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ABSTRACT 
 

By 2050, it is projected that there will be 10 billion people on the planet who need to be fed. 
Meeting these demands and maintaining environmental protection will be greatly dependent on the 
paradigms of conventional and organic agriculture. By following the historical origins of these two 
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agricultural paradigms and examining their methods, effects, financial implications, and 
contributions to global food security, this review critically analyses them. We draw emphasis to the 
environmental footprints, paying special focus to biodiversity, greenhouse gas emissions, water 
management, and soil health. A deeper examination of consumer safety, community dynamics, and 
global market trends will be included in the discussion of the health effects of food produced in both 
systems and their societal ramifications. This review makes the case for an integrated approach to 
agriculture that makes use of best practices from both worlds by identifying the advantages and 
disadvantages of both farming systems. The goal of this harmonisation is to build a sustainable 
agricultural future that feeds people and maintains the planet's natural equilibrium. 
 

 
Keywords: Systematic review; life cycle; assessment; sustainable agriculture; cropping systems; 

organic; conventional. 

 
1. INTRODUCTION 
 
Providing food for the 11 billion people that will 
inhabit the earth by the end of the century is one 
of the most important difficulties that humanity 
will face [1]. Currently, 98.9% of the world's food 
is produced by conventional agriculture, also 
known as non-organically certified agriculture, in 
which farmers generally use synthetic, chemical 
inputs [2]. It is important to keep in mind, 
nevertheless, that in the annals of human history, 
what is deemed "conventional" now is rather 
recent. It has just been slightly over a century 
since Fritz Haber discovered how to combine 
nitrogen and hydrogen to create ammonia, which 
could then be used to make synthetic fertiliser 
[3]. Prior to World War II, there was little use of 
pesticides; compounds like DDT were not 
commercially available until 1945 [4]. 
 
Family farms employing organic methods were 
the norm for the most of human history. There 
were, of course, a lot less people to feed. 
Nevertheless, famine and widespread starvation-
related deaths were frequent at times, even in 
Europe [5]. 85% of farmers worldwide still 
operate on 20 hectares or less of land, which is 
known as smallholder farming [6]. Many might be 
considered low-input, organic operations even if 
the majority are not certified. These farms' yields 
are lower than those of more intensive 
agriculture [7]. Even though food security has 
significantly improved, the Food and Agriculture 
Organisation (FAO) of the United Nations still 
considers one in nine people on the earth to be 
"hungry" [8]. Over three million children die each 
year from "undernutrition," which accounts for 
45% of all child fatalities, according to estimates 
[9]. In local areas that depend on tiny, low-input 
businesses, the majority of those affected by 
food shortages reside. As Africa's population 
increases by three billion, this situation will only 
get worse [10]. 

Globally and especially in rich Western nations, 
there is a growing demand for organic products. 
With almost 23 million hectares under cultivation, 
Australia now holds the record for the largest 
percentage of land that is certified organic. India 
is the country with the highest total number of 
certified organic farmers. In the global                   
context, Europe is the region where organic 
agriculture is most prevalent. More than any 
other continent, Europe is home to 26%                        
of the world's organic croplands as of 2017 [2]. 
The most generous legislation for organic 
practices is now found in Europe [11]. Due                       
to Europe's growing demand for organic goods, 
its organic certification requirements and               
respect for organic crops are influential 
worldwide [12]. 
 
The various shortcomings of traditional, industrial 
agricultural systems are often cited by 
proponents of organic agriculture. They list 
several alleged advantages of organic farming, 
including: 
 
Farmers [15], consumers [16], and the 
surrounding aquatic [17] and terrestrial 
ecosystems [18] are all spared from both acute 
[14] and chronic [13] pesticide exposure. 
 
Higher vitamin [20] and mineral content [21] are 
found in organic vegetables, which also has a 
higher nutritional value [19]. Additionally, it is 
claimed that because organic produce has more 
sugar and a higher metabolic integrity as well as 
a superior cellular structure, it tastes better and 
keeps longer [22]. 
 
Plant availability of nutrients is facilitated by the 
healthy soil [23], soil microbiota [24], and healthy 
soil [25] that are fostered by organic farming. 
Pest outbreaks that pesticide use may 
inadvertently encourage are decreased by 
organic agriculture, which prevents genetic 



 
 
 
 

Gupta et al.; Int. J. Environ. Clim. Change, vol. 14, no. 2, pp. 545-554, 2024; Article no.IJECC.112909 
 
 

 
547 

 

changes and the development of insect immunity 
[26]. Organic agriculture is more cost-effective 
and commercially competitive since it does not 
require as many inputs, such as synthetic 
fertiliser, insecticides, or herbicides [27]. Organic 
agriculture is a more ethical approach for 
humanity since it uses natural resources, which 
promotes a more harmonious relationship with 
the environment [28]. 
 
Some of these claims are supported by empirical 
evidence. Among the fifteen meta-analyses that 
could be identified in the scientific literature, 
twelve of them came to the conclusion that there 
was proof that organic food was more nutrient-
dense than conventional produce and that it had 
higher levels of antioxidants, vitamin C, and 
omega-3 fatty acids [29]. Organic farming "true 
believers," however, also have a tendency to 
overestimate the advantages of chemical-free 
farming, caricaturizing conventional farming and 
its harmful effects on the environment. Note that 
a number of thorough analyses in credible 
journals (some of which are contested [30]) have 
been published that do not support the purported 
nutritional benefits of organic vegetables [31]. In 
other words, more work needs to be done. 
 
Researchers have shown that conventional 
agriculture systems often produce superior 
environmental results than organic ones, a fact 
that advocates easily ignore [41-45]. Often, the 
relative sustainability of a particular farm 
operation will be dominated by characteristics 
related to the entire food system enterprise (e.g., 
ploughing techniques or crop delivery distance), 
independent of the use of inputs and pesticides. 
Above all, regardless of the true extent of the 
hazards associated with conventional farming, its 
greater yields in comparison to organic farming 
cannot be discounted, particularly on a world 
where food security is becoming a critical issue 
for humanity due to population growth [46-49]. 
The topic that macro-level policy makers must 
address is: "Should organic agriculture be 
expanded as the standard farming method 
globally, considering current technologies and 
the expected demand for food?" The article's 
analysis of the query in light of standards related 
to environmental sustainability on a worldwide 
scale leads it to the clear conclusion that the 
response is no. 
 
This article challenges the assertions of organic 
agriculture's unquestionable environmental 
superiority by reviewing the most recent research 
in this important subject and coming to this 

conclusion. The relative benefits of the various 
strategies are taken into account in relation to 
issues like the total amount of land needed, 
biodiversity and habitat loss, water quality, land 
degradation, and climate change. It goes without 
saying that discussions regarding the best 
worldwide plan for feeding the world must also 
include broader aspects of sustainability, such as 
the economic and social problems that impact 
food security [53,69]. It is obvious that the ability 
of a population to feed itself depends on a 
number of factors, including the overall volume of 
production, the corresponding distribution 
networks, and governmental regulations 
pertaining to distributive justice and equitable 
access to food among societies and countries. 
The argument put up by numerous pundits is 
that, in theory, the globe already produces 
enough food to sustain the current population 
[32,33]. Distributive justice and distribution can 
undoubtedly be used to frame the issue. These 
larger socioeconomic concerns, however, are 
outside the purview of this essay because they 
entail intricate political relations [39,40]. 
 
It is necessary to address valid worries about the 
detrimental effects of conventional agriculture on 
the environment and human health, as well as to 
change several harmful practices. However, 
most environmental damage connected with 
high-input agriculture can be avoided by 
cautious, sustainably maintained traditional farms 
[50,51]. Research indicates that in certain 
situations, large-scale organic farming operations 
may actually do more harm to the environment 
than ethically managed conventional farms. 
Sustainable strategies that enhance 
environmental performance ought to be 
incorporated into both conventional and organic 
farming operations, instead of rigidly adhering to 
specific ideologies. It is both economically and 
environmentally vital to be able to grow more 
food on less land with minimal off-site effects 
through the use of advanced and effective 
management techniques. 
 

2. THE LAND REUIREMENT FOR A 
WORLDWIDE SWITCH TO ORGANIC 
AGRICULTURE 

 

The consequences for food security should be 
the first consideration in any global assessment 
of the conventional vs organic agriculture 
conundrum. Approximately 38% of the earth's 
terrestrial surface is devoted to agriculture, 
according to the most recent estimates, despite 
the fact that many different assessments have 
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been made [34]. Roughly 12% of ice-free land is 
utilised to grow crops for human use, while 
pastures occupy another 26% [35]. The 
percentage of lands with true agricultural 
potential that are actually used for farming is 
actually much higher when one takes into 
account the vast parts of the earth's surface that 
are covered in deserts or unsuitable mountain 
regions. A growing amount of land becomes 
unavailable for uses other than agriculture every 
year, not to mention the other life forms that 
coexist with people on the globe. 
 

The scientific literature regularly reports yields 
that are noticeably higher on conventional farms 
than on organic ones. While yield differences can 
be contextual, one of the most thorough 
evaluations ever carried out, which was 
published in the esteemed journal Nature, 
discovered that organic agriculture has "34% 
lower yields when the conventional and organic 
systems are most comparable" [36]. A different 
group of European researchers published the 
most recent meta-analysis in Nature 
Communications in November 2017, comparing 
the productivity of conventional and organic 
agriculture. They came to comparable 
conclusions [37]. Clearly, site-specific settings 
that impact agricultural performances are created 
by the farming community's economic situation, 
the climate and types of soil, the crops farmed, 
etc. However, data on crop yields as a whole 
generally indicate that harvests from organic 
agriculture are smaller. 
 

In order to feed nine billion people by 2050, it can 
be predicted that world agricultural output will 
need to rise by at least 50% based on normal 
demographic forecasts [38]. According to the 
most recent projections, switching to a fully 
organic system would require 30% more land 
than conventional agriculture given current 
consumption trends [37]. Pesticide use and N 
excess would be significantly reduced as a result 
of this change. In order to achieve these gains, 
the study took into account alternate scenarios 
and modelled how changing consumer demand 
and consumption patterns might affect land use. 
The findings suggest that more acreage would 
not be needed if a shift to organic farming was 
coupled with a 50% decrease in food waste and 
the consumption of agricultural goods. It is 
obvious that more has to be done by public 
policy to identify strategies to lower the 
astounding amounts of food that are produced 
but never eaten. However, it is unclear when this 
will be accomplished in the near future, setting 

up the prerequisites for biological systems to 
become adequate on a worldwide scale [70,71]. 
 

3. THE ORGANIC / CONVENTIONAL 
DIVIDE AND BIODIVERSITY 

 

The vast and detrimental effects on biodiversity 
would result from expanding land cultivation 
worldwide in an attempt to bring in a new era of 
organic farming. Both a macro and a micro 
perspective can be used to examine this. At the 
micro level, organic farms, which totally eschew 
using toxins to secure crop yields, 
unquestionably have a considerably greater 
detrimental impact on the biodiversity of the 
surrounding area than do conventional 
agricultural systems. Numerous studies support 
this, including one that found that compared to 
equivalent conventional fields, German organic 
grasslands are home to a higher number of plant 
species [54]. More diversity and density of 
nematodes [57], earthworms [56], and spiders 
[55] have been reported in other investigations. 
Compared to conventional fields, organic fields 
include a greater variety of rare plant species 
[58]. Results from studies on bird species [61] 
and mammals [59, 60] are consistent. 
 

At the macro level, however, a different image is 
revealed. This is due to the fact that habitat loss 
is a major contributing factor to the current 
biodiversity problem on Earth [62]. Although 
there are several reasons for the unbelievable 
loss of 52% of all wildlife in the globe between 
1970 and 2010, chemicals are not the main 
culprit: The main causes include invasive 
species, pollution, and, above importantly, 
damaged or fragmented habitat [52, 69]. 
 

The "land sparing" perspective, which prioritises 
protecting as much of the natural habitat as 
possible and creating sanctuaries as much as 
possible, is based on this understanding [63]. In 
the new reality of a globe home to 10 billion 
people, even proponents of a "land sharing" 
strategy [64] would readily concede that 
agricultural efficiency is a top concern if any land 
at all is to remain for the other creatures. 
Economically and environmentally, integrated 
pest management makes sense, negating the 
need for pesticides altogether and supporting the 
idea that they should only be used as a last 
resort. In sensitive environments (such as those 
next to aquatic ecosystems), spraying ought to 
be prohibited in general. It is difficult to argue, 
however, that a worldwide switch to organic 
agriculture will improve the planet's dire 
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biodiversity trends because it would replace such 
vast areas of habitat. 
 

4. WATER QUALITY AND ENVIRON-
MENTAL EFFECTS OFF-SITE 

 
Organic farms are often thought to be more 
environmentally friendly than "conventional 
operations." Nonetheless, a number of 
investigations come to the opposite result. Water 
quality is one example of this. An Israeli study 
conducted in 2014, for example, compared the 
effects of similar conventional agriculture with 
intensive organic methods by measuring water 
quality throughout the unsaturated zone under 
recently constructed greenhouses. The average 
nitrate concentration measured in the root zone 
(above one metre) beneath the organic 
greenhouse was 357 mg/L, with peak NO3 
concentrations reaching 724 mg/L. Compared to 
levels recorded at comparable depths beneath 
the greenhouses used for conventional farming, 
this was an order of magnitude greater. The 
average nitrate contents on drip-irrigated crops 
were only 37 mg/L. 
 
Researchers found, however, that conventional 
farms were more effectively providing high 
concentrations of fertiliser (270 mg/L) to the root 
zones; yet, these levels rapidly decreased as one 
moved further into the vadose zone. 
Measurements conducted in the root zones of 
organic processes concurrently revealed relative 
nitrate deficits. The researchers came to the 
conclusion that early in the growing season, 
when nutrients from the compost were released 
into the soil, this is what caused the nitrates to 
drain below the organic farms. Young organic 
plants have poor nitrogen intake at this point in 
the growth cycle, which makes nitrate percolation 
into the vadose zone and ground water inevitable 
[65]. 
 
Similar outcomes are observed in operations 
involving livestock. The organic chicken was 
shown to have a higher eutrophication potential 
when the off-site impacts on water resources of 
free range, organic, and conventional grill 
chicken systems were evaluated. This was 
ascribed to the variations in chicken feed supply 
as well as the nutrient leaching that occurred 
when growing organic crops [66]. The argument 
here is not that conventional farmers are 
necessarily better or less polluting of nonpoint 
sources of water than their organic counterparts. 
The nature of environmental repercussions 
appears to be determined more by effective 

management than by the use or lack thereof of 
pesticides in agricultural activities. 
 

5. ENVIRONMENTAL LIFE CYCLE 
ANALYSIS'S AMBIGUOUS TEACHINGS 

 
The ramifications of a policy for mitigating climate 
change must be taken very seriously in any 
debate of global sustainability today. It is wise to 
use a systemic approach rather than an intuitive 
one when comparing the carbon footprints of 
conventional and organic farming. Apparently, 
growing produce organically or conventionally 
has much less of an impact on agriculture's 
overall carbon footprint than a number of other 
considerations. A wide range of crops have had 
their varying environmental impacts evaluated 
through the use of life cycle assessment (LCA) 
research, which evaluates an item, procedure, or 
activity's environmental impact from "cradle to 
grave" [67]. Milk production has also received a 
great deal of attention [68]. 
 
34 LCA studies that contrasted organic and 
conventional agriculture were examined by a 
Swiss team of experts. They discovered that 
numerous methodological errors plagued much 
of the study, ranging from small sample numbers 
to insufficient distinction of particular farming 
system characteristics, with just a few number of 
impact categories evaluated. Organic products 
almost always had less of an environmental 
impact per area, even while conventional 
agriculture produced better yields per hectare. 
However, a number of research investigations 
documented deviations from this generalisation. 
These included detrimental effects noted in the 
life cycle of organic beans as well as increased 
eutrophication and acidification brought about by 
certain organic cattle, pig, and poultry   
operations, as well as tomatoes, wheat, and 
potatoes [69]. Much more recently, Clark and 
Tilman's study [70] comes to essentially the 
same findings. 
 
LCA research also shows that there is little 
empirical evidence to support some of the 
prevalent wisdom regarding the "egregious" 
environmental performance of traditional 
agriculture. Numerous assumptions regarding 
the better environmental outcomes of organic 
farming do not withstand careful scrutiny. In 
Australia, 29 organic farms (representing 1.5% of 
all certified organic operations) were compared 
to conventional farms in a study that revealed 
increased direct energy use, energy-related 
emissions, and greenhouse gas emissions on 
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organic farms [71]. Market structures and 
produce transportation are just two examples of 
the several sources of pollution connected to 
food production that may have a greater impact 
than the use of pesticides and fertilisers. Overall 
environmental consequences per unit of product 
are found to be similar when yields are compared 
to environmental footprint. Thus, when evaluating 
greenhouse gas emissions, organic operations 
seem beneficial when the production area serves 
as the functional unit of analysis. Conventional 
operations actually show a lesser carbon 
footprint when the analysis is done using 
emissions per kilogramme of agricultural product 
or kilocalorie of food grown. 
 

This is a common occurrence in the numerous 
assessments that are carried out to contrast 
conventional and organic dairy businesses. 
Production of organic milk often wins out, 
particularly when a "allocation factor" that 
accounts for price differentials is included in the 
calculation. Additionally, compared to 
conventional dairy farms, organic milk operations 
have been demonstrated to have higher potential 
for global warming and acidification on the farm 
per kilogramme. According to this, organic farms 
emit more ammonia, methane, and nitrous oxide 
per kilogramme of milk produced than 
conventional farms do. Furthermore, findings 
indicate that commercial milk requires less land 
per kilogramme than organic milk. 
 

6. THE CARBON FOOTPRINT OF 
AGRICULTURE AND ITS IMPACT ON 
CLIMATE CHANGE 

 
The issue of what a society considers to be its 
top environmental priority arises from the 
apparent differences in benefits between 
conventional and organic farming for many 
environmental criteria. To put it another way: Can 
these research provide insightful information that 
can guide national and international policy? 
Because of its irreversibility and the enormous 
number of people and ecosystems it affects, 
many environmental advocates rank climate 
change as the most important environmental 
issue confronting the globe today. The United 
Nations approved seventeen               
sustainable development objectives for the 
planet, most of which are generic. For this 
reason, it is included as a specific environmental 
aim. 
 
By eating seasonal fruits and vegetables and 
minimising produce transportation by air, it is 

very evident from LCA analysis that agriculture's 
"carbon footprint" may be significantly reduced. 
This presupposes that there isn't any fossil fuel 
heating involved in the production of fruits and 
vegetables, as is the case in certain 
greenhouses where vegetables are grown. 
Meisterling (2009), for example, discovered that, 
under the same conditions, conventional wheat 
systems produce around 30 g more CO2-eq per 
0.67 kg wheat flour (1 kilogramme loaf of bread) 
than organic wheat. The carbon footprint of the 
synthetic nitrogen used in farming is the cause of 
this. That carbon-associated benefit, however, 
quickly vanishes if organic wheat is delivered 
farther than conventional wheat. 
 
The most crucial thing to keep in mind is that 
producing beef results in more greenhouse gas 
emissions than producing all other types of food 
combined. Even a cursory analysis reveals the 
"big picture" of a global shift to organic food 
production: enormous amounts of manure—and 
the methane produced by the livestock that 
supplies the manure—will be needed to replenish 
nitrogen in the soil, and this will dominate any 
carbon inventory. The reasoning behind this is 
really straightforward: The rate at which nitrogen-
fixing plants can renew themselves is limited 
when the soil loses nutrients. In order to sustain 
high yields over time in intensive agriculture, 
more fertilisation becomes essential. 
 
Organic farming is predicated on avoiding 
synthetic fertilisers. It is true that frequent 
manure spreading can maintain and even 
increase soil fertility, despite the significant 
regional variance in application rates according 
to local conditions. The majority of organic 
farming operations consider farmyard manure, or 
the broken-down combination of waste with litter 
and leftover forage, to be essential. It is 
recognised for its ability to provide plant 
nutrients, including micronutrients, enhance the 
structure and ability of soils to retain water, and 
even aid in the management of parasitic 
nematodes by reversing the microbial balance in 
the soil. 
 
Nevertheless, the issue lies in the fact that 
producing enough manure to guarantee sufficient 
nitrogen and phosphorus in the fields and 
orchards to feed 10 billion people would need an 
unfathomable increase in the global cow 
population. For his outstanding work enhancing 
grain yields through improved crop types, 
Norman Borlaug was awarded the Nobel Peace 
Prize. He maintained that even if it were possible 
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to gather enough organic material to maintain 
soil fertility by adding plant leftovers, animal 
manures, and human waste to the soil, the 
nutrients would still not be sufficient to sustain 
the world's population of over four billion people 
on currently farmed land. "Drastically" expanding 
Cropland would be necessary. (He made this 
joke: "I don't see two billion volunteers to 
disappear [Organic approaches] can only feed 
four billion people."). In order to sustain an 
organic food system for 6.2 billion people, 
Borlaug estimated in 2007 that the number of 
cows on the earth would need to increase by 
nearly ten times, from the 1.5 billion that were 
living at the time to the 10 billion that would be 
needed. Since Bourlaug's figures were made, 
there have been an additional 1.4 billion people 
to feed. It's nearly impossible to imagine the 
extra methane emissions connected to activities 
based on organic dung, considering the carbon 
footprint of cows. Other studies, like the 2016 
assessment conducted by a Washington State 
University team and published in Nature Plants, 
come to the conclusion that using manure a lot 
exacerbates issues with soil acidification and off-
site eutrophication, with organic operations 
showing higher emissions and leaching per unit 
of production than conventional fertiliser use. 
 

7. INCREASING THE SUSTAINABILITY 
OF CONVENTIONAL AND ORGANIC 
AGRICUL-TURE 

 

Both sides of the organic vs conventional debate 
have a propensity to minimise the other and 
highlight extreme instances of behaviours that 
are harmful to the environment. In actuality, 
conventional, ethical farmers have had access to 
sustainable substitutes for a while. For instance, 
when synthetic fertiliser is applied excessively 
and improperly, it can seriously contaminate 
nonpoint sources of water. But for far more 
effective delivery, drip irrigation systems, which 
have been available for forty years, allow well-
managed conventional operations to                   
produce negligible nitrate pollution. In fact, 
studies have demonstrated that organic                  
farms that rely on composted manure as a 
fertiliser source actually pollute groundwater 
more frequently than "conventional" farms                 
that use drip irrigation and liquid fertilisation 
methods. 
 

8. CONCLUSION 
 

It would be incorrect to infer from research like 
this that, in every case, organic chicken farms 

pose a risk to water resources or that using 
synthetic fertilisers will always result in less 
groundwater contamination than applying 
manure. All the same, it implies that conventional 
irrigation with drip fertigation is likely a more 
sustainable method in regions where aquifers 
already experience high nitrate levels. In order to 
feed the three billion additional people that will 
soon inhabit the earth, strategic choices about 
food production must be grounded in facts and 
logic rather than ideology. It does not seem that 
the greatest solution to improve the 
environmental performance of the world food 
systems is to switch to organic agriculture 
completely. "Our analyses show that dietary 
shifts towards low-impact foods and increases in 
agricultural input use efficiency would offer larger 
environmental benefits than would switches from 
conventional agricultural systems to alternatives 
such as organic agriculture or grass-fed beef," 
Clark and Tilman wrote in their assessment of 
742 agricultural systems and over 90 unique 
foods. [70] Policies pertaining to agriculture must 
take the environment, economy, and efficiency 
into consideration. It is beneficial to have insights 
from both organic and conventional agriculture 
that is managed responsibly. 
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