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Vegetables are indispensible in human diet. Nutritional security is 

achieved through increased per capita availability of quality vegetables. Vegetable 

production, due to their cultivation intensity, suffers from many biotic stresses. 

Vegetables are often consumed in fresh form, so pesticide residue and biological 

contamination is a serious issue for human health. Consumers worldwide are 

increasingly concerned about the quality and safety of their food. Transgenic crops, 

commonly referred to as genetically modified (GM) crops, enable breeders to bring 

favourable genes, often inaccessible by conventional methods, into elite cultivars, 

improving their value considerably and offering unique opportunities for controlling 

insects and other pathogens. Many vegetable crops have been genetically modified 

to include resistance to insects, other pathogens (including viruses), and herbicides 

and for improved features, such as slow ripening, higher nutritional status, seedless 

fruit, and increased sweetness. Now this has become the area of concern for research 

workers throughout the world. This review focuses on the salient features of this 

technology and limitations in commercialising the GM crops with special reference 

to vegetable crops. 

 

INTRODUCTION 

Transgenic crops, commonly referred to as genetically modified (GM) crops, 

enable breeders to bring favourable genes, often inaccessible by conventional 

methods, into elite cultivars, improving their value considerably and offering unique 

opportunities for controlling insects and other pathogens. Many vegetable crops have 

been genetically modified to include resistance to insects, other pathogens (including 

viruses), and herbicides and for improved features, such as slow ripening, higher 

nutritional status, seedless fruit and increased sweetness. (Silva and Ortiz, 2013).  

 

 Vegetable production, due to their cultivation intensity, suffers from many 

biotic stresses caused by pathogens, pests, and weeds and requires high amounts of 

pesticides per hectare. The main method for controlling pathogens, pests, and weeds 

has been the use of pesticides as vegetables are high-value commodities with high 

cosmetic standards. Synthetic pesticides have been applied to vegetable crops since 

the 1950s, and have been highly successful in reducing crop losses to some insects, 
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other pathogens, and weeds. Vegetables account for a significant share of the global 

pesticide market. About 20% of the world’s annual pesticides expenditures 

(amounting to US$ 8.1 billion) are spent for growing vegetables (Krattinger, 1998). 

Only cotton used more insecticides than vegetables on an area basis. Despite pesticide 

use, insects, pathogens, and weeds continue to cause a heavy toll on world vegetable 

production. Pre harvest losses are globally estimated as 15% for insect pests, 13% for 

damage by pathogens, and about 12% for weeds (Pimentel, 1997). Ironically, 

pesticide residues could affect the health of growers and consumers and contaminate 

the environment. Vegetables are often consumed in fresh form, so pesticide residue 

and biological contamination is a serious issue for human health (Dias and Ryder, 

2011). Consumers worldwide are increasingly concerned about the quality and safety 

of their food, as well as the social and the environmental conditions under which it is 

produced. The genetically modified crops represent a promising technology that can 

make a vital contribution to global food, feed and fiber security.  

 

Current status of the GM crops  

 Year 2015 is the 20th year of commercialization of biotech crops. From the 

initial planting of 1.7 million hectares in 1996 to 179.7 million hectares in 2015, it 

was a remarkable 100-fold increase since start of commercialization. In total, 28 

countries are growing GM crops. Thus, biotech crops are considered as the fastest 

adopted crop technology in the history of modern agriculture. 

Table 1. Global Area of Biotech Crops in  2014 and 2015:(million hectares) 

Rank Country 2014 2015 

1 USA 73.1 70.9 

2 Brazil 42.2 44.2 

3 Argentina 24.3 24.5 

4 India 11.6 11.6 

5 Canada 11.6 11.0 

6 China 3.9 3.7 

7 Paraguay 3.9 3.6 

8 Pakistan 2.9 2.9 

9 South Africa 2.7 2.3 

10 Uruguay 1.6 1.4 



INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY ADVANCED RESEARCH TRENDS 
ISSN : 2349-7408  
VOLUME IV, ISSUE 1(3) JANUARY, 2017 

 27 

 
Fig. 1. Area under GM crops across crops  (FAO, 2013) 

  

 In 2015, the global market value of biotech crops was US$15.3 billion 

representing 20% of the US$76.2 billion global crop protection market, and 34% of 

the ~US$45 billion global commercial seed market. Of the US$15.3 billion biotech 

crop market, US$10.9 billion (72%) was in the industrial countries and US$4.4 billion 

(28%) was in the developing countries. The accumulated global value of biotech 

crops since 1996 is estimated at US$148,808 million. 

 

The first genetically modified food approved for release was the Flavr 

Savr tomato in 1994 developed by Calgene, it was engineered to have a longer shelf 

life by inserting an antisense gene that delaye ripening. China was the first country to 

commercialize a transgenic crop in 1993 with the introduction of virus-resistant 

tobacco. By 2010, 29 countries had planted commercialized biotech crops and a 

further 31 countries had granted regulatory approval for transgenic crops to be 

imported. The US was the leading country in the production of GM foods in 2011, 

with twenty-five GM crops having received regulatory approval. In 2015, 92% of 

corn, 94% of soybeans, and 94% of cotton produced in the US were genetically 

modified strains. The most widely planted GMOs are designed to tolerate herbicides. 

By 2006 some weed populations had evolved to tolerate some of the same 

herbicides. Palmer amaranth is a weed that competes with cotton. A native of the 

south western US, it travelled east and was first found resistant to glyphosate in 2006, 

less than 10 years after GM cotton was introduced. In 1995, Bacillus 

thuringiensis (Bt) Potato was approved for cultivation, making it the first pesticide 

producing crop to be approved in the USA. Other genetically modified crops 

receiving marketing approval in 1995 were: canola with modified oil composition, Bt 

maize, cotton resistant to the herbicide bromoxynil, Bt cotton, glyphosate-

https://en.wikipedia.org/wiki/Flavr_Savr
https://en.wikipedia.org/wiki/Flavr_Savr
https://en.wikipedia.org/wiki/Monsanto#Spin-offs_and_mergers
https://en.wikipedia.org/wiki/Sense_(molecular_biology)#Antisense_DNA
https://en.wikipedia.org/wiki/Palmer_amaranth
https://en.wikipedia.org/wiki/Bacillus_thuringiensis
https://en.wikipedia.org/wiki/Bacillus_thuringiensis
https://en.wikipedia.org/wiki/Canola
https://en.wikipedia.org/wiki/Bt_maize
https://en.wikipedia.org/wiki/Bt_maize
https://en.wikipedia.org/wiki/Bromoxynil
https://en.wikipedia.org/wiki/Bt_cotton
https://en.wikipedia.org/wiki/Glyphosate
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tolerant soybeans, virus-resistant squash, and another delayed ripening tomato. With 

the creation of golden rice in 2000, scientists had genetically modified food to 

increase its nutrient value for the first time.  

 

Achievements in transgenic vegetables  

 The potential advantages of genetically engineered foods include improved 

nutrition and taste, decreased use of pesticides, increased tolerance to drought, 

increased yield and decreased production costs, In vegetable crops, the main aim is 

the production of transgenic plants with disease and pest resistance because of the 

worldwide importance for the grower despite the present difficulty in their public 

acceptance.(Mii et al.,2013) 

 

Tomato 

 The first commercially grown transgenic crop was Flavr Savr™ tomato. This 

tomato contains an antisense version of the polygalacturonase (PG) gene. The use of 

this gene ensued after many years of research on several genes involved in fruit 

development and tomato ripening. They were identified, cloned, and characterized to 

breed transgenic tomato cultivars (Kramer and Redenbaugh, 1994). However, Flavr 

Savr™ tomato failed in the market since this cultivar was considered inferior by 

growers, and was rapidly withdrawn from the market. Tomato fruit ripening 

manipulation has been however achieved by introducing anti-ripening genes (rin and 

nor) in heterozygous genotypes. These genes have been incorporated in many fresh 

and processing tomatoes (Dias and Ortiz, 2012). 

 

Antisense suppression of one of the tomato β-galactosidase genes (TBG4) 

resulted in producing fruits that at red-ripe stage were 40% firmer than the wild type 

control Such tomatoes might be expected to preserve good texture as a fresh-cut 

product and be good candidates for minimal processing (Rodov 2007). 

 

Potato: 

NewLeaf®, NewLeafY®, and NewLeafPlus® were the trade names of the 

transgenic potato cultivars sold by NatureMark®, a subsidiary of Monsanto® 

(Thomas et al., 1997). The New Leaf potato, a GM food developed using naturally 

occurring bacteria found in the soil known as Bacillus thuringiensis (Bt), was made 

to provide in-plant protection from the yield-robbing Colorado potato beetle. The 

New Leaf potato, brought to market by Monsanto in the late 1990s, was developed 

for the fast food market. It was withdrawn in 2001 after retailers rejected it and food 

processors ran into export problems.  

 

The ability of growers to save potato tubers for future plantings, the 

registration of imidacloprid, a new insecticide that gave excellent control in the same 

year that Bt-potato became available to growers, the request by consumers to 

segregate transgenic potatoes, and trade issues driven by international consumers 

could explain why the market growth for transgenic potatoes was not as rapid as the 

owners of the proprietary transgenic technology would have liked (Grafius and 

https://en.wikipedia.org/wiki/Soybeans
https://en.wikipedia.org/wiki/Squash_(plant)
https://en.wikipedia.org/wiki/Golden_rice
https://en.wikipedia.org/wiki/Bacillus_thuringiensis
https://en.wikipedia.org/wiki/Colorado_potato_beetle
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Douches, 2008; Thornton, 2003). International trade barriers were more substantial 

for transgenic potato than other technology adoptions (Guenthner, 2002), which 

further led to discontinuing its use by the processor and commercial grower, hence 

the loss of a market for NatureMark® potatoes.  

 

  Combining natural resistance mechanisms with Bt cry genes could be a 

potential solution to improve potato resistance to PTM (Dias and Ortiz, 2012). Field 

and storage trials in Egypt, under natural infestation, revealed that Bt-cry5 transgenic 

potatoes derived from the cultivar ‘Spunta’ (‘Spunta-G2’, ‘Spunta-G3’, and ‘Spunta-

6a3’) had the highest host plant resistance to PTM, with almost 100% of their tubers 

showing no insect damage in the field, and about 90% free of insect damage after 3-

month storage (Douches et al., 2004). South Africa was selected as the target country 

for releasing and marketing transgenic PTM-resistance potato because of its previous 

in-country experience with genetically modified potato research (Douches et al., 

2008). 

 

Oxidative enzymatic browning caused by polyphenol oxidase (PPO) 

negatively affects the appearance of fresh-cut fruits and vegetables and renders them 

nonmarketable. Bachem et al. (1994) obtained first transgenic potato plants with 

antisense PPO gene. It was shown that antisense inhibition of PPO gene expression 

suppressed enzymatic browning in potato tubers. (Rodov 2007). In 2014, the USDA 

approved a genetically modified potato developed by J.R. Simplot Company that 

contained ten genetic modifications that prevent bruising and produce 

less acrylamide when fried. The modifications eliminate specific proteins from the 

potatoes, via RNA interference, rather than introducing novel proteins 

 

Eggplant: 

Eggplant is attacked by a number of insects including thrips, cotton 

leafhopper, jassids and aphids. The most damaging pest is the eggplant fruit and shoot 

borer (FSB, Leucinodes orbonalis). Losses have been estimated to be between 54 and 

70% in India and Bangladesh and up to 50% in the Philippines (Choudhary and Gaur, 

2009). There are no known eggplant cultivars resistant to the fruit and shoot borer, so 

the use of insecticide sprays continues to be the most common control method used 

by growers. The borer is vulnerable to sprays only for a few hours before they bore 

into the plant, which explains why growers often spray every other day, particularly 

during the fruiting stage that contributes to the presence of pesticide residues. 

 

The GEAC cleared Bt-eggplant for commercialization in October 2009 but 

the Government of India officially announced in February 2010 that more time was 

needed before its release to farmers due to the successful lobbying made by anti-

transgenic crop activists (Kinetz, 2010). The Minister of Environment stated that this 

moratorium for growing Bt-eggplant in India will remain until reaching a political, 

scientific and societal consensus. But Bt-Brinjal is under cultivation in Bangladesh. 

 

 

https://en.wikipedia.org/wiki/Genetically_modified_potato
https://en.wikipedia.org/wiki/J.R._Simplot_Company
https://en.wikipedia.org/wiki/Acrylamide
https://en.wikipedia.org/wiki/RNA_interference
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Sweet corn 

Monsanto® announced recently the release, through its vegetable seed brand 

Seminis®, of a “triple-stack” transgenic sweet corn with host plant resistance to 

insects, which also tolerates glyphosate sprays for weed control (Headrick, 2011). 

This transgenic sweet corn provides protection against damage by European corn 

borers, corn earworms, fall army worms and corn rootworm larvae, and reduces 

insecticide sprays up to 85% vis-à-vis. a non-transgenic sweet corn (Stuart, 2011). 

 

Other crops 
Introduction of disease resistant genes was also attempted in ‘Egusi’ melon 

(Colocynthis citrullus L.), which is important in African countries as a nutrient rich 

seed crop (Ntui et al., 2010). As of 2005, about 13% of the Zucchini (a form 

of squash) grown in the US was genetically modified to resist three viruses; that strain 

is also grown in Canada. GMO sugar beets were engineered to grow faster and to be 

more resistant to weeds. However a federal judge put a halt on processing GMO sugar 

beets due to failure of USDA to present an Environmental Impact Statement (EIS).  

Production of disease resistant plants were also achieved in spinach, which is a 

popular leaf vegetable cultivated worldwide. To improve the nutritional quality and 

to add health-promoting benefits such as high antioxidant levels, it was attempted to 

introduce biosynthesis related genes of astaxanthin, which is known as a strong 

antioxidant, into asparagus (Asparagus officinalis) (Mii et al 2013). One of the known 

approaches for delaying senescence in leafy vegetables is expression of the ipt gene 

responsible for the biosynthesis of cytokinin phytohormones under the control of 

senescence-specific promoter (Gan and Amasino, 1995). Realization of this approach 

in Romaine lettuce resulted in better chlorophyll retention and slower degradation of 

leaf tissues (McCabe et al., 2001). It may be possible that such transgenic lettuce 

genotypes would have advantage also if used for preparing ready-to-eat products. 

 

Conclusion 

 While the industry readily accepts and implements modern biotechnological 

diagnostic methods, new horticultural products based on genetic transformation have 

little chance to reach the market due to the concerns of processors and distributors 

about potential consumer rejection. The only transgenic horticultural crop 

commercialized today on a significant scale is the ringspot-virus-resistant papaya 

(Clark et al., 2004). A paradoxical situation of “full gas in neutral” has developed, 

when research is running but implementation of its achievements is unclear, 

irrespectively of the actual results (Rodov 2007). Genetic engineering has the 

potential to address some of the most challenging biotic constraints faced by 

vegetables growers, which are not easily addressed through conventional plant 

breeding alone. Although the difficult circumstances for the commercialization of 

transgenic crops such as public acceptance of GMO will continue for some time yet, 

transgenic plant breeding provides genetically enhanced seed embedded technology 

that contributes to integrated pest management in vegetable production by reducing 

pesticide sprays as well as improving food safety by minimizing pesticide residues. 

Furthermore, herbicide-tolerant transgenic crops can help reducing plough in fields, 

https://en.wikipedia.org/wiki/Zucchini
https://en.wikipedia.org/wiki/Cucurbita
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thereby saving fuel because of less tractor use, which also protects the structure of the 

soil by reducing its erosion.  Evaluation of the transgenic plants under stress 

conditions, and understanding the physiological effect of the inserted genes at the 

whole plant level remain as major challenges to overcome. Although the progress in 

commercialization of transgenic vegetable crops has been relatively slow, transgenic 

vegetables engineered for nutraceutical and pharmaceutical use will contribute 

significantly to the value added agriculture in near future. 
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