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Economic, social and environmental consequences
of the use of genetically modified organisms

Abstract

Object: to analyze the effectiveness of the use of genetically modified organisms in terms of economic efficiency,
as well as environmental and social consequences.

Methods: a theoretical review of the scientific literature on the research topic.

Results: on the basis of literature data arguments are presented in favor and against the introduction of genetic
modification technology in agriculture. Potential benefits and risks this technology may entail are considered.

Conclusions: it has been established that genetic modification of crops provides multiple benefits, contributing to
the simplification of production processes, an increase in profit margins, and a reduction in losses caused by diseases
and pests. Lower cultivation costs, in turn, lead to lower food prices, which may be the key to solving the issue of hun-
ger in developing countries. It was revealed, among other things, that the use of genetically modified crops not only
does not harm biological diversity, but, on the contrary, contributes to its expansion. The findings could be utilized
when justifying a regional agricultural development program.

Keywords: agriculture, agro-industrial complex economics, genetic engineering, GMO, biotechnology, economic
efficiency, crops.

Introduction

The processes of globalization, which have been rapidly developing in recent decades, have had a sig-
nificant impact on the agro-industrial complex of the world economy. The unprecedented challenge of pre-
serving the global environment today means that most countries, unfortunately, can no longer increase agri-
cultural production through environmental sustainability alone. This sad fact leaves humanity with three
main possible ways to reconcile agricultural productivity with environmental sustainability: reducing food
waste, switching to less meat-based diets, and making better use of existing resources.

The state policy of the Republic of Kazakhstan, like many other developing countries of the world, is
aimed at the rational distribution and use of resources in all sectors of the economy to ensure economic secu-
rity. The key elements of the food security system are rational consumption rates, food safety, physical avail-
ability of food, economic accessibility of food, and development of economic potential and reduction of
crime in the agro-industrial complex (AIC), food independence. Agro-industrial complex enterprises ensure
the political and financial independence of the country by supplying the population with food and consumer
goods. Despite the existence of negative factors, under the influence of which the enterprises of the agro-
industrial complex conduct the economy, they continue to function, and identify new ways of development
and improvement.

The use of new food technologies will allow Kazakhstan to compete with other countries in the context
of global integration. The introduction of new technological methods, as a rule, is aimed at achieving high
profits, improving conditions and profitability of production. The economic efficiency of the technology is
possible with a combination of factors, such as the type of product, the market situation, the organization of
production, the type of technology and raw materials used, the tax system and non-tax methods of supporting
production, permitted by the legislation of a particular country (Slusarczyk, 2020; 108).
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Literature review

Genetically modified organisms (GMO) have been used since the mid-1990s, and have been recognized
by agricultural workers around the world as they have proven to be effective and relatively safe technologies
for increasing agricultural production. Genetic engineering and plant transformation have played a key role
in the evolution of crops by introducing useful foreign genes or suppressing the expression of endogenous
genes in crops. Genetically modified crops have one or more useful traits, such as herbicide resistance, insect
resistance, abiotic stress resistance, resistance to various kinds of diseases, and an increased growth rate
compared to their counterparts free from GMO. As noted earlier, they are widely used throughout the world.
To date, about 525 different transgenic plants of 32 crops have been approved for cultivation in various parts
of the world.

GMO have been used commercially for more than 20 years, when it was found that the introduction of
transgenic technology increases crop yields, reduces the use of pesticides and insecticides, reduces CO,
emissions, and, most importantly for the economy of the vast majority of countries, GMO reduce costs in the
field crop production. Available research in recent years describing the effects of insect- and herbicide-
resistant crops shows that these technologies can be beneficial to both farmers and consumers, providing sig-
nificant cumulative welfare gains as well as positive impacts on the environment and human health. Until
now, this technology has been limited to weed and pest control, while the second generation of GMO, ac-
cording to researchers in the field, helps agricultural workers to achieve resistance to abiotic stress or im-
prove the nutritional properties products. If an enabling institutional framework is in place, GMO can make a
significant contribution to global food security, including the potential for poverty reduction.

Nevertheless, doubts about the widespread and fast spreading use of GMO, and, most importantly, their
safety for human health, still raise a number of unresolved issues that have led to strict regulations on the use
of GMO, and bodies of standardization control their use. GMO have caused controversy in both separating
and non-sharing countries, although stringent regulatory processes have been introduced and applied with
regard to food, feed and environmental safety. In addition, in some countries, and especially in the countries
of the Eurasian Economic Union (EAEU), including our Republic of Kazakhstan, mandatory labeling of
GMO has been introduced at the moment, while other countries prefer voluntary labeling of goods contain-
ing GMO.

In connection with the above, economic research on the benefits or harms of GMO plays an important
role in the development of effective regulatory mechanisms for the agricultural innovation system.

Genetic modification of plants can be characterized as a change in the structure, composition, or devel-
opment of a plant organism by changing its genome as a result of the introduction of specific deoxyribonu-
cleic acid sequences from other organisms. The ultimate goal of such technology is to alter the biological
properties of proteins by manipulating the expression of the genes that encode them. For centuries, breeders
and farmers have given plants the desired properties through crosses. However, genetic modification differs
from traditional breeding in the accuracy of gene transfer and short-term, since it allows to remove biological
barriers to genetic exchange and recombination between incompatible organisms through the generation of
transgenes (Holst-Jensen, 2009; 1071).

The widespread adoption of transgenic crops carrying foreign genes is hampered by concerns about po-
tential toxicity and allergenicity to humans, potential environmental risks such as the potential for gene trans-
fer, adverse effects on non-target organisms, and the evolution of resistance in weeds and insects. These con-
cerns have prompted the introduction of alternative technologies such as cisgenesis, intragenesis, and ge-
nome editing. Some of these alternative technologies, according to researchers in the field, can be used to
grow crops that are free of any foreign genes, so it is expected that such crops can receive greater consumer
acceptance than transgenic crops and easier to obtain regulatory approval organs.

A number of studies on the agronomic, environmental and socio-economic consequences of the intro-
duction of GMO have generated interest in intensive study of issues related to the biological safety of agri-
cultural biotechnologies (Nuthalapati, 2020; 118). However, the fragmentation of information about GMO
circulating in the information field, together with coordinated information campaigns that incite public opin-
ion against genetic engineering, creates the need to streamline the research data obtained in recent years on
the properties and effects of GMO. In view of the above, the purpose of this work is to analyze the effective-
ness of the use of GMO in terms of environmental and social consequences, as well as economic efficiency.
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Methods

The article examines the development trends of the GMO production industry. The indicators reflecting
the effectiveness of the application of this technology are analyzed; its positive and negative aspects are as-
sessed. The article considers internal and external factors leading to stimulation or inhibition of the develop-
ment of technology for genetic modification of crops in various regions of the world. The analysis of the cur-
rent state of knowledge about GMO technology and its multidimensional assessment by specialists was car-
ried out using publications of authoritative researchers. The data was extracted from materials posted on of-
ficial information platforms and scientific research published in peer-reviewed publications. For various de-
cisions in the research process, appropriate qualitative and quantitative research methods were used: analyti-
cal, synthetic, logical, and so on.

Results and discussion

The introduction of GMO into agriculture is currently being widely discussed in both positive and nega-
tive contexts, being the subject of debate at various levels. The main arguments of supporters and opponents
of GMO are presented in Table 1.

Table 1. Arguments for and against the use of GMO

Arguments for using GMO
Reduced agricultural production (due to reduced use of pesticides)
Increased productivity (due to the resistance of crops to pests and diseases)
The ability to use previously uncultivated land (saline, dry, and swampy).
Production of fortified food products (in particular, vitamins and microelements).
Increasing the resistance of crops to environmental conditions (frost, drought, salinity).
Arguments against using GMO
The impact of GMO on humans, animals and various biomes is still poorly understood.
Natural biodiversity may be threatened
Genetically modified plants can interbreed with wild plants and create «superweeds»
Market monopolization risk
Note — compiled by the author

Consequences in terms of economy. According to Slusarczyk et al. (2020; 108), the most common
economic benefits resulting from the introduction of GMO into agricultural practice are a decrease in crop
losses and an increase in farm productivity, minimization of costs for plant protection products; reduction in
labor costs; reduced consumption of diesel fuel and agricultural machinery, improving product quality.

The positive changes associated with the introduction of crop genetic engineering technology also in-
clude the possibility of using a cropless farming system that is more environmentally friendly. One of the
most important arguments in favor of GMO production in agriculture is reducing the use of pesticides. This
has a positive impact on the environment and allows producers to save money on the purchase of crop pro-
tection products (Szkartat, 2011).

Experts' calculations show that from 1996 to 2018 the use of GMO brought economic profits to farms
in the amount of $225.1 billion. 72 % of the profits came from increased yields and productivity, and the re-
maining 28 % came from cost reductions. In terms of investment, for every dollar invested in genetically
modified crop seeds (over and above the cost of regular seeds), farmers received $3.75 in additional income.
In developing countries the average return was $4.41 on every additional dollar invested in GMO; in devel-
oped countries the figure was $3.24 (Brookes & Barfoot, 2020; 242).

A meta-analysis of the results of studies, on the effects of GMO (Kliimper, 2014; 1), shows a 22 % in-
crease in yields from the use of GMO, with a 68 % profit and a 38 % reduction in pesticide costs. It is esti-
mated that it would take more than 300 million acres of unmodified crops to achieve these targets, which in
turn would further exacerbate the current environmental and socio-economic problems in the agricultural
sector (Zhang, 2016; 116).

After examining the database of the International Service for the Acquisition of Agri-biotech Applica-
tions for the period from 1993 to 2016, researchers from the United States of America (Nes, 2021; 18) calcu-
lated that the rejection of the use of GMO led to higher food prices (by 1.09 % compared to countries where
the use of GMO is approved) and reduced access to food from abroad in many of the world's poorest food-
stuffs. In addition, the authors concluded that the total cost of abandoning the introduction of GMO is re-
flected in a reduction in the country's access to food from international markets by an average of 25.69 %.
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In India growing cotton with the genome of Bacillus thuringiensis has increased employment and
household incomes, as well as increased calorie intake (Nuthalapati, 2020; 122).

Saputri et al. (2019; 1) developed and applied a model for measuring the performance of sustainable
agri-food supply chains for GMO and non-GMO, which includes the calculation of adjusted profit based on
total recoverable costs and total factor productivity. The authors' calculations on data from Indonesia showed
that the value of the adjusted profit was higher for the supply chains of genetically unmodified rice compared
to that for genetically modified rice.

Despite the numerous advantages of GMO, there are concerns about the existence of economic, social
and environmental risks that may arise when using transgenic products, among which the increased cost of
products is distinguished (due to the high cost of GMO production technology, its development and imple-
mentation may be inaccessible for developing countries) coupled with the emergence of dependence of
farmers on agricultural technology and seed companies (Szkartat 2011). Farmers who grow unlicensed seeds
of transgenic plants can be held liable for violation of property rights. In addition, the market for genetically
modified seeds is currently consolidated by such giants as Bayer-Monsanto, DowDuPont and Syngenta
(ChemChina). In recent years, the global market for genetically modified seeds has become the scene of
large-scale mergers and acquisitions carried out by these corporations. These trends are of concern to the
global seed industry, as they lead to reduced economic efficiency and market disruptions. Estimates of the
degree of market consolidation by the above companies vary from 48 % in 2012 to 58 % in 2018. The trend
towards consolidation is unlikely to change in the near future, as entry into the market for new players is
complicated by barriers such as large initial investment requirements and relevant experience (Gmeiner &
Puls, 2019).

Consequences in terms of society. Proponents of green biotechnology and the commercialization of
new varieties of genetically modified plants are convinced of the promise of using GMO to fight hunger and
malnutrition in the world. Unfortunately, despite a significant increase in agricultural production, according
to the estimates of world organizations, the level of hungry and malnourished people is still high: according
to current estimates, 820 million people worldwide are getting insufficient calories from food (Lloyd,
2021; 1).

According to some estimates, about 30 % of the world's crops are damaged by pests and diseases. First
generation genetically modified crops are aimed at improving agronomic characteristics such as resistance to
pests, diseases, drought and herbicides, which primarily benefits farmers and seed companies. First-
generation insect-resistant transgenic plants, created by the targeted transfer of genes responsible for the pro-
duction of insecticidal crystalline proteins (Cry proteins) from the bacterium Bacillus thuringiensis, into the
plant's genetic material, solve such problems. For example, YieldGard corn is resistant to the European corn
moth (Ostrinia nubilalis) and other lepidoptera insect pests due to the introduction of a gene encoding the
CrylAb insecticidal protein obtained from the soil bacterium Bacillus thuringiensis (Petrick, 2020; 30).

Genetically modified cultures of the second generation have characteristics that are valuable for the end
user: hypoallergenicity, increased shelf life, increased nutritional value. Also, the development of genetically
modified cultures of the third generation is underway for the production of therapeutic drugs, vaccines, bio-
sensors and industrial products. As natural resources dwindle, increasing productivity in global agriculture is
essential to ensure the availability of food and other raw materials for the world's growing population (Desai,
2020; 65).

Experts regard biofortification and increasing stress resistance of agricultural crops with the help of
GMO as extremely promising areas for future research. While biofortification can contribute to addressing
malnutrition and micronutrient deficiencies, plant stress tolerance is a potential solution to biodegradation,
climate change, and declining acreage (Raman, 2017; 205). Thus, the introduction of targeted changes in the
genomes of Arabidopsis and barley led to an increase in their resistance to stress and an increase in biomass
under unfavorable conditions (Mendiondo, 2016; 40). And since the development of vitamin A-fortified rice
in 2000 (Ye, 2000; 303), further research has only confirmed the efficacy of biofortification (in particular,
iron and zinc) of food through genetic engineering (Bouis, 2017; 49).

Technological solutions are under development, such as herbicide-resistant cotton and maize resistant to
cassava viruses and brinjal containing the pesticide gene Bacillus thuringiensis (Ashok, 2017; 223).

One popular argument against the use of GMO, made by critics of biotechnology and genetically modi-
fied crops such as Vandana Shiva, is that in India, genetically modified cotton is allegedly the cause of the
suicide of thousands of smallholders every year. At the same time, Shiva and others like her deliberately ig-
nore the facts and continue to perpetuate misinformation about the catastrophic situation with farmers' sui-
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cides. Research data (Smyth, 2017; 80) indicate that after the introduction of cotton containing the Bacillus
thuringiensis gene, there was a decrease in the number of suicides among Indian farmers by one third com-
pared to the same indicator recorded before the commercialization of this cotton variety in India.

Regarding the frequently repeated concerns about the harm of GMO consumption to mammals, scien-
tists from the University of California, Davis (Van Eenennaam, 2014; 4255) after careful and extensive anal-
ysis concluded that data from field studies on the impact of genetically modified crops conducted on more
than 100 billion farm animals indicate that there are no adverse trends in the health and productivity of the
studied livestock due to experimental feeding with GMO.

In general, the negative public perception of the use of GMO in food production has entailed significant
difficulties for the development of genetically modified crops and their commercialization in both developed
and developing countries. A number of publications that have argued that genetically modified crops may
not be equivalent to conventional crops and may pose a health hazard to the consumer have sparked much
debate that continues to this day. For example, some researchers have reported a reduced content of Lacto-
bacillus bacteria in the cecum of laboratory rats fed GMO compared to counterparts that did not receive
GMO (Xu, 2011; 88), or even increased mortality (Séralini, 2013; 476) due to unexplained mechanisms.
However, having applied the Bonferroni correction for multiple comparisons to the primary data from seven
publications containing such statements (including those cited above), Russian researchers (Panchin, 2017;
216) came to the conclusion that the obtained intergroup differences are not statistically significant and,
therefore, the data presented in those articles does not provide any considerable evidence of harm to living
organisms from genetically modified crops.

Consequences in terms of ecology. Globally, gene modification technologies have significantly re-
duced the negative environmental impacts associated with the use of insecticides and herbicides. Thanks to
the use of GMO since 1996, the spraying of pesticides on the cultivated area was 8.3 % lower than the
amount of the substance that would be used if using conventional crops. In the America, the use of genetical-
ly modified herbicide-tolerant crops (especially soybeans) has contributed to the widespread adoption of
shallow or no-till systems. As a result, along with a reduction in the consumption of tractor fuel for tillage,
the quality of the soil has increased, and the level of its erosion has decreased. At the same time, more carbon
remains in the soil, which leads to a decrease in greenhouse gas emissions. For example, in 2018, an addi-
tional 5,606 million kilograms of soil carbon were sequestered, equivalent to the removal of 13.6 million
vehicles from roads in one year (Brookes & Barfoot, 2020; 215).

It was found that the development of genetically modified potatoes, which are resistant to pulp pigmen-
tation, late blight and low temperatures, reduced the costs of producers by 28 %, and also, reduced the area
of pesticide sprayed by 2.5 million acres, carbon dioxide emissions by 740 million pounds and 84 billion
gallons of water consumption (Nuthalapati, 2020; 122).

However, some researchers have also expressed concerns about the threats to the environment that may
arise from the introduction of GMO. Among them displacement of natural species, the emergence of
«superweedsy», that is, weeds obtained as a result of uncontrolled gene transfer; the emergence of resistance
of pests and weeds to insecticides and herbicides; risks associated with the use of genetically modified mon-
ocultures. In order to prevent the phenomenon of resistance, some companies advocate the cultivation of are-
as free of genetically modified crops around transgenic plantings. This fragmentation of plots is likely to re-
duce the economic incentive to use GMO, especially in the case of small-scale farmers (Kaya, 2020; 67).

It is often believed that GMO are detrimental to biological diversity in agricultural ecosystems (Azadi
& Ho, 2010; 166). For example, Garipov et al. (2016; 107) express the opinion that the achieved productivity
indicators of cultivated plants are practically at the maximum level of their genetic potential, while the range
of genetically modified crops is rather scarce, which casts doubt on the justification of the potential risks as-
sociated with the use of similar technologies. At the same time, there is evidence that the implementation of
genetically modified crops has reduced the negative impact of agriculture on biodiversity through increased
use of gentle tillage methods, reduced insecticide spraying, more environmentally friendly herbicides, and
reduced land area required to be converted to farmland for enhancing yields (Carpenter, 2011; 18). Modifica-
tions in the genetic material of a cell make crops compatible with various ecosystems. Thus, such technolog-
ical advances may contribute to improved nature diversity (Juma, 2015).

Conclusion
Genetically modified crops can alleviate a number of problems in the commercial agriculture today.
Current market trends make this technology one of the fastest growing and most innovative industries in the
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world, which benefits not only manufacturers, but also consumers, as well as the economies of developed
and developing countries. Reducing cultivation costs results in lower food prices, which can help fight hun-
ger and malnutrition in developing countries. However, to tackle the problem of unethical research and mis-
information, it is imperative that the agricultural industry and academia work closely together. Thanks to key
innovations in gene integration technologies along with new research in stress tolerance and plant
biofortification, genetically modified crops are predicted to increase productivity and profitability in com-
mercial agriculture.
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I'eHeTHKANBIK TYPJIEHAIPIIreH opraHu3Maepai KoJIaHyAbIH YKOHOMHKAJIBIK,
dJIeyMeTTIK KdHe IKOJIOTHSIIBIK CAJIAPbI

Anoamna

Maxkcamol: 'eHeTHKANBIK TYPIACHAIPUITEH OpraHU3MIEpAl KOJJAHYABIH THIMAIIITIH SKOHOMHUKAIBIK THIMALIIK,
COH/Iali-aK 9KOJIOTHSIIBIK JKOHE QJISYMETTIK canapiap TYPFhICEIHAH Talliay.

Odicmepi.: 3epTTey TaKbIPbIObI OOMBIHIIA FRIIIBIMU 9JIeONETTEPre TEOPHSIIBIK MIOIY.

Homuoicenep: Onedn MamiMeTTep HETi3iHAE aybUIIapyallbUIBIFbIHA TCHETUKAIBIK MOAU(DHUKAINS TEXHOJIOTHSICHIH
EHTI3Y/IIH Taimackl MEH Kapchl noanenjepi KenTipiireH. Ochbl TEXHOJOTHSHBI KOJJaHyFa OKelyi MYMKIH BIKTHMA
ApPTHIKIIBUIBIKTAD MEH TOyEKeJIAep KapacThIPbUIFaH.

Kopvimuvinovr: JIakpImaapAplH T€HETHKAIBIK MOTUGUKAIMACH OHAIPICTIK TPOIECTepAi KEHUIIETYre, OHIIpic
MapKachlH apTTBIPyFa, aypyjiap MeH 3HSHKeCTepJeH OONATHIH IIBIFBIHIAPIBI a3aiiTyFa KOMEKTECETiH KONTereH
ApTHIKIIBUIBIKTAp OCpeTiHI aHBIKTAIAbl. OCipy IUBIFBIHIAPBIHBIH TOMEHZEYl, 03 Ke3eTiHJe, a3bIK-TYJIK OarachbIHBIH
TOMEHJIEYiHe oKeyeai, Oy JaMyIIbl eJJepleri alThIK MACENIeCiH eIy iH KiITi OOlybl MyMKiH. AHBIKTaIFaHHAaH
0acka e3re T'eHIK TYPJICHIIPUIreH JaKbUIIApAbl KOJIaHy OMOJIOTHSIIBIK OpPTYPIIJIIKKE FaHa 3MSH KenTipMenai, Oipak
OHBI KEHEHTyre Kapama-Kapchl bIKIal eTefli. 3epTTey HOTHXKeIepl OHIpIepIiH arpapiblK JaMy CTPAaTeTHsChIH HEeTi3lIey
Ke3iH/e KOpiHic Tabybl MYMKiH.

Kinm coe30ep: aybulapyalbUIBIFBI, arpOOHEPKACINTIK KeIIeH JKOHOMHMKACHI, TeHIIK umxkeHepus, ['MO,
OMOTEXHOJIOTHSI, SKOHOMHUKAJIBIK THIMAUTIK, TOH/I JaKbLIIap.

K.Bb. Ken:xun, K. llaypkyoyae, H.. Tyneyranuesa, E.b. lomanaTos

3KOHOMH‘ICCKI/IC, COLMMAJIBHBIC X JKOJIOTHYECKHUE ITOCTCACTBUA NIPUMCHCHUSA
Ir€eHETHYE€CKH MOJIH(l)HIII/IPOBaHHLIX OPraHuimMoB

Annomauyus

Lens: IIpoanann3upoBaTh Y3PPEKTHBHOCTD MPIMEHEHHS TeHETHIECKH MOAUDUIIMPOBAHHBIX OPTaHU3MOB C TOUKH
3peHHs YKOHOMHYECKON 3(pPEKTHBHOCTH, a TAKKE IKOJIOTHUECKUX M COIMANBHBIX TTOCIEICTBUH.

Memoowi: TeopeTnaeckuii 0030p HAYTHOH JIUTEPATYPHI IO TEME MCCIIEIOBaHNS.

Peszynomamei: Ha ocHOBe MHTEpaTypHBIX TaHHBIX IPUBEIEHBI apTYMEHTHI B TIOJIB3Y M IMPOTUB BHEIAPEHUS TEXHO-
JIOTHH T€HETHIECKON MOIM(HUKAINN B CENbCKOE XO3AHCTBO. PacCMOTpEeHBI MOTEHIMATBHEIE BHITOABI I PUCKH, KOTOPHIE
MOJKET ITOBJICYb 33 COOOH MPUMEHEHUE TAHHOW TEXHOJIOTHH.

Bvi600bi:  YCTaHOBIIEHO, YTO TEHETHYECKas MOAU(MUKAIUS CEIbCKOXO3IUCTBCHHBIX KYIBTYP IMPEIOCTABIISICT
MHOECTBO MPEUMYIIECTB, CIIOCOOCTBYSI YIPOIICHUIO MMPOU3BOACTBEHHBIX MPOIIECCOB, MOBBIIICHUIO MapKHHATBHOCTH
MIPOU3BOJICTBA, COKPAIICHUIO YOBITKOB, BEI3BAHHBIX 00JC3HAMHU U BpeauTeasiMu. CHIDKEHUE 3aTpaT Ha BBIpAI[UBAHKE, B
CBOIO OUYepe/lb, IPUBOJNUT K CHIDKCHUIO IICH Ha MPOIYKTHI MMUTAHUSA, YTO MOXKET CTATh KIFOYOM K PEIICHHUIO MIPOOIEMBI
roJOo/a B Pa3BUBAIOIIMXCS CTpaHaX. BBISBICHO, YTO UCIOJIB30BaHIE TEHHOMOIU(DUIIMPOBAHHBIX KYJIBTYp HE TOJBKO HE
HAHOCHT Bpena OMOJOTHYeCKOMY pa3HOOOpas3wio, HO, HAIPOTHB, COCOOCTBYET €ro paciupeHuto. Pe3ynbraTsl mccie-
JTOBaHUS MOTYT HalTH OTpa’keHHE MPH 00OCHOBAHNUH CTPATETHH arpapHOTo Pa3BUTHS PETHOHOB.

Knioueswvie cnosa: cenbckoe Xo3sicTBo, skoHoMuka AIIK, renernmueckuit nmxuaupuaT, MO, GHOTEXHOIOTHS,
sKOHOMHYECKas 3((HEKTHBHOCTD, 3€PHOBBIE KYJIbTYPBI.

References

Ashok, K. R., Giuliani, A., Thilagavathi, M., Raj, S. V., Ramamoorthy, R., Devi, M., & Sanjeevikumar, A. (2017). Trait
valuation in genetically modified crops: an ex-ante analysis of GM cassava against cassava mosaic disease. Agricul-
tural Economics Research Review, 30(2), 223-234.

Azadi, H., & Ho, P. (2010). Genetically modified and organic crops in developing countries: A review of options for
food security. Biotechnology Advances, 28(1), 160—168.

Bouis, H. E., & Saltzman, A. (2017). Improving nutrition through biofortification: a review of evidence from
HarvestPlus, 2003 through 2016. Global Food Security, 12, 49-58.

Brookes, G., & Barfoot, P. (2020). Environmental impacts of genetically modified (GM) crop use 1996-2018: impacts
on pesticide use and carbon emissions. GM Crops & Food, 11(4), 215-241.

Brookes, G., & Barfoot, P. (2020). GM crop technology use 1996-2018: Farm income and production impacts. GM
Crops & Food, 11(4), 242-261.

Carpenter, J. E. (2011). Impact of GM crops on biodiversity. GM Crops, 2(1), 7-23.

Desai, K., & Modi, N. (2020). Genetic Modification of Plants: An Emerging Technology. International Journal of Ag-
riculture System, 8(2), 64—76.

38 BecTHuk KaparaHgmHckoro yHusepcurteTa



Economic, social and environmental consequences ...

Garipov, F. N., Gizatullin, Kh.N., & Garipova, Z.F. (2016). Osnovnye napravleniia preodoleniia vyzovov XXI veka v
agrosfere. Ekonomika regiona, 12(1), 105-116 [in Russian].

Gmeiner N., Puls S. (2019). International seed markets — Some facts we collected. Retrieved from
https://www.rightseeds.de/en/international-seed-markets-some-facts-we-collected/

Holst-Jensen, A. (2009). Testing for genetically modified organisms (GMO): Past, present and future perspectives. Bio-
technology Advances, 27(6), 1071-1082.

Juma, C. (2015). The new harvest: agricultural innovation in Africa. Oxford University Press.

Kaya, I. H. (2020). Genetically modified organisms and regulations concerning biotechnological products. Cambridge
Scholars Publishing.

Kliimper, W., & Qaim, M. (2014). A meta-analysis of the impacts of genetically modified crops. PloS One, 9(11), 1-7.

Lloyd, S. J., & Chalabi, Z. (2021). Climate change, hunger and rural health through the lens of farming styles: An
agent-based model to assess the potential role of peasant farming. PloS One, 16(2), 1-35.

Mendiondo, G. M., Gibbs, D. J., Szurman-Zubrzycka, M., Korn, A., Marquez, J., Szarejko, I.,... & Holdsworth, M. J.
(2016). Enhanced waterlogging tolerance in barley by manipulation of expression of the N-end rule pathway E3 lig-
ase PROTEOLYSIS 6. Plant Biotechnology Journal, 14(1), 40-50.

Nes, K., Schaefer, K. A., & P Scheitrum, D. (2021). Global food trade and the costs of non[Jadoption of genetic engi-
neering. American Journal of Agricultural Economics. Ahead of print. 1-22.

Nuthalapati, C. S. R. (2020). From genetic engineering to gene editing: Harnessing advances in biology for national
economic development. In Bioeconomy for Sustainable Development (pp. 111-139). Springer, Singapore.

Petrick, J. S., Bell, E., & Koch, M. S. (2020). Weight of the evidence: Independent research projects confirm industry
conclusions on the safety of insect-protected maize MON 810. GM Crops & Food, 11(1), 30-46.

Raman, R. (2017). The impact of genetically modified (GM) crops in modern agriculture: A review. GM Crops &
Food, 8(4), 195-208.

Saputri, V.H.L., Sutopo, W., Hisjam, M., & Ma’aram, A. (2019). Sustainable agri-food supply chain performance
measurement model for GMO and non-GMO using data envelopment analysis method. Applied Sciences, 9(6), 1—
11.

Séralini, G.E., Mesnage, R., Defarge, N., Gress, S., Hennequin, D., Clair, E.,... & De Venddmois, J.S. (2013). Answers
to critics: Why there is a long term toxicity due to a Roundup-tolerant genetically modified maize and to a Roundup
herbicide. Food and Chemical Toxicology, 53, 476—483.

Slusarczyk, B., Gorka, M., Krochmal-Marczak, B., & Pukajto, A. (2020). Socio-economic consequences of GMO food.
Academy Review, 1(52), 107-114.

Van Eenennaam, A. L., & Young, A. E. (2014). Prevalence and impacts of genetically engineered feedstuffs on live-
stock populations. Journal of Animal Science, 92(10), 4255-4278.

Xu, W., Li, L., Lu, J., Luo, Y., Shang, Y., & Huang, K. (2011). Analysis of caecal microbiota in rats fed with genetical-
ly modified rice by real-time quantitative PCR. Journal of Food Science, 76(1), 88-93.

Ye, X., Al-Babili, S., KIoti, A., Zhang, J., Lucca, P., Beyer, P., & Potrykus, I. (2000). Engineering the provitamin A (B-
carotene) biosynthetic pathway into (carotenoid-free) rice endosperm. Science, 287(5451), 303-305.

Zhang, C., Wohlhueter, R., & Zhang, H. (2016). Genetically modified foods: A critical review of their promise and
problems. Food Science and Human Wellness, 5(3), 116—123.

ECONOMY Series. Ne 3(103)/2021 39



