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�   Introduction
A genetically modified organism (GMO) is an organism 

whose gene structure has been altered by genetic engineering 
techniques. These techniques usually refer to methods that 
cannot be achieved through natural mating or recombination. 
Genetic manipulation is being actively studied, regardless of 
organism type. Through genetic manipulation, it is possible to 
cross genes within the same species, between different species 
and kingdoms.

Genetic modification is the most commercialized in crops. 
Genetically modified crops (GMCs) can be immune to certain 
pests or herbicides and can be made to be spoilage resistant.¹ 
Improvements in nutrient content can also be achieved (e.g., 
golden rice, which contains more vitamin A than normal rice).²

There is not much information on how GMCs have bene-
fited farmers economically and in terms of efficiency.³,⁴ This 
study seeks to provide a more detailed analysis of the advantag-
es of GMCs. GMCs have a considerable effect on farmers and 
the crop industry.⁵ A quantitative analysis of GMCs enables 
farmers to predict industry trends and calculate benefits they 
can obtain from genetic engineering. It will also be of inter-
est to investors and other stakeholders looking to invest in the 
GMO industry.

The objective of this study is to analyze quantitatively how 
GMCs affect the industry. Currently, genetic engineering tech-
niques are the most often applied in soybean, corn, and cotton 
production.⁶ Analysis of these crops will make the benefits of 
applying the same genetic engineering techniques available for 
extrapolation to other crops. The study addresses the following 
questions:

1. To what extent do GMCs improve yield?
2. By how much does GMCS reduce costs?
3. How much management time is saved by GMC use?
To answer these questions, linear regression will be used to 

determine the yield and GMC percentage relationship. This 
relationship will reveal whether there is an improvement in 
yield. Next, GMC and non-GMC consumption costs will be 

calculated and compared to determine cost improvement. Fi-
nally, the management time saved will be estimated using the 
herbicide requirement of the crops.
�   Methods
Literature Review:
In the past, the existence of genes was not known, but breed-

ing was carried out by obtaining the offspring of organisms 
with desired traits, selecting some of them and crossing them 
again. Owing to the development of genetic engineering, a 
more direct approach is possible,⁷ unlike breeding, which de-
pends somewhat on chance.

GMCs can be divided into two categories: transgenic or 
cisgenic. Cisgenesis refers to the genetic modification of 
two species that can cross in nature. The difference between 
breeding and cisgenesis is that breeding relies on the prob-
ability that the desired genes will interact, but the cisgenic 
method can derive results quickly by insertion of the required 
desired genes. Transgenic is the genetic modification of two 
species that cannot be crossed in nature. The gene inserted 
into the crop may be of animal or bacterial origin.

Sample Selection
Type of Crops:
The growing areas shown in Table 1 indicate that in 2014 

corn, soybean, and cotton were the most cultivated GMCs; 
their data will be used in the present study.

Modified traitss:
The modified traits shown in Table 2 will be used in the 

present study as they are the most common traits.
Statistical Method:
Crop yield was modeled using linear regression determined 

by the following equation, where x is the percentage of GMCs 
and y is the yield:

To evaluate the relationship between the yield and the per-
centage of GMC, the correlation coefficient (r), slope of linear 
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regression (a), and coefficient of determination (R²) were cal-
culated. The following equation shows how r was calculated:

�   Results and Discussion
Yield: 
To employ linear regression, the data used in this study were 

derived from the dataset sources shown in Figures 1 and 2. 
Figure 1 plots the percentage of genetic engineering(GE) 

Table 1: This is the table of the planted areas of genetically modified crops 
in the USA.

Figure 1: The adoption of genetic engineering (GE) crops was rapid in the 
USA from 1995 to 2018. Y axis is GE crops percentage. X axis is year.

Figure 2: The yield in GE crops(kg/ha) increased remarkably from 1995 to 
2018. Left Y axis is for cotton and soybean. Right Y axis is for corn. Y axis is 
crop yield. X axis is year.

Table 2: This is the table of the modified traits in soybean and cotton.

Source: Food and Agriculture Organization of the United Nations (FAO), 
Left Y axis is for cotton and soybean.

Source: Food and Agriculture Organization of the United Na-
tions (FAO), Left Y axis is for cotton and soybean.

Figure 3 provides the empirical results of the regression 
analysis using the yield of soybean, cotton and corn as depen-
dent variable against GMC percentage. Table 3 provides three 
parameters, correlation coefficient, slope of linear regression 
equation, and coefficient of determination, estimated from 
the regression analysis in three major field crops.

As seen in Table 3, the percentage of GMCs and the yield 
have a clear correlation (p < 0.05). If the GMC percentage is 
increased by 1 %, the yields of soybean, cotton, and corn will 
be improved by 67.702 kg/ha, 97.792 kg/ha, and 298.97 kg/
ha, respectively.

When analyzing the correlation between GMC percentage 
and yield, it should be ensured that other factors are con-
trolled. Since the yield increases with the development of 
agricultural technology over time, it can be said that the in-
troduction of GMC is related to the yield when the increase 
in yield over time is different before and after the introduc-
tion of GMC. 

Figure 4 shows a graph of regression analysis indicating 
the yield as dependent variable against year before and after 
GMC use. The following formula shows how yield increase 
is calculated:

As technology advances, agricultural yields can be suffi-
ciently high owing to other factors apart from GE. However, 
a yield increase of sufficiently high 57.286 % before and after 
GE indicates a yield improvement through GE even though 
there may be an impact of technological advances.

Table 3: This table shows the results for estimated parameters used to 
evaluate the relationship between yield and GMC percentage.

Figure 3: The 1 % increase of GMC percentage improved crop yield (kg/
ha) by 67.702 (soybean), 97.792 (cotton), and 298.97 (corn). Y axis is crop 
yield. X axis is GMC percentage.

Source: 1995-2000 data, Fernandez-Cornejo (2000) based on USDA data; 
2001-2018 data, U.S. Department of Agriculture (USDA), Economic Re-
search Service (ERS)
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Cost:
The decrease in chemical usage and increase in seed price 

were calculated to evaluate the cost reduction. To calculate 
the cost consumption in detail, the crop type is limited to 
corn. First, the decrease in the amount of chemicals used for 
corn cultivation was measured. The cost–benefit due to the 
chemicals was calculated. Then, the cost required to purchase 
GE seeds was also calculated. Finally, it was checked whether 
there is a cost–benefit, overall.

(a)

(b)

 Figure 5 presents the outcome of the regression analysis 
of insecticide and herbicide usages against year during 1996-
2010. The yearly usage of insecticide and herbicide decreased 
by 0.1848 lb/acre and 0.2246 lb/acre, respectively.

The following equations show the determination of per 
unit area of herbicide and insecticide used, which decreased 
over 15 years. The values were calculated using data presented 
in Table 4 (herbicides) and Table 5 (insecticides).

Figure 5: The yearly usage (lb/acre) of (a) insecticide and (b) herbicide 
(1996-2010) decreased by 0.1848 and 0.2246, respectively. Y axis is chemical 
usage. X axis is year.

The cost increase due to the use of GE seeds is as follows.

The total cost–benefit is
Farmers cannot directly implement genetic modification 

technologies, so they have to buy genetically modified seeds 
from manufacturers (Table 6). GMC seeds cost approximate-
ly $50 more than regular seeds. Therefore, farmers should be 
able to determine whether GMC use is profitable. Despite 
paying a premium for GMC seeds, farmers make a consid-
erable cost saving on herbicides and insecticides, resulting in 
profits of approximately $18 per unit acre.

Managing Time:
It is difficult to produce statistics directly for the working 

hours of farmers. Therefore, rather than directly calculating 
the working time,⁸ it will be determined whether the working 
time is improved by analyzing the factors affecting working 
time. The factors affecting working time depend on the GE 
function. Here, the study focused on the HT and BT present-
ed previously and the gene modifying technique with other 
functions.

Weed control is an important challenge in crop production. 
If the time spent on weed control could be reduced, it could 
be concluded that the management time was reduced. Herbi-
cide tolerance in crops can be created by genetic modification 
techniques that impart tolerance to particular herbicides al-
lowing farmers to selectively kill weeds without harming their 
crops. Previously, it was found that an herbicide can remove 
weeds without affecting the crop; it is not necessary to do so 
for GMC. What is required is to select an herbicide that is 
effective against weeds and then create a GMC resistant to 

Table 4: The price for the three most commonly used herbicides in field 
corn.

Table 5: The price for the two most commonly used insecticides in field 
corn.

Table 6: The cost for purchasing non-GE seed and GE seed.

Source: Nebraska's Top Weed Problems and Most Common Herbicides; 
JULY 26, 2018; Debalin Sarangi.

Source: Courtesy of USDA Agricultural Chemicals and Production 
Technology: Pest Management.

Source: USDA Economic Research Service using data from USDA Na-
tional Agricultural Statistics Service Agricultural Prices for various years.
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Figure 4: The yearly yield (kg/ha) increased by 1107.6 before GMC use 
and 1742.1 after GMC use. Y axis is crop yield. X axis is year.

Source: USDA 2010 Corn, Upland Cotton, and Fall  Potatoes - Released 
May 25, 2011.
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that herbicide. In other words, GMC can make the process of 
killing weeds more efficient and flexible.

The management of pests is also an important task in crop 
production. The management of pests directly affects the 
freshness and quality of the crop and is also an important 
part of the yield. Therefore, farmers must apply the appro-
priate pesticides every season to avoid damaging their crops. 
However, crops with BTs provide seasonal protection against 
many pests, reducing or eliminating pesticide use, allowing 
farmers to avoid crop losses due to pests, permitting more 
time to be spent on other farm management tasks.

In addition to HT and BT, there are several other traits that 
are beneficial for crops. These traits that can be genetically 
modified to include extended shelf life, improved photosyn-
thesis, improved nutritive value, stress resistance, and toxic 
reduction. Applying these, the farmer can allow the crop to 
solve at least one problem on its own. Thus, it is clear that 
GMC reduces farmer management time.
�   Conclusion
An assessment of the relationship between yield increase 

and the rate at which GMCs were planted indicated that 
the use of GMCs significantly increases crop yield. In gen-
eral, when planting rate of GMCs is increased by 1 %, yield 
improved by 100–300 (kg/ha). However, before making any 
conclusions, it is necessary to examine whether the increase in 
yield interfered with factors other than GMCs. Other tech-
niques besides GMC can improve the yield. Therefore, it is 
necessary to compare the rate of increase in yield before and 
after GMC to determine whether this is due to GMCs. The 
results show that yield improved by approximately 57% since 
the introduction of GMCs even though there may partly some 
impacts from technological advances.

The second research question concerns whether GMC brings 
cost-benefits. There are several costs associated with growing 
crops, but among these, the cost associated with GMC use was 
evaluated. GMCs have cost benefits related to herbicides and 
pesticides, but a premium must be paid to GMC companies 
for the GMC seed. Therefore, the difference between the two 
should be used to calculate the actual cost savings. The pres-
ent study revealed that GMC provides farmers with a gain of 
$18.43 per unit area.

The third research question was whether GMC reduces 
farm management time. Since it is difficult to access statistics 
for farm management time directly, we qualitatively checked 
whether GMCs affect farm management time by analyzing its 
functions. Both HT and BT were judged to reduce manage-
ment time as they affect weeding and pest removal, which are 
important in crop cultivation. In addition, GMCs with other 
functions have been found to play a role in removing one or 
more farm management concerns by farmers.

The study has shown that GMC is, in many ways, a relief 
for farmers. It was confirmed that there were improvements in 
many areas, such as yield, cost, and time. Through this study, a 
methodology for calculating the effect of technology on food 
was proposed. The GMC production was analyzed using this 
method.

This study investigated only HT and BT, corn, soybean, and 
cotton. Future studies may include GMCs with other features 
in the market. This study provides a methodology for analyz 
ing other crops in the future. More, usage of non-GMC data 
as control will improve the study with better and stronger re-
sults.

This study also analyzed only the net function of the GMC. 
It will be necessary to analyze the negative aspects of GMCs 
(e.g., allergies, environmental problems, etc.) and evaluate 
whether it has a good effect on society.
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