Alternatives to Transgenic Crops


While it may be true that genetically modified crops have the potential to benefit farmers on a large scale, there are also many possible disadvantages associated with planting GM crops.  In light of the prospective drawbacks and the controversy surrounding GM crops, it is important to consider alternatives that can provide similar benefits to farmers (Altieri, 2000).  This paper discusses some of these alternatives, and compares the pros and cons of improving crops the traditional way as opposed to through genetic modification.

Pesticides and herbicides are the “traditional” methods for controlling pests and disease in the field.  In the 1960s, broad spectrum pesticides were put into place to control for insect pests in the soil.  This system concentrated on a single all-encompassing fumigation of the field prior to planting the crop.  Methyl bromide is the most widely used fumigant because it is by far the most effective in controlling several pests, weeds, and fungi.  However, methyl bromide does not control for wilting by bacteria, Fusarium crown rot or Fusarium wilt of tomato, Fusarium wilt of cucumber, nor Phytopthora root rot of azalea and rhododendron (Chellemi, 2002).  While methyl bromide has proven to be extremely effective in controlling for certain types of pests, it is not the best method for controlling all types.  

In addition to methyl bromide, non-steroidal ecdysone insecticides have proven to be effective in pest control.  Tebufenozide, methoxyfenozide, and halofenozide mimic insect hormones, interacting with the ecdysone receptor complex.  An insect molting hormone, 20E, is activated by the ecdysone receptor complex.  Most insects use the 20E hormone, but tebufenozide and methoxyfenozide are only toxic to Lepidoptera.  This is due to differences in binding affinity to the ecdysone receptor complex.  Halofenozide is more toxic to beetles and grubs.  All three insecticides cause premature lethal molting in larvae with double cuticles.  These insecticides have proven to be effective in low doses worldwide, and there is low toxicity to mammals, birds, and fish.  Studies show tebufenozide to be nontoxic to beneficial insects like spiders and bees.  Insects will eventually develop resistance to tebufenozide, methoxyfenozide, and halofenozide insecticides, but it is unlikely that cross-resistance will develop with other types of insecticides since the modes of lethality are distinctly different (Croft and Hoyt, 1978).

Petroleum spray oils are effective in controlling small, immobile insects.  Oils are used to control whiteflies, mites and scales in Florida and scale, mites, aphids, psylla, mealybugs, and fruit-feeding Lepidoptera in California.  Oils prevent ovipostioning of insects, and so must be sprayed at the appropriate time to be effective (Rae et al., 1996).

Pyrethroid and organophosphate insecticides are used to fight whitefly infestations of cotton, melons, and cole crops in California (Prabhaker et al., 1998).  Pyrethroid insecticides have a low toxicity to mammals and high toxicity to most insect species (Dhadialla and Jansson, 1999).  These insecticides, like all insecticides, will become ineffective if not used in combination with integrated pest management strategies since insects will develop resistance.  Normal response to insect resistance is to either increase dosage/application or to apply different chemicals, but this can become expensive.  In addition, increased dosage places more pressure on the insect population to select the resistant individuals.  Integrated pest management can lower costs and lessen the effects of insect resistance to pesticides (Prabhaker et al., 1998).  In the 1960s and 70s, integrated pest management programs (described below) that took advantage of beneficial insects significantly reduced pesticide usage on apple crops in the United States.  Mite control costs dropped dramatically, and the prevalence of insect/mite resistance leveled off (Dhadialla and Jansson, 1999).  A greenhouse study was performed many years later to determine how quickly resistance to selected pesticides would develop in a closed system.  Whiteflies did not develop low resistance until generation F15.  This study could not determine which program, mixtures or rotations, was more effective, but both proved promising in delaying resistance to insecticides.  Rotations and mixtures can only be effective if the pesticides are of different classes and do not have cross-resistance (Prabhaker et al., 1998).  Pyrethroids, and any chemical applicant, should be used sparely so as to delay the development of insect resistance (Dhadialla and Jansson, 1999).

Not all farmers apply chemical insecticides/herbicides to their crops in the same manner.  There are three main approaches that use chemicals to manage soil borne pests: the single tactic approach, integrated pest management, and the proactive approach.  The single tactic approach involves routinely spraying the fields with a broad ‘biocide’ to control for all pests.  It is popular with growers because the application timing is based on calendar date and the growing season can be lengthened since there is less damage by pests.  There is no need to process information about pest biology like there is with the integrated pest management approach.  However, the single tactic approach can be detrimental since farming industries often depend on only one treatment.  This can affect its availability, and over-application of any one chemical increases production costs and disrupts the environment in several ways (Chellemi, 2002).

Integrated pest management (IPM) is described as “the coordinated use of multiple tactics to maintain damage from pests below an economic threshold while conserving beneficial organisms” (Chellemi, 2002).  The economic threshold of an insect is how large the population of a particular insect can get before it will negatively affect the crop.  IPM is based on many interacting ecological principles like natural pest mortality rates and predation relationships.  Ecologically based pest management (EBPM) is an updated version of IPM that uses several biological components to minimize the presence of pest populations.  Knowledge of pest biology and physical/chemical/biological complements is needed.  IPM and EBPM are eco-friendly since they reduce the amount of pesticide needed, but there are disadvantages to these approaches (Croft and Hoyt, 1978; Chellemi, 2002).  Many economic thresholds of pests have not been determined, and sampling methods to determine them are not economically feasible.  Several pathogens are present in such small amounts they fall below the threshold of detection.  Also, farmers who have relied on a single tactic method would be reluctant to adopt a method such as this that relies on much biological information.  An IPM system creates more work for them than their normal all-encompassing spraying method (Chellemi, 2002).  

The proactive approach aims to avoid pest outbreaks altogether.  The most common example is integration of soil-less media into a greenhouse to avoid soil pest problems entirely.  Minimum tillage plots are another example.  To be effective, this approach must be considered in the designing of the crop production system.  That is, it cannot be integrated into an existing system.  Avoidance of all pests is not often realistic, and a proactive system may increase the infestation of non-target pests (Chellemi, 2002).

Besides chemicals, there are other methods to increase crop yields and decrease pest populations.  Useful agriculture traits in crops are obtained by phenotypic observation in the field.  Mendelian genetics gave modern scientists and farmers the basis for pedigree-based breeding (Gebhardt et al., 2004).  Traditional plant breeding focuses on conferring resistance with a single dominant gene, and many types of commercial crops have been successfully bred this way.  Of course, there are risks (such as gene flow) with introducing resistant species into the field.  Traditional breeding has been used to grow plant pathogen resistance, but has not been utilized to increase crop ability to compete with weeds.  This would be a useful development to control for economic loss due to weeds.  Harpin proteins have proven promising in initiating pathways that control expression of plants’ natural defense system (Chellemi, 2002).  

Potatoes, an important crop in the third world, are an example of traditional breeding using Mendelian genetics.  They are tetraploid crops with tetrasomic inheritance.  Potatoes are bred, as are most other crops, by crossing heterozygous parents and choosing desired offspring.  New genes conferring resistance to late blight were first introduced via a wild hexaploid potato species, Solanum demissum.  S. demissum has a high resistance to late blight, a disease which can cause complete destruction of potato fields (Gebhardt et al., 2004).  

Soil solarization is another method used to increase crop yields.  In the soil solarization process, a transparent film is placed over the field for six to eight weeks and used to capture heat in the soil.  The intense heat is effective in controlling soil borne pests, and the system is cost efficient.  However, results in the field have had varying results due to numerous environmental factors like field location, soil type, amount of moisture, and microbial populations.  In addition, soil solarization cannot be used alone, but generally goes well together with other non-chemical pest management systems (Chellemi, 2002).

Besides breeding and soil solarization, organic farming is another method that has been done for many decades.  It can be effective in controlling pest infestation.  Manure and sledge from animal or human wastes have shown to be effective in controlling disease, nematode infestation, and weeds.  Municipal solid waste has been used to control weeds in vegetable crop fields.  There are downsides, however.  Compost types are not currently standardized and so consistency is not optimized for use in crop fields.  There are logistical problems with purchasing, transporting, and applying of large amounts of compost.  For these reasons, compost use is concentrated in nurseries (Chellemi, 2002).

Organic farming is an example of an agroecological approach to farming.  The developing world would be greatly helped by the integration of agroecological technologies.  These methods can produce enough food to feed small farmers while benefiting the environment and promoting self-reliance.  In agroecological systems, emphasis is placed on conserving resources (including financial resources), using natural fertilizers/pesticides/herbicides over synthetic ones, and planting a diversity of crops, as well as community participation.  In Central America, the velvet bean (Mucuna deeringiana) is being utilized as a “green manure” which is a crop that is grown and then plowed under to function as fertilizers.  They replace nitrogen in the soil, protect against wind and water erosion, and can be used as feed for animals.  Green manures are good for the environment and third world farmers as they are not toxic, inexpensive, and easily sustainable.  Farmers in Central America who use green manures have seen corn yields more than double and topsoil has not been preserved (Altieri, 2000).

In Malawi, an experiment was undertaken to determine the effect of green manures on subsequent maize crops.  Combinations of organic and inorganic fertilizers on maize crops were tested as well.  For three growing seasons, five sites with seven main plots each were tested.  A maize hybrid was planted following a legume crop residue (Mucuna pruriens, Crotalaria juncea, or L. purpureus).  Three sub-plots consisted of no inorganic fertilizer, low inorganic fertilizer, or high inorganic fertilizer.  Inorganic fertilizers increased maize yield at all five sites tested.  More inorganic fertilizer caused greater yields in plots where legumes were rotated than in those plots that had a continuous monocrop of maize.  Greater fertilizer efficiency was seen at plots that combined organic and inorganic fertilizers.  Fertilizer efficiency was even higher when green manures had just been incorporated and one season after they were incorporated.  Mucuna pruriens is effective even on poor soils.  The three legumes used have high nitrogen content that is good for the crop planted on that field.  The highest nitrogen efficiency was seen with the combination of low inorganic fertilizer use and any of the three green manures in the first year of year manure application.  Maize yields increased when maize was grown after legumes rather than maize after maize.  These data show that the three legumes can be a good alternative source of fertilizer following a maize crop (Sakala et al., 2003).  It implies that most legumes will be good at increasing the productivity of the field.

Crop residues are important in maintaining rice soil productivity, and can be effective in controlling pests.  Broccoli residue has shown to suppress Verticillium wilt in cauliflower and strawberries (Surekha, 2003; Chellemi, 2002).  Field research in India was conducted by the International Rice Institute and the Doctorate of Rice Research to determine if various crop residues had an effect on soil properties, pest incidence, and rice yields.  Five residue treatments were tested on plots with normal dosages of inorganic fertilizers: 100% in situ rice straw incorporation in wet and dry seasons, 50% in situ straw incorporation in wet and dry seasons, 100% in situ straw incorporation plus green manure (Sesbania aculeata) in wet seasons only, 100% straw burning in wet and dry seasons, and the control of harvest and removal in both wet and dry seasons.  The straw and green manure mixture added the most nutrients back to the soil and increased yellow stem borer populations the most.  The green manure mixture showed the third highest yield increase behind the burning treatment and the control.  The increase seen with green manure is most likely due to increase nitrogen uptake.  The incorporation of rice straw improves soil fertility, thereby increasing yields.  Crop residues increased all essential plant nutrients and improved soil properties, but had little effect on diminishing rice diseases (Surekha, 2003).  These results show that residues from previous crops can increase nutrients in the soil, but are ineffective in controlling disease.  Crop residues can be useful for farmers who need to replenish their land, but they will have to investigate other ways to control for crop disease and pests.
Legume cover crops have also been shown to reduce soil erosion and add nitrogen to the soil for future crops.  In humid regions, legumes are normally planted in late summer or early fall to cover the field for late spring/summer crops like corn.  An experiment to test the effect of interseeding legumes on nitrogen yield and fertilizer replacement value among other things was performed in New Mexico.  Neither interseeding time nor legume species affected sweet corn yields.  Nitrogen uptake after legumes were planted was higher at all locations when compared to the non-interseeded control.  Two legumes, hairy vetch and alfalfa, could potentially serve as good intercrops for sweet corn in the high desert region of the southwestern United States (Guldan et al., 1997).


Crop residues can come in different forms.  A cover crop is grown between the growing seasons of the cash crop, while a rotational crop is grown instead of the cash crop for several growing seasons.  Cover crops must grow quickly, compete with weeds, and not have the potential to return as weeds themselves.  They are used to retain soil moisture and reduce pest pressure.  Some examples are millet, rye, and various legumes.  Rotational crops serve to eradicate soil pests as well as increase yields of the cash crop in the future.  Crop rotation is difficult in that stands take a while to grow, and a lot of time must be invested in leaving the rotational crop in place to exterminate pests in the soil (Chellemi, 2002).  Crop rotation and cover crops are a beneficial way to replace nutrients lost to farming, but intercropping can accomplish this as well as control for pests and disease.
Since different plants play host to different pests/diseases, intercropping minimizes the homogeneity of the pest/disease population, making plants better able to protect themselves against disease and pest stresses.  Pure cultivars give virulent strains of disease a selective advantage and have little ability to adapt to changing disease/pest presence  (Browning and Frey, 1969).  Many various studies have shown that monoculture or monocropping is not advantageous to farmers.  Monoculture increases pest problems (Zhu et al., 2003).  Pesticides and herbicides are too expensive and do not solve all pest problems.  Intercropping can decrease or eliminate their use while increasing biodiversity and controlling pest populations (Khan et al., 1997; Khan et al., 2000).  Intercropping also produces higher yields than monocropping (Browning and Frey, 1969; Leong and Zaharah, 1991; Wolfe, 1985).  Solar and soil resources are more efficiently utilized under intercropping systems (Leong and Zaharah, 1991).  While intercropping cannot protect against climatic stresses like drought or a late frost (Wolfe, 1985), is a better method for farmers as the experiments outlined below describe.

There are two ways preserve crop variety: ex situ and in situ.  Ex situ is mainly done via seed banks.  In situ is preferred as it places different varieties in the field.  In their original habitats, crops are able to evolve genetic adaptations (Zhu et al., 2003).  A field study in the Yunnan Province, China tested the theory that crop heterogeneity could diminish the incidence of disease.  Plots with mixtures of hybrid rice and glutinous rice were compared to monoculture sites of each type of rice at fifteen different sites.  In mixed plots, yield increased 89% and rice blast incidence decreased 94%.  After two years, fungicide applications were not longer necessary (Holdrege and Talbott, 2001; Zhu et al., 2000).  The success of mixtures could be attributed to increased distance between genotypes or height differences among crops.  Height differences created an environment that was not conducive to rice blast development.  Mixture plots had no dominant pathogen strain present, while monoculture plots were dominated by one or two pathogen strains.  “Increased pathogen diversity may also slow adaptation of the pathogen to resistance genes functioning within a given mixture” (Zhu et al., 2000).  Rice is harvested by hand in the Yunnan Province, so intercropping does not pose an additional hurdle for farmers since hybrid and glutinous rice have different uses.  In 2000, more than 40,000 hectares of mixed plots were grown.  This study, along with others, show that an easy ecological approach can be utilized to effectively control disease on a large scale (Zhu et al., 2000; Browning and Frey, 1969).


The Zhu approach taken in the Yunnan Province increases yields, controls disease, and reduces fertilizer usage.  The right combinations of traditional rice and hybrid rice must be chosen and planted in an appropriate cultivation model.  Traditional varieties should have good demand on the market, and be of high quality and good flavor.  The hybrid rice ought to have high yields, be short, and be resistant to rice blast.  Rice should be planted normally, the hybrid rice being planted first.  The strains should have similar maturity rates and yields.  Choosing the right varieties can be difficult for farmers since it is hard to predict what interactions the plants will have until they have been planted (Wolfe, 1985).  Intercropping is only effective when the disease being controlled for is species specific.  Otherwise, intercropping becomes ineffective as both plants will be affected (Zhu et al., 2003).

Although developed by scientists, the implementation is simple enough where even farmers with little education can master it.  Since the technique was started, traditional varieties in the Yunnan Province have increased significantly.  There are big economic benefits to farmers since the approach produces high yields with little input.  Other crops have been experimented with as well.  Tests have been done with combinations of wheat/fava beans, potato/maize, and oil rape/fava bean.  If executed appropriately, this approach could bring benefits for many crop species in various parts of the world (Zhu et al., 2003).

Intercropping crops with long growing seasons with crops with short growing seasons increases overall productivity in the long-term crop.  In Telong, Kelantan, Malaysia, cabbage was intercropped with chilli at different times in the growing season: at week zero, week 1, and week 3.  The cabbage was also intercropped at differing spatial arrangements for each intercropping difference.  Four cabbage monocrop plots served as controls.  The experiment tested if planting time and/or spatial arrangement had an effect on the outcome of the crop.  Even spacing (at 60 cm by 60 cm) had the highest yield than other planting distances.  When the cabbage was intercropped with chilli simultaneously or at 1 week, it produced much higher yields than cabbage planted 3 weeks after chilli.  After 3 weeks, the chilli plants showed stunted growth due to shading effects from the cabbage.  The intercropping system increased land productivity and increased yields.  Therefore, intercropping shows an economic advantage over monocropping (Leong and Zaharah, 1991). 

Field trials in Africa have used intercropping as away to attract pests to plants other than the main crop.  A ‘push-pull’ system was developed that minimized damage by cereal stem borers and striga on maize and sorghum (Khan et al., 2000).  Maize and sorghum are grown on plots surrounded by natural stem borer hosts, and so it is important to understand the relationship between crop plants, wild hosts, the stem borer species, and its natural predators, as each of these factors will affect the pest population (Khan et al., 1997).  When the ‘push-pull’ was tested in sub-Saharan Africa, maize planted with a Sudan grass border realized a 33% reduction of pests inside the maize crop when compared with the maize monoculture.  The Sudan grass had eight times as many larvae than the maize, and increased the population of natural stem borer predators.  Harvesting the Sudan grass after six weeks destroyed the stem borer larvae.  Striga was controlled by intercropping maize with silverleaf (Desmodium uncinatum) or greenleaf (Desmodium intortum).  Melini minutiflora was previously shown to repel stem borers more effectively, but silverleaf and greenleaf are effective in controlling S. hermonthica in addition to stem borers.  The intercropped plots saw much less striga infestation than the monocrop (Khan et al., 1997; Khan et al., 2000).  
The Sudan grass acts as a trap plant to pull pests away from the main crop, and the silverleaf or greenleaf acts as a repellent to push pests toward the Sudan grass border (Holdrege and Talbott, 2001; Khan et al., 2000).  All the plants involved in the ‘push-pull’ system should have value to the farmers.  The trap and intercrops used in this experiment can be used as feed for cattle.  This system has shown to return more economic benefits for the farmer when compared to pesticide or monoculture systems (Khan et al., 2000).  No chemicals were applied, nitrogen was added to the soil, erosion was prevented, and there were no costs to the farmer (Holdrege and Talbott, 2001).  As there were no costs to the farmer, yet great economic gains, this system could prove to be very beneficial to subsistence farmers in third world countries.  It will produce more food with traditional practices at the same cost. 

If intercropping is not possible, crop variety can be simulated by not treating all crops in the same field with a particular pesticide so some plants are susceptible and others are resistant.  Cowpea (Vigna unguiculata Walpers) has been grown with many crops in Nigeria to reduce pest infestation.  Cowpea success as an intercrop has been attributed to allelochemical response, which are “released by heterogeneous elements within a crop” (Ward et al., 2002).  Soybean was intercropped with cowpea in an experiment in Igalaland, Nigeria to determine its effect on pest infestation since soybeans are not a major host for two big cowpea pests.  There were eight treatments ranging from sole untreated cowpea to a 75% pesticide treated soybean/25% untreated cowpea intercrop.  Those plots with more insecticide treated plants had less leaf damage.  In the early season, as the percentage of soybean increased in the intercropped plots, the incidence of cowpea leaf damage decreased.  This was not seen in the late season.  Treatment with insecticide was more effective in reducing leaf damage than soybeans were.  The soybean intercropping did not simulate crop variety as partial insecticide treatments do.  It is possible the presence of soybean created an environment where some pests would be likely to flourish.  “Allelochemical volatiles from soybean may have had some effect in reducing pests,” but pesticide treatment was more effective (Ward et al., 2002).  This experiment shows that all intercropping methods will not be effective, but there is enough other research to suggest that done correctly, intercropping is generally a more productive system to increase yields and reduce pests.

Opponents to intercropping argue that field experiments have only been conducted in relatively few environments (Wolfe, 1985).  Since experiments have been concentrated in a few areas, it is hard to determine if intercropping could be a useful practice for farmers worldwide.  However, most experiments have taken place in third world countries (or similar arid environments) and farmers in these countries are the ones who will benefit the most from intercropping developments.  
Other field studies have tested different methods for increasing yields, bettering the soil, or reducing pest infestation.  In a field study in Uganda, late blight severity was reduced by 50% and yields were increased by 30% by integrating fungicide application and host resistance.  Breeding efforts in the area have concentrated on conferring resistance to manage disease outbreaks.  Separately, fungicide applications, resistant crops, and variation of planting times were known to slow late blight, but their interactive effects were unknown.  This study attempted to determine what the interactive effects would be.  Early planting slowed disease development, had the highest response to fungicide applications, and produced higher yields than did late planting.  Host resistance and fungicide applications are important to successfully managing late blight outbreaks.  This study showed that susceptible potato varieties can be grown as long as fungicide applications are well-timed.  (Kankwatsa et al., 2002)

A study in two villages in Tanzania showed that the benefits of maize/cowpea intercropping could be most effectively maximized by a tied-ridging method.  In a tied-ridging method, crops are grown on small ridges in relation to the contour of the land.  The furrows are blocked off to retain rainwater as a form of irrigation.  Nine different combinations of monocrop maize/maize-cowpea intercrop, flat/tied-ridged tillage practices, and commercial fertilizer/farm yard manure made up the treatments in this experiment.  Plots with tied-ridging practices that did not receive fertilizer treatment saw an increase in the positive effects of intercropping.  In environments like the one in Tanzania, water and nitrogen are the major limiting factors in farming production.  The effectiveness of tied-ridging systems can be attributed to the positive effects of fertile topsoil for roots, increased water availability, and reduced soil erosion, as well as the negative effects of topsoil crusting and poor internal drainage leading to aeration and reduction of nitrogen levels.  Subsistence farmers will see the greatest benefits with tied-ridging by forgoing fertilizer treatments, whereas a tied-ridging/fertilizer combination will benefit “market-oriented” households.  The tied-ridge system increased crop response to rainfall and fertilizer, increased the nitrogen in the soil, and increased total grain yield.  (Jensen et al., 2003)


Chemical applications and agricultural biotechnology, while beneficial, are not needed to improve crop yields.  Simple cultural practices such as the combination of high nitrate/low ammonium fertilizers, the application of lime, the raising of soil pH, and proper site preparation can be utilized to control for various diseases and pests, as well as optimize the soil for crop growth.  These practices are already in place by farmers, eliminating the need for farmer education and potential additional costs that could come with other practices (Chellemi, 2002).  
In conclusion, commercial growers are not apt to rely on a single non-chemical alternative to methyl bromide, although most non-chemical methods will sufficiently support chemicals that are less effective.  Non-chemical methods are also more useful for poor farmers (Chellemi, 2002).  The suggested method of managing insect populations using insecticides, in any location, is frequent application of a rotation of several types of pesticides, limiting the number and sequence of application on various crops (Croft and Hoyt, 1978).  An ideal spatial arrangement in an intercropping system would not place those crops which are susceptible to the same pests or diseases close together (Wolfe, 1985).  In Africa, Asia, and Latin America, agroecological approaches are already showing advantages in food security.  Increased crop productivity obviously increases the food supply, but also reduces poverty (Altieri, 2000).  There are other ways to increase crop productivity without using biotechnology, and the methods described here could prove to be more effective in feeding the world’s growing population.  
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