have been suggested by which PGPR can promote plant growth efficiently 

(Table 1); Some important ones are as follows:  

Table 1: PGPR and their effect on growth parameters/ yields of crop/fruit plants 

                      PGPR                Crop parameters  
 

Rhizobium leguminosarum 
 

Direct growth promotion of canola and lettuce  

Pseudomonas putida  

 

Early development of canola seedlings, growth 

stimulation of tomato plant  

Pseudomonas flurescens 

 

increase in growth, leaf nutrient contents and 

yield of banana  

Azotobacter and Azospirillum spp.  Growth and productivity of canola 

Pseudomonas, Azotobacter and Azospirillum 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 the production of a few important phytohormones 

(Bhardwaj et 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 nitrogen makes up 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 can be transformed into ammonia using an unexpected catalyst called nitrogenase 

is known as Biological Nitrogen Fixation (Cakmakciet al., 2001). Plant growth promoting rhizobacteria 

(PGPR) may fix atmospheric nitrogen and provide it to plants. PGPR maintains two modes of operation 

here: symbiotic and non-symbiotic. 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. The organism 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 knobs. The plant development advancing 

rhizobacteria broadly introduced as symbionts are Rhizobium, Bradyrhizobium, Sinorhizobium, and 

Mesorhizobiumwith leguminous plants, Frankia with non-leguminous trees and bushes. Then again, non-

symbiotic nitrogen fixation is completed by free living diazotrophs and this can fortify non-vegetable 

plants development, for example, radish and rice (Barassiet al., 2006). Non-advantageous Nitrogen 

settling rhizospheric microscopic organisms having a place with genera including Azoarcus, Azotobacter, 

Acetobacter, Azospirillum, Burkholderia, Diazotrophicus, Enterobacter, Gluconacetobacter, 

Pseudomonas and cyanobacteria (Anabaena, Nostoc). In both symbiotic and free-living system ―nif‖ 

genes are found for nitrogen fixation. Nitrogenase (nif) genes 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 nitrogen 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 (Khan et al., 2010). It is inexhaustibly 

accessible in soils in both natural and inorganic structures. Plants can't use phosphate in light of the fact 

that 95-99% phosphate exhibit in the insoluble, immobilized, and in the form of precipitation. Plants 

retain phosphate just in two solvent structures, monobasic (H2PO4) and diabasic (HPO4
2-

) particles (Fig 



Bhumi Publishing, India 

12 
 

3). Plant 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. 

 

Figure 3: Movement of phosphorous in soil (Ahemad and Kibret, 2014) 

 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, CO2 (2) 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 genera Arthrobacter, Bacillus, Beijerinckia, 

Burkholderia, Enterobacter, Erwinia, Flavobacterium, Microbacterium Pseudomonas, Rhizobium, 

Rhodococcus, and Serratia have pulled in the thought of agriculturists as soil inoculums to improve plant 

advancement and yield. In any case, the beneficial effects of the immunization 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. Solvent potassium 

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 unbalanced 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 rhizobacteria, for 

example, Acidothiobacillusferrooxidans, Bacillus edaphicus, Bacillus mucilaginosus, Burkholderia, 

Paenibacillussp. what's more, Pseudomonas has been accounted for to discharge potassium in open shape 

from potassium bearing minerals in soils (Wang et al., 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 

oxygen-consuming soils because the ferric particle, 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 (De Silva et 

al., 2000). 

 The homologous outer membrane receptor protein recognizes the iron-siderophore complex. 

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), the ferric-siderophore complex is viably transported into the 

periplasm. Once in the periplasm, the iron-siderophore complex is bound to a periplasmic confining 

protein that vehicles the complex to the ABC-type 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 wellspring of iron demonstrated that 

plants can take up the named press by countless development advancing rhizobacteria including 

Aeromonas, Azadirachta, Azotobacter, Bacillus, Burkholderia, Pseudomonas, Rhizobium, Serratia and 

Streptomyces sp. (Sujatha and Ammani, 2013) and upgraded chlorophyll level contrasted with 

unimmunized plants. 

 

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

 Phytohormone production 

 A wide range of microorganisms in the rhizosphere can provide chemicals that control plant 

growth and development. The synthesis of development stimulating phytohormones (such as indole-3-

acidic corrosive (IAA), gibberellic acid (GA3), zeatin, ethylene and abscisic acid (ABA). 

 Ethylene is another plant hormone known to regulate 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 as premature 

senescence, all of which result in poor product execution (Gravel et al., 2007). The plants incorporated 1-

aminocyclopropane-1-carboxylate (ACC), which is the precursor of ethylene, in response to many types 

of ecological pressure, such as cold, dry spells, flooding, 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 phytohormone that impacts many different processes in 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, augmentation, and 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 as principle antecedent atom for 

biosynthesis of IAA in microscopic organisms. The biosynthesis of indole acidic corrosive by plant 

development advancing rhizobacteria includes arrangement by means of indole-3-pyruvic corrosive and 

indole-3-acidic aldehyde, which is the most widely recognized instrument in microbes like Pseudomonas, 

Rhizobium, Bradyrhizobium, Agrobacterium, Enterobacter and Klebsiella (Shilev, 2013). Root 

development advancement by the free living PGPR e.g., Alkaligenes faecalis, Enterobacter cloacae, 

Acetobacter dizotrophicous, types of Azospirillum, Pseudomonas and Xanthomonas sp. has been 

identified with low level of IAA emission. In any case, microbially created phytohormones are more 

compelling because of the 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 plant improvement 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 cytokinins or 

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 down cytokinin 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 microorganisms 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 debasing ground 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 variety of 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 anti-microbials, siderophores, HCN, hydrolytic proteins and so 

on (Tariq et 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 the plant's 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 of parasitic, 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 jasmonate and ethylene 

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 homoserine 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 now commercially 

available. In India, for example, many businesses produce bio fertilizers on a commercial basis, often 

using Bacillus spp., Pseudomonas spp., Azospirillum spp. and Burkholderia spp. (Naureenet al., 2009). 

Strains of PGPR have increased plant growth, yield and nutrition in potato (Malboobiet al., 2009; 

Dawwamet al., 2013), plant growth increased in tomato (Walpola and Yoon, 2013; Bernabeuet al., 2015) 

as well as crop yield in tomato and pepper (Cuppelset al., 1999), sugar beet (Cakmakciet al., 2001), apple 

(Aslantaset al., 2007), cucumber (Isfahnai and Besharati, 2012; Gul et al., 2013), lettuce and eggplant 

(Seymanet al., 2013; Patel et al., 2011). 

 Under water stress PGPR surges growth of pepper and tomato seedling by conferring resistance 

(Mayaket al., 2004). In greenhouse experiment, bacterial strains‘ co-inoculation surged the activity of 

nitrogenase, urease and phosphatase enzymes as well as growth and nutrient uptake surged in red pepper 

and tomato (Madhaiyanet al., 2010). Floral and foliar inoculation with PGPR enhance plant growth and 

yield in apricot (Esitkenet al., 2002), sweet cherry (Esitkenet al., 2006), mulberry (Sudhakar et al., 2000), 

raspberry (Orhan et al., 2006), blueberry (De Silva et al., 2000), apple (Pirlaket al., 2007) and sour cherry 

(Arikan and Pirlak, 2016).  

 In a field experiment, individual and combine application of PGPR stains (Azotobacter brasilense 

and A. chroococcum) and arbuscular mycorrhizal fungi (Glomus fasciculatumand G. mosseae) indicated 
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that dual 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 pomegranate (Punica granatum L.) seedling 

(Aseriet al., 2008).  

 Barassi et al., (2006) revealed that seed inoculated 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. (Esitkenet al., 2010) studied that root inoculation with PGPR strains 

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 of nutrient (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 (Seema et al., 2018), cabbage (Turanet al., 2014), tomato (Gravel et al., 2007), pea (Tariq et 

al., 2014), pepper and cucumber (Han et al., 2006), black pepper (Dibypaul and Sarma, 2006) and 

broccoli (Yildirim et al., 2011). 

 According to Datta et al., (2015), PGPR treatment of chilli seedlings can be used as a useful 

strategy for increasing alkaloid 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 well as potassium 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. Guneset al., (2009) 

confirmed a fungus and a phosphate-solubilizing bacteria to determine their specific influence on 

strawberry plants grown in pots and under greenhouse conditions. They concluded that the fungus and the 

phosphate-solubilizing bacteria were capable of increasing strawberry 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 demonstrated 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 improvement as dependable parts in the administration 

of maintainable rural frameworks. 
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Abstract: 

 Conservation agriculture (CA) can be defined by a statement given by the food and agriculture 

organization of the united nations as a farming system that promotes minimum soil disturbance (i.e., no-

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 enhanced and long-term 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 a resource that humans 

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 numerous 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 affecting agricultural 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 concerns 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 conventional agriculture. Traditional 

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 population 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 before most of 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 agriculture (CA) 

 Conservation agriculture (CA) can be defined by a statement given by the food and Agriculture 

Organization of the United Nations as ―A farming system that promotes minimum soil disturbance (i.e., 
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no 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 greater water and 

fertilizer usage efficiency, as well as improved and long-term crop production. FAO defines conservation 

agriculture as a resource-saving 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 production level 

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 conservation as well as to enhanced and sustained agricultural 

production. 

3. It's also known as resource-efficient agriculture or resource-effective agriculture. 

Why CA needs? 

1. Declining factor productivity  

2. Shrinking farm profitability  

3. Food and nutritional insecurity   

4. Decrease in biodiversity  

5. Soil organic matter reduction  

6. Soil erosion and salinization  

7. Decline in water table  

8. Environmental pollution and human health 

Philosophy of CA: 

 There is nothing wrong with our soils except our interference. It can be said with considerable 

truth the use of tillage has actually destroyed the productivity of our soils. (Faulkner, 1942) 

‗Soil does not need tillage for effective crop production‘ 

This is the basis for the CA philosophy- 

1. Tillage is not necessary for crop production. 

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. 

3. Permanent all year-round soil cover is essential. 

4. Control and promotion of natural biological soil process through rotation. 

5. 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 Nations (FAO) 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 to conserve what we use for a longer period of time. 

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 preventing water loss. Soil 

tillage 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 the soil can also produce significant erosion and crusting, resulting in 

a reduction in soil fertility. The loss of soil micro and macro-organism habitats, which is prevalent in 

traditional ploughing approaches, is also reduced with minimal soil disturbance. Minimum 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 re-exposure and germination. 

2. Permanent 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 soil structure. 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 lessens the velocity 

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 interactions is 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 development 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 by disrupting life cycles, increasing 

biological nitrogen fixing, reducing off-site pollution, and increasing biodiversity. 

 The three conservation agriculture pillars or principles support a wide range of functions: 

1. Prevention of soil degradation and erosion 

2. Production of abundant above and below ground biomass to protect the soil  

3. Balancing of the C/N ratio during crop rotation  

4. Maintenance of active ―soil biological infrastructure‖ 

5. Control of weeds, pests and diseases 

6. Realization of economic sustainability  

7. Preservation of soil nutrients  

8. Soil moisture conservation 

9. 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 laser-equipped drag buckets. This 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 in 2-3 rows and beds 

are usually made at 60-100cm 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 by 30-40%. Best method of sowing 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 

technology-based farm management system that identifies, analyses, and manages spatial and 

temporal variability within fields for maximum productivity, profitability, sustainability, and land 

resource protection while lowering production costs. 

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

6. Improved varieties: Modern improved varieties offer much higher yields, better quality, and 

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 build-up in the 

surface layers  

Weeds  Controls but also causes more 

weed seeds to germinate  

Reduce gradually after 2-3 

years 

Cultivation costs  High  Low 

Yield Can be lower where planting 

delayed  

Same or more than TA due to 

timely planting   

Soil temperature  More variable  Moderated  

Water infiltration and soil 

moisture  

Lowest after soil pores clogged  Best  
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Conservation agriculture benefits: 

1. Enhance productivity and profitability  

2. Reduce labour, fuel and energy cost 

3. Enhances input use efficiency 

4. Reduce erosion   

5. Promote option for diversification and intensification 

6. Greater rural incomes, which are leading to check in rural-urban migration. 

7. Mitigate greenhouse gas emissions 

8. Reduction in incidence of weeds 

The FAO believes that there are three major benefits from conservation agriculture: 

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

organic matter. 

2. Increase in water conservation due to the layer of organic matter and ground cover to help 

eliminate transportation and access runoff. 

3. 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 diesel, labour and input costs, 

particularly herbicides. 

2. Reduce incidence of weeds: When conservation agriculture is adopted resulting in reduced in 

use of herbicides. 

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

under conventional agriculture.  

4. 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.  

5. Environmental benefits: Zero-till and surface-managed 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. 

6. Crop diversification opportunities: Crop diversification 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. 

7. 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 mulch, moderate soil temperature, reduce evaporation, and improve biological activity. 

Equipment‟s of conservation agriculture: 

1. Laser land leveller 

2. Bed planter  
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3. No-till cotton planter 

4. Happy seeder 

5. Control traffic zero tillage 

6. Multiple-crop zero till drill 

7. Zero till seeder for seeding into residue 

8. Planter for permanent raised bed 

Constraints in adoption of CA: 

1. Lack of appropriate seeders especially for small and medium scale farmers 

2. Wide spread use of crop residues for livestock feed and as fuel 

3. Burning of crop residues 

4. Lack of aware 

5. ness about the potential of CA to extension agents & farmers 

6. Rigid mindset of Scientist and Extension workers 

7. Lack of Govt. policies in proper residue management 

Challenges in CA: 

1. Understanding the system  

2. Building a system and farming system perspective 

3. Technological challenges  

4. Site specificity 

5. Long-term research perspective  

Policy and institutional role in supporting the adoption and spread of conservation agriculture: 

 While the approaches towards sustainable intensification based on conservation agriculture are 

very promising, the specific technologies vary depending on local conditions and farmer‘s needs. 

 It is important that government and institutions also provide the necessary support. They must be 

dynamic, able not only to respond to farmers varied and changing needs but also to reduce any risk 

during the changeover period. Policies need to focus on. 

1. Facilitating national development strategies aimed at adapting conservation agriculture to 

farmers‘ needs and upscaling it; 

2. Encouraging stakeholders' engagement through national and regional platforms; 

3. Bringing together suppliers and purchasers to work as a team with government field staff and 

others in response to farmers‘ needs and requirements; 

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 R&D, is environmentally sustainable and offers an 

opportunity for arresting and reversing the downward spiral of resource degradation, increasing 

cultivation costs and makes agriculture more resource use-efficient, competitive and sustainable. CA 

improves organic carbon stock, biological activity, above and below-ground biodiversity and soil 
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structure. It reduces vulnerability to erratic rainfall as well as extreme temperature through its moisture 

conservation and temperature moderation effects. It requires knowledge, 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 locations for accurate, site‐specific management of crop pests. These applications are typically made 

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 areas. Unmanned aerial 

vehicles (UAV‘s) are operated remotely either by telemetry, where the operator maintains visual contact 

with the aircraft or autonomously along preprogrammed paths using GPS and inertial guidance. They are 

more commonly known as ―drones‖. UAVs have been developed to support the practice of precision 

agriculture. Field operations over smaller fields can especially benefit from use of UAVs. 

Keywords: Drone, pest, fertilizer 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 also more 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 thus suffer less from 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 longer need 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 depend on expensive 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 as good as ground sprayer (Dalamagkidis, 2015). 

What is drone? 

 Drones are powered, aerial vehicles. Drone means ‗dynamic remotely operated navigation 

equipment‘. Can fly autonomously or be piloted remotely and can be expendable or recoverable. Aircraft 
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without a human pilot. Also called DRONE (Unmanned aerial vehicle). A UAV (Unmanned Aerial 

Vehicle) is a flying device that can fly a pre-set course with the help of an autopilot and GPS coordinates. 

The device also has normal radio controls; it can be piloted 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 and 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 

drone are as follows: 

Chassis: The skeleton of the drone which all componentry is fixed to. The chassis design is a trade-off 

between strength (especially when additional weights such as cameras are attached) and additional 

weight, which will require longer propellers 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 modified; longer propellers can achieve greater lift at a lower rpm but take 

longer to speed up/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. A more aggressive pitch will 

allow quicker movement but reduced hovering efficiency. 

Motors: 1 per propeller, drone motors are rated in ―kV‖ units which equates to the number of revolutions 

per minute it can achieve when a voltage of 1 volt is supplied to the motor with 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 speed and direction. 

Flight Controller: The on-board 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: Generally, 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 controller allow 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 on-board camera and to display sensor data. 

Further to this, on-board sensors can provide 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 mark GPS 

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: 

 Built on a premise of trust, self-certification and non-intrusive monitoring. 

 Designed to usher in an era of super-normal growth while balancing safety and security 

considerations. 

 Several approvals abolished: unique authorization number, unique prototype identification 

number, certificate 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 instructor authorization, drone port 

authorization etc. 

 Number of forms reduced from 25 to 5.  

 Types of fees reduced from 72 to 4.  

 Quantum of fee reduced to nominal levels and delinked with size of drone.  For instance, the fee 

for a remote pilot license fee has been reduced from INR 3000 (for large drone) to INR 100 for 

all categories of drones; and is valid for 10 years. 

 Digital sky platform shall be developed as a user-friendly single-window system.  There will be 

minimal human interface and most permissions will be self-generated. 

 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.  

 No permission required for operating drones in green zones.  Green zone means the airspace up 

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 distance of 8 and 12 kilometer 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 the liquid 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 able to change 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 concentration of the liquid settled under the central part of the jet (Berner and Chojnacki, 

2017). 

Sensors used in UAV: 

1. Still image cameras 

2. Video 

3. Multispectral 

- Identify nutrient deficiencies, pest damage, fertilizer needs and water quality. 
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4. Hyperspectral 

- Used to 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 and plants 

 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 Normalized Difference Red Edge (NDRE). NDVI 

is basically a measure of plant health based on how a plant reflects light at specific frequencies. Healthy 

plants reflect large amounts of near-infrared light (NIR) where unhealthy plants absorb more. 

Objectives of drones in 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 Nozzle types. 

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. Micro UAV‘S 

4. Helicopters 

5. Quad copters 

Distinguish features of Rotary & Fixed wing drones 

Rotary wing Fixed wing 

1)  Vertical take-off landings 1) Hand / catapult launched 

2) Ability to hover for long period 2) Limited Hovering ability 

3) Limited flight time i.e., Low endurance (20-30 

Minutes) 

3) Longer flight time; cover a large area (1 hour) 

4) Requires more maintenance 4) Requires less maintenance 

5) Relatively inexpensive  5) More expensive 
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Drones for Pest management 

 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 can 

be covered in one flight for spraying. Aerial spraying 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 on the crop, leading to 

spray drifts causing environmental contamination (Xueet al., 2016). 

With this premise, UAVs are being investigated as a safe and high precision alternative for spraying 

pesticides (Huang et al., 2009). UAVs do not have pilots on board and their downwash effect helps in 

directing the spray to the plantations/crop canopies. In aeronautics, ―Downwash is the action of changing 

the direction of air diverted by the action of the aerodynamic airfoil, wing or helicopter in motion, as part 

of the lifting process‖. Further, it is estimated that aerial spraying can be completed five times faster with 

UAVs than with traditional methods (Yang et al., 2018). 

Insect pest management by drones is of two fold:  

1) Reflectance-based crop monitoring can be used to identify pest hotspots by using drone mounted 

sensors. These are categorically referred as ‗‗Sensing drones‘‘. 

2) Precision application of agro chemicals & natural enemies by using drones. These are commonly 

referred as ―Actuation drones‘‘ (Filho et al., 2019). 

 

 

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

of solutions 

A) Reflectance based crop health monitoring by sensing drones 

 Optical sensors viz., RGB, Multispectral, Hyper spectral sensors used to identify the stress in 

canopy. 

 Sensing drones first identify the spectral signatures of healthy plants. 
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 Reflectance values at different wavelengths used to assess crop health. 

 Using the software, data is converted in to Vegetation Index map (Maslekaret al., 2018) 

Operational specifications of remote sensing drones (Maslekaret al., 2019) 

Specifications Fixed wing Rotary wing 

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

2
/ flight 

Endurance of flight 1-4 hr 1hr 

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

Typical pixel size (cm) 1- 2 0.5- 2.0 

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

Frequency of deployment On demand On demand 

Estimated cost (INR) 0.5-1 lakh/km
2
 0.5-1 lakh/km

2
 

Possible Utilization Large scale yield, pattern 

of disease and pests 

Patterns of disease, insects 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, visible light and infrared light that could 

be used to detect plant stress before changes are visible to eye (Usha and Singh, 2013). The basic 

principle in remote sensing of crops is healthy plants absorb 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 sensor (Garcia and Barbedo, 

2019). Huang et al. (2018) reported that stress induced by two spotted mites in cotton determined by 

using multispectral sensors. Similarly, Nebikeret al. (2016) used multispectral sensors for detection of 

thrips infestation in onion.Detection of brown plant hopper in rice using drone mounted optical sensors 

(Prasannakumaret al., 2014). While, Psirofoniaet al. (2017) differentiated the healthy and dead date palm 

plants due to infestation of Rhynchophorusferrugineus using RGB sensors and drones. 

B) Actuation drones in crop spraying 

 Hussain et 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 potentially be managed through 

variable rate application of pesticides. Whereas, Wang et al. (2019) investigated the control efficacy of 

imidacloprid 70% WDG on wheat aphids by deploying aerial hexa-copter drone. He concluded that 

70.9% control of aphids was observed by 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 ground-based sprayers. However, Zhang et al. (2019) 

examined the droplet deposition, control efficacy and working efficiency of quad-copter 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 compared with KES ground-based 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.  Lou et al. (2018) reported that the droplet deposition 

and control efficacy 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. Besides, droplet deposition shows 

satisfactory results when the drone was 2m above the crop canopy. 

Operational specifications of drones for agro chemical spraying 

Type Flying 

height 

Travelling/ Flying 

speed 

Spray width Water 

volume 

(Litre)/ 

ha 

Nozzle type 

Drone 1.5-3.0 m 

above crop  

3 - 6 m/s 10 minutes 

/ acre  

  3 - 5 m  15 - 50  Flat fan or CDA nozzle 

with approx. 200 µm 

droplet size 

Knapsack 

sprayer 

0.6-1.0 m  1-2 m/s One 

hectare/8 hours  

Single nozzle  360-

500  

Standard Hollow cone 

or flat fan nozzle  

Tractor 

mounted 

boom sprayer  

0.45-0.9 m 

above the 

crop 

3 kms/hour One 

hectare/hr 

Boom length 

approx.11m 

500-

1000  

Standard Hollow cone 

or flat fan nozzle  

Role of Drones in crop spraying 

Crop spraying: UAV-based crop spraying activity is catching up fast. Various companies are deploying 

the VTOL (vertical take-off 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) season, (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 ingredient particles 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 on the plant. 

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 an alternative 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 spray particles 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 remains free from spray. 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 pests attack even in the lower fronds. 

Type of pest and composition of spray: Type 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 spray-mixture whether it is systemic or contact or dust or aerosol matters a lot. The 

formulation of the spray should be ultra-low volume spray so that it is meant for aerial spraying and not 

for a knapsack or gator spraying. Presently, a majority of the operators are increasing 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 sprayers, 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 seasons—kharif and 

rabi. Kharif being a monsoon 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 is not desirable 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 are VTOLs produce 12-14 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 

 Complementary approach in Locust control. 

 Drones can target small swarms 

 Drones are specially fitted with Ultra Low volume sprayers along with spectral cameras. 

  Enables mapping and precision spraying. 

 Determine the extent of desert locust eradications from spraying operations. 

 Two types of drones are available one with Fixed wing and the other with rotary wing used for 

survey and management of desert locust. 

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

that may possibly contain locust infestations. 

  

 

Conditional exemption for drones in India 

 The Ministry of Civil Aviation issued an order granting ‗conditional exemption‘ to carry out the 

anti-locust operations. 
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 The Directorate of Plant Protection, Quarantine and Storage (DPP&QS), Faridabad, is the nodal 

agency for the anti-locust operations. 

 The permission will be limited for aerial surveillance, aerial photography, public announcement 

and spraying of anti-locust pesticides. 

 Also, the exemption shall be limited to battery operated rotary-wing air crafts only.  

 Use of any other type of Remotely piloted aircraft (RPA) is strictly prohibited. 

 The DPP & QS upload the details of every RPA flight including details of pesticide, sprayed 

quantity and area covered among others on DGCA‘s Digital Sky Platform. 

Actuation drones in precision application of natural enemies used 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 population of another, unwanted, organism (Van Lenteren et 

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 be a particularly useful tool for augmentative biological control, which relies on the large-

scale release of natural enemies for immediate control of pests (Van Lenterenet al. 2018). They could 

distribute the natural enemies in the exact locations where they are 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 costs. Some natural enemies, such as 

insect-killing fungi and nematodes, can be applied with conventional spray application equipment (Shah 

and Pell 2003, Shapiro-Ilan et al. 2012). Therefore, these biocontrol agents could potentially be applied 

by drones as described above for pesticides (Berner and Chojnacki 2017). Drones could distribute the 

natural enemies in the exact locations where they are needed. Predatory mite Phytoseiulus persimilis, an 

important naturalenemy of two-spotted 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). Trichogramma spp. is widely practiced against European corn borer, a major pest 

of sweet corn and sugarcane borer (Biobest, 2019).However, additional study is necessary to determine 

more precisely these conditions. For any further study, they would recommend using the drone release 

method instead of the Tricho-cards one: the release is much faster and shows the same efficacy for the 

block where it worked. Besides, to reduce the pest population, sterile insects and mating disruptors are 

released by using drones (FlyH2 Aerospace, 2018). However, application of other natural enemies is 

often costly and time-consuming. For example, the predatory mite Phytoseiulus persimilis,Athias-Henriot 

(Acari: Phytoseiidae), an important natural enemy of the worldwide pest two-spotted spider 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 drone-based aerial biocontrol include 

1. The ability to kill pests even when they‘re hiding where chemicals can‘t reach 

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 management is the release of sterile insects. 

Codling moth [CydiapomonellaL. (Lepidoptera: Tortricidae)] is a major problem in apple orchards 

(Malus domesticaBorkh.) (Judd and Gardiner, 2005), and pilot programs to release sterile insects with 

drones have been successful in controlling 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 [Pectinophoragos sypiella Saunders (Lepidoptera: Gelechiidae)] in cotton, and 

Mexican fruitfly [Anastrephaludens Loew (Diptera: Tephritidae)] in citrus, with drone-released sterile 

insects proved effective for control of thesepests in the United States (Rosenthal, 2017). Similarly, false 

codling moth [Thaumatotibia leucotreta 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 mating with wild insects, there is 

either no offspring, or the resulting off springis sterile, resulting in reduced pest populations. SIT is 

environmentally friendly, species-specific, and compatible with other management methods such as 

biological control, making it an important IPM tool (Simmons et al., 2010). Drone release of the sterile 

insects may be cheaper and faster than ground release, which occurs for instance by means of all-terrain 

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 interferes with mate finding (Millerand Gut, 2015), while 

attract-and-kill involves an attractant and akilling agent (Gregg et al., 2018). A combination of these 

methodseffectively controls various pests in a number of cropping systems, including blueberry 

(Vaccinium corymbosum L.) and cranberry (Rodriguez-Saonaet al., 2010; Steffanet 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 Steffan, 2017). 

Economics of drone 

 Cost of typical VTOL UAV with 10–15 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 per landing 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 roughly comprises to 2000 

Indian Rupees per flight. In each flight UAVs are expected to cover only 1 acre (in Kharif). Therefore, 

the cost of operating VTOLSs for crop spray becomes unaffordable. It is also observed that the cost of 

UAVs and operating overheads have not reduced that drastically over the years. 

Advantages of drones 

 Reduce the risk of pesticide to operator 

 Useful in spot spraying or precision application over large areas 

 Drones provide stressed and healthy images of crops  

 Reduce the amount of formulation during spraying 
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 Drones are portable, foldable and accessible to inaccessible areas 

 Drones change the flight velocity flexibly to reduce drift hazard 

Limitations of drones 

 Environmental contamination & expensive vehicle cost  

 Flight endurance and Payload constraints  

 Small volume of the liquid tanks 

 Short flying time 

 Concerned about drift hazard 

  Flight drones are covered by aviation law 

Conclusion: 

 Drones are becoming increasingly adopted as part of precision agriculture and IPM. Drones with 

remote sensing 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 pesticides and natural enemies accurately and precisely. 

Thus, it is evident that drone technology plays an integral role in precision pest management. 

Future thrust 

Need to  

  Examine the pesticide drift on non-target 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 

 Promote awareness & demonstrations of 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 universally accepted 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 socio-economic development 

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, for which 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 assessed that the present 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 increased 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 maintains the irrigation efficiency above 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: 

 Agriculture is the primary source of livelihood for about 58% of India‘s population and it 

contributes about 17.76% of the country‘s gross domestic production (GDP) in 2019 -20. India‘s food 

requirements are expected to go up consistently in the future without a break. Among the various food 

crops, cereals are the kingpins towards transformation of Indian agriculture from scarcity to sufficiency. 

Wheat is the most important staple food crop of the world and emerged as the backbone of India‘s food 

security. It is one of the most important and remunerative Rabi cereal crops of India not only in terms of 

acreage, but also in terms of its versatility for adoption under wide range of agro-climatic conditions and 

crop growing situations. In India, wheat is cultivated in 31.45 million hectares area with production of 

107.59 million tons and productivity of 34.21 q ha
-1

 during 2019-20 (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 q 
-1

, respectively during 2019-2020 (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 water use efficiency of 

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 obtained 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 (Amarasingheet al., 2007). Among different water 

management strategies, drip irrigation is one such hi-tech method receiving wider acceptance and 

adoption, particularly in areas of water scarcity because improper scheduling of irrigation through 

conventional method of irrigation (flooding) and poor 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 when required to 

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 network of 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 irrigation. Environmental 

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, decrease tillage 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 but also economizing 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 an 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 created a 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 of the plants. Damoret 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 under drip irrigation was a result of higher plant height, LAI 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 tissue area and results in a higher 

photosynthetic assimilation. As a result, plant growth improves leading to higher accumulation of the 

total dry matter. Suradkar et al. (2020a) conducted a field study at Akola, Maharashtra and found that the 

drip irrigation had significant effects on growth attributes of wheat. Karangiya et al. (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 parameters may be due 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. 

Lokhandeet 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 irrigation. According to Rekabyet al. (2019) it was observed that drip irrigated 

wheat recorded increased values of dry weights and plant height. Rao et al. (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. 

Bhuniaet al. (2015) observed that the increasing irrigation levels from 60 per cent to 100 per cent ETc 

under drip irrigation produced increased plant height and dry matter accumulation of wheat. The results 

of field experiment conducted by Malveet al. (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 (Bhowmik et al., 2018).Yield is the result of growth and 

yield attributes of a crop and improvement in yield due to drip 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 of photosynthates among plant parts and subsequently in development of yield components 

and the yield (Lal et al., 2013). Damoret al. (2021) revealed that drip irrigation scheduling at 1.0 PEF 

recorded higher numbers of yield attributes, grain yield and straw yield of wheat. Patel and Rank (2020) 

found that drip irrigated wheat produced higher grain and straw yield of wheat than border irrigation 

method. Suradkar et 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 methods. Awaad and Deshesh (2019) reported that application of water through drip irrigation 

recorded the highest yield of grain and straw in wheat crop. Karangiya et al. (2019) reported that drip 

irrigation at 1.0 ETc recorded increased yield attributes and yield of wheat. Bhowmik et al. (2018) at 

Pantnagar revealed that the yield 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 provided 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 yield attributes 

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. Barkhaet al. (2017) concluded 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 cm emitters spacing as 

compared with conventional practice (Rao et al., 2016). In their results, Bhuniaet 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 straw) of wheat were increased with increasing irrigation levels from 60 per cent to 

100 per cent ETc under drip irrigation. Chouhan et al. (2015) also revealed that drip irrigation produced 

higher yield attributes in wheat because the drip irrigation system was very 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 assimilation of photosynthate, 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 beneficial than 

conventional method of irrigation and produced increased grain and straw yield of wheat. GoaYanget al. 

(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 and seed 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 of nutrients resulting in 

insufficiency of nutrient and low yields. Proper water management will hold these losses to a bare 

minimum. Suradkar et al. (2020) observed that the drip fertigation at different intervals significantly 

increased the N, P and K uptake by wheat crop. Bhowmik et al. (2019) reported that the highest nitrogen, 

phosphorus and potassium content and uptake was recorded with drip irrigation provided at 100% CPE 

on two days interval. The results obtained by Awaad and Deshesh (2019) showed that application of 

water through drip irrigation along with 100 kg N fed
-1

 recorded 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 Rekabyet al. (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 water-use efficiency under drip irrigation was due to enhanced grain yield 

and comparably lower water consumption than other irrigation methods. Another reason is that the drip 

irrigation had minimum water requirement as the loss of water through evaporation from large amount of 

ground is minimum in this process (Vanitha, 2008). The reason behind this 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 water-use efficiency (Mehriyaet 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 2013-14, water productivity of drip irrigated wheat was significantly 

higher than sprinkler irrigated wheat and check basin method (Suryavanshi and Buttar, 2020). Rekabyet 

al. (2019) observed that drip irrigated wheat recorded higher water use efficiency. From the results 

obtained by Barkhaet 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. Chouhan et al. (2015) revealed that drip irrigation 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 analysis it can be tackled 

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 cent ETc recorded higher water use efficiency (WUE) in wheat as compared 

to surface irrigation (Bhuniaet al., 2015). Tasal and Pawar (2013) found that the treatment of drip 

fertigation recorded higher water use efficiency in wheat than conventional method of irrigation. 

According to Kharrouet al. (2011) drip irrigation applied to wheat was more efficient with 20 per cent of 

water saving in comparison with surface irrigation. Many researchers (Lokhandeet al., 2019, Bhowmik et 

al., 2018, Malveet al., 2017, Abd El- Rahman, 2009 and Liao et al., 2008) found that drip irrigation had 

significant effect on water productivity of wheat over surface check basin irrigation method. Similarly, 

Bandyopadhyay et al. (2009) reported that drip irrigation at 0.8 IW/CPE resulted in significantly 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 that the highest gross returns, net returns 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 100 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 (Suradkar et al., 2020a). It was 

noticed that drip irrigation (at 1.0 alternate day pan fraction evaporation) gave highest net returns with 
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higher B: C ratio of wheat than conventional method of irrigation (Barkhaet al., 2017). Rao et al. (2016) 

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

net monetary 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 know the importance of drip irrigation in wheat using 

the available information. From the above information‘s it was observed that drip irrigation requires less 

irrigation water compared to conventional irrigation method and also ensure uniform distribution of water 

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 

semi-arid region where limited water resources are 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 of the 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 in order to meet the world's ever-increasing 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 soil. 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 phosphate solubilizing 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: 

 Phos‘ meaning light and ‗phorus‘ meaning bringing.It is one of the essential elements that are 

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 0.013-0.155% P and the insoluble phosphate compound 

constitute 95-99% of the total phosphorus. Soil solution phosphorus in soil ranges 0.003-3 ppm. 

Phosphorus in non-metallic element of the nitrogen family. Phosphates PO4
-3

 are existed in three 

formsOrthophosphate (primary and secondary)Metaphosphate (salt of metaphosphoric acid)Organically 

bound phosphate (bind with plant and animal tissue). Biofertilizers provide "eco-friendly" organic agro-

input. Rhizobium, Azotobacter, Azospirilium, and blue green algae (BGA) have long been used as bio-

fertilizers. Leguminous crops benefit from Rhizobium inoculant. Wheat, maize, mustard, cotton, potato, 

and other vegetable crops can all benefit from Azotobacter. Sorghum, millets, maize, sugarcane, and 

wheat are among the crops for which Azospirillum inoculations are advised. Nostoc or Anabaena or 

Tolypothrix or Aulosira, blue green 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 nitrogen per hectare every season while 

also enriching soils with organic matter. 

mailto:preetiwal9@gmail.com
https://en.wikipedia.org/wiki/Environmentally_friendly
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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 variety of chemical 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 phosphate 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 that 

occur inside the plant. 

Promotes early root development 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 starches: With the release of phosphate, starch phosphorylase catalyses 

the reversible transfer of glucosyl units from glucose-1-phosphate to the nonreducing end of alpha-1,4-D-

glucan chains. 

Help in seed formation: Phosphorus have main important role in seed formation. Phytine is a measure 

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 solution, where 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 high-energy P molecules offer the required energy once again. 

Transfer of genetics characteristics: Phosphorus 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 

genetic 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. P is abundant in seeds and fruit, where it is thought to be 

necessary for seed production and development. 

Mineralization of phosphorus by phosphate solubilizing microbes 

 Phosphate-mineralization/solubilizing microorganisms have the ability to convert the insoluble 

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 bacteria (Bacillus, Pseudomonas Flavobacterium Micrococcus Streptomyces) and 

fungi belonging to Aspergillus, Penicillium and Trichoderma efficiently solubilize insoluble phosphate of 

rock phosphate groups and actinomycetes. These organisms secrete organic acids that solubilize insoluble 

phosphorous which becomes then available for plant absorption. 
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Benefits of Phosphorus Solubilizing Microorganism 

 The impact of a PSM (Pseudomonas spp.) 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 

development may be aided by phosphorus-solubilizing bacteria by increasing the effectiveness of 

biological nitrogen fixation, producing phytohormones, and increasing the availability of trace metals like 

zinc and iron. Phosphate Solubilizing Microorganisms have a 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 lytic enzymes, 

which all help to suppress pathogen development. Phosphate Solubilizing Microorganisms technique 

enhances the fertility and agricultural usage of saline-alkaline soil without the environmental or health 

risks that come with using synthetic fertilizers on a regular basis. 

Table1. Effects of some PSM on crops 

S. No. PSM Test crop Result 

1 Aspergillus niger Wheat Improved growth 

2 Aspergillus awamoriS29 Mung bean Increased plant growth, total P 

content, and plant biomass 

3 Bacillus spp. and Pseudomonas 

spp. 

Sesame Increased seed yield 

4 P. favisporus TG1R2 Soybeans Increased dry biomass 

5 Aspergillus niger Penicillium 

aculeatum 

Chinese cabbage Increased growth 

6 P. putida Moss Increased growth 

7 Bacillus thuringiensis Rice Increased shoot length 

 

Plant Growth Promoting Rhizobacteria (PGPRs) 

 Plant growth promoting rhizobacteria- Bacteria that colonize the root of plant that enhance plant 

growth. Act as both Bio-fertilizer and Bio-pesticides 

Promote growth by: 

a) Improved Nutrient Availability (Bio-fertilizers) 

b) Suppression of Plant Disease (Bio-protectants) 

c) Phytohormones Production (Bio-stimulants) 

Phosphorus transformation 

Forms of soil phosphorus and uptake by plants 

 Solution phosphorus: Soil solution P concentration varies widely among soils from 10-7 to 10-4 

M. It required by plants depends on crops and level of production. The amount of H2PO
4-

 and HPO4
-2

 

present in solution depends on soil pH. 
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 Inorganic soil phosphorus: Inorganic P (35-75% to the total P) in soil solution (H2PO4
-
/HPO4

-2
) 

not absorbed by the roots by microorganism can be adsorbed to mineral surfaces or precipitated as 

secondary phosphorus compound surface adsorption and precipitation reactions called phosphorus 

fixation. 

Phosphorus mineral solubility: Phosphorus concentration is controlled by P mineral solubility. 

Al-P and Fe- P minerals- Acidic soils 

Ca-P minerals- Calcareous or alkaline soil. 

Organic soil phosphorus: Organic 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 adsorption and 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 are H2PO4
-
 and HPO4

2-
 (orthophosphates ions). These anions are not 

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 engage in adsorption 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 the soil pH and soil type.  

 

Figure 1: Relative effect of soil pH on P adsorption and precipitation 

Phosphorus fixation in acidic soils 

 Phosphorous fixation occurs in acidic soil, where H2PO4
-
 reacts with the surfaces of insoluble 

oxides of Fe, Al and Mn involve series of chemical fixation reactions and thus interlocks the phosphorus. 
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Phosphorus fixation in alkaline soil 

 The availability of phosphorous in alkaline soil is determined principally by the solubility of the 

various Ca2HPO4 compound present.  

CaH4(PO4)2 + CaCO3                   Ca2H2 (PO4)2 + CO2 + H2O 

Monocalcium phosphate                   Dicalcium phosphate (less soluble) 

Ca2H2(PO4)2 + CaCO3                 Ca3(PO4)2 + CO2 + H2O 

                                                            Tricalcium phosphate (least soluble) 

Tricalcium phosphate            Carbonate and hydroxyl apatite (extremely insoluble) 

Factors affecting of phosphorus fixation 

Nature and amount of soil components 

(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 completely balanced by complicated aluminium cations.  

(e) Calcium carbonate: The higher the CaCO3 level in the soil, the better the phosphate fixation. 

Adsorption of phosphate on the surface of calcium carbonate particles is possible. 

Other ions: 

Cations: Divalent cations 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 phosphates and other phosphate-bearing 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 temperatures. Temperature increases 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 (MoO4
2-

) and borate (BO3
3-

,HBO3
-
 and B(OH)4

-
) anions also fix in 

the soils of mostly acidic reaction.  

 

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 released into the 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 solution for plant 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. Precipitation on the other hand is a process by which metal ions such as Al
3+

 and Fe
3+ 

(these ions 

are dominant in acidic soils) and Ca
2+

 (dominant in calcareous soils) react with phosphate ions present in 

the soil solution to form minerals such as Al-P, Fe-P or Ca-P. 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 phosphate back 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, a bio-fertilizer 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 (P) bio-fertilizers 

used to boost agricultural productivity to meet the world's ever-increasing 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 arsenic (As) levels in the soil. 
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Abstract: 

 Sustainable agriculture emphasizes the development of needs, knowledge, skills, social and 

cultural values, technologies, and practices 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 practices. To achieve 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 environment. To generate production, we must 

reduce the use of inputs from renewable sources and petroleum-based 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 population. 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 agriculture. The fact 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 management 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 methods in many 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 use of non-synthetic 

products, while sustainable means 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 techniques that 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 highest productivity 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 using ecological 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 Agriculture is also called eco-farming or organic farming or natural farming or permaculture. 

Sustainability is a complex concept involving many aspects, especially economic, social and ecological 

aspect (Figure 1). 

 

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 3000 projects have 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 Congress because 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 and Trade Act of 1990, LISA has been 

renamed as a research and education program on sustainable agriculture and has been added to other 

programs: 

1. Research on integrated crop/livestock operations. 

2. Train Extension Service agents in disseminating sustainable farming practices. 

 In 1991, SARE planned to cooperate with the Environmental Protection Agency to manage 

agriculture under the Environmental Plan (ACE). 

 Sustainable Agriculture is a multifunctional process: - 

 Production of food and fiber 

 Protection of the environment  

 Conservation of land and resources 

 Development of rural communities 

 Maintenance of agriculture heritage 
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Sustainable Agriculture Practices 

 Diversifying sustainable agricultural practices is a key issue that links many of these practices. 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 important sustainable agricultural practices have emerged, such as: 

Permaculture: Permaculture, is a contraction of  ―permanent agriculture‖. The term coined in the book 

Permaculture One: a Perennial Agriculture for Human Settlements written by Mollison and Holmgren, 

1978. Permaculture generates the easy and cheap plans with respect to production.Permaculture promotes 

agricultural creativity and innovation. It is a design system of natural principles 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, housing 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 include spirals, hugelkultur garden beds, herb, 

keyhole and mandala gardens, mulching, growing crops without tillage, each plant serves multiple 

purposes, and scales on the contour to keep water high 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 combines 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 soil 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 goal is achieved by implementing practices 

such as spreading farm yard manure, composting covering crops, or rotating crops.Its 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 cultural model of the 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 plants, water 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 and may bring additional 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 for farmers who are sensitive to desertification in arid regions. 

https://greentumble.com/what-is-permaculture-farming/
http://permaculturenews.org/2014/07/17/herb-spirals-herb-circles/
https://greentumble.com/what-is-hugelkultur/
http://tcpermaculture.blogspot.com/2011/06/importance-of-edge.html
http://www.permaculturenews.org/resources_files/farmers_handbook/volume_4/3_no_till.pdf
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Figure 2: Multifunctional agro-forestry system in India 

Hydroponics: Hydroponics grows plants in nutrient solutions to provide mechanical support orwithout 

an inert medium (e.g., soil).It is an innovative farming technique. State-of-the-art techniques for food 

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

Figure 3: Hydroponic farming 

Aquaponics: The aquaponic is a sustainable method for growing fish and vegetables. It is 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 fish is used to irrigate hydroponic plants (Figure 4). 

 

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 profitability. Grazing can also be a great way to rotate 

plants. Instead of alternating crops, you can graze the 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 compact the soil and 

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. The heart of sustainable 

animal production is forests, pastures or well-managed 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, resting side 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 

beneficial 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 under the 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 where many other 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 protect soil health include using cover crops, composting, reducing cultivation, and 

maintaining soil moisture through dead mulch. These methods also increase the ability to maintain soil 

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 traditional 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 covered with plants 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, this practice 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 use and 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 the on-site productivity difference, and gives the appropriate 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 plants they 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 useful insects, such as 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 signing contracts 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 15 years. The long-

term aim of the plan is to restore valuable plant cover to enhance water quality, control soil erosion and 

decrease wildlife loss. A long-term goal of the plan is to restore valuable vegetation to improve water 

quality, prevent soil erosion and reduce 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 slope 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 soil is not exposed, it 

can be grown in off-season 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 for future herbicides (14). 

Crop rotation / diversity: It is practice of growing various crops in sequential seasons in the same 

field. Crop rotation helps in removal of pests and weeds control and also provides healthy soil. Some of 

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 nitrogen chemical fertilizers. 

 

Figure 7: Terraces 

 

 

Figure 8: Crop rotation 

 The following factors are taken into account in crop rotation: 

 Legumes should be grown without beans after planting. 

 Plants that need less water (irrigation) should be planted after plants that need more water. 

 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 increase product 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 weather, soil properties 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 fuels in agriculture 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 

process is impossible. However, not only the use of renewable energy instead of fossil fuels, but also the 

one-time use of agricultural equipment and machinery can reduce agricultural fuel and carbon dioxide 

emissions. Make agriculture environment friendly. 

Irrigation: 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 real-time 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. 

Irrigation is an integral part of Arizona‘s agricultural production because approximately 74% of water is 

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 of irrigation 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 soil health. 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 inexpensive soil 

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 higher nutrient 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 Systems: Sustainable 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 biodiversity and to be valued. 

Increase the Sustainability of the Farming Enterprises: The 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 "quick solution" to ensure sustainability. However, there are some 

principles that can help farmers develop more sustainable agricultural ecosystems. among them: 

 Use water and nutrients efficiently 

 Develop ecologically-based pest management programs 

 Improve energy efficiency 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 and fertility of soil crops. 

 Cover the ground throughout the year 

 Develop an ecological pest control plan 

 Maintain profitability 

 Protect water quality 
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Conclusion: 

 Sustainable development is considered to be an important ecosystem, habitat to biodiversity or 

the web of 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 productivity in 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 competition for 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 

the world‘s second largest agro-based industry that produces a huge amount of crop residue, due to its 

year-round farming. The crop residue is not a waste material; 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 burnt on-farm. 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 result proper 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 chopper, happy 

seeder, gasification, stubble shaver, straw reaper, straw baler and other government schemes are used for 

residue management in India, mainly in Punjab and Haryana. The different practices in crop residue 

management have improved the physiological, biochemical, 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, technology 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 different regions according to their climatic 

conditions. In 2011-12 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. The one-ton waste of rice release 1459 kg carbon dioxide, 

59 kg carbon dioxide, 198 kg ash, 2.9 kg other matter (Gadi, 2003). At present scenario, the burning 

decrease the soil 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 residue management 

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.Every year 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 (Pathak et al. 2010). The Indian government has sought to this issue through 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 as a litter purposes. Sometime they sell the waste in industries and 

remaining residue is burnt on farm. The residue problem major in irrigated areas and rice-wheat cropping 

system. Mainly, residue problem in Punjab and Haryana. 

 Crop leftovers of various crops 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 mt of agro waste 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, according to NGT banned the crop leftover in states like Punjab, 

Haryana, Rajasthan, Uttar Pradesh. According to reports the totally 1600-15000 farmers burnt the residue 

on farm in every year (Jitendra et al. 2017). According to Ministry of agriculture and farmer welfare 

(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? 

 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 

 The collection for waste consumes labour and time 

 Current time the farmers reduce the number of rearing animals  

Loses of nutrients from crop residues by burning 

S. 

No. 

Particulars Loss during one ton of 

straw 

Loss in soil/ha 

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 other value-added products. A 

considerable amount of agro-waste is created 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 residue: They are the components 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 are used in various 

purposes and also improve the soil: 

 The residue material is used for biogas production. 

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

environment for microorganisms for their growth and development. 

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

Haryana, Tamilnadu, Assam etc. 

 In residue material present some amount of nutrients like carbon, nitrogen, phosphorus, 

potassium and provide the nutrients to soil when add in soil. 

 The husk material is used in cement mixtures and mix in clay for making the huts. 

 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. 

 The residue also improves the soil physical properties like texture, bulk density, pore spaces, 

moisture content. 

 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. 

 Crop residue act as a source for pest, insect and diseases (Cox et al. 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 (Gregoriet al. 2007). 

Mulching: The residue material used as mulching to avoid the erosion and maintain the moisture content 

on upper surface of soil. They protect the soil from water and wind erosion (Thorne et al. 2003). The 

residue used on soil surface and restrict the weed growth. It increases the nitrogen and carbon content in 

soil. 

Composting process: The 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 as a manure. 
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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 50-60% of methane from one ton rice straw and used as fuel and 

manure. 

Gasification: The residue material used 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. The one-ton residue produces the 

300 kw of electricity. 

Straw baler: After harvesting of crop with combine harvester the 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 maintaining 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 seeder: It 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: 

 Forage chopper 

 Rotatory mulcher 

 Residue crushing machine 

 IISR plant residue shredder 

 Mower 

 Sugarcane trash chopper 

Management in different countries 

 Jiang et 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 used 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 used as energy resources. 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 used for 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 these toxic chemicals endangers the non-target 

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 

chemical insecticides on human health led to growing interest in use of botanical insecticides due to their 

non-persistent nature in environment and non-toxic behaviorto human health and also ecologically 

accepted.In this we use plant originated compounds (essential oils, flavonoids, 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 ways 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 food and safe 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 found in all habitats. Less than 0.5 percent 

insect species considered as pests. Insects cause damage to humans, farm animals and crops.some insects 

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 sub-Saharan 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 pest synthetic 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 

insects 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 botanical insecticides 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 

plants have high efficacy in pest control and that‘s why popular in organic farming and environment 

acquainted farmers.Botanicals act on insects asrepellent, insecticidal, antifeedant, growth 

inhibitors,oviposition inhibitors,ovicides and growth reducing effects on various insect species.Essential 

oils have larvicidal activity on Limantriadispar (gypsy moth) larvae and repellent to ants, cockroach,beg 

bug and lice,toxic 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 piperita oil (Piper 

mint) 

Repellent Ants, lice, flies, moths, Callosobruchus 

maculates, Tribolium castanum 

Trachyspermum spp.(ajwain) 

oil 

Larvicidal Aedes aegypti 

Culex quinquefasciatus 

Nepeta cateria (catnip) 

Nepetalactone a.i., oil 

Repellent Aedes aegypti (vector for yellow fever virus) 

Zingiber officinale & 

Piper cubebaberries (rhizome 

oil) 

Insecticidal 

Antifeedent 

Tribolium castaneum, Sitophilus oryzae 

Tagetes species oil Anti-insect activity Ceratitis capitata, Triatoma infestans 

Melaleuca alternifolia oil Fumigant Sitophilus zeamais 

Rosemary,oregano,yarrow, 

Eucalyptus and mintoils 

Surface treatment 

Fumigation 

Cockroach 

Oregano oil Repellent Supella longipalpa 

Laurus nobilis oil Toxic Rhyzopertha dominica, Tribolium castaneum 

Lavandula hybrid, Rosmarinus 

officinalis, Eucalyptus globulus 

oils 

Insecticidal Acathoscelides obtectus (adult) 

Tagetes minutaoils Toxic, Acaricidal, Repellent Cochliomyia macellaria 

Basil oil (eugenol) compound Repellent Mosquitoes 

Basil oil (linalool)compound Toxic Bruchid zabrotesand other storage pests 

Zingiber zerumbet oil Repellent Lasiodermaserricorne 

Juniperus proceraoil Repellent Anopheles arabiensis (malarial vector) 

Verbenone and camphorin 

eucalyptus oil 

Antifeedent Mosquito 

Eucalyptus globules oil Toxic A.aegypti larvae 
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Lemon eucalyptus oil 

(p-menthane -3,8-diol, PMD) 

a.i., 

CDC (Centre for disease 

control and prevention, USA) 

recommended 

Prevent disease West nile virus (neurological disease or even 

death) spread by mosquitoes 

Eucalyptus oils rich in –

CINEOLE 

TOXIC Varroa jacobsoni (parasite of honey bee) 

Eucalyptus oil Prevent Tick bites in humans and reduce tick-borne 

infections 

Eucalyptus degluptaoils Repellent Culex quinquefasciatusmosquito. 

Eugenol,isoeugenol, 

methyleugenol, methyl 

isoeugenol, coumarin, coniferyl 

aldehyde 

Antifeedent Red palm weevil 

(rhynchophorusferrugineu) 

Andropogon nardus 

Citronella oil 

Repellent Mosquitoes 

Geraniol Attractant Oriental fruit fly 

Geraniol, citronellol and 

citronellal 

Attractant Japanease beetle 

(popillia japonica) 

 

Alkaloids: Alkaloids are most vital group of botanical substances act as an important role in insecticides. 

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 stem) Muscular poision Thrips & worms 

pyridine Ricinus communis Toxic Anopheles gambiae 

(malaria vector) 

Furocoumarin 

Quinolone 

Rutachalepensis (leaves) Larvicidal 

Antifeedant 

Larvae of 

Spodoptera littoralis 

cevadine, 

veratridine 

Schoenocaulon officinale 

(seeds) 

Nerve poision Squash bug 

Alkaloid Pergularia tomentosa Larvicidal 

Antifeedant 

Fifth instar larvae 

Locusta migratoria 

Pipernonaline 

piperidine 

Piper longum Larvicidal Mosquito 

Alkaloid Arachis hypogaea Larvicidal Chikungunya and 

malaria vectors 

 



Recent Innovative Approaches in Agricultural Science Volume I 

    (ISBN: 978-93-91768-74-4) 
 

71 
 

Flavonoids: Flavonoids are used to protect plants against phytophagous insects as botanical insecticides. 

flavonoids protect the crops against insect pests by affecting their growth,development,life cycle and 

behavior. 

Glucosides: Cyanogenic glucosides presented in plant species areconsidered to have an important role in 

plant defense against phytophagous insects. 

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

Glucosides Source plant Mode Target pest 

Cardicglycosidal 

(cardenolide) 

Calotropis procera Anti-larval& adult  Hyalommadromedarii 

Azadiractin Azadirachta indica  Anti-larval& adult  Hyalommadromedarii 

Flavan glycosides   Insect growth 

inhibitory 

Pectinophoragossypiella 

Iridoid glycosides  Antifeedent L.dispar (gypsy moths) 

Cyanogenic glycosides   defence Stored products 

Pests   

Anthraquinones  Cassia species  Antimalarial 

Insecticidal  

Mosquito 

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)-2,4-decadienoate. 

Fatty acids like-methyl esters, 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 characters 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 substances or 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 

less or no residue problems. that‘s why these are proved as safe for humans as well as for environment 

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 mode of action on targeted insect 

Repellent Against (targeted insect) 

Citronella oil ―odomos‖ Mosquito 

Pyrethrum Glossina morsitans (tsetse fly) 

Oils of Mentha piperita 

Corendrum sativum 

Tribolium confusum 

Essential oils of zanthoxylum spp. Tribolium catenium 

Lesioderma serricorne 

Cymbopogon citrates oil Phlebotomus argentips(sand fly) 

 

Antifeedants: Botanical antifeedants are that natural plant occurring compounds that inhibit feeding in 

insect when applied on foliage (food) withoutimpairing their appetite and gustatory receptors or repelling 

them away from food by making them unattractive or unpalatable. 

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 feeding aphid 

Leptine,tomatine,solanine Solanum plants Leaf hoppers 

tannins,saponins flavonoids, 

steroids and alkaloids 

leaf extract of Khaya senegalensis Dinoderus porcellus 

1,8-cineol Galangal termites 

 

Insect Growth inhibitors: Botanical's insecticides which interfere with the growth, development and 

metamorphosis of insect. Reducing the 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 reproductive insects.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 insects to make oriented movements towards their source. 

They affect both gustatory (taste) and olfactory(smell) receptors. 
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Table 6: List of someattractant mode of action on targeted insect 

Attractant Plant Targated insect 

Isothiocyanates Cruciferous plants (seed) Pests of cruciferae 

Propylmercaptan Onion Onion fly Hylemya antiqua 

Terpenes Barks Bark beetle 

Sinigrin Crucifers Cabbage butterfly Pieris brassicae 

 

Conclusion: 

 Botanical insecticides arenaturally occurring compounds extracted by plant parts which have 

insecticidal properties and used as best alternative to synthetic toxic chemicals to reduce residue problem 

or their negative effect on non-target livings like humans and animals. Synthetic insecticides are health 

hazardous by their persistent nature in environment and non-degradability. 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, feeding 

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 way plant 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 shrinkage of land, depletion in water, availability of farm labours, 

technical skills and its adoption for some advanced farming technologies in India. Indian Horticulture 

industry is shifting from traditional cultivation to the advanced technologies. The liberalized economy 

and the framing of government‘s 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, the horticulture industry always seeks new 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% of its gross domestic 

product (GDP) and hires half of the country‘s work force. More than 70% rural population depends on 

agriculture for their livelihood.India stands second in population next to China. Still, faces the challenge 

to fulfil the demands of agricultural commodities for its ever-growing population. In 1960‘s Dr. M. S. 

Swaminathan gave the concept of green revolution. It made the country self-sufficient in achieving the 

food production. It is so, because of the introduction of high yielding varieties, increase 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 to an 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 major challenge arising is 

shrinkage of land, depletion in water, availability of farm labours, technical skills and its adoption for 

some advanced farming technologies in India.Indian Horticulture industry is shifting from traditional 

cultivation to the advanced technologies. The liberalized economy and the framing of government‘s 

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, the horticulture 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, I target to record the most recent, novel findings, innovative techniques and 

cultivation practices 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. 

Micro 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 

 Depending upon the crop/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 an increase 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. 

2. Spray irrigation: A jet spray may be used to transport water and is widely 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. 

3. Sub surface irrigation: Water is supplied to plants from below the soil's surface with this 

irrigation method. This type of micro-irrigation 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 well-designed subsurface irrigation system may improve the efficiency of water and 

fertilizer inputs, resulting in higher agricultural yields of higher quality. 

4. Bubbler irrigation: This system can be installed in areas where there is a significant demand for 

water. It distributes water through little streams and fountains 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. 

5. Drip irrigation: Drip irrigation is a type of micro-irrigation system that has the potential to 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  

 Increases yield up to 40% and saves water up to 70% compare to flood irrigation 

 Maturing of plant is fast 

 Fertilizer use efficiency increases by 30% 

 Water application efficiency is high if managed correctly. 

 Moisture within the root zone can be maintained at field capacity. 

 Weed growth is lessened. 

 Water and fertilizer distribution is highly uniform. 

 Labor cost is less than other irrigation methods. 

 Fertigation can easily be included with minimal waste of fertilizers. 

Fertigation: Process of application of water-soluble fertilizers through drip irrigation system directly to 

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 soil, 

fertigation increases crop nutrient use efficiency. 

2) Less water 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 removing 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 operations 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 ready-mix nutrient 

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 equipment, as well 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 water-soluble fertilizers 

and other chemicals along with irrigation water directly in the root zone and thereby significantly saving 

the costly inputs. For injecting liquid fertilizers 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 section, throat 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 tube from the 

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 means 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), head loss required, 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 hold the 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. This causes water 

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, starting at 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 pressure. 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 are no significant 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 meet the irrigation 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, they are 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 pollutants are all issues that arise when utilizing granular fertilizers. 

Table 2: Nutrient (N-P2O5-K2O) content of common fertilizers suitable for fertigation in their solid 

and saturated liquid forms 

Nutrient  Compound Nutrient content in (N; P2O5; K2O) 

Nitrogen Urea 

Ammonium Nitrate 

Ammonium Sulphate 

46-0-0 

33-0-0 

21-0-0 

Phosphorous Mono-ammonium phosphate 

Di-Ammonium phosphate 

12-61-0 

18-46-0 

Potassium Potassium chloride 

Potassium nitrate 

Potassium sulphate 

Mono-potassium phosphate 

0-0-60 

13-0-46 

0-0-50 

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 the fertilisers 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 (NH4)2SO4 and KCl are combined in a tank, for example, the mixture's solubility is greatly 

decreased due to the creation of K2SO4. Calcium nitrate with any phosphates or sulphates, magnesium 

sulphate with di- or mono-ammonium phosphate, phosphoric acid with iron, zinc, copperand manganese 

sulphates and so on are examples of unacceptable mixes. 
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Figure 1: Fertigation Fertilizer compatibility Chart 

 

Mulching 

 Mulch is a coating of material that is put to the soil's surface. Mulch is used for a variety of 

reasons, including preserving soil moisture, boosting soil fertility and 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 

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

Benefits of Mulching 

 Keeps the soil cooler and helps prevent evaporation.  

 Suppress the Weeds as they do not get the light  

 Prevent soil erosion 

 Slow down rainwater run-off, and increase 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 soil micro-organisms 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 

 Plant Growth Regulators are any various synthetic or naturally occurring plant substance that 

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

Auxin, Gibberellins (GAs), Cytokinin's, Abscisic acid (ABA) and Ethylene. 

Role of Growth regulators in flower crops 

 Root initiation 

 Cell division and cell 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 

 Extend the vase life/ shelf life of the flowers 

Protected cultivation 

 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 

 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 of plants 

 Protect the crop from wind, rain, snow, bird, hail, etc. 

 Generate employment 

Global positioning system (GPS) 

 GPS is a Satellite based navigation system used to find out the exact location in the field, to 

assess the spatial variability and site-specific application of inputs. 

 Originally developed for military operations in the 1980's, but later 

made available for civilian use in the mid 1990's. Since then, GPS is 

available 24/7. 

 The system consists of up to 32 satellites, but only 24 of those 

needed to be fully active, the extras are spares. 

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

process by ground receiver to determine position of the earth. This allows 

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

Bradford Parkinson 

 He has been first the chief architect of GPS throughout the system‘s 

conception, engineering development, and implementation.‖ Hence, he earned 

the title the ‗Father of GPS‘. 

GPS System has 3 Segments. 

1) Control Segment: Ground station, located around the world that makes sure 

that satellites are working properly. 

2) Space Segment: 24 satellite are placed in to orbit 

3) User Segment: The GPS receiver used by the community/ man (Ex: E-Trex device) 
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How GPS Works 

 False code signals are created in control segment and when the satellite signals match the false 

signals GPS system start working. 

 Satellites emit specially coded signals much like FM radio signals. Each satellite transmits its 

exact location along with a timed reference 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 used to calculate 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 can introduce 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 known as brain of precision farming 

Functions of GIS 

 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 

 Hardware: Hardware is the physical component of the computer and GIS runs on it. Hardware 

may be hard disk, processor, motherboard and so on.  

 Software: It provides tool to perform geographic query, run analysis model and display 

geographic data in the map form. GIS software uses Relation Database Management System 

(RDBMS) to store the geographic data. 

 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.  

 People use all above three components to run a GIS system.  

Types of GIS Data 

i. Raster Data: Raster data store information of features in cell or 

pixels.  

Each cell contains data. 

ex: land cover, elevation. 

ii.  Vector Data: There are three types of vector data, points, lines and polygons.  

 More closely resemble the real world.  

 Vectors models are used to store data which have discrete boundaries 

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 into 

direct contact with the object.  

 

 

Types of remote sensing 

1) Passive remote: sensing systems which measure by using 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 directed toward the target to be investigated. The radiation reflected 

from that target is detected and measured by the sensor.  

Example: LASER, RADAR 
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1. The first generation of platforms for instruments generating remotely sensed data from the 

surface of the Earth comprised pilot-flown aircraft and  

2. The second generation consisted of Earth-orbiting 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 g Nano 

250g-2Kg Micro 

2 Kg-25Kg Small 

25 Kg-150 Kg Medium 

>150 Kg Large 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Examples of current uses of UAS and their altitudes of operation 

Application of GPS GIS and Remote sensing in Horticulture 

 Crop identification and Acreage estimation 

 Identifying the Planting position and Weed location 

 Soil moisture, fertility level identification and soil sampling collection 
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 Identification of pest and diseases 

 Mapping and cataloguing of trees 

 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 and heterogynous 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 value. The system by which the flowers are produced 

in off season is referred to as ‗forcing‘. Flowers are forced by adjusting some climatic factors, mechanical 

methods and chemical methods to produce flowers to match the demands during the desired timings or 

festivals like Christmas, New Year, Easter etc. 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 of more or 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 application 

of fertilizers at regular interval may enhance the flower production in off season. Forcing enables the 

flower production during the off-season period when the demand for flowers is generally very high. Off 

season flower induction will enhances the income of 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 in off-season is referred as ‗Forcing‘. In 

Horticultural point of view, flower forcing is any operation imposed on the plants, after reaching its 

ripeness-to-respond stage, in order to stimulate flowering. The flowering dates or period may be earlier or 

later than normal date or period of flowering.  In 1901, Nicolas Dames introduced the system for ―early 

flowering‖ in Hyacinths. 

Goals of flower forcing 

 The goals of such operation are as follows 

 Off-Season Production: Cut flowers that are available during their normal season are plentiful, thus 

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 profitable to harvest them. This is a big loss to the 

farmers. Thus, it is advisable for the farmers to produce cut flowers during the off-season period, to 

avoid the loss and to obtain higher prices of the produce, although the inputs may be high. 

 Specific-Date Production: Similarly, the demand for cut flowers is quite high during certain 

occasions, such as Christmas Celebration, New Year‘s Day, Mother‘s Day, Memorial Day, 
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Valentine‘s Day, Graduation Exercise Day, Buddhist Lent‘s Day, etc. Thus, it will be to the farmers‘ 

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 off-season or at certain specific dates are as 

follows: 

a) To Avoid Surplus of flowers in normal season: Most 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 even un-saleable. 

b) To Avoid Wastage or Spoilage of Flowers: Unlike most other products, flowers are perishable 

with time. They are either spoiled or left as waste if not used, or sold. 

c) To Avoid Danger of Epidemics: on season production of flower is subject to a number of insect 

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, most laborers are engaged in one job or another. Off-

season flower production helps to distribute employment throughout the year; a benefit to the nation‘s 

economy. 

e) To Increase Farmers‟ Income: It is obvious that the farmer‘s income will be higher by selling 

products that are on high demand. 

f) To Reduce Imports and Balance of Trade: It is the florists‘ custom to import flowers from 

abroad or other state to satisfy the demands of the customers during certain times of the year when 

domestic production is not possible, even at a much higher price. Off-season 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 Needs: Generally speaking, the need for flowers of 

the customers is not seasonal, but spread all-year 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 

1 Jasminum sambac 

Jasminum grandiflorum 

Jasminum auriculatum 

February – 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 September- February March- August 

 

 



Recent Innovative Approaches in Agricultural Science Volume I 

    (ISBN: 978-93-91768-74-4) 
 

87 
 

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 

condition called ‗ripeness to respond‘. It has been hypothesized that, after reaching the ―ripeness-to-

respond stage‖, and upon exposure to proper stimuli, a plant will produce floral primordium through the 

formation of hypothetical substances. These substances are ‗vernalin‘, if stimulated by proper 

temperature, and ‗florigen‘, if stimulated by proper photoperiod. This floral primordium will ultimately 

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 colours if the temperature 

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., tulips, irises, can be accelerated to flower by exposure to 

low temperatures (9-13oC), but a high temperature (20 to 30
o
C) pre- treatment is essential if 

flower formation is to occur at all. 

b. Photoperiod: This is a cycle of day length within a 24-hr period. Flowering of a plant in 

response to photoperiod is known as ‗photoperiodism‘. Plants can be classified as a short-day, 

long-day, or day-neutral plant. A short-day plant is the one in which flowering takes place when 

the day length is shorter than a critical value (any number of hours of day length per day); while 

a long-day plant is the one in which flowering takes place when the day length is longer than a 

critical value. A day-neutral 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:   

(ii) Little or no seasonal influenced: Flowering occurs all year round with little or no influence of 

the season. Examples are roses, marigold, chrysanthemum, and heliconia.  

(iii) Great seasonal influenced: The 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, not 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.e., in-season). 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 exposure to short 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)  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. 

 

 

 

 

 

b) 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 obvious in the case of fruit 

trees in which ringing induces flowering and fruiting. 

c) 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. 

 

 

 

 

 

 

 

d)  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.  

e) Breaking Dormancy: Seeds 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 many cold-requiring seeds 

and induce flowering of many cold-requiring plants. 

 

 

 

 

 

 

 

II) Adjusting Factors Affecting Flowering  

a) Temperature: For low temperature- requiring 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: 

c) 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, a little 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 short-day plant to exceed the critical value, it will not flower, but 

remains in the vegetative phase; e.g., chrysanthemum, a short-day plant, requires 14.30 hrs or 

less to flower, whereas the day length in Thailand is less than that, thus it will flower all-year 

round even from a small plant, making it non-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. 
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Table 2: Maintenance of photoperiod in chrysanthemum 

Growth phase Weeks from planting  Photoperiod  

Vegetative 

phase 

Up to 5-6 weeks from planting till 

the plant attains 50 to 60 cm height 

Long day: 13 hrs light and 11 hrs 

dark 

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

hrs dark 

 

III)  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 fertilizer formula 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 affect flowering, 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 plants. It has been demonstrated that gibberellins can substitute for 

the long-day 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 appears that the formation of 

flowers caused either by long days or by cold periods might normally depend upon the build-up of 

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. Growth retardants (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 

acetylene, a precursor of ethylene, on top of the pineapple plant, is quite effective in inducing the 

pineapple plant to flower. An ethylene-releasing substance, called ethephon or ethrel, is commercially 

available. The induction of flowering in the mangoes and the bromeliads 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 known as cultar), etc. which, 

when applied as soil drench or leaf spray results in flowering of many fruit trees.  

Drawbacks of off-season flower forcing 

 Lack of information 

 Limited research on traditional flowers 

 This might affect the yield, quality and fragrance of normal season bearing 

 It may affect the economic lifespan of the plant 

 Need for the study of plant physiology for off-season flower forcing 

Conclusion: 

 Forcing enables the flower production during the off-season period when the demand for flowers 

is generally very high. Off-season 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. 
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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 demand is a key 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 and a scarcity of water have necessitated the development of a method to efficiently 

manage field irrigation. Non-optimal water use is one of the most serious issues in agriculture. 

Introduction: 

 Agricultural water management is now widely acknowledged as a serious difficulty that is 

frequently tied to development concerns. Agricultural activity has deteriorated many freshwater 

resources, resulting in over-exploitation, nutrient pollution, and salinization (Thompson et al., 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 

(Rehman et al., 2014). 

 Irrigation water demand is crucial to water resource allocation for the benefit of the economy and 

natural ecosystems in the severely water-scarce area. In order to improve irrigation scheduling, it is 

necessary to establish the water requirements of crops. As a result, 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 consequence 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 gathering real-time data from 

the field utilizing a soil moisture sensor has the potential to provide reliable monitoring of soil water 

status in agriculture areas. Because the sensor nodes are very inexpensive, they may be used to create a 

dense population of soil moisture sensors that accurately mimic the intrinsic soil moisture variability seen 

in each area (Dursunet al., 2014). The major goal of this chapter is to evaluate the need for sensors-based 

technology in an autonomous irrigation system that can be utilized to make the most efficient use of 

water while also saving the farmer money, power, and time. 

Key principles for improving water productivity 

 Increase the crop's commercial yield for each unit of water it transpires. 

 Reduce all outflows, including evaporative outflows other than crop stomatal transpiration (drainage, 

seepage, and percolation). 

 Make more efficient use of rainwater, stored water, and low-quality water. 

mailto:patelmahesh722@gmail.com
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Strategies to improve water productivity  

 Increasing irrigation application efficiency. 

 Changing irrigation application methods. 

 Improving irrigation scheduling. 

 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  

 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  

 Net irrigation requirement 

 Gross irrigation requirement                  

 Irrigation interval  

 Irrigation period  

Advantages of irrigation scheduling 

Irrigation scheduling offers several advantages: 

 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 number of irrigations. 

 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 water-logging issues. 

 It increases returns by using "saved" water to irrigate non-cash crops that would otherwise go 

unirrigated during water shortages. 

Objectives of irrigation scheduling 

 To maximize yield 

 To conserve water 

 To reduce nutrient leaching 

 To enhance water application efficiency 

Sensor-based irrigation scheduling  

 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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 Wireless data transmission and improved software interfaces are now making these sensors 

practical for farm use.  

 An affordable way to gain experience with sensor-based scheduling is to monitor a field for a 

season and review the data over the winter to see how your irrigation decisions matched the 

sensor readings.  

The main methods of irrigation scheduling  

 There are three main methods of irrigation scheduling:  

 Soil-based methods.  

 Plant-based methods.  

 Climate-based methods. 

 The climate-based method, along with its accompanying computer programs or fill-in charts, is 

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

both sensor-based methods, employing sensors that make immediate contact with the plant/soil 

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 

 Soil-based scheduling methods rely on sensors that monitor the moisture level in the soil at 

appropriate 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 reaches a critically 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 moisture sensing devices for irrigation scheduling 

include: 

1.  Determine the irrigation application amount to apply.  

2.  Determine which type of sensor to use.  

3. Decide whether to collect sensor data manually or involve automation. There are two levels of 

automation. One, the sensors automatically turn the irrigation system on (and possibly off) and 

two, only data is collected automatically (through hard-wiring or telemetric signal) but the 

irrigation is turned on/off independently of sensor readings.  

4.  Decide at what depths to install the sensors and at how many locations in the field.  

5. Determine the sensor value which will serve as the ―trigger point‖ to start irrigation.  

6.  Decide how often sensor measurements will be taken.  

7.  Convert numerical data into graphical representations. 
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Types of soil moisture measuring devices  

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

scheduling.  

 These devices include tensiometers, resistance devices (gypsum and granular matrix blocks), 

neutron probes, and sensors that measure dielectric constant.  

Placement of moisture sensing devices  

 Other than the sensors that use access tubes, the SMS devices described above only measure 

water content at their specific location.  

 It is 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 installation of the sensors and 

future collecting of data does not influence subsequent measurements.  

How many depths to monitor  

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

made.  

 Researchers may wish to monitor more depths in 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, can collect readings at numerous depths and are only limited by how deep the access 

hole/tube is).  

What locations to monitor? 

 Multiple sensors at various depths, but at a single location is termed here a ―station". Every field, 

no matter what size, should have 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 installation 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 to install soil 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 can readily 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 units 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 

 Continuous SMS 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 grow as the costs 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), various techniques 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 scattering, 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) 

capacitance technique, heat flux soil moisture sensors, micro-electro mechanical systems and optical 

techniques (Lekshmiet al., 2014). Estimation of water content based on sensor measurements provide real 

time, in situ measurements at a relatively affordable cost. Soil moisture sensors potentially provide the 

means to irrigate in accordance with the unique characteristics of a given crop in a given field. 

These sensors can be used as a „„stand-alone‟‟ method, or their use can be combined with the FAO 

method, or they can be used to complement irrigation management based on experience (Thompson et 

al., 2007).A conceptual system layout of distributed in-field Wireless Sensor Network (WSN) is 

illustrated in Figure. The system comprises over several components called „nodes‟. The nodes are smart 

devices that are used to collect the application-oriented data requirements.  

 

Figure 2: Application of sensor network in field Source: (Sherineet al., 2013) 
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 A sensor network performs three basic functions: (i) Sensing (ii) 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 while the node 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. External memory is an optional module that could be needed in case of data storage 

requirement for local decision making. The in-field sensors monitor the field conditions of soil moisture, 

soil temperature, and air temperature.All in-field sensory data are wirelessly transmitted to the base 

station. The base station processes the in-field sensory data through a user-friendly decision-making 

program and sends control commands to the irrigation control station (Rehman et al., 2014).In this 

system farmers can get the 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.  

 

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 the soil-the higher the matric 

potential the more water stresses the plant is under. Sensors that measure matric potential include: 

tensiometers (Figure) and electronic sensors, such as the ―WaterMark‖ sensor from Irrometer.  

 

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 temperature is a measure 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 thermocouples 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.  

 

 

 

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 soil 

water content.  

 When connecting this capacitor together with an oscillator to form an electronic circuit, 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 soil, two 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 on leaf-air temperature 

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.  

 

 

Sap flow sensors  

 Sap flow sensors are used to quantify whole plant-water use and dynamic plant water transport in 

trees and crops. By knowing plant-water use and plant water transport, we can schedule irrigation.  

 

Sensor type Advantages Disadvantages 

Neutron probe  

 

Accurate, repeatable, samples a 

large relative area, one sensor for 

all sites& depths  

Needs field calibration, Radiation 

hazard  

Time domain reflectometer  Calibration curve is unaffected by 

soil texture, salinity, BD and 

temperature, less expensive  

It samples small area  

 

Frequency domain 

reflectometer  

Easy to set up and to transmit the 

data  

Highly affected by soil conditions 

immediately next to the sensors, 

high variability, more expensive  

Tensiometers  

 

Simple, easy, quick & accurate 

determination in the field, useful 

for crops requires frequent 

irrigation at low tensions  

Maintenance issue, High cost, only 

useful on sandy soil  

 

Gypsum blocks  

 

Inexpensive, repeated measurement  

 

Highly variable output, very 

sensitivity to electrolytes, poor 

relation between soil water content 

and block readings, sensitive to 

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 effective in water 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 the process 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 

consequences. To put it another way, it's the process of taking carbon from the atmosphere and storing it 

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, soils, and 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, pools 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 are burned 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 change are becoming 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 a worldwide 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 technique to reduce 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 millions of people (Dhanwantriet 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 does native vegetation. 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, and potassium, 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 quantity of 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 to 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 ratio- The declining fertilizer 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 imbalance in fertilizer 

use and increasing multi-nutrient 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 animal manure 

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 which the 

agriculture sector experiences poor growth, production, and productivity. Factors like as farming 

primarily for self-consumption, a lack of sufficient irrigation, and a lack of utilizations of modern 

technologies, among others, define such a situation. The 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 gases (CO2, CH4, CFC and N2O) 

are present in atmosphere, transmit the 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 Effect-In greenhouse effect solar radiation passes through the clear atmosphere. Most 

radiation is absorbed by the earth‘s surface and warms it. Some solar radiation is reflected by the earth 

and the atmosphere. Some infrared light is absorbed and re-emitted in all directions by greenhouse gas 

molecules, while others travel through the atmosphere. This has the effect of warming the earth's surface 

and lower atmosphere. 

Major greenhouse gases 

CO2- 76% 

CH4- 13% 

N2O- 6% 

Flurocarbons- 5% 
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Source of greenhouse gases- In developed countries: Emission from automobiles and factories contains 

CFCs. In developing countries: Deforestation causes rise in CO2 level, methane gas from paddy field and 

livestock and nitrous oxide from N base fertilizer. 

Agriculture‟s contribution to greenhouse gas emission 

Agricultural emissions as % of total anthropogenic sources- 

 CO2- 15%, CH4- 49% and N2O- 66% 

Expected changes in agricultural emissions in 2030-  

CO2- Stable or declining, CH4-From rice stable or declining and from livestock 60% increases and 

N2O- 35-60% increases. 

Effects of Climate Change 

• 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  

• 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 drop 7-8 feet 

• New areas could potentially be open to agriculture  

• CO2 has a fertilizing effect on crops 

• 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 evapo-transpiration 

- 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 concentration 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 Solution: 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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 Causes global warming 

 May causes productivity losses in agriculture 

- C in excess amount in soil is beneficial 

 Improves soil quality & crop productivity 

 Mitigates global warming 

            Hence carbon sequestration is important. 

Carbon sequestration 

Removingcarbon from the atmosphere and depositing it in a reservoir. 

Three major ways: 

I. Oceanic carbon sequestration 

II. Geological carbon sequestration 

III. 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 man-made mechanisms, such as direct injection and ocean fertilisation. With or without human 

action, balance between the ocean and the atmosphere will eventually 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." 

Capture, separation, transport, and injection of CO2 from land or tankers are all part of carbon 

sequestration by direct injection into the deep ocean. The ocean already absorbs 1/3 of the CO2 released 

in a year. The ocean has 50 times as much carbon as the atmosphere. 

Geological Sequestration 

 CO2 is stored underground in rock formations that may hold significant volumes of CO2 for 

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 atmosphere. The 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 soil 

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 

 Cseq natural places include natural grasslands, wetlands, organic soils, and even lightning-caused 

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 with high moisture 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 and buffer 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) Conservation agriculture 

- Minimal soil disturbance 

- Residue retention 

-  Minimal soil compaction.  

- Cropping sequences 

- Crop rotation 

b) Agro forestry in carbon sequestration-Direct role: Carbon sequestration rates ranging from1.5 

to 3.5 Mg C ha
−1 

yr
−1 

in agroforestry systems 

- Indirect role: Agroforestry has also some indirect effects on C sequestration since it helps to 

reduce pressure on natural forests 

- Neem + Cowpea  

- Guava + stylo 

- Mango + Greengram 

- Leucaena + sunhemp 

- Sequestration by AM fungi 

- Biochar application 

c) Forest management practices -Tree plantings have the advantage of accumulating carbon in 

perennial biomass of above- and below-ground growth, as well as in soil organic matter. 

d) Organic farming in carbon sequestration  

-  Carbon sequestration via plant roots. Regenerative organic agriculture's capacity to act as  a large 

carbon sink 

-  Organically enhanced healthy soil contains large amounts of complex organic  components 

that aren't easily water soluble but create tiny holes that allow non-organic  soils handle water 

better. 

e) Green manure 

Non-legumes: supply OM   
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Legumes - Both OM and fix N 

                           - Legumes add 25-70 lbs 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 source of food and 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- carbon-rich solid- a by-product of low-temperature pyrolysis of biomass also known as 

charcoal, biomass derived black carbon, Agrichar. formed under complete or partial exclusion of oxygen 

at low temperatures between about 400 and 500ºC. 

Benefits of carbon sequestration  

- Affecting thermal characteristics  

- Improving structure stability  

- Increasing plant accessible water  

- Reducing soil erosion 

- Helps to prevent 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 atmospheric CO2 concentrations. 

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 

Carbon market: virtual financial place where people buy and sell carbon credits. 

Carbon credit- carbons credits are like certificates that represents a reduction of GHG in atmosphere. 

One carbon credit= one tones of CO2.  

Carbon credit gives you a license to pollute. 
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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 (CO2e). 

Carbon finance- carbon finance means to find the lowest emission reduction possibilities. 

Carbons Foot prints- It is defined as ―the total sets of greenhouse gas emissions caused by an 

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 GHG emitted, 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 reduction under the 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 through CO2 

respiration and the burning of fossil fuels.  The addition of carbon to the soil improves many physical soil 

properties and is beneficial to plant growth.Carbon accumulation in agricultural soils can be accelerated 

by no till farming practices, planting cover 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 option in 

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 identifying the best management practices that enhance the carbon 

potential of soil under different Agro-ecological region of the country 

-  Increase the research and development support for innovative technologies to accelerate total C 

sequestration in cropping system 

-  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 cultivation 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 value and edibility. ‗Natural farming‘ means farming with nature 

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 principal methods of ZBNF include crop rotation, green 

manures, compost, biological pest controland mechanical cultivation. There are, most popular, 4 pillars of 

zero budget natural farming i.e.,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, crops, manures and management 

Introduction: 

 Agriculture in India has witnessed several technological advancements. ‗Green Revolution‘ (GR) 

technology-led intensification of agriculture transformed India from food scarce country to food surplus. 

However, it also 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 and climate 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 food products is on constant rise world-wide. India exported organic products worth $ 515 

million in 2017-18, about 40% higher than previous year. Currently, 1.78 million hectares of cultivated 

area is estimated to be under organic farming in India. Though, very high price of organic food products 

vis-a-vis conventional food makes it inaccessible to low-income 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 farmers to adopt it. 

Highlights of Economic survey 2019-20- Agriculture and food production 

 The annual growth rate in real terms in agriculture and its allied sectors was 2.88 per cent from 

2014-15 to 2018-19, according to the Survey, the estimated growth rate in 2019-20 is 2.9 per cent 

 Agricultural and allied fields productivity was impacted by inefficient irrigation systems and 

degradation of soils due to improper use of chemical fertilizers 

 Economic Survey Report 2020 emphasized the importance of sustainable agricultural practices 

to support small and marginal farmers, who constitute 87 per cent of India‘s peasants 

Need of the hour 

 Advancement towards sustainability  

 Restricting the use of harmful chemicals  

 Quality and poison free food  

 Less expense farming  

 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 

approaches under which application of any kind of chemicals to soil biosystems are prohibited. It relies 

more on soil biology than soil chemistry by encouraging multi-cropping, round-the-year soil cover, 

addition of formulation made up of cow dung and urines to trigger 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 elimination of agro-

chemical and to sustain agricultural production with eco-friendly processes in tune with nature. Through 

ZBNF, soil fertility & soil organic matter is restored, less water is required, and it promotes climate-

friendly agriculture system. 

History 

Masanobu Fukuoka (1913-2008) 

 (Author, Philosopher and Japanese farmer) 

  A father of modern-day natural farming, worked on methods based on his own unique theories, 

insights and philosophy 

 Masanobu Fukuoka in his book, ―One-Straw Revolution‖ indicates four basic principles of 

natural farming 

• Minimum cultivation 

• No chemical fertilizer or prepared compost 

• No dependence on chemicals 

• No weeding by tillage or herbicide 
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Shri Shubhash Palekar 

• Indian natural farming movement centered on its founder Shri. Subhash Palekar from 

Amaravathi, Maharashtra. Persued B.Sc. Agriculture degree from College of Agriculture, Nagpur 

• Worked with tribals farmers of Melghat 

• Initially did conventional farming upto 1985 but switched to Natural Farming 

• Conducted 154 self-financed projects from 1985-2000 

Principles of natural farming 

 Natural inputs- Toxic free freely available resources in nature 

 Low-inputs- No use of chemicals and fertilizers, promotes natural catalyst of biological processes 

in the soil and natural protection from diseases 

 Mulching- Soil protection, creates conductive environment for biological processes in the soil 

 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 

 Beejamrutha/ Panchagavya 

2) Nutrient replenishment using organic formulations 

 Liquid Jeevamrutha, Ghanajeevamrutha and Beejamrutha 

3) Mulching with organic materials 

 Live mulches and non-live mulches  

4) Proper maintenance of soil moisture and air- Waphasa 

5) Conservation horticulture practices 

 Minimum tillage, cover crops and intercrops 

6) Multiple cropping 

 Intercropping, Mixed cropping, Multi storey cropping 

7) Pest and disease management using cow and natural plant-based preparations and extracts 

 Plant based Asthras- (Neemasthra, Agni asthra, Brahmasthra, Dashaparni) 

1) Organic seed treatments- Beejamrutha 

Ingredients used and procedure 

 Local cow dung, cow urine, lime and soil 

 The dung is tied in a cloth and is kept in urine for about 12 hours  

 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 

 Naturally occurring beneficial microorganisms are found in cow dung. These microorganisms are 

cultured in the form of beejamrutha and applied to the seeds/ cuttings as inoculum 

  It is reported that seed treatment with beejamrutha protects the crop from harmful soil borne 

pathogens and also helpful in producing IAA and GA3 (Sawanth et 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 present in soil helps in converting un available 

form in to available form. Organic formulations like jeevamrutha, ghanajeevamrutha are enriched with 

several beneficial micro-organisms when added in to the soil helps in further multiplication of beneficial 

microbes in the soil. 

Preparation of Jeevamrutha 

Ingredients used 

 200litres of water in a barrel  

  10 Kg fresh local cow dung  

  5 to 10 liters aged cow urine  

  2 Kg of jaggery 

  2 Kg of pulses flour 

  Handful of soil from the bund 

Importance 

 Soil is saturated with all the nutrients, but these are in the non- available form to the roots of the 

plants 

 Beneficial micro-organisms in Jeevamrut convert the nutrients in non-available form into 

dissolved form, when it is inoculated to the soil 

 Jeevamrutha is either sprayed/sprinkled on the crop field or added to the irrigation tank in regular 

interval of 15 

Preparation of Ghanajeevamrutha 

Ingredients used 

 Fresh desi cowdung-100 kg 

 Desi cow urine  

 Organic jaggery – 2 kg (per every 100 kg of fresh cowdung) 

 Pulse four- 2 kg (per every 100 kg of fresh cowdung) 

 Handful of undisturbed bund soil 

Importance 

 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) 

 

         

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

 

 

Table 3: Biochemical parameters of panchagavya, beejamrutha and jeevamrutha 

(Devakumar et al., 2013) 
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Table 4: Macro and micro nutrient content of panchagavya, beejamrutha andjeevamrutha 

(Chakraborty and Sarkar, 2020) 

 

3) Mulching with organic materials 

Advantages 

 Prevent soil and wind erosion 

 Slow down rainwater run-off 

 Slow decompose 

 Adds organic matter   

 Food for the soil fauna  

 Improves root growth 

 Increases the infiltration of water  

 Improves the water-holding capacity of the soil 

 Decaying organic matter also becomes a source of plant nutrients 

 Maintains a more even soil temperature    

4) Proper maintenance of soil moisture and air-Waphasa 

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

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

soil structure. 

 

  

 

 

 

4) Conservation horticultural practices 

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

environmental health. 
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Practices  

 Reduced tillage / minimum tillage 

 No burning of crop residues 

 Permanent crop and weed residue mulch 

 Continuous crop land use 

 Crop rotations and cover crops 

Advantages 

 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  

 Multiple cropping is a practice of growing two or more crops in the same piece of land during a 

single growing season. It is a form of polyculture. 

Need 

 As per Agriculture census 2015-16, the average size of operational holding has declined to 1.08 

hectare in 2015-16 as compared to 1.15 hectare in 2010-11 

  The small and marginal holdings (<2 ha) now constitute 86%, while the large holdings (>10 ha) 

are merely 0.57% of the total land holdings 

Advantages 

 Better source utilization 

 Mutualism 

 Increase yield per unit of land 

 Increase the crop bio mass 

 Reduces pest and disease attack 

 It helps to maintain the soil fertility 

 Insurance against crop failure 

7) Pest and disease management using cow and natural plant-based preparations/Extracts 

Concepts of pest management under natural farming 

 No use of pesticides like insecticides and fungicides 

 Pest management using natural plant preparations 

 Respect for life- No harm to non-target 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 

 

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

 

Factors to scale up natural farming   

 Removing negativity around NF 

 Institutional arrangement for capacity building and awareness creation among the farmers 

 Farmers Producers Organizations (FPOs) formation and recognition as niche products 

 Establishment of demonstration plot at ground level  

Indian scenario of natural farming 

 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) 

  India‘s Legislature is advancing natural farming in the nation from 2015-16 through the 
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traditional agricultural development plan‘s committed schemes and the National Agricultural 

Development Plan. 

  Karnataka – 10 agro-climatic zones under SAU‘s 

  AP- 2,00,000 ha- 5,23000 Farmers- 3015 villages, Target - 10 lakh farmers by 2021-2022. 

 

(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. Hence, natural farming practices could be one of the options to 

sustain fruit production in harmony with the nature. 

Future thrust: 

 Systematic research should be conducted at ICAR institutes/SAU‘s 

 Creating awareness through training and demonstration by KVK‘s 

 Certification of Natural Farming produce  

 Encouraging Farmers Producers Organization (FPO‘s) based on Natural farming 
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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 system, zero tillage, mulching and hydrogel. Hydrogels are cross-

linked polymers with a hydrophilic group which have the capacity to absorb large quantities of water up 

to 500-600 times of their dry weight without dissolving in it. Hydrogel are used to maintain soil moisture 

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. Application of 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: 

 India is known as ―land of agriculture‖ because of presence of well fertile soil, wide variability in 

agro climatic conditions and most of the population is dependent on agriculture. In India, agriculture land 

is about 159.7 million ha, out of this 60% of the land face water scarcity and India ranks 41
st
 position in 

the world in terms of water scarcity. In India, Rajasthan, Madhya Pradesh, Maharashtra, Gujarat, 

Jharkhand, Chhattisgarh and some parts of Andhra Pradesh, Tamil Nadu and Karnataka face the problem 

of water scarcity. To overcome this problem some of the methods such as micro irrigation, mulching, 

hydrogels, etc., have been utilized. 

Hydrogel 

 Hydrogel is a water swollen and crosslinked polymer produced by simple reaction of one or more 

monomers. Hydrogel have an absorption capacity of water upto 400 to 1000 times their dry weight. After 

absorption of water from soil, when its surroundings begin to dry out, the hydrogel gradually releases up 

to 95% of its stored water. Agricultural hydrogels are the synthetic polymers generally made from 

petroleum products. Most of the hydrogel which are used in agriculture are Cross linked polymers of 

polyacrylates (PA) and acrylamide-acrylateco polymers. 

Two types of Polyacrylates 

Soluble (linear) polyacrylates: It will dissolve in water and cannot be used for water absorption 

Insoluble (cross linked) polyacrylates: Do not dissolve, but forms a gel when water is added and is often 
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used in agriculture, landscape, and nursery situations as away of retaining moisture. They are also called 

―Superabsorbent polymers‖ (SAPs) or ―hydratinggels. 

Applications in various streams 

Classification of Hydrogels 

Based on source 

Natural:Hydrogel are made from the naturally available polymers like cellulose, protein, silk, 

wool etc. 

Synthetic: Hydrogel are made from the semisynthetic polymers like cellulose nitrate and 

cellulose acetate etc. 

Semi synthetic: Hydrogel are made from the man-made synthetic polymers like  polyethylene, 

PVC, Polystyrene 

Based on polymeric composition 

Homo polymeric: Hydrogels are made from the same species of monomers 

Co polymeric: Hydrogels are made from the physical and chemical linking monomers 

Multi polymer ic: Hydrogels are made from the multimonomers is known as multi polymeric 

Based on degradability 

Biodegradable: If the hydrogels are degrad able in soilis known as biodegradable 

Non-biodegradable: If the hydrogels are non-degradable in soil is known as non-biodegradable 

Based on configuration 

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 

Semi-crystalline: If the hydrogel is available in semi-crystalline form is known as semi-

crystallinehydrogel 

Composition of hydrogel  

 Hydrogel mainly made of basic monomer acrylic acid. These monomeric units possess a 

hydrophilic group i.e., carboxylic acid which attracts water molecules towards them. The semonomers 

polymerize into crossed linked polymers. 
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  Acrylic acid       Polyacrylate 

 

                                                Acrylamide and polyacrylamide 

Water absorption mechanism of hydrogel  

 The hydrophilic groups (viz. acrylamide, acrylic acid , acrylate, carboxylic acid etc.) of the 

polymer chain are responsible for water absorption in hydrogel s. The acid groups are attached to the 

main chain of the polymer. When this polymer s are put in water, the latter enters into the hydrogel 

system by osmosis and hydrogen atoms react and come out as positive ions. This leaves negative ions 

along the length of the polymer chain. Hence the hydrogel now has several negative charged repel each 

other. This forces the polymer chain to unwind and open up. They also attract water molecules andbind 

the m with hydrogen bonding. Hydrogel can absorb more than 400 times its weight of water by this 

mode. When its surroundings begin to dry out, the hydrogel gradually releases up to 95% of its stored 

water. This process can last up to 2-5years, by which time biodegradable hydrogel decomposes. 
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Preparation of hydrogel  

Acrylic acid (AAc) 

Methylene bisacrylamide (MBAAm)–As a cross linking agent 

Potassium persulphate (KPS) as initiator 

Potssium hydroxide (KOH) 

 

 

 Acrylic acid, potassium hydroxide, methyl bisacrylamides are added in to15 litre of distilled 

water. All these compounds are mixed at 85°C temperature for an about half an hour. Then the initiator 

potassium per sulphate is mixed in 15 l of distilled water and this is poured into  the  initial mixture. Then 

polymerization occurs. After polymerizations add 500 l of   water and washing was carried out a one 

hour. Then, the products are dried at 80° C in vacuum. In this process almost all the water is removed 

from the hydrogel. The n add 20 kg dry SAH for removing the traces of moisture if present even after 

vacuum drying. Finally packing of hydrogel is done. 

Properties of hydrogel for applications in agriculture: 

• High absorption capacity in saline and hard  water conditions 

• Lowest soluble content and residual monomer 

• Low price 

• High durability and stability in the swelling environment and during storage 

• Gradual biodegradability without formation of toxic species 

• pH neutrality afters welling in water  

• Photostability 

• Rewetting capability. 

• Method of application of hydrogel in soil 

• Dry application 

• 5kg/ha of hydrogel with dry, fines and of 0.25mm size in 1:10 ratio. 

• For vegetable and flower crop, mixtureis applied at upper layer of soil. 

• Applied in aline where seed is to be sown. 
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Wet application: 

 Mix granules in water and keep it for 60-90min, then subsequent application at the rate of 1part 

of hydrated polymer/ 4 parts of  soil. 

 Ideal for small applications like repotting house plant, planting shrub and small trees. 

Application rate of hydrogel in various soil/Purpose 

Purpose Applicationrate 

Arid & Semi-arid regions 4-6g/kg soil 

For pot plant 0.5-2.0g/pot 

To reduced rought stress 0.2-0.4%of  soil 

Pusa hydrogel  

 It is a semisynthetic superabsorbent polymer developed at IARI, New Delhi. It is a cellulose-

based hydrogel which has absorbency@ 40-50
0
C and absorbs water 400 times its dry weight and 

gradually releases the same. It is stable in soil for a minimum period of one year. Applied under the soil 

and near root zone of the plant. Low rates of soil application :1-2kg /hafor horticulturalcropsand 2.5-5kg/ 

ha for field crops. 

Licensed manufacturing companies of  Pusa Hydrogel  

• M/s Earth International (P)Ltd., Delhi 

• M/s Nagarjuna Fertilizers P)Ltd., Hyderabad 

• The sarpanch samaj, Delhi 

• M/s Huntin organics(P)Ltd.,Faridabad 

• M/s Madhusudan and Company(P)Ltd., Jaipur 

• M/s Carborundum Universal (P)Ltd., Bengaluru 

Commonly marketed hydrogels 

 Pusa hydrogel, soil moist, jal shakti, water lock, luqu-asorb, stockosorb, agrosoak 

Applications of hydrogel in agriculture 

• Enhances the  water use efficiency 

• Reduces the soil erosion and run-of f 

• Increases the microbial activity 

• Reduces fertilizer leaching 

• Some times act as carrier for fertilizer and pesticides 

• Minimizes Soil compaction  

• Enhancing soil permeability and infiltration. 

• Applications of hydrogel in floriculture 

• Increases water and fertilizer use efficiency 

• Act as Carrier for fertilizer and biocides for extending vase life 

• Improves the physical properties of media/soil 

• Enhances the quality of indoor plants 

• Helps in lawn establishment in arid condition/ low water requirement 
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• Propagation of the flowers. 

Drawbacks of Hydrogel  

• Lack of awareness 

• Limited research on flowers and ornamentals 

• Hard to handle 

• Low mechanical strength 

• Non-adherent in nature. 

Conclusion: 

 Application of hydrogel in arid and semi–arid 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 atmosphere for thebetter 

growth of roots in well–drained soils and ultimately increases yield. In floriculture industrythey are used 

for production of good foliage plants, for good flower yield, to reduce irrigation frequency in indoor 

plants, in turf management to produce good root and shoot biomass and also to improve vase life of cut 

flowers. Hydrogels may prove as a practically and economically feasible option to achieve the goal of 

agricultural and horticultural productivity under conditions of water scarcity. 
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Abstract: 

 Plant genetic modification was first documented 10,000 years ago in Southwest Asia, where 

humans used artificial selection and selective breeding to develop plants. The present GM (Genetically 

Modified) crop revolution has resulted from advances in agriculture science 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 of genetically 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 map-based cloning of mutant alleles. 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 heightened the 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 9.83-10% and potential research paths in 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 reach 8.5 billion by 2025 (Kailash et 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 Barfoot, 2017). 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 (Biswas et al., 2018). 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, pests, herbicide resistance, nutritional quality, 
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tolerance, and longer shelf-life 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 

sustainable 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 called transgenesis. It is the process of 

introducing an exogenous gene from one organism into another with the intent of enabling the latter to 

exhibit some new property or characteristics that can be transmitted to offspring. By using transgenic, we 

can produce 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 living standards of farm households (Kathage and 

Qaim, 2012) and to improve their livelihood (Bazuin et al., 2011). Along with the positive impact, there 

are some negative impacts also, engineered insecticidal properties, develops some new starains of 

resisitant pests,  protein sequences are changed, the engineered or modified organism could 

produce known or unknown allergens and antibiotic resistance. Therefore, more study is required in this 

field to determine the safety of these plants and to decide whether they are safe 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 and regulation 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 and heterologous 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 tumefaciens) mediated or indirect gene transfer 

2. Virus-Mediated Gene Transfer 

        b). Direct gene transfer 

 It is also called vector-less gene transfer. 

There are the following methods for direct gene transfer 

• Electroporation 

• Microprojectile bombardment 

• Microinjection 

• Liposome-Mediated Transformation 

• Silicon Carbide Fibre-Mediated Transformation 

• Polyethylene glycol (PEG)-mediated transfer 

• DEAE Dextran-Mediated transfer 
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Figure 1: Method of direct gene transfer 

a). Indirect gene transfer 

     1). Vector (Agrobacterium tumefaciens) mediated or indirect gene transfer 

  Because these bacteria have the natural ability to transfer T-DNA from their plasmids into the 

plant genome upon infection of cells at the wound site and cause an unorganised 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 used to deliver beneficial foreign genes into target plant cells and tissues.

 

Figure (2): Method of Agrobacterium-mediated gene transfer 

(Source: http://www.anselm.edu/) 
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Example 

1). Bar gene introduced using Agrobacterium-mediated gene transfer against herbicide in Sugarcane and 

rice 

2). After cocultivation with Agrobacterium tumefaciens against the papaya ringspot virus LBA-4404, 

transgenic papaya plants were renewed from hypocotyls and immature zygotic embryos carrying a binary 

plasmid vector system containing the neomycin phosphotransferase (nptII) gene as the selectable marker 

and -glucuronidase (GUS) gene as the reporter gene (Azad et al., 2013). 

Advantages 

• This is a natural method of gene transfer. 

• Agrobacterium can conveniently infect any explant (cells/tissues/organs). 

•  Even large fragments of DNA can be transferred. 

• Transferred DNA is stable. 

• Transformed plants can be regenerated effectively. 

Limitations 

• Many crops are not infected by Agrobacterium, (monocotyledons e.g., cereals) 

• It is difficult to transform the regenerative cells e.g., embryonic cells lie in deep layers which are 

not easy targets for Agrobacterium. 

 2). Virus-Mediated Gene Transfer (Plant Viruses as Vectors) 

 Plant viruses act as efficient gene transfer 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 desirable gene into almost 

all plant cells.  

Examples 

• 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 

 Electroporation 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 (Haas, 1984). Electroporation is a new gene 

transfection technique, which entails brief, high-intensity 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 excluded. 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/5314281/) 

 

Example 

 Used in tumor treatment, gene therapy, cell-based therapy. 

Advantages: 

 This technique is simple, convenient, and cost-effective. 

 The transformed cells are in the same physiological state after electroporation. 

 By optimizing the electrical field strength and addition of spermidine, the efficiency of 

transformation can be improved  

Limitations: 

 Under normal conditions, the amount of DNA delivered into plant cells is very low. 

  The efficiency of electroporation is highly variable depending on the plant material and the 

treatment conditions. 

  Plants are not easily regenerate particularly when protoplasts are used. 

Microprojectile bombardment 

 The particle bombardment technique was first introduced by Sanford 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 technique- particle gun, gene gun, and bio blaster. This technique involves 

coating microcarriers (gold or tungsten particles approx. 0.6–1.0 µm 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 spliced together. 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 location. High copy 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 the mechanical 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 cost, and 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 membrane. When DNA 

fragments are treated with liposomes, the DNA fragments get encapsulated 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 complexing with DNA, binding to cells, and quickly transferring DNA.

 

Figure 4: Liposomes mediated gene (Source: http://www.biologydiscussion.com/gene/gene-

transfer/top4methodsofgenetransferwith diagrams/11898) 

Advantages: 

• DNA is stable which can be stored for some time in liposomes before transfer. 

•  It applies to a wide range of plant cells. 

Limitations: 

• 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 length of 10–80 mm, are 

utilised in this procedure. Furthermore, 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) (Wang et al., 1995). It is then mixed in commercial shakers or 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 (Kaeppleret al., 1992). The technique has been used in a variety of plants, 

including wheat, tobacco, maize, rice, etc. 

Advantages  

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

• The procedure is simple and does not involve any costly equipment. 

Limitations 

• Silicon carbide fibres are carcinogenic;therefore, they must be handled with caution; embryonic plant 

cells are rigid and dense, and they are impervious to penetration. 

Polyethylene glycol (PEG)-mediated transfer 

Polyethylene glycol (PEG) -mediated transfer, in the presence of divalent cations (using Ca
2+

), 

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 the efficiency of transformation increases. 

Advantages: 

• This procedure may be used to a wide range of plant species and can alter a large number of protoplasts 

at the same time. 

Limitations 

• The DNA is susceptible to rearrangement and degradation. 

• Integration of foreign DNA by unsystematic way into genome may result in undesirable traits. 

• It is difficult to regenerate plants from the transformed protoplast.   

DEAE Dextran-Mediated transfer 

 In this method, the desirable DNA can be complex with a high molecular weight polymer diethyl 

aminoethyl (DEAE) dextran and transferred. The major limitation of this process is that it does not yield 

stable trans-formants 

   Transgenic Vegetables Resistant to Disease 

Transgenic Crop Inserted Gene or Gene 

Product 

Resistance to disease References 

Potato  Osmotic gene  Phytophthora infestans Li et al. (1999) 

Tomato and potato  

 

Lactoferrin Bacterial wilt (Ralstonia 

solanacearum) 

Chong and Langridge 

(2000) and Lee et al. 

(2002) 

Tomato  

 

Human antimicrobial 

peptide (hCAP18/ll-

37)— 

Cathelicidin Jung (2013) 

Tomato  

 

Artificial microRNAs to 

silence viral coat 

proteins AV2/AV1 

(amiR-AV1-3) 

Tomato leaf curl virus Vu et al. (2013) 
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Tomato  Bs2 Bacteria  Xanthomonas Horvath et al. (2012) 

Tomato, cucumber 

and carrot 

 

Endochitinase Fungal pathogens Shah et al. (2010), 

Kishimotoet al. (2002), 

and Punja and Raharjo 

(1996) 

Tomato  Bivalent gene chitinase 

and alfalfa defensin 

(CHIAFP) 

 

Botrytis cinerea  Chen et al. (2009) 

Potato  

 

RB gene from the wild 

species Solanum 

bulbocastanum 

Late blight resistance  

 (Phytoptorainfestans) 

 

Kuhl et al. (2007) and 

Liu et al. (2009) 

Potato  

 

StPUB17 

(UND/PUB/ARM) 

repeat type gene 

Late blight resistance 

(Phytoptorainfestans) 

 

Ni et al. (2010) 

Potato  

 

Endochitinase gene 

from mycoparasitic 

fungi 

Foliar and soilborne 

fungal pathogen 

 

Loritoet al. (1998) 

Potato  Defensins (alfAFP) Verticillium dalhiae Gao et al. (2000) 

Potato  

 

Cercosporin-melittin 

cationic peptide (34-aa 

chimeric peptide 

MsrA1+melittin) 

Broad-spectrum 

resistance to 

phytopathogens 

 

Osuskyet al. (2000) 

Transgenic Vegetables Resistant to Insect 

Transgenic Crop  Inserted Gene or Gene 

Product  

Resistance to Insect References 

Pea   azuki bean Alpha-

amylase 

Callosobrunchus spp. Fatunla and Badaru 

(1983) 

 

 

Potato  CpTi Lacanobia oleracea Bell et al. (2001) 

Potato  

 

cry3a Leptinotarsa 

decemlineata 

Alyokhinet al. (2008) 

Tomato, eggplant/ 

brinjal, cabbage, 

cauliflower, okra, 

watermelon and 

potato 

Cry 1b, Cry1Ac, Cry 

1Ab, Cry 1Fa1 (δ-

endotoxin) 

 

Lepidopteran insects Rashid and Bal (2011), 

Kumar et al. (2010), 

Krattiger (2010) and 

Kim et al. (2016) 
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Tomato, cabbage  

 

Cry 2Ab Lepidoptera and 

dipteral insects 

Saker et al. (2011) 

Tomato  Kchip LnvRNAi-2214 Insect resistance Tarafdaret al. (2014) 

Tomato  Galanthus nivalis 

agglutinin (GNA) 

Insect resistance  Wakefield et al. (2006) 

 

                                         Transgenic Vegetables Resistant to Nematode 

Transgenic  

 

Crop Inserted Gene or 

Gene  

Product Resistance to 

nematode 

References 

Tomato  

 

Colocasia esculenta 

cysteine proteinase 

inhibitor (CeCPI) 

 

Meloidogyne incognita Chan et al. (2010) 

Tomato  Rice chitinase gene (chi 

11) 

M. incognita Kalaiarasanet al. (2008) 

Tomato  Cry6A Meloidogyne spp. Li et al. (2007) 

Tomato  

 

CaMi gene from 

Capsium annuum L. 

Meloidogyne spp. Chen et al. (2007) 

Tomato  Mi-1 from Solanum 

peruvianum 

M. incognita Milligan et al. (1998) 

Brinjal  Cry1ab M. incognita Phapet al. (2010) 

GMO crops in India 

• Bt cotton is the only GM crop grown in India  

• Cultivation of Bt cotton was allowed in 2002 

• India has become a net exporter of cotton in the last a decade 

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

• Yield is more than 80% compared to non-Bt cotton  

• More than 600 hybrid seeds are in cultivation now  

 Bacillus thuringiensis 

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

sometimes known as Bt, is a gram-positive, facultative aerobic, rod-like, motile, and sporulating bacteria. 

Bacillus thuringiensis is a naturally occurring soil-borne bacteria that generates endotoxin (cry protein or 

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

 Mode of action of Bacillus thuringiensis 

 Bacillus thuringiensis bacteria 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 reaches 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.    

 

 

                      Figure (5):  Mode of action of Bacillus thuringiensis 

                (Source: http://juratfuenteslab.utk.edu/Btresearchtable.html) 

          

Insecticide usage in cotton 

 

                  Figure 7: Insecticide usage in cotton (Kranthi, 2012) 

 The use of insecticide from 1995-2004 against bollworms was high as compared to other sucking 

pests, but when Bt cotton cover more areas in 2005 - 2011 then the insecticide uses against the sucking 

pest increased due to the development of resistance. 

Other GM crops 

Transgenic Virus Resistant Papaya 

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

• In 1992, Hawaii is papaya industry faced economic disaster when Papaya ringspot virus (PRSV) 

was discovered in the Puna district of Hawaii Island where 95% of the state was papaya grown. 

• SunUp and Rainbow cultivars were developed from the initial field trial in the Puna district of 

Hawaii Island.  
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• Fruit production data of SunUp and Rainbow show that yields were at least three times higher 

than the industry average. 

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 cry1Ac from Bacillus thuringiensis which has been used for a long time as a biopesticide 

in horticulture. 

• 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, Bt Brinjal controversy took place in India, and the reasons for controversy are 

following 

• India's agriculture with MNC (Multinational Corporation) charging Indian farmers for their 

seeds. The supply of seeds will be regulated and costlier. Indian farmers would have to depend 

on MNC for the seeds.  

• It is dangerous to introduce these experimental foods into the market without proper research 

because GM crops on rats are fatal for lungs and kidneys.  

• The tests conducted by Mahyco, the company which producing Bt brinjal, were simply not valid 

and raised serious health concerns. 

Major problems in Brinjal 

• The brinjal shoot and fruit borer is a serious issue in brinjal production (Leucinodesorbonalis). 

• It is a monophagous pest that targets all aerial portions of plants, particularly the shoots and 

fruits. 

• Destroys the fruit and has a negative impact on its quality. 

• Even after several pesticide applications, it causes yield reductions of 60-70 percent. 

Positive Impacts of GM crops 

 Improved agricultural performance (yields)  

 Reduced usage of pesticides and herbicides  

 Improved nutritional attributes 

 Increase shelf life 

 Reduce farm cost  

 Increase farm profit  

Nutrition enrichment  

• Golden rice, developed by the IRRI, provides a greater amount of vitamin-A. 

• Modified Cvendish banana express 10-fold the amount of vitamin A as compared to unmodified 

varieties 

• GM soybeans offer improved oil profiles for processing. 
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Self-life 

• The first GM food approved for sale in the U.S. was Flavrsavr tomato, which has a longer self-

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). 

• An apple has been genetically modified which is resistant against browning known as the 

Nonbrowning arctic apple, awaiting regulatory approval in the U.S. and Canada. By using 

Agrobacterium tumefaciens which contain kanamycin (KM) resistant gene and antisense PPO 

gene transgenic apple calli were prepared (Murata et al., 2014). 

Pathogen/ pest resistance 

• Bacillus thuringiensis-encoded insecticidal proteins have been engineered into rice, tobacco, 

corn, and cotton crops. 

• In 2015, genetically engineered oranges that are resistant to citrus greening disease will be 

available (trials were underway). Transgenic papaya was developed by incorporating PRV DNA 

which is resistant against papaya ringspot virus  

Stress Resistance 

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

• Monsanto‘s drought Gard-maize becomes the first genetically modified crop that is resistant to 

drought get US marketing approval in 2011. 

Yield 

• Herbicide-tolerant crops have lower production costs and insect-resistant crops reduce pesticide 

use.  

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

• A farmer who adopted GM crops made 68.2% higher profits than others (Klümper et al., 2014) 

Antibiotic resistance 

 In the development of transgenic crops' use of antibiotic resistance, markers have raised concerns 

about whether these crops will transfer their antibiotic resistance genes to soil micro-organisms, therefore 

it increases the level of antibiotic resistance in the environment (Tarafdar et al., 2014). 

 New methods are underworking for removing the antibiotic resistance genes before the plants are 

released for commercial use (Dale and Ow, 1991; Ebinuma et al., 1997; Iamtham and Day, 2000; Zuo et 

al., 2001), so that these genes can be used during development and then eliminated from the final 

product. 

Soil conservation 

 Herbicide-tolerant crops may allow farmers to less use soil-incorporated pre-emergent herbicides. 

This alters the post-emergent weed control may increase the no-till and conservation tillage practices, 

water loss, decreasing 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 non-GM crops are presented as an average. All GM crops, including herbicide-tolerant 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 is 136. The symbol *** denotes statistical significance at the 1% level. (Klümper and 

colleagues, 2014) 

 

 Negative impacts of GM crops 

 

 Genetic modification enables the transfer of genetic material from any species to plants or other 

creatures. The introduction 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 can have an influence 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 or the environment, genetic contamination/interbreeding, increased selection pressure on 

target and non-target organisms, competition with natural species, loss of management control measures, 

long-term effects, and Ethical Concerns. Enhanced pathogenicity, the 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, communities, or ecosystems are just a few examples. 

Moral issues 

 Moving genes from animals to plants with the help of biotechnological application gets you 

into a whole moral, religious, firestorm, and political. Some people believe that humans have no right to 

create life. Combining genes in this way would not occur in the normal process of 

evolution conflicts with their philosophy of life. Transgenic crops increasing the yield, but 

it must be recalled that simply growing more of a crop does not guarantee that 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 fastest-growing and innovative global industries, which not only benefit 

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 to non-transgenic. However, in order to combat 

unethical research and disinformation, the agriculture business 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 

organizations, as 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 safe for the environment as well as for humans who 

consume them over time. 
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Abstract: 

 Healthy soil is the foundation 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 over time.  Soil is 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 and plant  roots bind 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 protect 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 other plants with specific 

yields using prescribed management methods. Soil productivity is usually measured by comparing inputs 

and output. In agriculture, ―output‖ usually refers to crop yield, and ―input‖ usually refers to plant 

nutrients, water, genetic resources, 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 agricultural development, 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. Low-income agriculture in developing countries has the highest GDP (30%) and the highest 

employment rate, accounting for 68% of total employment. On the other hand, in high-income countries, 

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

 Crop productivity and soil quality can be enhanced 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 can increase the 

utilization of moisture and nutrient management (1, 3, 11 and 2). Plant management can increase yield 

(10 and 1). 

 Soil productivity Soil's ability to produce agricultural products depends on all the physical, 

chemical and biological properties of the soil. 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 conditions, the soil'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 soil 

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 function is 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 of soil are: 

 The role of soil in providing plant growth factors. 

 The development and dissemination of roots in soil. 

  The role of soil in the movement of plant nutrients, water and air to the root surface for 

absorption. 

Soil environment 

 The soil environment is 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 divided into three 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 a related 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. 

 

Figure1: 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. Soil, climate, pests and 

diseases, plant genetic potential and human management 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 also determine productivity. 

“All the productive soils are fertile but not all fertile soils are productive” 

 Soil productivity is the ability of the soil to support plant growth under normal conditions. Soil 

productivity is reflected in the growth of forest plants and 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 fig- 2. 

 

Figure 2: Soil productivity related component 
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Most productive soil 

 There are 12 kinds of order in the world. Among them, Mollisols 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 world. In India, alluvial soil is the most productive soil, 

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 soil environment 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. 

I. Genetic or Internal factors: may be termed as hereditary factors which cannot be manipulated 

such as soil texture. 

II. 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 atmosphere substance, solar energy) 

b. Soil reaction 

c. Growth restricting substance 

d. Biotic factors 

e. Anthropogenic factors 

 Soil fertility and soil productivity seem to be synonymous, but in soil science, these two terms 

have different meanings. Soil fertility determines the status of nutrients in soil, while soil productivity is 

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 uses, 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 improvement is shown in fig- 3. 

 

Figure 3: Soil productivity improvement through soil fertility enhancement 
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Figure 4: Relationship of soil productivity to soil degradation and soil conservation (4) 

 

Soil degradation process 

 Soil degradation refers to the loss of productive capacity of the soil in the form of loss of fertility, 

loss of biodiversity and soil degradation. Land-degradation process include (1) soil erosion (water and 

wind erosion) (2) excessive of salts (salt and alkalization), (3) chemical degradation (acidification, 

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 has disappeared 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 future production 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 other forces. Soil erosion 

involves three steps such as:  

 Separating soil particles from the soil, 

 Transporting them by spraying, floating, rolling, pulling and  

 Depositing them elsewhere. 

Soil erosion removes the most valuable soils, which are the most productive part of the soil 

profile used for agricultural purposes. This loss of soil reduces production and increases production costs. 

Soil erosion effect is shown in the photo. 

The effects of erosion on farm land and crops are: 

 Reduced capacity of soil to store moisture and nutrients 

 Destroy soil infrastructure  

 Reduces physical and chemical properties  

 Loss of newly planted plants 
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 Low-grade mud deposits. 

 Loss of plant nutrients 

 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:  

 Increase in soil strength and bulk density 

 Reduction in soil macro porosity 

 Reduction of soil conductivity and hydraulic permeability. 

Desertification 

 Arid regions of the world (dry, semi-arid and sub humid with potential evaporation exceed 

precipitation) account for about 40% of the earth's surface. In its natural 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 shown in Fig-7. 
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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 soil 

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 the plant growth 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. 

III. It can reduce soil moisture permeability and soil aeration 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. 

 

Figure 8: Impact of soil salinization on crop and soil 

Water logging 

The stagnation of water 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.

 

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 water. The productivity 

of the land is affected due to waterlogging. Waterlogging can 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 acid such as nitric acid 

(HNO3), sulfuric acid (H2SO4) or carbonic acid (H2CO3). It may also be a compound that releases protons 

such as aluminum sulfate Al2(SO4)3 and reacts in the soil. Acidification also arises when alkaline cations 

[such as calcium (Ca), magnesium (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 shown in fig- 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 (1980), which showed that soils around Canberra under 

continuous pasture systems gradually 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  

 Deterioration of soil structural and water quality. 

 

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 consists of a heterogeneous 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 increase 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 organisms or changes in natural or human factors 

leading to an increase in the decomposition rate. Organic matter is considered to be an important part of 

healthy soil, its degradation leads to soil degradation. 

Compaction 

 Compact soils limit root growth, cause problem in drainage 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 pediatricians as soil 

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 on soil properties and plant growth is shown in fig. 11. 

 

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 healthy, fertile soil; Using green manure crop or legumes to recover nitrogen from the air 

through a process of biological nitrogen fixation (BNF), through the application of fine-dose fertilizers to 

compensate for the losses caused by absorption of plants and other processes; 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 practices are 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 10% higher 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 yield of alternative 

crops is usually higher than that of a single crop. 

 Rotations containing non-host 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 short (1-2 years in the case 

of rot of onion leaves) and longer (radish or radish hernia). Shown good crop rotation in fig 12. 

 

Figure 12: Crop Rotation 

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 residues. Conservation tillage may include the following changes: 

 Timing of tillage 

 Use less destructive tillage tools 

 Minimum tillage practices  

 

Figure 13: Comparison between zero tilled and tilled soil structure 

Contour farming 

 Contour farming is the practice of 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 rainwater in all 

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. Planting cover 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 of sediments. 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 soil productivity. 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 chemical and physical 

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. Soil 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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Water conservation 

 The conservation of water resources refers to the reduction of water consumption and the 

recycling of waste water for various purposes such as cleaning, production and agricultural irrigation. 

Due to frequent rains and limited rains, it is one of the few resources that man, animals and plants 

(vegetation) require water throughout the year.  

 

Figure 17: Latest water conservation technique for farmers 

 Availability influences human settlements, grazing patterns and the type and extent of plant 

production. Rising water demand and the high development cost of water conservation are the main 

obstacles to agricultural development. Therefore, water conservation is an important practice for 

improving soil productivity. 

Conclusion: 

 Soil management is about identifying soil factors that limit crop production and assessing their 

severity. Plant rooting activities are influenced by many soil characteristics, such as topography, texture, 

structure, consistency, permeability, drainage and intrinsic nutrients. They require interactive 

management practices to achieve the basic goals of crop productivity and maintaining soil fertility in an 

environmentally acceptable manner. These soil management practices include soil conservation 

management, soil fertility management, soil acidity management and soil moisture management. It is 

usually measured in terms of input and output agronomic conditions usually refer to water and/or 

relationship between nutrient input and crop yield. 
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Abstract: 

 The alteration of tree canopies to enhance the production of high-quality fruits is known as 

canopy management. Because tree form controls the presentation of leaf area to incoming radiation, 

canopy management, particularly its components such as tree training and pruning, has an impact on the 

amount of sunlight intercepted by trees. An optimal training method focuses on the arrangement of plant 

components, in particular, in order to build a superior plant architecture that maximizes the use of 

sunlight and increases output. 

Keywords: Pruning, thinning, training and tools  

Introduction: 

 The 'art' of fruit cultivation is canopy control. It entails a lot more than just pruning a few 

branches. In fact, one of the last things gardeners want to do is remove wood from a tree. One of the most 

crucial topics to cover on the practical ground in order to maximize fruit crop productivity is intelligent 

canopy management.Fruit trees bear fruit regardless of whether or not humans are around. Fruits contain 

the seeds that plants require to reproduce. When birds and animals eat the fruits, the seeds are dispersed, 

allowing new growth to begin. However, in order to improve the balance between vegetative growth and 

fruit production for human consumption, fruit tree canopies must be managed. It is in the way to keep 

fruit picking manageable. An unmanaged canopy will grow all its fruit 25-30 feet in the air, which is 

difficult to access for plucking fruits.  Managing a canopy will help to develop a strong tree that will 

support heavy crop loads, while increasing fruit production and improving fruit quality in the long term. 

Principles of Canopy Management 

 The alteration of tree canopies to enhance the production of high-quality fruits is known as 

canopy management. Because tree shape determines the presentation of leaf area to incoming radiation, 

canopy management, particularly its components such as tree training and pruning, has an impact on the 

amount of sunlight intercepted by trees. An optimal training technique focuses on improving plant 

architecture, specifically the arrangement of plant elements, in order to generate a superior plant 

architecture that maximizes the use of sunlight and increases output. Trees and their fruits require a lot of 

light to grow and flourish. The sunlight is captured by the green leaves, which make carbohydrates and 

sugars that are carried to the locations where they are needed - the buds, flowers, and fruits. Tree growth, 

productivity, yield, and fruit quality all benefit from increased light penetration into the canopy. Light 

penetration in an orchard is also influenced by planting density and orientation. With general, faster 

shading is an issue in close planting. When trees are planted in an east-west row, they provide greater 
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shade than trees planted in a western or southern row. Strong bearing branches tend to produce larger 

fruits. A fruit grower's task is to first establish a robust and balanced foundation for the trees, then to 

provide them with suitable fruiting. Obviously, training pruning is required in the early years to develop a 

robust and stocky foundation with evenly spaced limbs or any other desired form. 

The following are some of the essential concepts of canopy management:  

 Maximum light usage;  

 Avoidance of a built-up microclimate conducive to disease and insect infestation;  

 Convenience in carrying out cultural practises 

 Increased productivity through high-quality output  

 Cost-effective canopy architecture 

Basics of Canopy Management 

 There are three primary methods for managing fruit tree canopies. 

Pruning: The removal of limbs or branches from the tree. This is what most of us think of ascanopy 

management, but it is only one part of a larger process. The main objective of pruning is to develop plant 

form, which is good in light distribution, small in size and easy to manage. Good light distribution with in 

tree canopy increases the number of well illuminated leaves. This condition induces a high rate of canopy 

photosynthesis that leads to high yield per tree. Trees respond well to canopy modification by pruning. 

Both dormant and summer pruning increases light penetration which influences leaf structure and 

photosynthesis. Dormant pruning enlarges leaf size and mesophyll cells, and increases chlorophyll 

content of leaf area. Heading-cuts also influence photosynthesis by creating new sinks in the form of 

numerous growing points (Faust, 1989). Improvement in light penetration following summer pruning 

were reported by Marini and Barden (1982) in apple and by Miller (1987) in peaches. 

Training: Positioning limbs in specific ways to manage growth, rather than removing them.Train rather 

than prune when possible. Light transmission through the orchard canopy occurs in two ways, i.e., light 

reaches the orchard floor between trees of a given geometry regardless of leaf area index, and light 

reaches the orchard floor after transmission to the canopy. Palmer (1980) calculated leaf area index for 

three different training systems, palmette, slender spindle and full field capable of ensuring adequate 

distribution of intercepted light 90% of the canopy. The leaf area index values for three systems were 1.6, 

1.6 and 1.9, respectively, and the fraction of total light intercepted was 53% for both the palmette and 

slender, and 66% for full field. Transmittance through the canopy depends upon leaf area index, trees 

with high leaf area index are virtually solid and transmit little light; the solid models are useful because 

the shape of the tree is the determining factor that can be influenced by the orchard design. In full field 

and multiple row or bed system, the goal is to form a continuous horizontal, relatively shallow canopy 

capable of light interception and distribution greater than that in various types of hedge row canopies 

(Palmer, 1981). Tree shape and size are the two most important factors in determining the percentage of 

total foliage that receive adequate irradiance. The volume; surface area ratio plays an important role in 

exposure of the foliage to the light. Unmanageable tree shapes reduce the production efficiency. The 

most common tree forms in temperate fruits are discussed. In tropical and sub-tropical fruits, pruning of 

mango varieties Himayuddin, Rumani, and Kalepad resulted in increased fruiting (Shanmugavelu and 



Recent Innovative Approaches in Agricultural Science Volume I 

    (ISBN: 978-93-91768-74-4) 
 

157 
 

Selvarajan, 1985). Madhavrao and Shanmugavelu (1975) observed that pruning was favourable for 

redistribution of hormones in mango. Yield in citrus was increased by encouraging horizontal branches 

and removing upright breances by pruning (Goswami et al. 1993). 

Control of tree vigour 

 Controlled vegetative growth and tree size improves light penetration, thereby increases the 

overall fruit bearing potential and enhances yield of fruit quality. Heinicke (1964) found that as the tree 

size decrease, shaded area within the tree decreased; leaf area per tree decreased with the small tree size 

but leaf area per hectare increased. Controlling size and compact/spur varieties and widely used to design 

canopies. In apple, the main dwarfing rootstock M9 is being used for controlling the vigour of the plant. 

Besides M9, other rootstocks like M27, M26, MM106 and MM 111 are extensively used for tree size 

control. Apart from rootstocks, spur varieties like Red Spur, Red Chief, Silver Spur, Oregon Spur and 

some others are in use all over the world. These varieties are precocious, and can influence the shape of 

the canopy by weighing down the shoots to more horizontal or even weeping positioning as the fruits 

develop on the young tree. 

Other horticultural practice: Addition of nutrients, water, etc. e.g., rather than cuttinglimbs, cut back 

on water and nitrogen to stop excessive tree growth. 

When do we manage the canopy? 

 It's ideal to trim a fruit tree when it's dormant, which is usually in the winter months, from 

November to early March. Pruning during the dormant season is beneficial in a variety of ways. Because 

there are no leaves on the tree, you can see its shape and structure, giving you a clearer picture of what 

you're dealing with.  

 Why the tree's physiological response to pruning will be consistent throughout the dormant 

season — whether you prune in November or February, the tree's growth response will be the 

same. The metabolic process is slow, if not completely non-existent. 

 Microorganisms (e.g., bacterial and fungal illnesses) are abundant throughout the summer 

months, making it hard to identify what stage of growth the tree is in when you prune during the 

growing season (spring through fall). Summer pruning leaves sores that render trees more prone 

to infection. 

Canopy management procedures 

 Trees have been trimmed in a variety of methods, some of which are more effective than others. The 

more closely the pruning approach matches the trees' natural growth tendency, the more effective, 

efficient, long-term, and reasonable it is. It is preferable to work with trees than than against them. The 

most crucial cuts made to the tree are the initial ones. Pruning should be done appropriately from the 

outset, rather than waiting until big cuts are required. The rule is to train or eliminate a branch as soon as 

it seems to be out of position. The definition of "out of place" is crucial, because pruning must be 

selective, meaning only dead, diseased, and dysfunctional branches of any size are removed. One strives 

to prune once a year, in the appropriate season, and never more than is required. The rule is 

straightforward: do the right thing to the right trees at the right time. The basic principles apply to all 
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trees, regardless of their age. The goal is to get trees to generate a healthy mix of vegetative and fruiting 

wood, with uncrowned bearing wood easily located under the relative protection of the well-lit, well-

ventilated inner tree canopy and low enough to harvest from the ground. Tree complexity is managed by 

the induction of complexity in young trees, the preservation of complexity in bearing trees, and the 

decrease of complexity in huge, old trees that are declining due to age and/or shade. 

Procedure of canopy management in Fruit Crops 

Guava: Before planting any crop, evaluate the tree's growth behaviour, its reaction to pruning, harvesting 

technique, and other cultural approaches. Guava yields fruit throughout the present growing season. 

Guava can be trimmed and trained into a huge, low-hanging bush for laborious harvesting or a compact 

tree with a single trunk for harvesting by machine. After a few years of development, untrained or 

unpruned guava trees become enormous and unmanageable. The bearing area shrinks, and the inner 

plants go completely fruitless. To promote the appearance of new growth below the cut places, trees are 

topped to a consistent height of 60-70 cm from the ground level 2-3 months after planting. The major 

scaffold limbs of the tree are formed by retaining three to four evenly spaced shoots around the stem. 

After topping, these shoots are left to develop for 4-5 months until they reach a length suitable for 

causing multiple shoots. They are then trimmed to half their original length to induce numerous shoots 

from the buds below the cut end. Newly developed branches are allowed to grow up to 40-50 cm before 

being clipped to allow new shoots to sprout. This is done mostly to achieve the proper form. During the 

second year following planting, the trimming activities continue. Short branches within the tree canopy 

generate a compact and sturdy structure after two years. Pruning takes place every year in April and May. 

Bael: Bael orchards should be trained in the same way that mango orchards are for optimal orientation of 

newly formed shoots and canopy growth. To minimize the height of trees in bearing orchards, 

strategically situated, upright growing branches should be cut from their source. Renewal by top working 

with superior cultivars can also boost the productivity of senile and bael orchards planted from seedlings. 

During first year after planting, its plants are headed back at 0.90cm – 1.0m from the ground level, for 

emergence of new growth below the cut points. Three to four equally spaced shoots are retained around 

the stems to form the main scaffold of the trees. These shoots are allowed to grow approximately for 6-7 

months then these selected shoots are further pruned to 50% of their total length for emergence of new 

shoots below the cut point. As a result, new shoots emerge which are allowed to develop further. 

Top Working 

 In the winter, select senile trees or seedlings with inferior fruits should be headed back at a height of 

1.5-2.0 m from the ground for top working. During the spring season, this results in a lot of sprouting of 

shoots at the cut ends. Excessive shoots must also be thinned, much like mango. During the months of 

May and June, thinning should be done twice a month. Excessive shoots should be thinned so that each 

branch has 6-8 healthy, well-developed, and evenly dispersed shoots. During the months of June and 

July, these shoots can be top-worked by patch budding enhanced cultivars. These branches mature in two 

years and begin to bear fruit after that. 

Banana: Solar radiation is abundant in most banana-growing locations, and banana output is primarily 

dependent on how well this resource is utilized. Bananas are cultivated in multistory cropping systems to 
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maximize light, land, and fertilizer availability. Interception of light, soil fertility, climate circumstances, 

soil moisture, and so forth. are important points to be considered for laying out of high-density plantation. 

Pruning of surplus leaves is a common operation in banana cultivation. Leaf trimming promotes light 

penetration and decreases disease transmission through senescent and aged leaves. The removal of leaves 

improves the microclimate, particularly the availability of light and heat. A minimum of 12 leaves must 

be kept for optimal crop output. 

Ber: Although ber is not popularly grown and is not a commercially important fruit crop, it has better 

adaptability in marginal soils in arid regions of subtropics. After transplanting in the field and providing 

the vertical support during its growing period, no shoot is allowed to grow up to 80-90 cm. To minimise 

drooping branches reaching and spreading on the ground, the height of the head is kept higher than other 

fruit trees. Beyond this point, 4-5 well located side shoots are chosen to build scaffold limbs. Ber trees 

are educated to create a solid structure over the first 2-3 years after planting. Then, in March, the old 

growth is decapitated, leaving 1-2 nodes above the graft union to allow for robust new growth. One 

vigorously developing upright shoot is preserved to develop into the main trunk, which is kept free of 

subsidiary branches until it reaches a height of 30 cm from the ground. When it is heading back, 3 or 4 

well-spaced and well-located primary branches are permitted on the main trunk. These major branches 

are likewise trimmed during the second year, leaving 3-4 minor branches on each of them. The 

development of tertiary branches is continuing in this manner. To generate an upright statured tree, 

upward developing shoots are kept at each stage. To eliminate narrow crotches, no more than one upright 

growing branch is preserved at a node. The tree's fundamental structure is maintained by eliminating 

water sprouts as they arise. The framework is corrected throughout the yearly pruning process. In order to 

generate the maximum number of new healthy shoots that yield excellent quality fruits, annual pruning in 

ber is required. To reduce crowding and foster healthy development for optimal fruit yield, it is also 

necessary to eliminate unwanted, weak, intercrossing, diseased, and broken branches. Pruning takes place 

during the hot, dry season, when the tree sheds its leaves and goes dormant. In Tamil Nadu, trees are 

trimmed from January to April; in Maharashtra, pruning must be completed by the end of April; and in 

Haryana, pruning must be completed by the end of May. Pruning severity varies depending on the locale. 

Light pruning, around 25 buds, is preferable in general. Under more temperate climatic circumstances, 

pruning might be done at 15-20 buds. All secondary branches should be eliminated completely. Half of 

the previous season's shoots are cut down to 20 buds, with the remaining half clipped to the basal 1 or 2 

nodes, to avoid the emergence of lengthy, unfruitful basal parts of branches induced by mild pruning over 

multiple years. Spraying with 3% thiourea or potassium nitrate once every two days before trimming 

encourages bud budding from the most nodes. 

Cashew: The canopy of the cashew tree, a fast-growing woody perennial, is characterised by its uneven 

form and spreading branches. Plantations with trees with a haphazard canopy form and size are difficult 

to maintain, resulting in lower nut yields in subsequent years. Plants should be rigorously trained from 

the first year of orchard life onwards to get the most out of the high-density planting scheme and 

minimise thinning. For plantings with larger spacing, it is recommended to use a modified leader system 

or an open centre method of training to avoid canopies overlapping later in the orchard's life. 
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By cutting all side branches, grafts are allowed to develop to a height of 75-100 cm with a single clean 

stem. After that, branching in all directions in various whorls is permitted up to a height of 3-4 m, and the 

central leader is detopped at half the spacing between the plants to ensure a semi spherical canopy form. 

In order to preserve the canopy size and shape, frequent branch pruning and removal of criss cross and 

low spreading branches should be used. 

In Modified Leader System 

 The side sprouts on leaf axils of young grafts are removed periodically during the first year as 

and when arise and a clear single stem of 0.5-0.75 m from the ground level is maintained and later the 

trunk is allowed to branch in all the directions. At a height of 3-3.5 m, the central leader should be de-

topped and a transparent semi-globular canopy allowed to grow. The height of de-topping will be 

determined by the plant spacing. Plants that are closer together are de-topped at a lower height. After 

harvesting the fruits, the canopy requires yearly care by pruning the overgrowth to a minimum. This kind 

of canopy allows for optimum solar absorption while also decreasing dead wood and water shoot growth. 

The technique works best with plants that are spaced closer together than 5 m × 5 m. 

In Open Centre System 

In this approach, the plant is allowed to grow to a height of 0.30-0.45 m from the ground with a 

single clear stem before the main stem is cut off. The lateral branches are encouraged to develop in all 

directions and produce a vase shape. Trimming the canopy to keep it in shape is done once a year. This 

design aids in blooming and nut setting on both the inner and outer sides of the canopy, as well as 

covering the allowed space more quickly. The technique can be used in plantations with greater spacing 

(8m x 8m), however it cannot be used in plants with very close spacing. 

Pruning to Bush Shape 

 These training techniques may be used in tightly spaced plantations and should be tried from the 

beginning of the planting process. Canopy growth within a reasonable size is critical in densely planted 

plantations under a high-density system. At a height of 0.75-1.00 m, plants can be clipped to a bush form. 

The yield of bush pruned plants is superior even at a closer spacing of 2.5m x 2.5m during several years 

at the beginning. Thus, a yield of more than 4 tonnes/ha can be achieved. 

Canopy Management in Productive Orchards 

 When cashew is exposed to bright sunshine, it responds effectively and produces a bigger yield. 

Annual pruning and trimming are required to keep cashew plants in good form and to allow them to get 

the greatest amount of sunshine, which results to improved photosynthesis.Inter-mingling branches with 

surrounding trees must be pruned every year in a plantation, and a clean space of at least one foot must be 

maintained to tap the intermittent light. The height of the tree canopy should be controlled depending on 

the plantation spacing in order to counteract the shadowing impact of plants over nearby plants. Plants 

placed at 5m x 5m, for example, are confined at 2.5 m in height. Plants are also de-topped at 4m height in 

plantations with an 8m x 8m spacing. Criss-cross branches, dead wood, and branches that touch the 

ground can all be removed during the yearly pruning. 

Lime (Kagzi lime): Acid lime plants can be trained to a modified central leader system, with a smooth 

trunk that reaches 75-100cm above ground level with 4-5 well-spaced and widely distributed scaffolding 
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branches. Remove any sprouts that emerge on the trunk up to a height of 75-100 cm.Similarly, water 

suckers forming on the main trunk and scaffolding branches of mature trees should be removed as soon 

as possible. A young plant requires relatively little trimming once it has been taught to a particular form. 

In subsequent years, light pruning may be done. Young trees that are trimmed lightly grow their roots and 

branches more quickly, bearing fruit earlier than those that are pruned extensively. Pruning of bearing 

trees varies by variety, but it primarily entails the removal of dead, dry, diseased, broken, and cris cross 

branches that are harmful to the plants' health. Water suckers must be removed as well. Pruning can be 

done as soon as the crop is harvested. The clipped ends can be slathered with Bordeaux paste or Blitox 

soon after pruning. 

Mandarin: At planting time, the trees are pruned down to a height of 70-80cm from the ground level. 

The future scaffold limbs are usually chosen from 3-5 well-spread laterals. These shoots are also trimmed 

to allow for the beginning of new shoots underneath the tips. Flowering and fruiting are more likely on 

these stems. Mandarins are over bearers and alternate carriers to some extent when it comes to bearing. 

For a suitable output of high-quality fruits, one-year-old shoots should be pruned or trimmed back to half 

length (50 percent of the total) or full length. As a result, trimming is done to maintain a balance between 

fruiting and vegetative development. The pruning of some of the shoot certainly removes a part of 

fruiting area and helps maintain regular cropping. The dried-up branches found in the lower part of the 

plant too are removed. 

Jackfruit: Early jackfruit training is required to develop a strong foundation and avoid weak crotches. 

Jackfruit plants should be trained on a single stem. For optimal canopy design, apical growth must be 

inhibited within the first year of planting.To encourage the appearance of new growth, plants are topped 

(headed back) to a consistent height of 70-80 cm from the ground level 3-4 months after planting. The 

scaffold limbs of the plant are formed by retaining three to four well-spaced limbs around the main stem. 

To give the plant the correct form, more undesired branches are plucked from time to time. 

Litchi: Orchard management includes maintaining the optimal height of litchi trees with a compact and 

stereo bearing canopy. Litchi trees, in general, grow unimpeded and generate a broader canopy. However, 

with systematic orcharding, promoting a bigger bearing area, accommodating a higher number of 

plants/unit area, tree height control, canopy concentration to give more fruiting branches, and allowing 

lighter to penetrate the inner region become more important. As a result, giving trees suitable form from 

the start and cutting branches after harvesting in yielding trees is critical. Because immature plants have 

more shoot budding, maintaining good form is particularly important at this stage. Air layered single stem 

plants should be grown in bags and allowed to reach a height of 40-50 cm. Air-layered plants have a high 

inclination to develop ground-level branches that are pinched or trimmed.Strong, well-spaced outshoots 

are also permitted to create the main branches. Continue shaping by eliminating all of the branches and 

establishing crotches with the main branches as they develop. At the time of harvesting, 25-30 cm fruit 

producing shoots are removed in order to establish a healthy and compact canopy. As a result, 2-3 new 

terminals emerge, which will eventually grow into fruiting branches the following season. Unproductive 

trees are aggressively trimmed to promote the development of new fruitful branches. In such instances, 

extensive reiterative pruning, generally up to limbs at a height of 4-5m, is often used, along with fertilizer 
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administration. In addition, additional pruning is performed to ensure that each limb has 4-6 healthy, 

well-placed shoots. After 2-3 years of trimming, these new branches begin to bear fruit. After that, 

regular trimming is done to keep the trees' vigour and output at their best. 

Mango: For lowering production costs and enhancing fruit output and quality, tree canopy management, 

particularly size control, has become a focus. Unlike temperate fruits, where tree management strategies 

have been established and perfected for over a century, mango can use the same techniques and 

experiences with a few tweaks. Mango tree management strategies have been established and are being 

utilized in many areas of the world, and may be implemented in different mango growing locations with 

little alterations. Tree canopy management and early height control are crucial approaches that should be 

used in India.Similarly, the problem of big tree size in mango may be addressed by topping and hedging, 

as huge and crowded trees have a number of drawbacks. Appropriate height, topping and hedging, cutting 

angles, as well as time and frequency of hedging specified for mango, all of which are typical methods in 

Israel, the United States, Australia, and South Africa, may be employed in India to improve efficiency 

and productivity. Shaping the mango tree soon after planting is critical for maintaining the desired plant 

height at initial branching and allowing adequate clearance for equipment. 

New Orchard 

 When plants reach the age of one year, they begin to head back. During the months of October 

and December, heading back should be done using sharp secateurs to provide a clean and precise cut. The 

rear of the head should be 60-70 cm above the ground.During the months of March and April, returning 

to the original location leads in the appearance of new shoots (spring season). During May, extra shoots 

must be thinned in order to establish an appropriate open canopy. Thinning should be done such that four 

evenly spread shoots remain in all directions. Primary branches emerge from these shoots. Bending 

should be done at this point to enhance the crotch angle of freshly generated shoots if the crotch angle of 

retained shoots is smaller. It should be done with a jute rope (use of nylon or poly threads should be 

avoided).When these branches reach maturity, a second cutting is necessary. Mango shoot maturity is 

assessed by the change in colour of the shoots from green to brown. In north India, this stage usually 

occurs after 7-8 months of shoot development. As a result, the principal branches are trimmed again in 

October-November. During the next spring season, this pruning also stimulates new growth. Excessive 

shoots should be thinned again to ensure 2-3 shoots per major branch. Secondary branches emerge from 

these shoots. These first training results in a canopy of trees that is open and spread out. 

Bearing Mango Orchards 

 Identify uprightly developing branches in each tree and trim them off to increase the productivity 

of bearing mango trees for canopy management and production. Remove only one or two uprightly 

growing branches from the tree's center to drastically lower tree height and boost light availability inside 

the canopy for improved photosynthesis. Cutting of uprightly growing branches from the base should be 

done between October and December. When removing branches, make the initial cut on the bottom side 

of the branch to provide a clean cut and avoid bark splitting. Branch with a wide crotch angle should be 

protected since they are more fruitful. For improved canopy management, not more than 25% of the 

biomass in bearing mango trees should be removed at a time; otherwise, excessive vegetative growth 
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would follow. Remove 10-15 percent of biomass from a high-density planting system every year between 

October and December to maximize light penetration inside the canopy. Crisscross branches, dead wood, 

and unhealthy shoots should all be removed as part of the 10-15 percent biomass removal. 

Pomegranate: Pomegranates may be used in a variety of ways. It is a deciduous plant native to the 

subtropics, where it is widely cultivated. But under tropical circumstances, pomegranate is an evergreen 

plant and hence adds constant development. For optimal fruit production in both scenarios, this fruit tree 

must be carefully trained and trimmed on a regular basis. Plants for a bush are trained as a multi stem 

rather than a single stem like other fruit plants. It should be cut down to 30-40 cm after planting in the 

field to ensure the availability of a lot of buds below. During the first growth season, roughly four shoots 

will be chosen to produce the plant's primary limbs. If the plants are to be trained to a single stem, return 

to the field after the plantation is completed at a height of about 70 cm. Five to six shoots are chosen 

during the first year of growth to form the scaffold limbs. The primary stem is left free of branches up to 

40 cm in length, and any shoots arising from below this point are destroyed. The pomegranate has a 

proclivity for producing numerous suckers, which must be removed from the start if single stem training 

is to be successful. Except for the removal of root suckers, water shoots, cross branches, dead and 

diseased twigs, and the shaping of the tree, pomegranate trees do not require trimming. Pomegranate 

fruits are borne terminally on short spurs, arising from mature shoots, which have the capacity to bear 

fruits for 3-4 years. With advance in age, they decline. A little thinning and pruning of old spurs to 

encourage growth of new ones are required. 

Useful Tips 

 Buds that are both fruitful and distinct are found at the far end of branches. The overall flower 

yield is reduced when the terminal section of a branch is pruned. Pruning has no effect on the sex ratio or 

the quality of the fruit. Pruning has a substantial impact on overall fruit yield, as well as marketable and 

unmarketable fruits. With high intensity pruning, fruit size and production of higher-grade fruits increase. 

Pruning reduces bending and staking of branches. 

Sapota: The evergreen nature of the Sapota needs no regular pruning, but it does necessitate the 

management of vegetative development in order to optimize fruit yield and quality. A young tree that 

takes on the shape of an umbrella grows well. Plants raised via, on the other hand, require instruction in 

order to achieve the proper form and structure. For sapota, no definite training technique has been 

devised. The majority of trees are trained to follow a central leader. Plants are topped to 60-70 cm above 

ground level during the first year. Following the sprouting of new shoots below the cut spot, three to four 

well-spaced scaffold limbs are chosen and allowed to grow into a robust framework. In older plantations, 

thinning of branches can occur. Pruning in sapota is confined to open tree to light, and remove dead and 

diseased branches. 

Tools 

 Canopy management is more about knowledge than it is about equipment– but there a few 

critical tools you‘ll want to have ready when you set to work! 
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Loppers: Find a pair with a bypass blade instead of anvil cutters – this will ensure that you slice 

thebranch instead of crushing it. A commercial grade pair such as these ones by Falcon are best. They can 

be purchased at Falcon Garden tools Pvt. Ltd. Ludhiana. 

Hand Shears: These are good for young trees with low, thinner branches. These should be made ofgood 

steel and should be kept sharp using a wet stone. 

Tree Saw: Best for big old trees with branches that are too big for loppers. Most tree saws cut on the pull. 

Ladder: A ladder is the best way to get up into a taller tree and see what you‘re doing. It will save 

youfrom reaching up and straining yourself, and you‘ll make cleaner cuts as a result. Do NOT use pole 

pruners to try and reach higher branches – their cuts leave little nubs behind which are essentially little 

pest hotels. 

Conclusion: 

 Fruit tree canopy management solutions have been developed over time to improve tree health, 

production, fruit quality, and orchard management efficiency in India and around the world. The goal is 

to establish robust, balanced tree frames after planting and sustain them throughout the orchard. 
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Abstract: 

 Agriculture, both directly and indirectly, supplies food for humans. With the world's population 

growing, it's more important than ever to adopt cutting-edge technologies in agriculture, such as 

nanotechnology. Nanotechnology is described as materials, systems, and processes that work at a scale of 

less than 100 nanometers (nm). Nanotechnology is quickly developing as one of the most important 

instruments in modern agricultural history, with the potential to become a major economic force in the 

near future. Nanotechnology utilizes various chemical agents and unique delivery mechanisms to 

implement crop production and has the ability to reduce the usage of bulk agrochemicals. 

Nanotechnology may provide sharper answers for existing agricultural difficulties. 

Keywords: Nanotechnology, agriculture, food, quality, nano fertilizers and nano herbicides 

Introduction: 

 Agriculture is the lifeblood of most developing countries, with more than 60 percent of the 

people relying on it for survival. In the same times there are many challengesfacing agriculture sector, 

like climate change, non-reasonable use ofresources and usage too much chemical fertilizer( Raliya R., et 

al. 2017). ―Nanotechnology is the art and science of manipulating matter at the nanoscale‖ the design, 

characterization, production, and application of structure, device, and system by controlling shape and 

size at nanoscale (British standard institution, 2005). Nanotechnology is emerging as the current era's 

sixth breakthrough technology. It is considered an emerging field of science that has been subjugated in 

many scientific fields and is expected to play a major role in agriculture and food science in the next era, 

but there are currently no scientific studies on its application in agriculture around the world (Mousavi 

SR and Rezaei M., 2011).). Plant nutrition is crucial for agriculture production and crop quality, and 

about 40% to 60% of the total world food production depends on the application of fertilizers (Roberts 

TL. ,2009). Nanotechnology works with the tiniest particles possible, increasing the chances of increasing 

agricultural productivity by solving problems that have previously been unsolved. Nanotechnology 

applications have the potential to change agricultural production by allowing better management and 

conservation of plant and animal production inputs.  

 Nanotechnology as a powerful technology allows us to have a look at the atomic and molecular 

level, and able to create nanometer-scale structures. Nanotechnology in agriculture and food production 

has resulted in the restoration of agricultural land, the construction of greenhouses with high performance 

and productivity, the prevention of extinction and destruction of plant and animal species, and overall, 

nanotechnology improves agricultural efficiency for a larger population. Nanotechnology research and 

development will likely facilitate and frame the next stage of development of genetically modified crops, 
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animal production inputs, chemical pesticides, and precision farming techniques in the agricultural 

industry (Mousavi and Rezaei, 2011). 

What is nanotechnology? 

 Nanotechnology is a new scientific approach that entails the use of materials and equipment 

capable of exploiting a substance's physical and chemical properties at the molecular level to investigate 

the biological and material worlds at the nanometer scale and apply it to a variety of applications ranging 

from medicine to agriculture.(Fakruddin Md et al. ,2012)Nanotechnology is the science and technology 

of very small objects, such as materials with a diameter of less than 100 nanometers. Nanotechnology 

incorporates solid state physics, chemistry, chemical engineering, biochemistry, biophysics and materials 

science. One nanometer is 10 - 9 meters. Nanotechnology, in other terms, is the manipulation or self-

assembly of individual atoms, molecules, or molecular clusters into structures in order to create materials 

and technologies with new or drastically changed features. Nanotechnology works with the tiniest 

particles conceivable, raising promises for increased agricultural output by solving problems that have 

hitherto been unresolved. Nanotechnology provides a great scope of novel application in the plant 

nutrition fields to achieve the future request of the rising population because nano particles have 

exclusive physiochemical characters i.e., high surface area. High reactivity and tunable pore size. The 

goal of nanomaterials in agriculture is to limit pesticide dissemination, reduce fertilization nutrient losses, 

and boost production through insect and nutrient control. 

Nanoparticles 

 A nanoparticle, also known as an ultrafine particle, is a small particle of matter with a dimension 

of 1 to 100 nanometers. Nano is derived from the Greek term 'Nanos,' which refers to a dwarf or 

exceptionally little person. A nanometer is a billionth of a meter pr 10
-9 

m. In other words, Nanoparticle is 

defined based on the size at which fundamental characters different from those of the corresponding bulk 

material Nanoparticles overlap in size with colloids also, (Banfield JF and Zhang H. ,2001) the physical 

properties of nanoparticles are different from the properties of the bulk material (Buffle J. ,2006) 

Methods of nanoparticle production 

 The Nanomaterials prepared through two basic methods (Top down depending on size reduction 

from bulk materials) and Bottom- up system where materials are synthesis from atomic level (according 

to Royal Society and Royal Academy of Engineering). 

“Top-down” Systems: Where small manipulations of a small number of atoms or molecules produce 

elegant patterns using mechanical-physical methods such as grinding, milling, and crushing to produce 

nanoparticles; this method is used to make Nano composites and Nano-grained bulk materials such as 

metallic and ceramic nanomaterials with a wide size distribution. (10 - 1000 nm) as show in Figure 1. 

Bottom-up system: In „Bottom-up‟ As a result of their molecular recognition properties, multiple 

molecules self-assemble in parallel stages, producing more complicated structures from atoms or 

molecules. Additionally, this procedure generates a consistent regulating sizes, shapes, and size ranges of 

nanomaterials. (Figure 2). 
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Figure 1: Schematic diagram for preparing nanoparticles by mechanical process  

 

 

 

Figure 2: Structures of Nano particles are fabricated by chemical procedures  

 This approach is often utilized to manufacture most nano-scale materials (1 - 100 nm), and it is 

critical in the manufacturing of nanostructures and nanomaterials. Other techniques for producing 

nanomaterial‘sinclude attrition and pyrolysis, as well as biological nanoparticle production. 

Nanomaterials and Agriculture 

 Nanomaterial‘s frequently have chemical, physical, or biological characteristics that differ from 

their bigger counterparts, and as a result of these differences, nanomaterial‘smay offer distinct safety 

concerns than their larger counterparts. Controlled preparation of nanomaterials with desired morphology 

and size, as well as newly established concepts and methodology, have underpinned the solid bases to 

solve the unsolved questions in nutrient uptake. With the rapid advancement of nanotechnology since the 

last decade of the last century, controlled preparation of nanomaterials with desired morphology and size, 

and newly established concepts and methodology have underpinned the solid bases to solve the unsolved 

questions in nutrient uptake.  Direct applications of nanotechnology in agricultural production and 

products generally embrace delivery of various agrochemicals, the study of plant disease mechanisms and 

genomes improvement. 

Precision Farming 

 Precision farming has been a long-desired goal to maximize output (i.e., crop yields) while 

minimizing input (i.e., fertilizers, pesticides, herbicides, etc.) through monitoring environmental variables 

and applying targeted action. Precision farming employs computers, global satellite positioning systems, 

and remote sensing equipment to evaluate extremely localized environmental variables, allowing farmers 

to determine if crops are growing at their peak efficiency or accurately pinpointing the type and location 

of issues. Seeding, fertilizer, chemical, and water use may all be fine-tuned utilizing centralized data to 

identify soil conditions and plant development, lowering production costs and perhaps increasing 

productivity, all to the benefit of the farmer. Precision farming can also assist to minimize 

agricultural waste, lowering pollution levels in the environment. Nanotechnology-enabled micro sensors 
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and monitoring systems will have a significant influence on future precision farming approaches, even if 

they are not completely applied now. The rising usage of autonomous sensors coupled to a global 

positioning system (GPS) for real-time monitoring will be one of the primary responsibilities for 

nanotechnology-enabled gadgets. These nan sensors might be placed across the field to monitor soil 

conditions and crop development. The combination of biotechnology and nanotechnology in sensors will 

result in more sensitive equipment, allowing for a quicker reaction to environmental changes, such as 

Nano sensors utilizing carbon nano tubes or nano-cantilevers are small enough to trap and measure 

individual proteins or even small molecules.  

 Other nano sensors function by initiating an enzymatic response or by employing nano designed 

branching molecules called dendrites as probes to bind to target chemical sand proteins in the presence of 

a contaminant such as bacteria (Tiju and Morrison, 2006). Precision farming, with the aid of smart 

sensors, will eventually increase agricultural output by delivering reliable data, allowing farmers to make 

better decisions. 

Applications of nanotechnology in agronomy 

 Precision agriculture, as previously said, is a novel approach to agricultural management. Nano 

sensors will be used to assess how much fertilizer and chemical pesticides are needed in each little region 

of a farm. As a result, input utilization will be optimal, resulting in safe goods and greater economic 

efficiency. Farmers may use nano sensors to keep their farms under tight control and report on plant 

demands in real time. Precision farming might benefit from nano sensors and nano-based smart delivery 

systems to aid with the effective use of agricultural natural resources such as water, fertilizers, and 

chemicals. Farm managers might identify agricultural pests or signs of stress such as drought using 

nanomaterials and a global positioning system (GPS) combined with satellite photography of fields. 

When a pest or drought is recognized, pesticide treatments or irrigation levels are automatically adjusted. 

Plant viruses and soil nutrient levels may also be detected using nano sensors scattered across the field. 

Plants will absorb nano fertilizers quickly and thoroughly. It has been claimed that a proprietary nano-

composite including N, P, K, micronutrients, and amino acids increases the absorption and utilization of 

nutrients by grain crops (Jinghua, 2004). 

 Seeds can also be ingested as Smart Seeds, which are nano-encapsulated with a particular 

bacterial strain. As a result, seed rate will be reduced, field stand will be enhanced, and crop performance 

will increase. A Smart Seed can be programmed to germinate when adequate moisture is available that 

can be dispersed over a mountain range for reforestation (Natarajan and Sivasubramaniam, 2007). Some 

possible thrust areas of research include coating seeds with nano membranes that sense water availability 

and allow seeds to imbibe only when the time is right for germination, aerial broadcasting of seeds 

embedded with magnetic particles, detecting moisture content during storage to take appropriate 

measures to reduce damage, and using bio analytical nano sensors to determine seed ageing. Nanosilicon 

dioxide (nSiO2: size 12 nm) considerably improved the properties of tomato seed germination, according 

to Siddiqui and Al-Whaibi (2013). 
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Applications of nanotechnology in pests and plant diseases management  

 Pesticides, fungicides, and herbicides are now the most efficient and cost-effective strategy to 

control pests and diseases. Pesticide usage that is out of control has resulted in a slew of issues, including 

detrimental impacts on human health, pollinating insects, and domestic animals, as well as introducing 

this substance into the soil and water and its direct and indirect consequences on ecosystems. Chemicals 

used intelligently at the nan scale may be a viable answer to this challenge. These compounds are applied 

to the plant parts that have been infected by disease or pests. Furthermore, these nan scale carriers have 

self-regulation, which implies that just the needed amount of medicine is transported into plant tissue. 

Pesticides containing nano particles and nano capsules are more effective and ecologically friendly, as is 

the development of nano crystals to improve pesticide efficacy for application with lower doses. In the 

not-too-distant future, nanoparticles for the delivery of active substances or medication molecules will be 

at the helm for the treatment of all plant pathological afflictions. 

Applications of nanotechnology in horticulture 

  Mostly for organic farming, to protect essential crops such as tomato, potato, apple, grape, and 

others from various diseases.In rain-fed locations, herbicide application with inadequate soil moisture 

may result in vapour loss. We are still unable to accurately estimate rainfall; herbicides cannot be 

administered in advance of anticipated rainfall. The controlled release of encapsulated herbicides is 

predicted to reduce weeds that are competing with crops, as seen in Fig (2). (Chinnamuthu and 

MurugesaBoopathi, 2009). 

 

Figure 3: Smart delivery of Nano encapsulated herbicide in the crop-weed environment 

 

 One of the biggest reasons limiting agricultural output is disease. The difficulty with illness 

management is determining the precise stage of prevention. Pesticides are frequently used as a 

preventative measure, resulting in residual toxicity and environmental concerns, whereas administration 

of pesticides after the manifestation of illness results in some crop losses. Viruses are the most difficult to 

manage among the many illnesses because they must be stopped before the sickness spreads through 

vectors. However, once symptoms begin to appear, pesticide treatment will be ineffective. 

Applications of nanotechnology in food industry 

 Food rotting and discoloration can be caused by oxygen, which is an issue in food packing. The 

development of new polymers for the food packaging business is one of the uses of nanotechnology in 

the food industry. Nano particles are employed in the manufacturing of these polymers. Nano particles 

have been discovered to zigzag in the new plastic, acting as a barrier to oxygen entry. In other words, the 
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oxygen for entry into the package should occur over a longer route, and so food might expire later due to 

the long route for oxygen molecules. Duncan (2011) discussed how silver nanoparticles may be 

employed as antibacterial agents, as well as how nan sensors and nanomaterial-based assays could be 

used to detect food-related analytes (gasses, small organic molecules and food-borne pathogens). 

Furthermore, by coating enzymes with nanotechnology, we can keep them out of the environment and 

prevent them from operating. As a result, nutritional degradation will be delayed, and their lifespan will 

be extended. 

Applications of nanotechnology in animal science 

 Nanotechnology will have a significant impact on future veterinary and domestic animal 

treatment techniques. Nanotechnology has the potential to give acceptable solutions for domesticated 

animal diet, veterinary care, prescription medications, and immunizations. In order to boost production 

and efficacy in the specific context, the use of nano capsules to cap and preserve some specific enzymes 

and proteins might be helpful in cattle and poultry feeding rations. When some drugs, like as antibiotics, 

vaccinations, and probiotics, are used at the nan scale, they are more successful in treating infections, 

nutritional, and metabolic issues. Medicine's application at the nan scale has multiple qualities that help to 

reduce biological barriers and improve medicine's efficiency. 

Nano-particles for environmental remediation 

 Nanoscience and nanotechnology have the potential to have a significant environmental impact. 

Nanoscale particles are a new generation of environmental remediation technologies that have the 

potential to give a cost-effective solution to some of the most difficult environmental cleaning challenges. 

Large surface areas and strong surface reactivity characterize nanoscale iron particles. They also offer a 

great deal of flexibility for in-situ applications. The chemistry of metallic or zero-valent iron in the 

environment has been widely studied. 

Nanotechnology solutions to climate change 

 Climate change has emerged as one of our generation's most pressing environmental issues. 

Nanotechnology is one of the latest techniques to combating climate change. The development of 

hydrogen-powered vehicles; b) improved and cheaper photovoltaic or solar power technology; c) new 

generation of batteries and super capacitors; d) improved building insulation; and e) fuel additives to 

improve the energy efficiency of motor vehicles are all possible areas where nanotechnology could help 

reduce harmful greenhouse gas emissions (Oakdene Hollins, 2007). These technologies are now being 

developed throughout the world to minimize reliance on fossil fuels and, as a result, start the process of 

decoupling carbon dioxide emissions from energy. In addition, these technologies are likely to have a 

positive impact in reducing the concentrations of NOx and SOx in the atmosphere by reducing the 

quantity of fossil fuels used in the generation of electricity. 

There are various positive effects of Nanomaterials in Agriculture like 

 In the nanoworld, things smaller than 100 nanometers act significantly differently, and the 

principles that govern the behavior of the elements of our known world begin to give way to quantum 

mechanics rules, and everything changes. Nanotechnologies have a number of benefits owing to the 

unique functional features of nanoparticles and materials, including:  
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(1) The higher solubility of nanoparticles in suspension. 

(2) The higher surface area and particle size of the nanoparticles, which facilitates penetration of seed 

coats and subsequently emerging roots. 

(3) Better bioavailability of molecules to the seed radicals 

The properties of nanomaterial for agricultural applications 

 The following features are expected of model nanomaterials for agricultural applications: 

1. Providing real concentrations and controlled releases of fertilizers or pesticides in response to specific 

conditions (TiO2 Nano particles used as a plant fertilizer for Mung bean to increase crop yield) (Raliya 

R.et al.2015) 

2. Increased focused activity (Lu CMet al.2002). 

3. Lessen the impact on the environment by using a safe and comfortable mode of transportation. 

Some applications of Nanotechnology in Agriculture 

a. Crop improvement 

b. Increase efficient fertilizers and pesticides 

c. Soil management. 

d. Plant disease detection. 

e. Water management 

f. Analysis of gene expression and regulation 

g. Post-harvesttechnology. 

Potential Risks of Nanotechnology 

 Nanomaterials have some negative effects on biological systems and the environment, such as 

chemical hazards on edible plants after treatment with high concentrations of Nano Silver, and in some 

cases, nanomaterials generated free radicals in living tissue, causing DNA damage. As a result, 

nanotechnology should be carefully evaluated before expanding the use of nano agro materials (Dekkers, 

et al. 2016). 

Conclusion: 

 Nanotechnology is viewed as a novel key to increasing agricultural production by implementing 

nutrient efficiency and improving plant protection practices. Nanotechnology may also have real 

solutions for a variety of agriculture problems, such as improved crop varieties, plant protection, disease 

detection, and plant growth monitoring. Nanotechnology has great promise for the agricultural sector's 

development, as it allows for more advanced applications and product development, as well as increased 

global food output volume to feed the world's population in the next decades. Nano nutrients, agricultural 

productivity, plant protection (herbicides and pesticides), nano-packing, and nano sensors are all areas 

where promising results and applications are currently being researched. 

References: 

Banfield, J.F. and Zhang, H., 2001. Nanoparticles in the environment. Reviews in Mineralogy and 

Geochemistry, 44(1), 1-58. 

British standard institution, (2005) The Royal Society 6-9 Carlton House Terrace London SW1Y 5AG. 



Bhumi Publishing, India 

172 
 

Buffle J.(2006) The key role of environmental colloids/nanoparticles for the sustainability of life. 

Environmental Chemistry, 3(3): 155-158. 

Changmei, L., Chaoying, Z., Junqiang, W., Guorong, W. and Mingxuan, T., 2002. Research of the effect 

of nanometer materials on germination and growth enhancement of Glycine max and its 

mechanism. Soybean Science, 21(3): 168-171. 

Chinnamuthu, C.R. and P. MurugesaBoopathi. (2009)Nanotechnology and Agroecosystem. Madras 

 Agricultural Journal, 96 (1-6): 17-31. 

Dehner, C.A., Barton, L., Maurice, P.A. and DuBois, J.L., 2011. Size-dependent bioavailability of 

hematite (α-Fe2 O3) nanoparticles to a common aerobic bacterium. Environmental science & 

technology, 45(3): 977-983. 

Dekkers, S., Oomen, A.G., Bleeker, E.A., Vandebriel, R.J., Micheletti, C., Cabellos, J., Janer, G., 

Fuentes, N., Vázquez-Campos, S., Borges, T. and Silva, M.J., 2016. Towards a nanospecific 

approach for risk assessment. Regulatory Toxicology and Pharmacology, 80: 46-59. 

Duncan, T.V. (2011)Applications of nanotechnology in food packaging and food safety: Barrier 

materials, antimicrobials and sensors. Journal of Colloid and Interface Science, 363: 1- 24. 

Fakruddin, M., Hossain, Z. and Afroz, H., 2012. Prospects and applications of nanobiotechnology: a 

medical perspective. Journal of nanobiotechnology, 10(1): 1-8. 

Jinghua, G. (2004)Synchrotron radiation, soft X-ray spectroscopy and nano-materials. Journal of 

Nanotechnology, 1: 193-225. 

 Mousavi SR and Rezaei M. (2011) Nanotechnology in Agriculture and Food Production. Journal of 

Applied Environmental andBiological Sciences, 1(10): 414-419. 

Mousavi, S.R. and Rezaei. M. (2011)Nanotechnology in agriculture and food production. Journal of 

Applied Environmental andBiological Sciences1(10): 414-419. Nanotechnology, 1: 193-225. 

Natarajan, N. and Sivasubramaniam, K. (2007).Nanotechnology application in seed management. In 

 Application of Nanotechnology in Agriculture, C.R. Chinnamuthu, B. Chandrasekaran, and C. 

 Ramasamy (Eds), Tamil Nadu Agricultural University, Coimbatore, India. 

Oakdene Hollins. (2017) Environmental beneficial nanotechnologies. 48. 

 http://www.defra.gov.uk/environmnt/nanotech/policy/pdf/envbeneficialreport. pdf 

Raliya, R., Biswas, P. and Tarafdar, J.C., 2015. TiO2 nanoparticle biosynthesis and its physiological 

effect on mung bean (Vigna radiata L.). Biotechnology Reports, 5: 22-26. 

Raliya, R., Saharan, V., Dimkpa, C. and Biswas, P., 2017. Nanofertilizer for precision and sustainable 

agriculture: current state and future perspectives. Journal of Agricultural and Food 

Chemistry, 66(26): 6487-6503. 

Roberts TL. (2009) The role of fertilizer in growing the world‘s food. Better Crops Plant Food,  93:12-

15. 

Siddiqui, M.H. and M. H. Al-Whaibi. (2013)Role of nano-SiO2 in germination of tomato 

 (Lycopersicum esculentum seeds Mill.). Saudi Journal of Biological Sciences, Article in press. 

Tiju J. and M. Morrison. (2006)Nanotechnology in agriculture and food. A Nanoforumreport, 

 available from, www.nanoforum.org. 

http://www.defra.gov.uk/environmnt/nanotech/policy/pdf/envbeneficialreport
http://www.nanoforum.org/


Recent Innovative Approaches in Agricultural Science Volume I 

    (ISBN: 978-93-91768-74-4) 
 

173 
 

ADAVNCES PRODUCTION TECHNOLOGY OF OKRA 

Ramesh Chand Choudhary1*, Mohan Singh1 and Madhu Choudhary2 

1Department of Horticulture, Rajasthan College of Agriculture, Maharana Pratap University of 

Agriculture and Technology, Udaipur, Rajasthan-313 001 

2Department of Plant Breeding and Genetics, RARI, SKNAU, Jobner, Rajasthan-303 328 

*Corresponding author E-mail: bajyaramesh9738@gmail.com 

 

Abstract: 

 The okra is a most important vegetable crop which cultivated in most of the states of India. It has 

much nutritive value as compare to other vegetable crops. Its fruit is called pod which has fiber content. 

Fiber also aids in the maintenance of blood sugar levels by decreasing sugar absorption via the intestines. 

It's also high in minerals like potassium, sodium, magnesium, and calcium, which are found in abundance 

in pods. Fresh pods are low in calories (20 per 100 g), have almost no fat, are high in fibre, and contain 

numerous important nutrients, such as around 30% of the necessary vitamin C (16 to 29 mg), 10% to 

20% folate (46 to 88 mg), and about 5% vitamin A. (14 to 20 RAE) Okra farming is a great way to make 

money while using healthy agricultural principles. The yield and quality of pods is depended on selection 

of variety, type of soil, climate, nutrient management, cultural practices and plant protection practices. In 

plant protection we control the all biotic and abiotic factors which reduces the pod quality and yield. By 

this study we can say the okra cultivation should make easy for farmers. They can easily solve their 

cultivation problems. 

Keywords: Okra, pest, disease and management. 

Introduction: 

 Okra is also known as bhindi in India and lady's finger in England, and 

has Latin binomial names of Abelmoschus esculentus and Hibiscus esculentus 

(Ndunguru & Rajabu 2004; Kumar et al., 2010). It is belonging to malvaceae 

family. The origin Abelmoschus esculentus is variably considered to be India, 

West Africa (Mardock, 1959) and Tropical Asia (Grubben, 1977). The 

genusAbelmoschusinfact was established by Medikus. The roots and stems of 

okra are used for cleaning cane juice (Chauhan, 1972). 

Composition and uses 

There are many different types of fats found in nature, each with its own chemical and functional 

qualities. Linoleic acid, a polyunsaturated fatty acid necessary for human nutrition, is abundant in okra 

seed oil (Georgiadisa et al., 2011). Because to its sturdy character, nutritional fibre, and specific seed 

protein balance of lysine and tryptophan amino acids (unlike grains and pulses), okra has been dubbed 

"the ultimate villager's vegetable" (Sengkhamparn et al., 2009). Galactose (25%) is the most common 

sugar, followed by rhamnose (22%), galacturonic acid (27%), and amino acids (11 percent).The mucilage 

is very water soluble. The inherent viscosity of its solution in water is around 30%. The main components 

in pods, which include roughly 17% seeds, are potassium, sodium, magnesium, and calcium. Iron, zinc, 
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manganese, and nickel have also been discovered (Bakre et al., 2009). Fresh pods are low in calories (20 

per 100 g), have almost no fat, are high in fiber, and contain numerous important nutrients, such as 

around 30% of the necessary vitamin C (16 to 29 mg), 10% to 20% folate (46 to 88 mg), and about 5% 

vitamin A. (14 to 20 RAE). Both the pod skin (mesocarp) and the seeds are high in zinc (80 mg/g) (Cook 

et al.,2000). Quartering derivatives, catechin oligomers, and hydroxycinnamic derivatives are abundant in 

pods and seeds, and they have essential biological effects. These characteristics, as well as the high 

quantity of carbohydrates, proteins, glycol-protein, and other nutritional ingredients, contribute to the 

food's relevance in the human diet (Manach et al., 2005). There is no beta carotene (vitamin A) or retinol 

in dried okra sauce (pods combined with other seasonings and often consumed in West Africa) 

(Avalloneet al., 2008). Fresh okra pods, on the other hand, are the most important vegetable source of 

viscous fiber, which is an important dietary component for cholesterol reduction (Kendall et al., 2004). 

Fiber also aids in the maintenance of blood sugar levels by decreasing sugar absorption via the intestines 

(Ngoc et al., 2008). Fresh okra pods that are seven days old have the highest concentration of nutrients 

(Agboet al., 2008). The consumption of okra on a regular basis may assist to prevent kidney disease 

(Lengsfeld et al.,2004). 

Area and distribution 

 The total area and production under okra is reported to be 1148.0 thousand ha and 7896.3 

thousand tons. It is mainly grown in India, Nigeria, Sudan, Pakistan, Ghana, Egypt, Benin, Saudi Arabia, 

Mexico and Cameroon. Largest area and production are in India followed by Nigeria. Highest 

productivity is reported from Egypt (12.5 tons/ha) followed by Saudi Arabia (13.3 tons/ha). In India it 

covers about 498 thousand ha area with production of 5784 thousand tons, and Productivity about 11.60 

tons per ha. It shares about 73.25% of total world production (APEDA). In India, Andhra Pradesh is the 

leading okra producing state which has production of around 1184.2 thousand tons followed by West 

Bengal (862.1 thousand tons). Then comes Bihar (788.3 thousand tons).  

Floral biology and pollination 

 The okra flower has a diameter of 4-8 cm and five white to yellow petals with a crimson or 

purple patch at the base of each petal. The bloom withers after one day. Hermaphroditism and self-

compatibility are combined in the floral structure. Depending on the cultivar, flower buds emerge in the 

axil of each leaf, usually above the 6th to 8th leaf. At this phase, the crown of the stem holds 3-4 

developing flowers, although later in the plant's flowering cycle, there may be as many as 10 immature 

blooms on a single crown. The lowermost flower buds blossom into flowers as the stalk lengthens.There 

may be a two- to three-day gap between the growth of each bloom, but no more than one blossom 

appears on a single stalk. From initiation to full bloom, a flower bud takes roughly 22-26 days. A 

staminal column surrounds the style, which can support more than 100 anthers. Through a lengthening of 

the staminal column or insect feeding, pollen may come into touch with the stigmas (Thakur and Arora, 

1986). As a result, okra blossoms are self-fertile. Because the pollen grain is big and has numerous holes, 

each pore can be a potential tube source, many tubes can grow from a single pollen grain (Purewal and 

Randhawa, 1947).Genotype and environmental conditions such as temperature and humidity impact 

floral bud initiation, blooming, anthesis, and stigma receptivity (Venkatramini, 1952). Blossom buds 
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appear 22-26 days after seeding, and the first flower appears 41-48 days later, according to Sabithaet al. 

(2011). Flowering lasts about 40-60 days after it is started. Anthesis occurred between the hours of 6 and 

10 a.m. Self-pollination may occur at anthesis because anthers dehisce before flower opening. Anthers 

dehisce in a transverse manner, and total dehiscence takes 5-10 minutes (Purewal and Randhawa, 1947). 

Between an hour before and an hour after the flower opens, pollen productivity is at its peak (Srivastava, 

1964). On the day of blossoming, the stigma was at its most responsive (90-100 percent).The day before 

blooming (50-70 percent) and the day after flowering (50-70 percent) were also studied for stigma 

receptivity (1-15 percent). Flowers bloom only once in the morning and shut the same day following 

pollination. The corolla withers the next morning. Okra is self-pollinating and possesses perfect blooms 

(male and female reproductive components in the same flower). If pollinators are kept out of okra 

blossoms, 100 percent of the flowers will set seed. There is no significant difference in fruit set between 

open-pollinated, self-pollinated (by bagging alone), and self-pollinated (manual pollination of bagged 

flowers), according to experiments, showing that it is possibly self-pollinated. 

Soil and climate 

 Okra may be grown in a variety of soil types. Sandy loam to clay loam with rich organic content 

and good drainage are the best soils for its cultivation. It may grow successfully in thick soils if sufficient 

drainage is present. The pH of the soil should be between 6.0 and 6.5. Crops should not be grown in 

alkaline, saline soils or soils with inadequate drainage capacity. 

Land preparation 

 Five to six deep ploughings are used to prepare the soil, and two or three planks are used to level 

it. Apply 100 q/acre of well-decomposed cowdung to the soil at the time of the last ploughing. The layout 

is based on ridges and furrows. Okra is sometimes seeded along the edge of the main crop, using the 

same layout as the main crop. By seed drill, manual dibbling, or behind the plough, directly sowed in soil 

1.5 to 2.0 cm deep. 

Improved Varieties 

PusaMakhmali: Released by IARI, New Delhi. Variety produces light green fruits. Highly susceptible to 

Yellow Vein Mosaic Virus (YVMV). 

Punjab no. 13: Ludhiana's PAU has released a new album. It's best to grow it in the spring and summer. 

The fruits are light green in colour, with five ridges and a medium length. Mosaic is a threat. 

Punjab Padmini: Ludhiana's PAU has released a new album. Fruits develop quickly, are dark green, 

hairy, and 5-ridged, and stay delicate for a long time. Within 55-60 days of seeding, the plant matures. 

Yellow Vein Mosaic Virus Tolerant (YVMV). 

Pusa Sawani: PAU from Ludhiana has launched a new album. Fruits mature swiftly, are dark green, 

hairy, and 5-ridged, and remain delicate for an extended period of time. The plant develops in 55-60 days 

after sowing. Tolerant of the Yellow Vein Mosaic Virus (YVMV). 

Parbhani Kranti: Parbhani in Maharashtra, released from MKV. At marketable maturity, the fruits are 

medium-long with a sensitive smooth surface. Fruits have a long shelf life. In 120 days, the average yield 

is 8.5-11.5 t/ha. Yellow Vein Mosaic Virus Tolerant (YVMV). 
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Arka Anamika: Released from IIHR, Bangalore. Fruits are borne in two flushes. During first flush, the 

fruits are borne on the main stem 45-50 days after sowing. During second flush, the fruits are borne on 

short branches,which sprout from the middle portion of the main stem. Fruits are spineless with 5-6 

ridges, delicate aroma and good keeping quality. Resistant to Yellow Vein Mosaic Virus (YVMV). 

Average yield is 20 t/ha in 130 days. 

Seed rate and sowing time 

 Seed rate of okra for rainy season crop (June-July) is 4-6 kg/acre, with spacing of 60x30 cm for 

branching types and 45x30 cm for non-branching variants. Seed rates of 15-18 kg/acre are utilised in 

general until mid-February (summer season). The germination of seeds can be improved by soaking them 

in water for 24 hours. Carbendazim seed treatment protects seeds against soil-borne fungal assault. Soak 

the seeds in a Carbendazim solution of 2 gm/L water for 6 hours before drying them in the shade. Then 

finish sowing right away. Treat seeds with Imidacloprid at a rate of 5 mL per Kg of seed, followed by 

Trichoderma viride at a rate of 4 gm/kg seeds to improve germination and protect the crop from soil-

borne disease. 

Nutrient management 

 The basal dosage is 120-150 q of well decomposed cow dung. Overall, the okra crop required 36 

kg of nitrogen per acre, which could be applied in the form of urea at 80 kg per acre. Half of the nitrogen 

should be sprayed at the time of seeding and the rest after the first fruit harvest. Take a spray of 19:19:19 

with micro-nutrients @ 2.5 to 3 gm/L of water 10-15 days after sowing to have a decent yield. After 10-

15 days following the initial spray, repeat the 19:19:19 spray at 4-5 gm/L of water. Spray with 00:52:34 

@ 50 gm/10 L water before blooming and again throughout the fruit development stage to ensure optimal 

flowering and fruiting. 

Cultural practices 

 Weeding is done to keep weeds from growing in okra. After 20-25 days, the first weeding is 

done, and after 40-45 days, the second weeding is done. Pre-emergence herbicides such as Fluchloralin 

48 percent @ 1 litre per acre, Pendimethalin @ 1 L/acre, or Alachlor @ 1.6 L/acre have been proven to 

be effective in reducing weeds in Bhindi. In the rainy season, earthing up in the rows is also an essential 

cultural tradition that should be followed. 

Water management 

 If sufficient moisture is not available in the soil, pre-sowing irrigation should be administered in 

the summer season crop to guarantee successful germination. After seed germination, the following 

irrigation is supplied. After 4 to 5 days in the summer and 10 to 12 days in the rainy season, the land is 

watered. 

Harvesting and yield 

 After 60 to 70 days after seeding, the fruits are ready to harvest. After 6-8 days of anthesis, they 

reach maturity. Harvest small, fragile fruits that are dark green in colour. Mornings and evenings are the 

best times to pick the fruits. If you wait too long to harvest the fruits, they will become fibrous and lose 

their softness and flavour. During the rainy season, the crop yields 120-150 q/ha. Summer crop yields 

between 80 and 100 q/ha. The timeframes are 100 and 90 days, respectively. 
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Plant Protection 

Insect-Pests of Okra  

The major insect pests of okra include shoot and fruit borer (Earias sp.) and some other sucking 

pests such as jassids, aphids, ants and whitefly.  

1. Shoot and Fruit Borer (Eariassp.): E. vittella has pale white forewings with a large wedge-

shaped horizontal green band in the centre, but E. insulana has uniformly green forewings. 

Larvae are thick, brownish, and have milky white patterns when fully grown. Larvae burrow 

downward into tender shoots, causing the damaged shoots to wither and the growth tips to die. 

Excreta has clogged the entry hole. The caterpillars eat the interior tissues of growing buds, 

flowers, and fruits. Buds and blossoms that have been damaged fall off, and impacted fruits are 

deformed. 

Control measures: 

 Use the resistant varieties like Parkins long green, Karnal Special. 

 Collect and destroyed infested shoots, buds, flowers and fruits. 

 Release the egg parasitoid like: T. chillonis and larval parasitoidChelonusblackburnii 

 Set up light traps to monitor the moths and their egg laying @ 12/ha. 

 Set up pheromone traps @ 5/ha. 

Major Diseases of Okra 

1. Yellow Vein Mosaic Virus (YVMV): It is the most common and devastating viral disease in 

okra, infecting the crop at all stages of development. A homogeneous interlaced network of 

yellow veins encircling islands of green tissues is one of the disease's hallmark characteristics. 

Infected leaves initially have only yellow veins, but as the infection progresses, the entire leaf 

turns yellow. In severe situations, the diseased leaf turns completely pale yellow or cream in 

colour, with no trace of green. Enations (raised formations) can sometimes be seen on the 

underside of diseased leaves. Plants that are affected in the early stages of the disease are 

stunted.The fruits of the infected plants become pale yellow to white in color, deformed, small 

and tough in texture. The disease causes 50-100% loss in yield and quality if the plants get 

infected within 20 days after germination. 

Control measures: The illness is reduced by removing and destroying virus-infected plants and 

planting disease-resistant types. The incidence of YVMV is reduced when the whitefly 

population is controlled. Carbofuran (1kg a.i./ha) applied to the soil at the time of planting, 

followed by 4-5 foliar sprays of Dimethoate (0.05%), Metasystox (0.02%), or Nuvacron (0.05%) 

every 10 days, efficiently suppresses the whitefly population. 

2. Cercospora Leaf Spot (Cercosporaabelmoschi): Three species of Cercospora cause leaf spots in 

okra in India. Brown, irregular dots are caused by C. malayensis, whereas sooty black, angular 

patches are caused by C. abelmoschi. The leaves that are impacted roll, wilt, and fall. Leaf spots 

are frequent during humid seasons and cause extensive defoliation. Conidia found on agricultural 
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leftovers in the soil help the fungus thrive. Complete defoliation occurs when the illness is 

severe. 

Control measures: Because the fungus lives on defective plant material, removing and 

destroying damaged plant material helps to keep the illness from spreading. Spraying with 

Copper Oxychloride (0.3 percent) or Zineb (0.2 percent) commencing around a month after 

planting and continuing at biweekly intervals, depending on the severity of the disease incidence, 

is an efficient way to manage the illness. 

3. Fusarium Wilt: (Fusarium oxysporum f. sp. Vasinfectum): It's a dangerous illness that can be 

seen in areas where okra is cultivated extensively. Through the production of chlamydospores, 

the fungus may survive for a long period in the soil. The plants initially display transitory wilting 

signs, which then become persistent and progressive, harming additional plants. The damaged 

plants' leaves include yellowing, loose turgidity, and drooping signs. The plant eventually dies. 

Leaves wilt rapidly in older plants, and vascular bundles in the collar area become yellow or 

brown. The fungus infects the roots, colonises the vascular system, and so prevents water from 

being transported. Cutting the stem at the base shows a dark woody component of the stem as 

well as a dark brown stripe on the underside of the bark. The disease is disseminated by 

interculture operations and is soil borne. 

Control measures:It is best to avoid cultivating bhendi on the same piece of ground for a long 

time. Long crop rotations are beneficial in lowering the pathogen population in farms heavily 

afflicted by the wilt pathogen. Three sprays of Karathane (6g in 10 litres of water) or Bavistin 

(1g/litre of water) applied 5-6 days after the onset of symptoms stops the disease from spreading. 

During spraying, fully developed plants' leaves should be thoroughly soaked. 

4. Powdery Mildew (Erysiphe cichoracearumandSphaerothecafuliginea): The disease mostly 

affects plants' older leaves, petioles, and stems. Due to early leaf loss, several of the afflicted 

vegetables' yields are diminished. Increased humidity can make the condition worse, and 

infection is easier to spread during periods of heavy dew. Symptoms of the illness manifest as 

patches of white powdery coating on the bottom surface of the leaves, although they can also 

develop on the upper leaf surface. Young leaves are almost impervious to disease. The talc-like 

powder made up of spores covers a considerable portion of the leaf surface. Winds can readily 

carry these spores to neighbouring plants that are vulnerable. Leaves that have been heavily 

affected become yellow, then dry and brown. Extensive premature defoliation of the older leaves 

occurs if the disease is not controlled. 

Control measures:Infection is less likely in healthy, robust leaves and stems. Plants that are 

nutritionally stressed will often get powdery mildew considerably sooner than plants of the same 

age that are cultivated in a healthy environment. As a result, the plant should be well-manured, 

and fertilisers should be applied according to normal guidelines. The illness is well controlled by 

using Wettable Sulphur (0.2 percent) or Bavistin (0.1 percent) at a weekly interval. 

5. Damping off (Pythium spp. and Rhizoctonia spp.): Seedlings may succumb to damping off 

disease before or shortly after emergence. Infection before seedling emergence causes seed 
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degradation in the soil, resulting in poor germination. When seedlings begin to rot upon 

emergence, they fall to the ground and die, which is known as "damp-off." The severity of the 

disease is determined by the amount of pathogen in the soil as well as the surrounding 

environment. When seedlings acquire a lesion in the collar area during emergence, the tissue 

under the lesion soaks up water and becomes mushy, causing the seedlings to tip over and 

collapse. The growth of damping-off is favoured by cool, overcast weather, high humidity, moist 

soils, compacted soil, and overpopulation. 

Control measures: To keep the humidity surrounding the plants at a minimum, avoid 

overwatering. Seed treatment with antagonist fungal culture of Trichoderma viride (3-4 g/kg of 

seed) or Thiram (2-3 g/kg of seed) and soil soaking with Dithane M 45 (0.2%) or Bavistin (0.1%) 

provides disease protection. The field should be monitored on a regular basis for diseased 

seedlings. Seedlings of this type should be removed and destroyed. 

Conclusion: 

 To keep the humidity surrounding the plants at a minimum, avoid overwatering. Seed treatment 

with antagonist fungal culture of Trichoderma viride (3-4 g/kg of seed) or Thiram (2-3 g/kg of seed) and 

soil soaking with Dithane M 45 (0.2%) or Bavistin (0.1%) provides disease protection. The field should 

be monitored on a regular basis for diseased seedlings. Seedlings of this type should be removed and 

destroyed. 
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Abstract: 

 For plant parasitic nematodes, biocontrol as an essential element of management is an appealing 

alternative that should be pursued in addition to crop rotation and organic amendment to include the use 

of microorganisms identified, cultivated, and packaged in the tropics for tropical farmers. Exploring 

biocontrol in nematode management is still out of reach for tropical farmers, at least until governments 

and aid organizations stimulate research and human development in this field. Plant-parasitic nematodes 

are a severe danger to the global agricultural output of many crops. The extreme toxicity of chemical 

nematodes necessitates the development of novel nematode control techniques. In this regard, 

filamentous fungus might be a viable biocontrol option.The primary categories of filamentous fungus 

investigated and employed as biological control agents (BCAs) against nematodes as resistance inducers 

include Trichoderma, mycorrhizal, and endophytic fungi. By parasitism, antibiosis, paralysis, and the 

synthesis of lytic enzymes, they can directly diminish the harm caused by plant-parasitic nematodes. 

However, they also reduce the damage caused by space and resource competition by increasing the 

plant's nutrition and water intake, or by altering root shape and/or rhizosphere interactions, all of which 

are beneficial to plant development. Furthermore, filamentous fungi can generate nematode resistance by 

activating hormone-mediated plant-defense mechanisms (such as salicylic and jasmonic acid, 

strigolactones, and others). Therefore, the use of filamentous fungi of the mentioned groups as BCAs is a 

promising durable biocontrol strategy in agriculture against plant-parasitic nematodes. 

Keywords: Nematodes, food security, Heterodera, control, monocultures and parasitism 

Introduction: 

 Biological control is less consistent, less effective, and takes longer to establish than chemical 

control. Although greater study on individual agents may lead to improvements in performance, it 

appears that these limits are inherent in most biological control agents, and that their effective 

deployment will rely on integration with other control measures. The fall of populations of the cereal-cyst 

nematode, Heteroderaavenae, under monocultures of sensitive cereals in numerous soils throughout 

northern Europe is the best researched example of natural control of a plant-parasitic nematode (Kerry, 

1982).This is an example of induced suppression, in which the nematode increases to damaging 

population densities in the second and third cereal crops, but then declines to infestations of less than 5 
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eggs/g soil, which cause little yield loss in northern European conditions; it is critical that the nematode 

be abundant in the early years of the monoculture to support the build-up of the microbial parasites 

(Kerry, 1988). The parasitic fungus Nematophthoragynophila and Verticillium chlamydosporium, which 

attack the growing female on the root surface and destroy 95 to 97 percent of the females and eggs in 

suppressive soils, are the principal cause of nematode population reduction (Crump and Mullen, 1982)As 

a result, cereal-cyst nematode natural control in a variety of soils is predictable and effective, but 

sluggish. Developing a biological control agent that is effective worldwide for any soil-borne disease has 

proven challenging. Despite extensive research, only two agents have proven effective: Phlebia 

gigantean for the control of Heterobasidionannosum, which spreads from tree stumps to the roots of 

neighbouring trees, and Agrobacterium radiobacter, which is applied as a root dip to transplants to 

prevent crown gall caused by Agrobacterium tumefasciens. Both compounds are administered in high 

concentrations as inundative treatments at an easily accessible site of action (the cut surface of a tree 

stump or the bare roots of a transplant) and offer long-term control by providing disease protection for a 

relatively short period of time (Deacon, 1991). In most nematode management scenarios, there is a 

requirement to give long-term protection to a relatively inaccessible and expanding root system without 

resorting to inundative treatments, which are both impracticable and expensive. As a result, developing 

biological control agents for plant-parasitic nematodes is likely to be challenging and will need a 

thorough understanding of the agent's biology and ecology as well as those of the worm target. There has 

been little investigation into the bulk manufacture and formulation of biological nematode control agents. 

Some species, such as rhizosphere bacteria, can be used as seed treatments, but they only provide short-

term control and are only effective in preventing root invasion by nematodes with a single generation 

during the growth season. Crops are produced in mixed stands in small areas (typically less than one 

hectare) in subsistence farming systems, and labour inputs are often high. As a result, relatively large 

amounts of an unformulated agent (up to one tonne per hectare) might be manually mixed into the soil, as 

long as the organism could be generated inexpensively and locally. 

Use of natural enemies 

 In recent years, much has been written about the biology, ecology, and potential of biological 

control agents for nematodes (Sikora, 1992). Natural enemies with a variety of mechanisms of action 

comparable to those being explored by plant pathologists for the control of soil-borne diseases have been 

found by nematologists. It is important to note that certain species that are efficient natural nematode 

enemies in the field may have limited promise as biological control agents for 

growers.Nematophthoragynophila, for example, is a causal agent of cereal-cyst nematode decline in 

many soils, but its limited host range, complex in vitro culture requirements, and requirement for soil 

moisture levels to be at field capacity to ensure infection mean that its potential use as a biological 

control agent is too limited to warrant further development. The stage of the nematode life cycle at which 

the control agent attacks have a significant impact on crop damage and population control. As a result, 

trapping fungi and rhizosphere bacteria that attack cyst and root-knot nematode second-stage juveniles 

may increase crop development but is unlikely to prevent nematode populations from growing, especially 

in species with many generations. Those parasites that attack developing females and eggs, on the other 
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hand, operate as a partly resistant cultivar in the early nematode invasion, causing plant harm but greatly 

reducing nematode proliferation. Endophytic species like Fusarium spp. and root colonization fungi like 

mycorrhizae may help to prevent nematode invasion and development. The continued environmental 

difficulties linked with the usage of nematicides have prompted a feeling of urgency in the hunt for 

alternate nematode control strategies in recent years. Alternative control strategies for plant-parasitic 

nematodes using natural compounds from plants and animals, as well assoil organisms, are gaining 

popularity among nematologists. 

 

Figure 1:  Beneficial mycoflora showing their inhibitory action against harmful pathogens 

Crop rotation, partial soil sterilization, soil amendments, and nematicides are examples of control 

strategies that might be coupled to boost the activity of naturally occurring biological control agents. 

Such approaches might also be employed to boost the effectiveness of soil additives.Partially sterilizing 

soil with methods like solarization decreases nematode infestations while also reducing competition from 

residual soil microflora, making it easier for the biological control agent to develop.Soil supplements may 

also aid to minimize nematode infestations and increase the number of facultative parasites by providing 

an energy source; pre-colonized substrates are the most successful in growing nematophagous fungus in 

soil.Shortening the rotations of sensitive crops and improving the performance of nematodes and resistant 

cultivars may be possible with soils that are inherently suppressive to certain nematodes (Kerry, 1990). 

 The adoption of nematode-tolerant crop cultivars is anticipated to be critical for the successful 

deployment of biological control agents that are less effective than most nematicides in controlling 

nematodes. Root exudates are required for the growth of agents such as rhizosphere bacteria and 

rhizosphere competent fungus. Exudation from roots differs markedly between plant species and cultivar 

and affects the efficacy of these agents (Sikora, 1992). 
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Figure 2: Beneficial fungi trapped nematode body 

Environmental concerns 

 The establishment and activity of biological control agents for nematodes are influenced by soil 

conditions, nematode type, pace of growth and density, and host plant. Understanding these relationships 

is critical for successful regulation. For much of the growing season, soil temperatures in temperate zones 

average between 10° and 15°C, but in warmer regions, temperatures of 20° to 25°C are common at 10 cm 

deep. Too often, researchers in temperate areas have investigated the effects of biological control agents 

in greenhouse pot studies at temperatures much above those seen in the field; the results of such testing 

are of limited use.Temperature has a direct impact on the agent's growth and sporulation, as well as the 

nematode target's rate of development. Moisture in the soil is seldom a limiting factor for most fungus, 

although it has an impact on spore distribution, particularly for zoospores. Bacteria are more sensitive to 

soil moisture levels than fungi, although levels that allow nematodes to remain active are unlikely to 

damage them. Nematode activity, as well as the development and spread of microorganisms, are 

influenced by soil texture and structure. Because of the large amount of soil (2500 tonnes per hectare) 

and the shallow depth of ploughing (20 cm), complete integration of biological control agents is 

problematic, and broadcast treatments are unlikely to be cost-effective.In arable crops, the employment of 

agents is likely to be dependent on the organisms that multiply in the rhizosphere as a result of in-row 

applications or seed treatments. Even when applied to soil in a pre-colonized substrate, residual soil 

microflora competes with the introduced agent for restricted energy sources, and this can have a major 

impact on the agent's effectiveness. Most plant-parasitic nematodes are migratory throughout their lives, 

therefore microbial parasites must infect them via traps or sticky spores. Cyst and root-knot nematodes, 

for example, can be parasitized from vegetative hyphae in the rhizosphere without the formation of 

specific infective structures other than an appressorium. Fungi like Verticillium chlamydosporium infect 

female cyst nematodes that are exposed on the root surface for several weeks during their maturation; 

depending on the time of infection, the fungus can cause a reduction in the number of mature females and 

their fecundity, as well as parasitism of the eggs. Root-knot nematode eggs, not females, are usually 

exposed in the rhizosphere, where they complete their embryonic development and hatch in 

approximately ten days at 25 °C. As a result, as compared to cyst nematode eggs, egg-parasitic fungi 

have less time to destroy root-knot nematode eggs.Most nematodes in soil are expected to be killed by 

non-parasitic microorganisms that breakdown soil additives and release nematicidal chemicals, such as 

the bacterium that degrades chitin to create ammonia (Spiegel et al., 1991). Similarly, numerous 
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endophytic fungi in roots may compete with a wide spectrum of nematodes, while stationary worms are 

more vulnerable. The rate of nematode development and fecundity, as well as the establishment of 

several natural enemies in the rhizosphere, are influenced by the host plant. Despite these benefits, the 

significance of the host plant in nematode biological control studies has been overlooked. 

Future prospectus 

 The number of scientists working on nematode biological control has increased dramatically 

during the last 20 years. Biological control agents, when combined with other control methods, such as 

chemicals, appear to have the potential to play a major role in the development of integrated control 

strategies in both developed and developing agriculture. The urgent need to lessen reliance on 

nematicides should provide the essential push for the substantial amount of research and development 

that is still required to guarantee that such agents can be used successfully. 

Conclusion: 

 Plant-parasitic nematode biocontrol techniques are a viable alternative to harmful chemical 

nematodes. A wide range of successful techniques based on the use of filamentous fungus as BCAs are 

detailed in this paper. They function through two types of mechanisms: those that involve the formation 

of secondary metabolites (antibiosis), lytic enzymes, and Trichoderma space competition. AMF has a 

direct effect on the plant by increasing nutrition and water intake, affecting root shape and rhizosphere 

interactions, or competing for photosynthates or colonization/infection sites. Endophytic fungus 

diminishes the assault of plant-parasitic nematodes by parasitism, paralysis, antibiosis, the synthesis of 

lytic enzymes, and space competition. The stimulation of plant defence, such as Trichoderma's activation 

of SAR and ISR, is a second category of action mechanisms that appears to be heritable. AMF also 

affects the formation of exudates from the roots, strigolactones, plant secondary metabolites, and 

enzymes. Finally, endophytic fungi produce strigolactones by inducing SAR and ISR, transporting 

chemical defence components across the plant, and inducing SAR and ISR. 
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Abstract: 

 In the fruit industry and breeding programmes, quality evaluation is critical, and studies of 

phytochemical attributes (e.g., carotenoids, tocopherols, and phenolics) linked to antioxidant properties 

have only recently begun in breeding populations. Natural population exploitation is an important aspect 

of current marker-assisted breeding, especially when it comes to nutritional quality and bioactive 

chemicals. Phytochemicals found in green, yellow, and red wild tomato cousins have recently been 

studied during fruit growth and ripening, with notable changes in antioxidant qualities observed.The 

identification and application of tissue-specific promoters that govern biosynthesis and accumulation of 

bioactive substances will result in the effective creation of fruit and vegetable types with improved 

functional qualities. 

Keywords: Phytochemical, phenolic and antioxidant. 

Introduction: 

 External appearance, backdrop colour, and fruit size are used to judge quality, whereas flavour, 

taste, and scent perception occur during or after ingestion. Because of their phytochemical features, fruits 

are also regarded to be useful sources of antioxidant potency. Several bioactive chemicals have been 

proposed to have a role in the prevention or treatment of chronic human illnesses such as cancer, 

coronary artery disease, Alzheimer's disease, and diabetes. Plants, on the other hand, have been a part of 

the human diet since the dawn of time, prompting Hippocrates, the ancient Greek physician, to declare, 

"Let food be your medicine, and medicine be your food."Consumer confidence in the health advantages 

of certain meals and their components appears to be growing at an unprecedented rate today. However, it 

is important to remember that dietary components interact, and the complex balance of nutrients and 

chemo-preventive chemicals found in horticulture crops makes it hard to pinpoint a single "wonder" 

nutrient for disease prevention. 

 According to current findings, this 'natural' blend is more significant than any single vitamin that 

may be supplemented into the diet. Fruit colour and flavour, both desired quality features, may be 

affected by certain phytochemicals. Fruits with better nutritional value are now in demand, making the 

development of quick methods for determining phytochemical profiles a crucial tool for farmers. Fruit 

ripening is the consequence of a complicated network of biological processes that has yet to be fully 

understood, hence quality features are seldom modelled (Genardet al., 2007). 

 Hyphenated techniques like high-performance liquid chromatography with UV detection (HPLC-

UV) and liquid chromatography–mass spectrometry (LCMS), as well as spectroscopic techniques like 

nuclear magnetic resonance (NMR) and Fourier transform infrared spectroscopy (FT-IR), can reveal the 
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composition of specific bioactive compounds in fruit. Fruit antioxidant/phytochemical profiles are being 

monitored using metabolomic platforms in new study. 

 Environmental circumstances during growth and development, as well as those in the postharvest 

environment, can affect the antioxidant levels of fruit harvests on and off the vine. The accumulation and 

degradation of antioxidant compounds in fruits during the ripening process can be attributed to both 

genetic and environmental factors, such as cultivar, cultural practices, environmental factors, and 

developmental stage, in addition to fruit manipulation and post-harvest environmental conditions. The 

length of time held at room temperature, in cold storage, and other postharvest treatments such as 

regulated storage temperature, changed atmospheres, and/or other physical treatments all have the 

potential to alter the phytochemical profile of the fruit under investigation. Changes in phytochemical 

concentration occurred during on-tree ripening or following the use of various postharvest technologies 

and processing processes, according to a recent review. Before or after cold storage, technologies such as 

heat and calcium treatments, modified atmosphere packing, and ethylene action suppression using 1-

methylcyclopropene (1-MCP) and polyamine can be used. Surprisingly, as compared to normal cold 

storage alone, these specialized interventions boosted the bioactive content of fruit commodities. 

The Main Antioxidants and Bioactive Compounds in Ripening Fruits 

 Water, organic acids, proteins, lipids and fatty acids, metabolizable carbs, and dietary fiber are all 

common nutritional components of fleshyfruits (Vicente et al., 2009). Fruits are high in phytochemical 

compounds, also known as bioactive compounds, in addition to the so-called "conventional" components. 

Bioactive substances that are both antioxidant (polyphenols and carotenoids) and non-antioxidant 

(phytosterols) are closely associated to high fruit intake and have a substantial health-promoting impact. 

Many phytochemicals are found in a variety of fruits, while some are exclusively found in certain 

species. Furthermore, they are non-nutrient ingredients with substantial biological activity, with each fruit 

crop having its own profile. Fruit phytochemicals are divided into three types based on their chemical 

structures and functions: phenolic compounds, carotenoids, and vitamins (C and E). In this section, you'll 

find an outline of the most important phytochemical substances. Fig.1. 

 

Figure 1: The main antioxidants in ripening fruits. PUFA, polyunsaturated fatty acids 
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Phenolic compounds or polyphenols 

 This category includes a wide range of compounds generated from the aromatic amino acid's 

phenylalanine and tyrosine, all of which have varying degrees of hydroxylation, methoxylation, and 

glycoxidation. They are commonly used as sunscreens, predator repellents, and antimicrobials, and they 

also contribute to fruit pigmentation, astringency, and bitterness in some goods. In general, phenolic 

chemicals concentrate in the peel of the fruit more than in the pulp. Although there is scant evidence in 

vivo, there is growing evidence in vitro those phenolic chemicals alter a variety of cellular activities. The 

electron delocalization over the aromaticring and their high redox potential, which allows them to serve 

as reducing agents, hydrogen donors, and singlet oxygenquenchers, are responsible for phenolics' 

antioxidant action (Serrano et al., 2011).Phenolic acids and flavonoids are the two primary types of 

phenolic chemicals. The structure of their fundamental skeleton is used to categories them. Lignans, 

stilbenes, tannins, coumarins, and lignins are some of the other substances that fall within this group. 

Phenolic acids 

 Benzoic acid derivatives (syringic acid, gallic acid, vanillic acid, p-hidroxybenzoic); cinnamic 

acid derivatives (p-coumaric acid, caffeic acid, ferulic acid, sinapic acid, chlorogenic acid); and 

hydroxyphenylacetic acids (C6–C1) (4-hydroxyphenylacetic acid, dihydroxyphenylaceticacid). The 

degree of hydroxylation, methoxylation, and alkylation of the aromatic ring varies across these 

derivatives. For phenolic acids, a structure–antioxidant activity link has been discovered. Caffeic and 

gallic acid are the most frequent phenolic acids found in fruits, hence total phenol content is commonly 

expressed in caffeic or gallic acid equivalents. 

Flavonoids 

 Flavonoids, such as flavonols, flavones, isoflavones, flavanols, flavanones, proanthocyanidins, 

and anthocyanidins, have a structure that consists of two aromatic rings linked by a three-carbon 

oxygenated heterocycle (C6–C3–C6). The most frequent flavones are rutin, luteolin, and apigenin; typical 

flavones are quercetin and kampferol; and flavanols are catechin and epicatechin. The buildup of flavone 

glycosides is a feature of the Citrus genus. The flavanone glycoside hesperidin is found in orange juice, 

whereas the flavanols catechin and epicatechin are found in grape and apple peel and seeds (Rice-Evans 

et al., 1997). 

Other phenolic compounds 

 Fruit also includes polyphenolic compounds, which are made up of simple phenolics that have 

been polymerized. Tannins are the most well-known of these chemicals. Tannins are divided into two 

types: hydrolysable tannins with a gallic acid base unit and condensed tannins with a flavone base unit. 

Tannins are mostly present in pomegranate, persimmon, berries, and nuts, and they contribute 

significantly to the bitter, astringent flavour of fruits. Lignans are polyphenolic compounds made from 

phenylalanine by dimerizing substituted cinnamicalcohols like cinnamic acid. Lignans are abundant in 

apricots, strawberries, and other fruits. 

Carotenoids 

 Carotenoids are liposoluble pigments that give many fruits their yellow, orange, and red colour. 

They are classified into carotenes (e.g.,carotene, and lycopene) and oxygenated derivatives known as 
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xanthophylls (e.g., lutein, cryptoxanthin, violaxanthin and zeaxanthin). Provitamin A activity may be 

found in carotenoids such as -carotene, -carotene, and cryptoxanthin. Carotenoids are normally found in 

small amounts, and their quantities differ greatly between species. Fruit, with a few noteworthy 

exceptions such as apricot, mango, citrus, papaya, and watermelon, is typically not as excellent a source 

of carotenoids as vegetable crops. High-lycopene tomato cultivars are being marketed on the market 

because lycopene is recognized as a powerful natural antioxidant (Ilahyet al., 2011). 

Vitamin C 

 Although ascorbic acid (AsA) is frequently used interchangeably with vitamin C, vitamin C is 

really the sum of AsA plus its first oxidation product, dehydroascorbic acid (DHA). Even while eating, 

ascorbic acid can be oxidised as the meal is eaten. However, it's vital to remember that As A's first 

breakdown component, DHA, still retains vitamin C action, and that if oxidation continues past this point, 

all activity is lost. Because of the presence of a2,3-enediol moiety, ascorbic acid is a water-soluble 

carbohydrate-derived molecule with antioxidant and acidic characteristics. AsA is easily oxidised, either 

directly or through the enzyme ascorbate oxidase, which catalyses the conversion of As A to DHA while 

also converting molecular oxygen to water. Excellent sources of AsA include persimmon, aonla, guava, 

strawberry, kiwifruit, and citrus fruit. Within cultivars of the same species, there are also significant 

differences in content. Storage and processing have a significant influence on AsA retention, with high 

temperatures having the greatest impact.In higher plants, ascorbate production and metabolism are 

regulated by complex regulatory networks that are influenced by a variety of circumstances. The 

signalling system and, as a result, the plant responses to various stimuli and stressors are altered when the 

ascorbate redox state is altered, either by raising or reducing the reduced ascorbate status. The redox state 

of ascorbate appears to be a key regulator of a variety of activities, stress responses, and plant–pathogen 

interactions (Fotopoulos and Kanellis, 2013). 

Vitamin E 

 Although ascorbic acid (AsA) is frequently used interchangeably with vitamin C, vitamin C is 

really the sum of AsA plus its first oxidation product, dehydroascorbic acid (DHA). Even while eating, 

ascorbic acid can be oxidised as the meal is eaten. However, it's vital to remember that As A's first 

breakdown component, DHA, still retains vitamin C action, and that if oxidation continues past this point, 

all activity is lost. Because of the presence of a2,3-enediol moiety, ascorbic acid is a water-soluble 

carbohydrate-derived molecule with antioxidant and acidic characteristics. AsA is easily oxidised, either 

directly or through the enzyme ascorbate oxidase, which catalyses the conversion of As A to DHA while 

also converting molecular oxygen to water. 

Terpenes 

 Terpenes are a class of phytochemicals made up of isoprene units (C5H8) that may be joined 

together to form carbon skeletons such as C5, C10, C15, C20, and C40. The isoprene units can be 

connected together 'head to tail' to create linear chains or grouped into rings, according to Nobel Laureate 

Leopold Ruzicka. Terpenes with a low molecular weight are found in essential oils including limonene, 

pinene, and linalool. The triterpenes oleanolic and maslinic acid, which have strong biological activity, 
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are the most fascinating. In addition, citrus fruits contain limonoids such as limonin, nomilin, and 

nomilinic acid, which are the most well-known tetra terpenes (Manners, 2007). 

Other bioactive compounds 

Arginine 

 In human nutrition, arginine is an essential amino acid. It is a conditionally essential amino acid 

for adults and an essential amino acid for foetuses and newborns (Wu et al., 2000). In vascular cells, 

arginine is also a precursor for the production of nitric oxide. Nitric oxide is a signaling molecule, a 

cytotoxic free radical, and a neuro transmitter that plays a role in a variety of physiological and 

pathological processes, including immunological responses, cardiovascular disease, and cancer. In higher 

plants, arginine is used as a nitrogen store in seeds immobilized throughout seedling growth and as a 

precursor for polyamine biosynthesis via arginine decarboxylase, proline, nitric oxide, and plant 

alkaloids, in addition to its involvement in protein synthesis. Arginine is engaged in a variety of 

physiological processes, including abiotic stress responses, in addition to its obvious involvement in 

metabolism. Arginine aids in the detoxification of plant tissues from excessive ammonia buildup under 

stress. Putrescine has the highest value among the other polyamines, notably spermidine and spermine, 

and is found in a range of fruits and vegetables (Mattooet al., 2010). Different citrus fruits (oranges, 

mandarins, and grapefruit) and their juices, as well as processed foods like sauerkraut, ketchup, frozen 

green peas, and fermented products, are high in putrescine, whereas legumes, particularly soybean, pear, 

cauliflower, and broccoli, have the highest spermidine content. Spermine may be found in legumes. 

Selenium 

 Selenium (Se) is a mineral that might be considered an important micronutrient for human health. 

It has an antioxidant effect and may thus be used as a cancer chemopreventive agent as well as a crucial 

vitamin for the immune system. This function was linked to its involvement in the human proteome's 25 

seleno proteins, which include gluthathione peroxidase and thioredoxin reductase. This is found in low 

concentrations in plants and fruits, and as a result, it can impact their antioxidant qualities and chemical 

composition, while greater concentrations can operate as a pro-oxidant, resulting in lower plant 

development (Pezzarossaet al.,2012). By inhibiting ethylene production, selenium can delay tomato fruit 

ripening and senescence. Se increased the keeping quality of lettuce and chicory by inhibiting ethylene 

production and phenylalanine ammonialyase activity. 

Determination of Phytochemical Content and Antioxidant Potency 

 Depending on the polarity of the phytochemicals under investigation, extraction is done with 

polar or non-polar solvents. The temperature of extraction is also crucial, since it normally improves 

extraction efficiency, although certain phytochemicals are destroyed at high temperatures. Phytochemical 

measurement is mainly done using instrumental analytical techniques. Simple spectrophotometric 

methods that allow measurement of total concentrations of compounds such as total phenolics, total 

anthocyanins, or total carotenoids are the most common type of analysis. As with the Folin–Ciocalteu 

technique or the detection of total AsA using the dye2,6-dichloroindophenol, these procedures are 

typically based on a reagent that interacts with phenols to create chromogens that may be detected 
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spectrophotometrically. Other spectrophotometric techniques, such as Obied et al.'s, take use of a 

collection of chemicals' unique absorbance wavelengths (2005). 

 This online approach has been successfully used in the routine analysis of complicated plant 

extracts on a big scale. On-line 2,2-diphenyl-1-picrylhydrazyl (DPPH) technique for evolution of 

antioxidant activity of specific phenolic compounds from various apple cultivars was demonstrated by 

Bandoniene and Murkovic (2002).For the qualitative and quantitative assessments of specific 

phytochemicals in fruits, HPLC combined with various detectors has been extensively used. Polar 

substances like phenolics, terpenes, and AsA are studied using reversed-phase chromatography, whereas 

less polar compounds like carotenoids and tocopherols are studied using normal-phase chromatography. 

The most popular detectors used in phytochemical analysis of fruits are mass and UV-Vis. For the 

identification and quantification of phenols, carotenoids, and vitamin C in fruits, techniques such as 

HPLC-MS with diode array (HPLC-DAD-MS) and MS with electro spray ionisation (MS-ESI) have been 

frequently employed. Fluorescence detectors have also been employed to determine fluorescent 

secoiridoid chemicals from olive fruits or triterpenic acids using on-line derivatization. For the 

quantification of phytochemicals at lower concentrations, fluorescence detection is preferred. Catechins 

are frequently quantified using a mix of LC and electrochemical detection.On the other hand, the 

application of GC is quite limited because: (i) an extra step of derivatization is usually required; and 

(ii)many phytochemicals are degraded at high temperatures. However, GC is often used for the analysis 

of terpene composition. It typically necessitates an additional step of derivatization; and (ii) many 

phytochemicals breakdown at high temperatures. However, GC is frequently employed to determine 

terpene content. It has also been documented how to derivatize flavonoids and phenolic acids for GC-MS 

analysis. For phytochemical characterization, NMR spectroscopy is one of the most powerful 

instrumental analytical methods. For the structural elucidation of phytochemicals, one- and two-

dimensional techniques offer a variety of investigations. NMR spectroscopy enables for the simultaneous 

identification and quantification of individual phytochemicals from all groups in a complex fruit extract, 

removing the need for time-consuming and labor-intensive chromatography procedures.The efficacy of 

ultrahigh-resolution hydroxylgroup 1H-NMR study was recently established by Charisiadiset al. (2011), 

opening up new avenues for phytochemical investigation. NMR fingerprints are now being utilized to 

compare the phytochemical makeup of various fruits. 

Fruits as Reservoirs of Antioxidants 

 Several screening studies have tracked the antioxidant profile, phenolic, carotenoid, and vitamin 

C content in a variety of fruits at their commercial maturity stage throughout the previous decade. 

Genome diversity across cultivars of the same species cultivated under comparable environmental 

circumstances and exposed to common agricultural techniques has been the focus of such research. 

Epidemiological studies have already shown a negative relationship between fruit intake and chronic 

illnesses including cancer and cardiovascular disease. 

 Catechin, epicatechin, chlorogenicacid, phloridzin, quercetin-3-glucoside, quercetin-3-

rhamnoside, kaempferol-3-glucoside, and procyanidins B1 and B2 are the primary polyphenols found in 

apples. Because European and Japanese pears have diverse ripening cycles, there is a growing need to 
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understand how phytochemical content changes throughout storage. Carotenoids, AsA, vitamin E, and 

phenolic compounds are the primary bioactive substances identified in Prunus species. 

Hydroxycinnamates, procyanidins, flavonols, and anthocyanins were measured in stone fruits utilizing 

cutting-edge methods (HPLC-DAD-MS-ESI), allowing procyanidin trimers to be identified in 

plumsCitrus fruits, primarily orange, mandarin, lemon, grapefruit, and other citrus species of very limited 

economic importance, have also been the subject of extensive content research. Carotenoids are the most 

common pigments found in citrus fruits, and they may be found in both the peel and the juice. Naringin 

and hesperidin flavanones, as well as highly oxygenated triterpenoid acids (limonoids) like limonin, 

limonin glucoside, and neoriocitrin, are found in citrus crops. Because of its high bioactive chemical 

content, especially anthocyanins, pomegranate is being touted as a "new" crop (delphinidin, cyanidin 

andpelargonidin). Avocado and olive, in contrast to other soft fruits, have a high oil content. Avocado 

and olive dry mass have 30–70% fat, whereas other soft fruits have less than 1% fat content. In lipophilic 

extracts of avocado fruit cv. 'Hass,' the antioxidant activity was greater than in hydrophilic extracts. 

Avocado is high in lipophilic phytochemicals such mono unsaturated fatty acids, carotenoids, vitamin E, 

and phytosterols; nevertheless, there are little research on how avocado phytochemical content varies 

throughout maturity or post-harvest ripening. 

Aspects Controlling the Accumulation of Bioactive Compoundsin Fruits 

 Preand postharvest variables can influence the antioxidant content of a fruit crop. Genetic control 

(Fitzpatrick et al., 2012), environmental stimuli (Atkinson et al., 2011), and developmental and ripening 

impacts have all been shown to influence the accumulation of natural compounds with bioactive and 

antioxidant properties in fruit and vegetables (Tliliet al., 2011), Furthermore, because the ripening 

process is assumed to entail oxidative events, an antioxidant system is required to counteract the 

subsequent build-up of reactive oxygen species (ROS) (Jimenez et al., 2002). 

Genetic influence 

 Genetic variability, as evidenced by the wide range of different fruit crop cultivars in use today, 

is a key factor influencing the accumulation of all bioactive compounds studied to date, including 

vitamins C and E, as well as other antioxidants like carotenoids (-carotene, lycopene, and xanthophylls), 

phenylpropanoids, glucosinolates, polyamines, and specific amino acids (arginine and citrulline). 

This has been documented in tomatoes, watermelon, cherries, strawberries and peppers. Traits linked to 

fruit nutritional quality are complex and have polygenic control and quantitative inheritance. However, a 

considerable number of quantitative trait loci linked to fruit nutritional quality have recently been 

characterized in fruits (Farre et al., 2011). 

Developmental and ripening regulation 

 During fruit ripening, the accumulation of phytochemicals with bioactive properties and the 

corresponding total antioxidant activity appears to be under developmental and ethylene control, and are 

part of the overall ripening changes that include chlorophyll loss, the appearance of carotenoids such as 

lycopene and xanthophylls, and the accumulation of phenylpropanoids, ascorbate, - and -tocopherol, 

among others. Regardless of the ripening pattern, these changes occur in all types of fruits (climacteric 

versus non-climacteric).Carotenoid levels rise during ripening as a result of coordinated gene expression 
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of biosynthetic genes such as phytoene synthase (PSY), notably PSY1, and genes encoding desaturases 

and isomerases, whilst lycopene and cyclases are silenced, resulting in lycopene levels rising. Additional 

research suggests that the negative-regulatorAPETALA2/ERF gene SlAP2a controls carotenoid 

accumulation in ripening tomato fruit, offering new avenues for modifying tomato nutritional quality.The 

biosynthetic pathway of ascorbate has recently been fully characterized. It has also been shown that AsA 

accumulation is developmentally regulated during ripening in tomato, melon, apple, blackcurrant, peach, 

grape, strawberry and kiwifruit. 

Environmental factors 

 The buildup of vitamin C, carotenoids, and phenyl propanoid molecules is known to be 

influenced by light quality and intensity, particularly UV radiation. Light appears to impact ascosbate 

recycling and biosynthesis processes in apples, especially in the peel and leaf, but not in the meat, 

according to studies on the interaction of light and shadow. High light intensity, which appears to be 

controlled by the expression of GGP and GPP, had a significant impact on ascorbate accumulation in 

tomatoes. In the case of carotenoids, it has been demonstrated that not only does light influence the 

expression of biosynthetic genes, but it also governs their accumulation through regulating the light 

signaling apparatus (Aguila Ruiz-Sola and Rodriguez-Concepcion, 2012). 

 Through its overall influence on metabolism, temperature modulates bioactive component pools 

in various fruits. Low temperature, on the other hand, appears to promote the expression of genes 

involved in anthocyanin production and regulation in a variety of tree fruits, according to recent research. 

This was accomplished via modulating a biochemical pathway in which the cold-induced bHLH 

transcription factor gene MdbHLH3 played a crucial role, and the resulting activation of genes involved 

in anthocyanin accumulation and fruit colouring in apples (Malus domestica). Only the expression of 

GPP was stimulated by low temperature in the case of AsA, out of all the genes involved in its 

production, oxidation, and recycling. The GPP gene is believed to play an important role during tomato 

ripening, and apparently the same gene was also up regulated by wounding andethylene but suppressed 

by high temperature.Generally, AsA accumulation is negatively regulated by high and positively by low 

temperature, a phenomenon coinciding with the expression profile of GPP. 

Cold storage 

 Cold storage of horticultural items is a typical method to extend market life and preserve 

perceived quality. The impact of this'stress state' on the phytochemical profile of flesh fruits and 

vegetables, on the other hand, is mainly unknown. According to preliminary findings, the substantial loss 

of fruit-keeping quality during apple ripening at room temperature after protracted low-temperature 

storage was accompanied with a drop in bioactive component concentration. In papaya, cooling 

temperatures (1°C) reduced the concentration of main carotenoids, with the exception of -carotene, but 

conserved or increased the levels of ferulic and caffeic acid, compared to fruit kept at normal temperature 

(25°C) (Rivera-Pastrana et al., 2010). 

Postharvest application of signalling molecules 

 The induction of enzymes implicated in the phenylpropanoid biosynthetic pathway by methyl 

jasmonate and benzothiadiazole, a synthetic functional analogue of salicyclic acid, resulted in a 
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significant increase in the anthocyanin, flavonol, and proanthocyanidin content of grapes; such 

compounds may gain interest in the wine industry by improving grape quality. Treatment of harvested 

loquat fruit with methyl jasmonate followed by 35 days of cold storage resulted in a lower frequency of 

chilling damage signs, such as reduced extractable juice and internal browning. The alleviation of such 

symptoms might be attributed to the substantial delay of increases in super oxideradical (O2–˙) production 

rate and H2O2content and the higher activities of SOD, catalase and ascorbate peroxidase. 

Postharvest 1-MCP treatment 

 The use of 1-MCP in the apple fruit sector has been a success storey, with positive benefits on 

quality retention by inhibiting climacteric ripening reactions and relieving chilling damage symptoms in 

cold-stored apple fruit. Another developing field for future investigation is the influence of 1-MCP 

treatment on fruit phytochemical profile. One method of maintaining essential flavonoid components 

during storage and postharvest ripening has been proposed: using 1-MCP at the appropriate apple 

maturity stage. Superficial scald is a pome fruit cold-storage condition caused by oxidative damage. 

These symptoms are prevented or alleviated by using 1-MCP or immersing in an antioxidant agent 

(diphenylamine). 

 The lower ion leakage values, higher antioxidant capacity, and higher SOD and unspecific 

peroxidase activities of 1-MCP-treated apricot fruit cold stored for 3 weeks showed a greater resistance to 

oxidative stress, which was postulated as a function of the lower ion leakage values, higher antioxidant 

capacity, and higher SOD and unspecific peroxidase activities. Although colour variations were tracked, 

cold storage and 1-MCP treatment had no effect on the profile of individual anthocyanins and 

hydroxycinnamic acids in'Lambert Compact' sweet cherry. Application of 1-MCP inhibited the 

production of H2O2 and specific activities of antioxidant enzymes (catalase, SOD and ascorbate 

peroxidase) of cold-stored‗Tainong‘ mango fruit, suggesting it sputative role in positively regulating the 

activated oxygen metabolic balance. However, a similar study in mango fruit showed that 1-MCP 

treatment led to decreased levels of H2O2 and lipid peroxidation, concomitant with increased activities 

and isozymes of catalase and SOD(Singh and Dwivedi, 2008). 

Postharvest nitric oxide treatment 

 Based on its antisenescence effect, the free-radical gas nitric oxide has lately been used as a 

postharvest treatment to delay the ripening process. The antioxidant reaction of the 'Rojo Rito' peach fruit 

to nitric oxide therapy received special attention. Lower ethylene evolution and respiration rates, greater 

firmness retention, and a lower proportion of electrolyte leakage were all seen in the treated fruit. These 

findings support the hypothesis that nitric oxide has a positive impact on the oxidation equilibrium and 

antioxidant capacity of peach fruit (Flores et al., 2008).A more recent study, investigating the efficacy of 

nitric oxide treatment on qualitative attributes ofKensington Pride‘ mango fruit, showed a suppression of 

ethylene production and respiration rate and a delay of fruit softening, as well as alleviation of chilling 

injury symptoms. 

Other postharvest treatments 

 In an endeavor to become an integrated element of postharvest management, a recent study 

offered an overview of the influence of postharvest elicitors on phytochemical content and composition 
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in horticultural output. These approaches can be utilized on ripening fruits for fresh consumption as well 

as raw materials for use as functional foods and/or supplements. Physical (low temperature, heat 

treatment, UV and -irradiation, changed gas composition) and chemical (signaling molecules implicated 

in the fruit ripening process, such as ethylene, salicylic acid, and methyl jasmonate) elicitors are 

separated after harvest. Thermal treatments, alone or in combination with controlled atmosphere storage, 

are commonly applied against invasive pests, for preservation of fruit quality and for extension of market 

life. Such treatments did not adversely affect the polyphenol content in mango fruit, although a general 

decrease was observed during the progress of fruit ripening. 

 The effect of postharvest hot air treatment on the antioxidant system of mature-green tomatoes 

that have been preserved has also been studied, albeit no clear picture has emerged. It should be 

mentioned that the temperature used in heat treatments has a significant impact on the treatment's efficacy 

on the fruit commodity's quality profile as well as its antioxidant qualities. Phytochemical concentrations 

are normally reduced by processing (blanching, freezing, canning, and cooking), however this is 

dependent on temperature and processing duration. 

Molecular Breeding and Genetic Manipulation 

 The biosynthetic routes that lead to the formation of most bioactive chemicals, including 

antioxidants, in higher plants have been characterized in recent years. Modern plant biotechnology has 

made a multitude of genomic, transcriptomic, metabolomic, and bio informatic approaches available in 

addition to plant transformation. It is now feasible to generate novel cultivars, hybrids, and/or transgenic 

lines with better nutritional content by using genetic markers related to health-promoting chemicals in 

molecular breeding programmes (Zhao and Shewry, 2011).It should be emphasized that this is a recent 

tendency in breeding programmes, since in the later decades of the twentieth century, the focus was on 

developing cultivars and hybrids with attractive look, disease and pest resistance, greater yield, and 

improved postharvest qualities. More recently, breeding and biotechnological programmes have placed a 

greater emphasis on increasing the accumulation of: I carotenoids, such as lycopene andxanthophylls in 

tomatoes; (ii) flavonoids, proanthocyanidins, and anthocyanins in tomatoes, grape berries, and other 

crops; (iii) vitamin C in various fruit crops; (iv) folates; (v) vitamin E; and (vi) other. However, in 

addition to enhancing phytonutrient content in fruit, molecular breeding efforts must also address the 

functioning and bioavailability of individual components in humans, as well as lowering antinutritional 

substances like phytic acid and calcium oxalate. 

Conclusions: 

 Knowledge of the biosynthetic pathways at the biochemical and molecular levels, as well as the 

regulatory steps controlling the rate of biosynthesis and the pool size of individual compounds, are 

required prerequisites for fully exploiting modern biotechnological and/or molecular breeding approaches 

for improving the nutritional and health-promoting attributes of fruit. The creation of molecular markers 

linked to valuable features, in our opinion, is the key to developing novel cultivars and hybrids richer 

with "health-promoting compounds." It's also critical to take advantage of all available resources and 

methodologies, including possible systems/synthetic biology work flows applied to the manufacture of 

target bioactive chemicals in consumer-friendly hosts like fruit crops.The identification and application of 
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tissue-specific promoters that govern biosynthesis and accumulation of bioactive substances will result in 

the effective creation of fruit and vegetable types with improved functional qualities. 
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Abstract: 

 There will be a 50% rise in world population by the end of the century, thus we should be 

investing in different developments that focus on boosting agricultural output since it is critical to move 

in this direction to feed the world. De Novo domestication of wild plants as a novel crop breeding method 

to solve future food concerns has been proved in recent research to be a feasible alternative for 

developing optimal crops while maintaining food security and a more sustainable low-input 

agriculture.We discuss how the identification of many important domestication genes, as well as the 

development of tools for precise management of numerous target genes at the same time, demonstrate De 

Novo domestication as a path toward future crops. 

Keywords: De Novo domestication, genome editing, food security and sustainable agriculture 

Introduction: 

 The initial step in the development of cultivated plants was domestication which means, bringing 

wild species under human management. It dates back to 11,000 years ago when humans started 

agriculture. Global agriculture production cannot cope up with rapidly increasing population and climate 

changes which makes it a huge challenge to feed 10 billion people by 2050. Crop domestication through 

conventional approaches is not enough to meet the increasing food demands. De Novo domestication is 

one of the promising strategies to produce superior new crop genotypes through exploiting the genetic 

diversity of crop wild relatives (CWRs). Utilizing present advanced technologies, De Novo domestication 

has been considered as a feasible and alternate strategy for crop improvement, while maintaining the 

agricultural yield in available resources for ensuring food security (Hoyos et al., 2020). 

 De Novo domestication is the process of introducing domesticated genes into non-domesticated 

species in order to create new crops. De Novo domestication, rather than introducing domesticated genes 

from CRWs into cultivated species as is done in traditional techniques, mimics the natural process of 

breeding (Fernie and Yan, 2019). Denovo domestication allows for quick and accurate transformations of 

CWRs into cultivated crops while conserving the majority of valuable alleles that determine stress 

resilience, as well as crucial agronomic and nutritional qualities that were lost through breeding 

(Gasparini et al., 2021; Razzaq et al., 2021b). 

 De Novo domestication can be useful for overcoming certain genetic challenges, such as 

improving the facilities of a diverse natural ecosystem, strengthening relationships between specific 

ecological niches and crops, assisting crops in acclimating to extremely stressful climatic conditions, and 

increasing the genetic diversity and gains of agricultural systems (Shelefet al., 2017). 
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The history of crop domestication and improvement 

 First-generation (1G) breeding started by focusing on phenotype-based selection, which 

gradually led to the genetic makeup in modern crops (Doebleyet al., 2006; Wallace et al., 2019). As to 

match the growing trend of world population by 20th century hybrid breeding (2G) was developed in the 

1980s and mating designs and statistical analyses were incorporated increasing the use of fertilizer and 

pesticide became widespread (Carvalho, 2017), and the first ‗‗green revolution‘‘ happened at the end of 

the 1950s, showing dwarf plants with consequently higher yields (Khush, 2001). Only 30 years ago, we 

entered the third generation of breeding (3G) ―biotechnology‖ based breeding. Genome-wide association 

analyses (Risch and Merikangas, 1996; Fernie and Gutierrez-Marcos, 2019), marker-assisted breeding 

(Lander and Botstein, 1989), and genomic selection (Meuwissen et al., 2001) have all been used to 

enhance crops in this generation. We are now in the fourth generation of breeding (4G), which entails 

design breeding. It combines genome editing and precision breeding with massive data mining to 

customize crops to demand, including local tastes and climates, and to make agriculture more sustainable 

and climate-friendly. 

Crop domestication and De Novo domestication 

 

 Crop domestication was achieved by the long-term artificial selection, which resulted in the 

congregation of beneficial mutations in various landraces and cultivars that fit the cultivation 

requirements such as less seed shattering, self-pollination, erect growth, shorter awn, and larger seeds. 

With the progress and availability of new technologies, particularly genome editing, De Novo 

domestication has become a unique crop breeding technique (Osterberg et al, and Zsogon et al, 2017). De 

Novo domestication, in principle, begins with the selection of the best foundation materials from wild or 

semi-wild plant species found in nature to achieve our new breeding objectives, followed by the rapid 

introduction of domestication-related traits into them via genetic and breeding tools while regaining their 
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desired characteristics, resulting in the creation of new crops with beneficial traits in comparison to 

current cultivars. 

Crop genetic improvement 

 Every breakthrough in breeding technology, including De Novo domestication, aims to improve 

the efficiency of crop genetic improvement (Table 1). Hybridization, Mutagenesis, Transgenics, and 

Genome Editing have all demonstrated significant progress in various elements of genetic enhancement 

(Gao et al, 2021). Hybridization includes integration of various genes from vividly diversified parents 

through genetic recombination, but it‘s after selections require screening of large populations in multiple 

generations. Also breeding-by-design strategy has shown great improvement in the selection efficiency 

by monitoring the genotypes (Qian et al, 2016), but lack in monitoring large number of genes and 

integrating at one time. Mutagenesis found effective in creation of novel alleles by random mutations but 

difficult to tell in advance the outcomes of random mutagenesis due to its unpredictable nature. Despite 

the fact that scientific tools were used to create new variation with mutation and recombination, their 

occurrences are still random, irregular and hard to control (Curtin et al, 2021). In contrast, transgenics 

can carry genes of interest and integrate into a genome, and genome editing is capable in accurate 

modification of the target DNA in the genome and enables us to make targeted specific, and predictable 

changes. Thus, the result of these two technologies is predictable. Although, it is delimited due to the cost 

of genome editing and transgenics are high enough which skew our needs to only those genes 

determining agronomically important traits. Crop domestication done by our ancestors were not 

deliberate actions but accidental discoveries of plants with domestication phenotypes, such as wheat 

(Triticum aestivum) in Europe and Asia, rice (Oryza sativa) in China and Southeast Asia and corn (Zea 

mays) in Mesoamerica. But with the fast-changing dynamics on globe and advent of new developments 

of technologies, it becomes possible for us to mark & select the elite parenting materials from wild plants 

and their wild relatives of the concerned crop in nature and expand the choices of crops by inspecting 

new species. In addition, what makes De Novo domestication strategy more efficient is that it needs 

combination of a limited number of genes compared with other genetic improvement strategies because it 

is a knowledge-based breeding (Li and Yan, 2020). De Novo domestication's target genes are well-

studied important domestication-related genes that are not only useful but also simple to clone. Four 

phases make up the De Novo domestication strategy. 

(1) Choosing a good starting material, 

(2) Establishing an effective transformation system and an annotated reference genome,  

(3) Domestication-related gene editing, followed by breeding and field assessment, and  

(4) Cultivar registration (Gasparini et al, 2021). Although De Novo domestication appears to be a simple 

process, each of the four phases above might represent a technical bottleneck for wild species and 

even certain farmed crops (Atkins et al, 2020). An annotated reference genome, knowledge of 

domestication-related genes, and a robust genome editing system are currently needed for a variety of 

wild species. 
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Table 1: Comparison of different plant breeding strategies 

Breeding 

technologies 

Unique features Advantages Disadvantages 

Hybridization Integrate genes from 

different parents 

Affecting a large number 

of genes 

Random and laborious in 

subsequent selections 

Mutagenesis Randomly create new 

alleles 

Creating new alleles Random and unpredictable 

Transgenics Add genes Targeted and predictable Affecting a small number of 

genes 

Genome 

editing 

Make specific changes to 

DNA 

Targeted and predictable Affecting a small number of 

genes 

De novo 

domestication 

Set new genetic 

backgrounds 

Utilization of genes from 

wild plants 

Requiring genome editing 

system in wild species 

 

Applications of De Novo domestication 

 De Novo domestication has recently been shown in a variety of species. One example is the 

domestication of wild relatives of plants to save 'ancient elite genes.' Only specific helpful alleles were 

selected when breeding aims in agricultural methods changed through time, while other worthless alleles 

were eliminated. Although, the disease resistant genes are controlled by multiple loci and not easy to be 

cloned which makes them inefficient by hybridization or genome editing. In contrast, using CRISPR-

Cas9, domestication related traits were successfully introduced into stress-tolerant wild tomato accessions 

(Solanum pimpinellifolium) (Li. et al. and Zsogonet al, 2018). Another example illustrates that by altering 

the orthologues of tomato domestication-associated genes, groundcherry (Physalis pruinosa), an orphan 

crop connected by distance to tomato, may be swiftly boosted for enhanced yield (Lemmon et al., 2018). 

In contrast to diploid cultivated rice, we have recently witnessed the De Novo domestication of wild 

allotetraploid rice (O. alta) (Yu et al., 2021), which was designed to take use of polyploid plants' benefits 

in huge biomass, heterosis, genomic buffering, and quick response to climatic change. It begins with the 

development of a high-efficiency transformation and genome editing technology in O. alta. The 

agronomically relevant genes in O. alta were then annotated based on high-quality genome assembly 

using knowledge of diploid rice domestication. The genome-edited plants have shown that the 

domestication-related traits could be rapidly modified. The different edited lines exhibited with various 

improvements in important agronomic traits including plant height, awnless, seed shattering, stem 

thickness, or heading date. This opens a way to create a novel cultivar that holds the advantages of wild 

allotetraploid rice and also show higher potentials in grain yield and wider adaptation to environmental 

stresses than current cultivated diploid varieties. 

 At the same time with wild tomato, ground cherry, and allotetraploid rice, various other wild 

species with unique advantages may also suitable as appropriate starting materials for De Novo 

domestication, such as quinoa, rubber-producing plants, and wild relatives of kiwi, potato, pepper, and 
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other crops. Although, resounding efforts have to be taken to fully accredit whether novel elite crops 

could be created. The complete domestication of wild plants requires many edited genes with variant 

modifications while De Novo domestication is highly efficient than traditional breeding as depicted 

above. 

Conclusions: 

 Crop domestication was a gradual and laborious process that required just a few numbers of 

genes, some of which were even preserved across species. This opens the door to knowledge-driven crop 

domestication, as well as the prospect of De Novo domestication. Genome-editing technology has shown 

to be a viable method for improving target features in many plants quickly and accurately. In recent 

years, there have been several successful cases. The time it takes to create a genuine crop that performs 

well in the external environment might range from years to decades, depending on the number of genes to 

be modified and the wild plant's development cycle.Given how quickly biotechnologies are progressing, 

these barriers will be solved in the not-too-distant future. We are hopeful that similar tactics will be 

implemented in other crop species, ushering in a new age of crop breeding. 
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Abstract: 

 Mushrooms, like other crops, are susceptible to a variety of illnesses. We've seen that in 

commercial agriculture, the same crop is cultivated in the same location all year. As a result, if necessary, 

measures are not performed, there is a significant risk of illness spreading. If necessary, safeguards are 

not followed, inoculum that has formed in the room will remain there. As a result, illness may not only 

impair the present crop, but also future ones. As a result, disease control is sometimes necessary to save 

later harvests rather than increasing output from the current crop by spraying pesticides or using other 

means. In fact, once illness emerges in mushrooms, it is extremely difficult to manage. Prevention is a 

better method, which necessitates a high level of sanitation, thorough pasteurization, sterilization of 

rooms prior to the commencement of the crop cycle, and training of workers on the numerous precautions 

that must be followed in a mushroom unit. In this session, we will discuss some of the illnesses, their 

causes, modes of transmission, and treatment options. 

Keywords: Fungi, bacteria, viruses, nematodes and insects 

Introduction: 

 Mushrooms, like many other crops, are harmed by a wide range of biotic and abiotic agents and 

causes. Fungi, bacteria, viruses, nematodes, insects, and mites are some of the biotic agents that harm 

mushrooms directly or indirectly. In the substrate, compost, and casing soil, diseases might arise. 

Unwanted growth or development of some moulds can occur at any stage of growth, reducing the 

ultimate mushroom yield. 

 Some common and important diseases of mushroom have been given as follows 

Fungal diseases 

Dry bubble 

 Verticillium illness, brown spot, and La mole are all names for dry bubble. This is the most 

common and dangerous fungal disease that affects mushrooms. Disease may completely kill a crop in 2-3 

weeks if left unchecked.  It was first reported in India during 1973. The disease delays the pin-head 

formation, reduces the number of sporophores and the yield of white button mushroom. It is more 

common when the cropping period is extended beyond 60 days. Artificial inoculation with the pathogen 

at the time of spawning and at different loads ofinoculums had delayed pinhead formation by 5 days and 

reduced the number andweight of fruit bodies by 2.26-47.2 per cent and 2.19-38.01 per cent, respectively. 

Symptoms: The symptom changes depending on when the infection occurs. The casing soil, which has a 

propensity to become greyish yellow, shows whitish mycelial development at first. If the infection is 

caught early enough, classic onion-shaped mushrooms appear. They can sometimes appear as tiny, 

undifferentiated lumps of tissue with a diameter of up to 2cm. Crooked and malformed mushrooms with 
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twisted stipes and slanted caps can be visible when afflicted at a later stage. Harelip symptom appears 

when a portion of the cap is afflicted.Mushrooms that has been affected have a grey appearance. Grey 

mouldy fuzz can be noticed on the mushrooms if the illness is discovered later on. The cap may 

occasionally develop little pustules or bumps. It results in isolated light brown depressed patches on fully 

formed sporophores. Adjacent dots clump together, forming uneven brown blotches. Infected caps shrink 

in the blotched area, become leathery, dry, and break. 

Fungus: Verticillium fungicolavar.fungicola: The fungus produces numerous hyalines, single-celled, 

thin–walled, oblongtocylindrical conidia and measure 3.5to15.9x 1.5 to 5.0 um in size. Conidia are 

produced on lateral or terminal and vertically branched conidiophores.Condiophores are 220 to 800 x1.5 

to 5.0 um in size. Conidia accumulate in clusters surrounded by sticky mucilage. 

Mode of spread: The major source of contamination is debris and dust on the floor of the mushroom 

house. It is carried to the mushroom farm by infested casing soil. Conidiaare produced in sticky clusters 

and sticks easily to any contact. It can spread to other growing rooms by spores in air, by mites, phorid 

and sciarid flies, equipment's, hands and clothing of workers. Conidia are spread by splashing and 

running water. Excesswater running off the beds carries the conidia to lower beds or to the floor of 

themushroom house. When the floor dries, air movement over the floor surface carries the spores. The 

fungus is soil-borne and conidia survive in moist soil for one year. It also perpetuates as resting mycelium 

in the infected sporophore and spent compost. High humidity (90-95 percent), lack of proper air 

circulation, delayed harvesting and temperature above 17°C favour the development and spread of 

disease. 

Management: Use of sterilized casing soil, pasteurized compost and proper disposal of spentcompost 

helps in reducing the incidence of the disease. Affected patches may besprayed with 2 per cent 

commercial formalin.  

 Spraying with mancozeb (0.25 percent) or zineb (0.25 per cent) at 10 days interval controls the 

disease. A proper environmental condition like relative humidity to 80 to 85 per cent and temperature up 

to 14°C helps to reduce the disease incidence. 

Wet bubble 

 Wet bubble is also called as Mycogone disease, Lamole, white mould and bubble disease. Wet 

bubble was first reported from Jammu and Kashmir India in 1978. It is a serious disease of white but ton 

mushroom when it develops early in the crop. 

Symptoms: The symptoms change depending on when the infection occurs. Smith (1924) identified two 

primary symptom types: infected sporophores and sclerodermoid masses, both of which he believed were 

caused by M. perniciosa infection at various phases in the sporophores' development. Infection occurred 

before stipe and pileus differentiation, resulting in the sclerodermoid form, whereas infection occurred 

after differentiation, resulting in thicker stipe and gill deformation. Clearbrown drops caused by 

putrefying bacteria exude from the bubble at very high humidity or moisture. If the conditions are dry the 

destroyed mass becomes dry. When the beds are infected, the disease appears in spots. White mycelial 

patches occur on the surface of casing following infection of a developing mushroom below the casing 

surface.When the infection occurs at a later stage of mushroom development, brown streaks are formed 

on the stalk and gills. The affected gill shows white mycelia growth. 
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Fungus: Mycogone perniciosa causes the illness wet bubble, and Hypomyces perniciosa is the optimum 

stage. The pathogen's mycelium is white, dense, and felt-like. Interwoven branching hyphae, septate, 

hyaline, 3.5m wide. Short, slender, branching, hyaline conidiophores measuring 200 x 3-5m with sub-

verticillate to verticillate brances bearing thin-walled, one-celled conidia measuring 5-10 x 4- 5m. There 

are large two-celled chlamydospores present; the top cell is warty, thick walled, globose, and brightly 

coloured, measuring 15-30 x 10-20m, while the bottom cell is hyaline and smooth, measuring 5-10 x 4-

5m. 

Mode of spread: The illness can be spread by the air, water, or mechanically by mites and flies. 

Chlamydospores have been shown to persist in casing soil for up to three years, suggesting that they 

might be the principal source of inoculum. Air, water splashes, insects, mites, and pickers distribute the 

fungal conidia generated on the diseased mushroom. The fungus prefers a temperature of 25°C for 

mycelial development, and it also infects a few wild fleshy fungi. 

Management: Adoption of strict hygienic measures reduce wet bubble incidence. The casings oil should 

be sterilized properly before use. Spraying with zineb 0.3 per cent ormancozeb 0.3 per cent at weekly 

interval controls the disease. Spray of benomyl orchlorothalonil or thiabendazole 0.2 per cent is also 

recommended. Immediately afterthe spray the mushroom house should be kept closed for 8 to 10 hours. 

Later, ventilation should be provided. 

Green moulds 

 Green mould, which is mostly caused by several species of Trichoderma, Penicillium, and 

Aspergillus, is one of the most prevalent and devastating diseases in mushroom farming. Trichoderma 

spp., for example, cause considerable quantitative and qualitative losses in Agaricusbisporus, Pleurotus 

spp., Auricularia, Calocybe indica, and Lentinula edodes yields. Trichoderma was discovered in 

mushroom compost for the first time by Kligman (1950). 

Symptoms: Green mould symptoms have been linked to Trichoderma spp. in compost, casing soil, 

spawn bottles, and grains after spawning. Trichoderma viride attacks the spawning tray and reduces the 

spawn run. It appears as green patches on the spawned and cased trays. When it appears on the casing soil 

it reduces the pinhead formation of the mushroom. T. viride causes reddish brown discolorations of 

thestipe and sunken lesions on the pileus. T. koningii grows as a cottony weft of greymycelium over the 

casing surface. It also produces purple brown spots with a dry cracked surface. Infected caps turn brown. 

T. hamatum grows during spawn run. Onyoung pin heads enlarged spots occur leading to cracking of cap. 

Later stipe is also infected.Under high humid conditions it causes brown spots on the caps. 

Fungi: Different Trichoderma spp. are responsible for green moulds in composts andcasing soil. They 

are Trichoderma hamatum, Tharzianum, T.koningii and T. viride., T. hamatum. Mycelium is hyaline, 

septate and branched. Conidiophores branches at right angles. Phialides are pin-shaped and arise singly or 

in whorls. Phialospores are dark green and measure 2.5 to 7.5 x2.5 to 3.0 mm. Phialospores of T. 

harzianum are pale green and measure 4.0 to 6.5 x 3.5mm. Phialospores of T. viride are single celled, 

green, thin walled and measure 2.5 to 5.0 x 2.4mm. It produces chlamydospores inold cultures. 

Mode of spread: Green mould thrives in compost that is high in carbohydrates but low in nitrogen. Peak 

heating might be problematic if the compost is tampled too hard in the beds or the filling weight is too 

high. This is most definitely the case with compost that has a short texture and may also have excessively 

high moisture content, resulting in inappropriate compost pasteurisation and conditioning. Formalin is 
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also known to increase the growth of green moulds when used often. Dust particles, contaminated 

clothing, animal vectors such as the mite, Pygmephorus mesembrinae, mice, and sciarid flies, air-borne 

infection, infected spawn, surface spawning, contamination of compost by handling, and machinery and 

equipment at the mushroom farm could all be sources of primary inoculum for Trichoderma spp. Green 

moulds thrive in conditions of high relative humidity and low pH in the casing soil. 

Management: Proper pasteurization and conditioning of compost check the green moulds. Supplements 

should be sterilized properly before their use. Dead mushrooms and cut stalks should be removed from 

mushroom house promptly and destroyed. Proper hygienic conditions should be maintained during 

mushroom growing. Spraying with zine b 0.2 per cent or carbendazim 0.1 per cent or thiabendazole 0.2 

percent or treatment with calcium hypochlorite 15 percent on the used soil control the green moulds. T. 

lignorum was killed by exposing soil to 70ºC for one hour. T. lignorum and T. koningii were eliminated 

by holding the compost at 60ºC for 12 hours and then at 40ºC for five days. 

Cobweb disease 

 It is also known as soft decay, Dactylium disease and mildew disease. It causes soft rot or decay 

of fruiting body. It was first reported on white button mushroom bySeth (1977) from Himachal Pradesh. 

This disease causes great damage to mushroom houses where humidity is high.The disease caused 51.7 

percent loss in yield. 

Symptoms: Small, circular, white patches of mycelium of the fungus appear on the surface of casing. 

Later the fungus grows as a fluffy white mould on the mushroom. The diseased mushroom turns brown 

and rots. The mycelium of the pathogenic fungus turns pink or red. 

Fungus: Cladobotryum dendroides (Dactylium dendroides; Perfect stage Hypomyces rosellus). 

Myceliumi shyaline, branched and septate. Conidiophores are erect, simple or branched in many whorls. 

Conidia are single, elongate, 2 to 3 septate, slightly constricted at the base and measure 20 to 30 x 10 to 

12.5 u in size. 

Mode of Spread: The pathogenis soil -borne and is introduced into the crop by soil contamination or by 

farm workers. In the farm spores spread through air. High humidity and temperature favours cobweb 

disease. 

Management: Sterilization of the casing mixture at 50ºC for 4 hrs or disinfection of casing soil by 

benomyl (150g/100m² casing area) controls the disease. The relative humidity and temperature during 

picking should not exceed 90 per cent and 65ºF. Dusting between flushes with zinebormancozebat 

100g/100m² or spraying with formalin to 0.3 percent prevents the fungal attack. 

Competitor/indicator/weedmoulds 

False truffle 

 Calve's brain disease is another name for it. In mushroom beds, this is the most feared 

competitor. When the compost temperature in the trays exceeded 22-24C, fake truffles were discovered 

causing major losses to mushroom harvests in India. False truffle has been documented in India's Uttar 

Pradesh, Himachal Pradesh, Punjab, and Haryana, and it is a limiting issue in A. bitroquis farming. The 

illness is most widespread in A. bisporus in the plains of Northern India around February or early March, 

and in A. bisporus and A. bitorquis in the mountainous portions of the nation during the summer months.  
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Symptoms: The disease appears as small weft of white to cream mycelium on the surface ofthe compost 

or under the casing soil. Later it becomes thick and develops into white, solid, wrinkled, round to 

irregular mass resembling brain or peeled walnut-like structure called as cocarp. Ascocarp appear in 

masses and raise the casing soil gently. Ascocaps are spherical to irregular, white to cream initially and 

turn brown at maturity. They eventually dissolve into a powdery mess that smells like chlorine. The 

fungus prevents the mushroom mycelium from growing, causing the compost to develop a drab brown 

colour. In the impacted places, the spawn becomes mushy and vanishes. 

Fungus: Diehliomyces microsporus Diel. and Lambert (Pseudobalsamia microspora). Ascocarps are 

fleshy. They contain many asci. Asci is oval or sub- spherical in shape with short or long stalks. Each 

ascus measures 19 to 27x10.5 to 15 mm in size and contains three to eight ascospores. Ascospores are 

spherical, sulphur coloured with one distinct oil drop. Ascospore is 6.5 mm in diameter. Chlamydospores 

may be noticed in the hyphal web of ascocarp. 

Mode of spread: Ascospores from casing soil and in wooden trays of previous crops are the sources of 

infection. Ascopores may persist in soil for 5 years, was ted compost for 6 months, and mycelium for 6 

months (Sharma, 1998), making them an important source of primary inoculum. Spread of the ascospores 

occurs in drainage water and on air-borne debris. Ascospores germinate at 30ºC and its germination is 

stimulated by presence of actively growing mycelium of the mushroom. Optimum growth of the fungus 

has been recorded at 26-28°C. High compost temperature greatly favours the truffle development. 

Management: Strict hygienic measures should be followed. Compost should be prepared only on 

concrete floors. Compost temperature during spawn run should not exceed 21 to 24ºC. During cropping 

temperature should be kept below 18ºC. Casing soil which contains ascospores should not be used. 

Young truffles can be picked and buried or burnt before fruit bodies turn brown. Drying of wood works 

and trays help eradication of the fungus. Initial infection can be checked by treating the affected patches 

with 2 percent formalin solution. 

Olive green mould 

 The first evidence of the occurrence of C. olivaceum in India was provided by Gupta et al. (1975) 

at the mushroom farm at Chail, Kasauli and Taradevi. Another species, C. globosum, was later reported 

from mushroom farms in HP, Delhi and Mussorie (Thapa et al., 1979). It causes yield loss ranging from 

10 to 50 per cent in A.bisporus. 

Symptoms: The fungus appears as greyish white mycelium in the compost or a fine aerial growth on the 

compost surface 10 days after spawning. Soon olive green to brown and pinhead sized pethecia are 

formed. Spawn grow this delayed and reduced. Compost which does not support spawn will support the 

growth of Chaetomium spp. 

Fungi: Chaetomium globosum and C. olivaceum. C. olivaceum: Perithecia are apical tufts of black 

bristles or setae that are superficial, opaque, globose, thin, and membranous. The asci are clavate and 

ephemeral. Ascopores are dark brown, broadly ovate, umbonate at both ends. They measure 9.0 to 

12.5x7.0 to 9.5 mm in size. C. globosum: Perithecia are scattered or gregarious and broadly ovate or 

ellipsoid. Often, they are pointed at the base and thickly clothed with slender flexuous hairs. Asci are 

oblong to clavate and evan escent. Ascospore dark, broadly ovoid, faintly apiculate at both ends and 

measure 8-9.5 x 6-8 mm. 
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Mode of Spread: Compost and casing soil are the major source of infection. Ascospores are spread by 

air flows, clothes and other materials used in mushroom farm. These fungi are able to survive at higher 

levels of ammonia. The growth of C. olivaceum is favoured by alkalinity of the compost. 

Management: Olive green mould can be prevented by good composting in Phase-I and control of 

environment during phase II. To avoid anaerobiosis, it's critical to keep peak heat conditions under 

control. During pasteurisation, there should be enough time for peak heating and an adequate supply of 

fresh air. Temperatures exceeding 60°C for extended periods of time should be avoided. The sickness is 

controlled by spraying with zineb 0.2 percent. 

Brown plaster mould 

 Brown plaster mould caused by Papulospora byssina was first reported from India. It causes 90 

to 92 percent loss in Agaricus bisporus. 

Symptoms: Due to moisture condensation, it appears as whitish mycelial growth on the exposed surface 

of compost and casing soil in trays, as well as on the edges of bags. The colour shifts from light brown to 

cinnamon brown to rust near the end of the process. No mushroom mycelium develops on sites where 

plaster mould is present in severe situations. 

Fungus: Papulospora byssina. Mycelium is septate and brown. It produces clusters of brown, many 

celled, spherical bulbils measuring 60 to 130 x 30 to 190mm. 

Mode of Spread: Primary infection comes through air-borne bulbils or containers, compost and casing 

soil and workers.Wet compost and improper pasteurization of compost, higher temperature during spawn 

run and cropping favour the development of the fungus. The fungus is commonly seen when gypsumis 

added to compost lesser than the required quantity. 

Management: Composting should be done with the required amount of gypsum added. Peak heating 

should be long enough and at the right temperature. Before or after peak heating, the compost should not 

be excessively damp. The progress of the disease can be slowed by spraying 2 to 4% formalin on the 

afflicted regions. For control, spraying with carbendazim 0.1 percent, benomyl 0.1 percent, thiophanate 

methyl 0.1 percent, and carboxin 0.1 percent is advise. 
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Abstract: 

 A new weed management tool in wheat, the CoAXium ―Wheat Production System‖ was 

officially unveiled in 2018. The CoAXium Wheat Production is an herbicide tolerant system which 

provides additional choice to control grassy annual weeds by incorporating quizalofop resistance. The 

AXigen is the patented trait which confers resistance primarily through a single-point mutation in ACC1. 

This single point mutation causes an alanine to valine substitution at position 2004 in wheat acetyl-Coa 

carboxylase (ACCase) relative to the Alopecurus myosuriodes reference sequence. Aggressor is new 

herbicide brand that is tied to patented trait and drives the broad-spectrum grassy weed control in this 

system. Aggressor is a Group 1 ACCase -inhibiting herbicide with the active ingredient quizlafop-p-

ethyl. It can only be used with CoAXium Wheat. Stewardship is critical to prolong the utility, features 

and benefits of the CoAXium Wheat Production System. 

Keywords: CoAXium, AXigen, aggressor and mutation.  

Introduction: 

 Plant breeders strive to provide solutions for disease and pest resistance and increased tolerance 

to environmental stresses, while achieving higher yields and meeting consumer expectations for high 

quality crops. Today, plant breeders are able to meet these goals more precisely and efficiently than ever 

before. The continuous advancement in the understanding of plant genomes provides new opportunities 

to meet the challenges of agriculture, today and in the future.With the advancement of seed innovations, 

we can make better food that is more sustainable and healthier for both human and environment. 

 Wheat (Triticum aestivum L.) is a key crop for global food security because the world population 

consumes approximately one-fifth of calories and proteins as wheat products (Pena-Bautista et al. 2017). 

Wheat is a staple food due to its high yield potential, efficient harvestability, extensive genetic diversity 

for development of locally adapted varieties, and a biochemical grain profile that forms a malleable, 

multipurpose dough (Shewry 2009). Another feature for enhancing food security is wheat‘s long-term 

storability, which buffers against unpredictable weather or price fluctuations.  

 The genetic diversity of wheat enables global production across a spectrum of environments that 

includes low to high altitude areas and tropical to temperate climates. The global harvest total for 2020 

was forecast at 763 million metric tons (MMT), which is similar to the 2019 harvest estimate of 762 

MMT but greater than the 2016 to 2018 harvest average of 752 MMT (FAO 2020). In 2019, more than 

50% of the global harvest originated in the People‘s Republic of China, the Republic of India, the 

Russian Federation, the United States of America (USA), and France (FAO 2021). A significant share of 

the world food economy involves wheat trade, as evidenced by the 2019 global wheat export market 
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value of approximately $44.1 billion US dollars (Simoes and Hidalgo 2020). For that year, the top five 

exporting countries (the Russian Federation, USA, Canada, France, and Ukraine) accounted for about 

57.6% of the export market value, equivalent to $25.4 billion US dollars for about 115 MMT of wheat 

(FAO 2021). Wheat is a major source of income for small-scale farmers worldwide (Pena-Bautista et al. 

2017). 

 Countries with developing economies consumed 77% of the global wheat production over the 

past decade and accounted for 90% of imports (Enghiadet al. 2017). Annual average global wheat 

consumption in 2017 and 2018 was 67.5 kilograms per capita, however consumption was nearly three-

fold greater for the top five consuming countries of Tunisia, Turkey, Algeria, Morocco, and Egypt (FAO 

2020). The first five importers in 2019 were Indonesia (11.0 MMT), Egypt (10.4 MMT), Turkey (10.0 

MMT), Italy (7.5 MMT), and the Philippines (7.2 MMT) (FAO 2021). Except for Italy, the top five 

countries by wheat consumption and imports are considered to be developing economies. The world 

population is expected to reach 9.8 billion by 2050, with most growth predicted to be in the least 

developed countries (UN 2019). Wheat will play a critical role in feeding the world population, as it is a 

versatile yet affordable food source. 

 To feed an expanding global population, wheat productivity needs to improve or at least be 

sustained, which may be attained by continual improvements of pathogen and insect resistance coupled 

with reductions in production costs. Weeds are responsible for the large percentage of crop yield loss, 

causing an average of 7.8% yield losses (but can result in up to 23% loss in productivity) (Oerke 2006). 

Improving weed control is a practical strategy for maintaining wheat productivity and reducing 

production costs. Annual grasses are the main problematic weeds in wheat as they thrive under similar 

growing conditions. Current management of these weeds‘ centers on herbicides, though options are 

limited during the growing season due to their negative impacts on wheat and the growing number of 

herbicide resistance cases. To ensure sustainable wheat production despite herbicide-resistant weeds, 

integrated weed management (IWM) should be bolstered by diversifying herbicide programs and 

utilizing more cultural and mechanical weed control methods. A new technology that can contribute to 

IWM in wheat is the CoAXium™ Wheat Production System (http://www.coaxiumwps.com). The system 

facilitates excellent, cost-effective control of winter annual grass weed species by enabling a novel use of 

―quizalofop‖ in a winter wheat production system. Further, the system provides a new opportunity to 

increase adoption of integrated weed management through promoting non-herbicide weed control via a 

unique stewardship agreement.  

Winter Annual Grass Weed Management in Winter Wheat  

General 

 Weed control in wheat relies predominately on herbicides where growers commonly implement 

mode of action rotations and herbicide tank mixtures to minimize the selection of herbicide-resistant 

weeds. Winter annual grass control in wheat involves several herbicide modes of action including 

inhibition of acetyl-CoA carboxylase (ACCase), acetolactate synthase (ALS), microtubule assembly, 

photosynthesis at photosystem II, enolpyruvyl shikimate phosphate synthase (EPSPS), 

protoporphyrinogen oxidase, and very long-chain fatty acid synthesis. During the winter wheat growing 
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season specifically, producers primarily use herbicides that inhibit ACCase, ALS, and photosynthesis. 

Three distinct chemistries comprise ACCase-inhibitors, including aryloxyphenoxypropionates (FOPs), 

cyclohexanediones (DIMs), and a phenylpyrazoline (pinoxaden). Post-emergent use of ACCase-

inhibitors is limited to some FOPs and pinoxaden in wheat due to a general lack of selectivity of the 

DIMs. Producers apply the ALS-inhibitor, imazamox, post-emergence by taking advantage of 

Clearfield™ Production Systems that feature imazamox-resistant wheat varieties (Nakkaet al. 2019). 

Wheat growers utilize IWM practices that supplement herbicide programs with cultural, mechanical, or 

preventative weed control tactics. The most regularly employed non-herbicide methods are using 

competitive wheat varieties, strategic fertilization, crop rotation, intercropping, fallow, and using weed-

free certified seed and farm equipment sanitation. There are several less employed but promising methods 

that also fall under the IWM umbrella. Methods of weed control conducted prior to planting include 

cover cropping, residue mulching, conventional tillage or stale seedbed preparation (Chhokar and Sharma 

2012; Jabranet al. 2017). Seeding tactics that minimize weed infestations are using early sowing, weed-

free seed stock, increased seed density, decreased row spacing, and sowing in an east to west orientation. 

During early wheat growth, harrowing can decrease weed biomass with little no impact on wheat yield 

(Rueda-Ayala et al. 2011). To reduce weed seedbank populations significantly at harvest, Australian 

researchers have developed several techniques such as a chaff mill implement for combines or 

specialized combines with integrated chaff mills that grind and destroy annual grass weed seeds (Walsh 

et al. 2018). Lastly, an effective non-herbicide weed control method between growing seasons includes 

residue retention (Mesbah et al. 2019).  

Major Weeds in Wheat 

 Common winter annual grass species in wheat production around the globe are oat (Avena sp.), 

brome (Bromus sp.), foxtail grasses (Alopecurus sp., including blackgrass), canarygrass (Phalaris sp.) and 

ryegrass (Lolium sp.) although there are additional problematic weed species across growing regions. 

Reliance on herbicides to control these weeds has led to dominance of a few, highly competitive species 

with the genetic diversity necessary to evolve herbicide resistance. Resistance to a single herbicide mode 

of action with cross resistance is not unusual and some species also exhibit multiple resistance to two or 

more modes of action. The most problematic species globally in terms of herbicide resistance are 

blackgrass (Alopecurus myosuroides), Italian ryegrass (Lolium perenne ssp. multiflorum), wild oat 

(Avenafatua) and rigid or annual rye grass (Lolium rigidum).  

The CoAXium™ Wheat Production System  

The System 

 CoAXium Wheat Production System provides cost-effective, superior control of annual and 

perennial yield-reducing grassy weeds. The CoAXium™ Wheat Production system comprises A) wheat 

varieties with the AXigen™ trait for quizalofop resistance (referred to as ―tolerance‖ or ―tolerant‖ by 

industry), B) a specialized herbicide formulation of quizalofop-p-ethyl under the tradename Aggressor™, 

and C) a grower stewardship agreement developed through a private-public collaboration among the 

Colorado Wheat Research Foundation, Inc. (CWRF); Albaugh, LLC; and Vilmorin and Company (parent 

company of Limagrain Cereal Seeds, LLC). Before all components of the system were brought together, 

CWRF partnered with Colorado State University (CSU) to develop a post-emergence tool in addition to 
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Clearfield™ Production Systems to control crop debilitating annual grass weed species in winter wheat 

and reduce selection for imazamox resistance. Quizalofop resistance was prioritized as a breeding target 

due to quizalofop exhibiting a different mode of action, lower production cost, and increased control of 

feral rye than imazamox, as well as limited soil residual activity and minimal toxicity. Researchers at 

CSU identified a novel quizalofop resistance trait from a mutagenized wheat (Ostlieet al. 2015) 

population and then introgressed the trait into elite varieties. Albaugh, LLC formulated and optimized 

Aggressor™ herbicide (figure 2) for specific use with the resistant varieties. Varieties featuring the 

AXigen™ trait are now commercially available through PlainsGold™ (CWRF); Limagrain Cereal Seeds, 

LLC; and other third-party licensees. In the United States, wheat breeders continue to develop locally 

adapted varieties with the AXigen™ trait.  

Trait Development 

 A patented, non-GMO herbicide tolerance trait powers the system. Plant growth requires the 

enzyme ACCase because it carries out the first step of fatty acid biosynthesis. Two forms of ACCase 

exist in plants, one of which is inhibited by quizalofop while the other is unaffected. Broadleaf plant 

species typically produce both forms of ACCase and tolerate the herbicide, whereas grass species only 

make the susceptible form and are damaged or killed following inhibition. Wheat, a grass species, is very 

sensitive to quizalofop, but CoAXium™ wheat varieties tolerate rates of the herbicide that provide 

effective in crop control of problematic weeds because of the presence of the AXigen™ trait. With 

support from CWRF, researchers at CSU initiated the AXigen™ trait discovery by applying the chemical 

mutagen ethyl methanesulfonate to seeds to induce random single-point DNA mutations in Hatcher 

winter wheat (Ostlieet al. 2015). This method is not considered to be genetic modification in the context 

of genetically modified organisms (GMOs) as it does not involve recombinant DNA technology or 

transgenesis. These mutagenized seeds were planted in the field and young plants were treated with 

quizalofop. Resistance was confirmed in surviving plants through additional quizalofop treatments. 

Wheat is a hexaploid species, meaning it has seven pairs of chromosomes from each of three ancestral 

species (designated as genomes A, B, and D), thus three copies of every gene. The researchers found that 

quizalofop resistance was associated with identical mutation in the ACCase gene from any one of the 

three wheat genomes. The mutation, which occurs at position 2004 (Alopecurus myosuroides reference 

sequence) in the amino acid reference sequence of blackgrass, causes an amino acid substitution of a 

smaller alanine for a larger valine in the ACCase enzyme structure. The substitution prevents quizalofop 

from binding to and inhibiting ACCase (figure 2). 

 To develop quizalofop-resistant wheat varieties for commercial production, the Wheat Breeding 

and Genetics Program at CSU first crossed two wheat plants, one with a copy of the AXigen™ trait in 

genome A and the other in genome D, with the elite winter wheat variety Byrd. Copies of the trait in each 

of the formerly mentioned genomes bestow more resistance than a copy in genome B (Ostlieet al. 2015). 

Progeny from each of the crosses were then crossed together to generate wheat with two homozygous 

copies of the AXigen™ trait. The combination of two copies of the trait in one wheat variety imparts 

resistance to labeled rates of quizalofop. Initial CoAXium™ varieties, which were named LCS Fusion 

AX and Incline AX, were selected from progeny of the last cross. 
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Advantages of system 

 Benefit of the CoAXium™ Wheat Production System is the ability to use quizalofop, which is 

affordable and exhibits low environmental toxicity due to soil degradation within a few days of 

application (Mantzoset al. 2017). A more significant advantage is that the system can be alternated with 

Clearfield™ Production Systems to minimize post-emergence reliance on imazamox, thereby reducing 

selection for imazamox-resistant weeds. Before the introduction of the CoAXium™ Wheat Production 

System, growers in certain wheat regions in the United States were limited to imazamox to control 

problematic annual grass species such as feral rye (Secale cereale) and jointed goatgrass (Aegilops 

cylindrica) during the growing season. Aggressor™ controls both weeds at label rates (77 to 91 g ai ha-

1). In field trials across Oklahoma, Kansas, and Colorado in the United States, label rates imparted 92-

100% seasonlong control of feral rye (Kumar et al. 2020). The CoAXium™ Wheat Production System 

enables control of other weeds as well. At 62 g ai ha-1 of a quizalofop formulation other than 

Aggressor™, a greenhouse study demonstrated a significant biomass reduction of Japanese brome 

(Bromus japonicus) and downy brome (Bromus tectorum) (Metier et al. 2019), whereas canola (Brassica 

napus) field trials showed a decline in percentage by weight of Italian ryegrass in most field sites at the 

same rate (Bushonget al. 2017). 

 To delay herbicide resistance evolution in weeds and prolong the utility of the CoAXium™ 

Wheat Production System, growers must adhere to a stewardship agreement that follows integrated weed 

management principles. Guideline‘s mirror those described in the Winter Annual Grass Weed 

Management in Winter Wheat section in this review, from diversifying herbicide mode of action to 

incorporating cultural and mechanical weed control methods. Aggressor™ application rates should not 

deviate from label recommendations for specific grass species. The incorporation of spring crops in 

rotations is encouraged and CoAXium™ wheat should not be grown for more than two years in a row. 

Weed control with mechanical methods and herbicides other than ACCase-inhibitors are advised before 

harvest, after harvest, and during fallow to minimize the weed seed bank. Planting weed-free certified 

seed, practicing zero-tolerance for weed escapes, and sanitizing equipment will further diminish the weed 
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seed bank. Using weed-free seed additionally minimizes the chance of resistant gene flow to weed 

species.  

Drawbacks of system 

 Though the CoAXium™ Wheat Production System provides many advantages, there is still the 

possibility of selecting for quizalofop-resistance in grass weed species. The Herbicide Resistance Weed 

Database (Heap 2021) lists several cases of quizalofop resistance around the globe. Summer annual 

grasses represent more resistance cases than winter annual grasses since farmers use quizalofop more 

often in spring or summer crops. The handful of quizalofop resistance cases in winter annual grasses 

supports the potential selection of additional cases, especially as the CoAXium™ Wheat Production 

System extends large-scale quizalofop use to the winter growing season. In China, quizalofop-resistant 

American sloughgrass (Beckmanniasyzigachne) has been discovered in a cropping rotation that includes 

wheat (Zhu et al. 2020). Most recently, Chinese scientists identified quizalofop-resistant Asia Minor 

bluegrass with a 50% growth reduction rate (GR50) lower than Aggressor label rates (Chen et al. 2020). 

Researchers have also described quizalofop-resistant Italian ryegrass in both Italy (Collavo et al. 2017) 

and the United States (Rauch et al. 2017), and some of the latter were confirmed to be 10 cross-resistant 

to other ACCase-inhibiting herbicides.  

 Use a two-year crop rotation with a summer fallowe-winter wheat rotation to manage herbicide 

resistance and reduce the probability of selecting resistant biotypes of grassy weeds. In addition to weed 

resistance to a single herbicide, cross-resistance may occur between herbicides in different chemical 

families within the same mode of action. Point mutations that confer resistance to ACCase-inhibitors 

have been known to provide cross-resistance (Jang et al. 2013). Biotypes of blackgrass and Italian 

ryegrass resistant to FOPs such as diclofop and fenoxaprop occur globally, and the CoAXium™ Wheat 

Production System will not be practical in production regions with these weed populations because the 

biotypes are likely cross-resistant to quizalofop. A final potential disadvantage of the CoAXium™ Wheat 

Production System could be reduced efficacy due to climate change. Generally, ACCase inhibitor 

metabolism increases at higher temperatures, which may reduce efficacy in certain species as global 

temperature rises, particularly coupled to higher atmospheric CO2 that increases metabolism in some 

instances (Varanasi et al. 2016).  

 

Figure 1: Feral rye treated with aggressor herbicide on the left and untreated on the right. 
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Fig. 2. Herbicide binding pocket on wheat ACCase and location of the alanine to valine 

substitution at position 2004 imparting quizalofop resistance. A) Wheat ACCase is a large 

multifunctional protein that has biotin carboxylase and carboxytransferase activities as well as a 

biotin carboxy carrier protein. B) The functional enzyme consists of a homodimer. This image 

shows the dimerization of the carboxytransferase part of the enzyme in purple and light blue. C) 

ACCase inhibitors like quizalofop bind in a pocket formed at the interface of the 

carboxytransferase dimer. D) Alanine 2004 in involved in forming the back end of the pocket 

where quizalofop binds. A substitution to a larger valine reduces the size of the pocket and 

quizalofop no longer fits in the pocket. 

 

Conclusions|: 

 AXigen
TM

 is patented trait that confers tolerance to ―Aggressor‖ herbicide (a group 1 herbicide) 

and will be introgressed into elite public and private germplasm. Aggressor is new herbicide brand that is 

tied to patented trait and drives the control of winter annual grasses in this system. CoAxium Wheat 

Production System combines herbicide-tolerant, elite varieties, a new branded herbicide and industry 

stewardship. The CoAXium™ Wheat Production System affords a practical means of promoting IWM 

through a stewardship agreement and the ability to incorporate an additional mode of action into 

herbicide management programs. This new tool is a welcome opportunity for growers who otherwise 

have limited annual grass weed control options during the growing season. The unique stewardship 

agreement of the system promotes the longevity of this novel tool. Because the AXigen™ trait does not 
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originate from transgenic modification, CoAXium™ wheat will be more acceptable to global consumers 

as production increases. 
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