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Abstract: Agriculture and food systems have high risk of food and nutrition security due to rapid increasing human population 
and to protect environment from being exploited. Hence, new technologies must be adopted in agricultural system that meet 

increasing demand of food, reduction in malnutrition and are ecologically sustainable. Enriched plant growth promoting 
rhizobacteria (PGPR) have proven capabilities for sustainable agricultural techniques and they also reduces the potential 

threats to soil, water and air environments. PGPR acts as a catalyst to enhance the growth of the plants. The impacts of natural 
and edaphic parameters like temperature extremities, climate change condition and salinity and the serious threat posed by 
fertilizers to environment as they release harmful chemicals into air, water, and soil. This led to the advent of environmentally 
sustainable alternative or biofertilizers. Water management models in agriculture targets to reduce water wastage by 

determination of accurate water requirement by the crop and to increase the performance of water distribution by adoption of 
precise irrigation techniques, thus becoming an efficient solution for drylands. Information technology brought a revolution in 
the agricultural world. Development of mathematical models for crops which hold the dynamic relation between plant, weather 
conditions, soil, and management operations leading sustainable agriculture, would assist to tackling emerging issues of food 
security, strategy evaluation and farmer guidance. This paper gives an insight of the innovative technologies in agriculture like 
culturing of specialized bacteria, alternative fertilizer technologies, inducement of information technology, hopefully it will 

provide a better projection for sustainable food and agriculture  

Keywords: sustainable agriculture, alternative fertilizer, soil bacteria, food security, environment 

 

1. Introduction  

World population growth in relation to UN organization will be expected nearly 8.3 and will be 10.9 billion in 

2050. The rate of population expansion will lead to increase in food demand from 50% to 75% depending upon 

the area [1]. Moreover, the worldwide climate conditions will also affect the productivity of food in various parts 

of the globe. Worldwide climate conditions through the previous century resulted in heat waves because rise of 

temperature, level of CO2 in atmosphere, drought spells in some areas and high precipitation in other regions [2]. 

Changes in climatic conditions and anthropogenic activities have generated high risk to the agricultural 

sustainability through the depletion of natural resources. Food security is the physical, social and economic 

requirement of right, safe and nutrient rich food to the human beings at all occasions that can satisfy their dietary 

needs and food choice for healthy and active life [3]. Globally people suffered from deficiency of nutrition, which 

was about 821 million in 2017 approximately 10.9% of the world population [4]. Orderly to support the global 

population, production of food kept stepped by increasing expansion and intensification of agriculture [5, 6]. To 

meet this target, intensification agricultural systems can support in the improvement of the sustainable agriculture 

among policy makers, academicians and professionals by increasing awareness to social and environmental issues 

among stakeholders. 

In this scenario, transformation in agricultural systems from traditional to technology, can play an important 

role to support growing world population and to provide the base for increase in economy and subsequently 

reduction in poverty. Problem arises that how to increase sustainable production of food to supply as well as 

provide economic chances for rural and urban groups [7]. There is a great need of institutional help if farmers are 

to take part into notable sustainability of agricultural production. Agricultural expansion needs intensification in 

order to meet about the most desired progress into useful sustainable agricultural systems. Various crop simulation 

models are broadly applied to support this target because they has the capability to measure the complex quantity 

and non-linear relations between the, pedo-climatic conditions and farmer management [8]. The imbalanced 

application of traditional fertilizers, pesticides, weedicides, and fungicides has developed an alarming condition by 

rising pollution in edibles, atmosphere and soil. The future agriculture, particularly in growing nations is under 

danger because of fast depletion of natural resources mainly the fossil fuel and stock of rock phosphate [9]. The 

subsequent sections in this review will focus on the technological advancement in the field of agriculture leading 

to sustainable food and environment, since these technologies will contribute in stabilizing food security 

throughout the globe without affecting the environment. 
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2. Microbial Applications towards Sustainable Agriculture 

Microbes as Biofertilizers(nutrient mobilizer) 

The biofertilizers mainly developed from by various microorganism functions such as nitrogen fixer, 

phosphate solubilizer and mycorrhizae. Some of them which are most beneficial for biofertilizer producing 

bacteria are Bacillus, Pseudomonas, Lactobacillus, including bacteria responsible for photosynthetic and nitrogen 

fixation together with Trichoderma fungi and yeast. Biofertilizers exhibit high potential for renewable and 

ecofriendly source of nutrient for plants. They are advantageous being ready to use and containing live 

formulation of beneficial microorganisms. They enhance the accessibility and benefits of microorganisms when 

they are applied to seeds, roots and soil by improving health of soil [10]. 

The biofertilizers possess Nitrogen fixing and Phosphorus solubilizing effects in enhancing crop yield and also 

play a vital role in soil fertility [11, 12]. Additionally, when they are applied to soil results in improvement of soil 

structure and reduces the dependency on chemical fertilizers. The use of BGA + Azospirillum have shown 

potentially beneficial in enhancing LAI. Grain yield as well as harvest index increases with application of 

biofertilizers under low land situations. 

Microbes as Plant Growth boosters (Phytostimulators) 

There are various bacteria that can enhance growth of plants [13]. Additionally, these bacteria are known as 

plant-growth promoting rhizobacteria (PGPR). Mechanism of these bacteria is varying in plant growth progress but 

in general they have significant effect to growth via Phosphorus solubilization, nutrient improvement, or production 

of plant promoting hormone [14-17]. Bertrand et al [18] investigated that a bacteria (rhizobacterium) belongs to  

Achromobacter genera could enhance length and number of root hair in rapeseed. Prepration of Bio fertiliser is 

shown in Fig. 1. 

 

Fig. 1 Preparation of biofertilizer using PGPR [64]. 

Microbes as Bio Pesticides (Bio Inhibitors) 

A modern advent of microbes in the management of plant disease management which can play important role 

in agricultural system is biocontrol [19-25]. BAU-bio fungicide based on Trichoderma has been observed to be 

effective to control disease in French bean known as root knot [26]. Application of antagonist microbes like 

Rhizobium bacteria and Bradyrhizobium bacteria also has influence to control mungbean root knot [27]. 

3. Alternative Fertilizers and Sustainable Agriculture 

Benefits of Alternative Fertilizers to Agriculture and Environment 

Alternative fertilizers as compared to traditional fertilizers which are environmental friendly and enhance the 

use of nutrients efficiently. The technologies of fertilizers with nutrients utilization efficiency and thus reduce loss 

of nutrients as below [28]. 

• Modified fertilizers 

• Residues of Crops / bio-char 

• Bio-fertilizers 

• Fertilizers in liquid form 

Alternative Fertilizers for Sustainable Agriculture 

Crop residues possess great economic importance and are also utilized as fuel and livestock feed material. 

Therefore sometimes leaving these crops and plant residues in the farm field together becomes organic matter for 

the soil has potential effect on nutrients and physical condition of soil and biological activity, thus increases 
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performance of crop because crop residues have excellent capacity of nutrients [29]. Numerous strategies have been 

employed to repair fertility of soil including conventional application of inorganic fertilizers or utilization of 

materials for organic fertilizers such as crop residues, green and animal manure [30]. 

Biofertilizers as an alternative to conventional fertilizer 

There are different kinds of plant growth promoting microorganisms (PGPM) such as mycorrhizae, endophytes 

and phosphorus solubilizing bacteria (PSB). The PGPM play crucial role in the management of fertilizers, which 

can be summarized as [31]. 

1. The nutrient management can be done by Rhizosphere microbes 

2. Mycorrhizae have advantageous in nutrition of crops 

3. Endophytes have been used as an agricultural biofertilizers 

4. Sustainable Soil Management 

According to the FAO the definition of an International Framework for Evaluating Sustainable Land 

Management (FESLM) is “The land management becomes sustainable when it combines the economic values and 

technologies that influence environment, policies and processes” [32].  

Intensive or conventional agriculture can give rise in degradation of soil properties like physical & chemical, 

losses of organic matter, minimizes biological activities of soil and thus reduction in the productivity of crop. 

Conversely the technique of agricultural sustainability anticipate a beneficial and maintaining farming system 

which depends on three fundamental principles including soil-free agriculture, crop rotation and the surface of soil 

covered by plant or plant waste [33, 34]. The quality of soil, organic matter and availability of nutrients has proven 

a potential variation between techniques like as minimum soil tillage or no-tillage and conservational tillage 

agriculture system. Completely utilized indicators of soil quality in least data sets comprises total organic carbon, 

pH, volume weight, resistance to aggregate and moisture content [35]. 

5. Sustainable water Management 

Sustainable water management in farming practices target to meet water availability and requirement in quantity 

and quality, at low cost, space, and time, and without exploiting the environmental wellbeing. Its implementation 

involves various technological issues like rural communities’ social behavior, economic restrictions, framework of 

institution and agricultural applications. Under water demand management more concentration has been given to 

irrigation scheduling i.e. when to irrigate and how much water is required have minor role to irrigation systems i.e. 

how to apply the water in the field. Numerous factors such as stages of crop growth and its water stress sensitivity, 

climatic situations and water availability to soil decides frequency and time of irrigation. Although, this frequency 

determines the irrigation technique and consequently, both scheduling of irrigation and the irrigation technique are 

related to each other [36]. 

6. Sustainable Nutrient Management 

Optimum growth of crop and their yield depends on availability of necessary or some unnecessary crop 

nutrients like Silicon, Selenium, and Cobalt etc [37]. The attention of nutrients which is found in soil have better 

crop production that are used by plants. However, physiochemical properties of soil, moisture and microbes found 

in rhizosphere are significant to the nutrient availability [38]. A bacterium present in rhizosphere called PGPR 

effectively impact on the nutrient to the plants. Consequently, PGPR applied to root play crucial character for 

giving profit to the nutrients of soil [39, 40]. Mismanagement or usage in high amount of conventional fertilizers 

has impact in reducing nutrient in the soil [41, 42]. Conservation tillage and residue management positively 

enhance quality of soil and its productivity [43]. increasing biotic activities in the soil by supporting organic matter 

of soil [44]. 

7. Managing Drylands for Sustainable Agriculture 

Globally, the major source that degrades land in drylands is soil erosion [45] and presently it is a major 

problem [46]. Another major problem of dry lands are loss of soil nutrients due to the wind erosion. In relation to 

Global Assessment of Soil Degradation (GLASOD) map [47]. Drylands soil degradation are mostly due to wind 

erosion, proceed by erosion of water, chemical degradation and physical degradation [48]. In drylands 

agroecosystems, wind erosion is able to balance by adopting suitable farming practices. Some strategies are 

suggested to control or minimize wind erosion involves: maintaining vegetative cover, establish windbreaks; 

reduce intensive grazing, use of soil stabilizers, which roughen the surface of soil and reduction in the length of 

field [49]. Another technological option is conservation tillage which also have significant importance for 

improving quality of drylands [50, 51]. Dryland areas have highly diverse to crop nutrient management. Nutrient 
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available in drylands are normally lower than that of optimum in the growing nations, some of nutrients are 

nitrogen and phosphorus applied in other dryland areas with excess amount [42, 52]. 

8. Crop-Livestock Interaction Enhancing Sustainable Agricultural Production 

Interaction of crop livestock applied into the system of crop livestock production have extremely beneficial 

and if well managed then it leads towards improvement in the production of sustainable agriculture. Generally, 

sustainable agricultural production is improved by crop livestock interaction in the following ways: 

•Crop livestock interaction enhance efficiently utilization of farm resources by increasing the stability of food 

crop as well as livestock productivity to satisfy the need of food security to the increasing population.  

• It creates space to diversify production, consumption and investment and also helps in the stability of system 

by reducing risk, increasing employment, hence more people are benefited [53]. 

• It improves agricultural production by reducing the total production cost such as replacement of chemical 

fertilizers by the use of manures from livestock, which are too expensive [54]. 

• High potential environmental risks can be reduced by crop-livestock interaction like as soil erosion, leaching 

and their impact on the quality of water [53]. It also helps in improving and conserving the production capabilities 

of soils, by recurring its physical, chemical and biological qualities of soil. Thereby, formulate effective and 

sustainable agricultural production [54]. 

9. Information Technology for Sustainable Agriculture 

Nowadays, biotechnology supports farming practices, remote sensing, cloud computing and also Internet-of-

Things (IoT) [55]. or Internet of Everything (IoE) [56]. IoT concerned about the intelligent relation of farmers or 

people, things, data and processes. Expansion of IoT manage smart farming and cloud computing by using 

database of farms or crops such as farm position, size, area of cultivation, time of harvesting and sowing. The 

emerging trend of IoT devices is shown in Fig. 2 incorporating its marketing. 

 

Fig. 2 IoT devices marketed in different countries [65]. 

The expertize to collect these data in detail is likely to revolutionize agriculture and progress towards efficient 

and sustainable farming practices. The different sources where data streams coming are satellites, unmanned aerial 

vehicles, appropriate sensors, and surrounding weather conditions which helps farmers to make timely and quality 

decision by the development of crop information management system. With the use of smartphone, farmers able 

to minimize the prediction from their everyday work and select the best option that can be beneficial for their 

organization and also land sustainability. Employment of artificial intelligence can access new perspective in area 

of agriculture which results in sustainably producing the quality and sufficient amount of food to overcome food 

security problem can be reduced by technologies like auto steering and real time agricultural robots. It can 

enhance in making decisions timely and quality-based to enhance the whole agriculture section of the growing 

countries. 

10. Spatializing Crop Models for Sustainable Agriculture 

Globally agriculture challenge has the necessity to improve productivity of crop for the assurance in food 

security [57], together with achieving sustainability of cropping system [58]. Crop simulation models are being 

extensively employed to keep this objective due to its ability to express the complicated, non-linear and mutual 

relation between crop genetics, farmer management and pedo-climatic conditions and thus allowing evaluation of 

environmental as well as economic performance of the agriculture systems [59]. The main ability of crop 

simulation modelling is required to recreate the act of target cropping method – intended here as land nexus, 

atmosphere, and human activities [60]. In order to give a simple depiction of its functioning and reactions to 

dissimilarities in managing farmer and pedo-atmospheric conditions. Yield gap analysis can be done using with 
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crop models on various spatial and global scales for food security, land utilization and research of climate 

alteration [61-63]. 

11. Concusion 

Implementing innovative approaches and technologies to agriculture focuses not only on the increase of the 

production but also on the ecological sustainability of the production system. This will assist to provide food and 

other resources to the ever increasing global population and dealing with the constraints which tend to cause 

hindrance in the efficiency of agriculture like depletion of non-renewable resources, climate change and food 

insecurity. Usage of bio fertilizers also termed as alternative fertilizers and bio pesticides enhance the growth of 

crops by supplying essential nutrients without causing any deleterious impact on environment hence leading to 

productive and sustainable agriculture. As one of the basic functional unit of agriculture, soil sustainability is 

discussed which elaborates the quality, functionality and health of soil ultimately affecting the sustainability of 

food and environment. Water provides life to agriculture but at the same time it is very important to use it 

effectively and efficiently for the irrigation by proper distribution and avoiding its wastage and finding a way out 

for agriculture in drylands. Better understanding of agroecology will guide the farmer to proportion the nutrient, 

crops and water in such a way that it will multiply the yield many folds. The application of I.T in agriculture wills 

not only help farmers to overcome their problems but also help the country to boost overall economy and trade. 

Especially mobile technology proliferation in rural areas could provide chance to the farmers to improve 

agricultural productivity. Thus the efficient use of innovative technologies will integrate the productivity and 

sustainability of the agricultural system and environment. 
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