
Economicsof Pesticide Regulation on Sorghum Production
in the U.S. and Texas

Eduardo Segarra'
Department of Agricultural Economics, Texas Tech University, and the Texas Agricultural
Experiment Station, Lubbock, 1X 79401.

Cris Gwinu
William P. Morrison
John R. Abernatby
TexasAgricultural Experiment Station, Lubbock, TX 79401.

ABSTRACT

Using a national pesticide use survey in sorghum production, a market
frameworkwas used to derive the short-run welfare impacts to consumers, aod
producers (users and non-users] of the removal of pesticides registered for use
00 sorghum. It was projected that the loss of atrazine would have the largest
overallimpact, with an estimated loss of $266 million. Users of atrazine in tbe
U.S.wouldbe expected to lose $122 million with users of atrazine in Texas
losing 542 million,
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Grain sorghum is an important crop to U.S. agricultural producers. This crop is
generally cultivated in areas that are too dry or too hot for successful com
production (Bennett et al., 1990). Advancements in the chemical industry, tillage
practices, and hybrid seed production have played a vital role in the development of
sorghum as a major cereal crop in U.S. agriculture. Three areas of concern
affectingyields are weeds, insects and diseases. Potential annual yield loss due to
these pests is great and their control is important to the economic success of
producers. Control or suppression is obtained by efficient use of technological
advances. Good cultural practices, including proper selection of hybrids and
judicious pesticide use, provides maximum yield potential for producers.
Programs such as the National Agriculture Pesticide Impact Assessment Program

(NAPIAP)of the U.S. Department of Agriculture (USDA) have been developed to
assess and inform regulatory agencies of the biologic and economic impacts of
pesticide use in agriculture. Numerous studies have been and continue to be
conducted on chemical use and alternatives in agriculture. Assessments such as the
Biologic and Economic Assessment of Ethyl Parathion (USDA, 1989a),
Oxydemeton-Methyl (Mayo, 1990), Carbofuran (USDA, 1989b), Chlorpyrifos (Rice,
in press), and Phorate and Terbufos (Knutson, 1990) show the impacts of these
chemicaJsto the producer and the environment as well as to the consumers of
~ricuItural commodities.
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The Biologic and Economic Assessment of Oxydemeton-Methyl (Mayo, 1990)
showed that use of this insecticide in sorghum was minimal. Registered on sorghum
for tile control of greenbugs, corn leaf aphid, yellow sugarcane aphid, and Banks
grass mites, oxydemeton-methyl cost appears to be the main deterrent for its use.
Alternative insecticides were generally considered to be equally effective as
oxydemeton-methyl while the cost of this insecticide was 45 to 55% greater than
other registered products.
Phorate is labeled on sorghum for the control of greenbugs, chinch bug, and Banks

grass mites. Terbufos provides control of southern com rootworrns, wireworms,
white grubs, nematodes, and early season greenbugs in sorghum. The Biologic and
Economic Assessment of Phorate and Terbufos estimated that sorghum yields would
be reduced 0 to 10% on a state-by-state basis should phorate and/or terbufos use be
cancelled (Knutson, 1990). Carbofuran and terbufos could be substituted for phorate
and the cancellation of terbufos would increase the use of carbofuran, chlorpyrifos,
and phorate. Carbofuran was found to be the primary alternative insecticide used
by sorghum producers should the registrations of terbufos and phorate be cancelled.
Carbofuran is a vital tool in the control of chinch bug. Kansas, Nebrasks, Texas,

Mississippi, Louisiana and Oklahoma are the primary users of carbofuran for chinch
bug control. Central Texas and Kansas sorghum growers rely heavily on granular
carbofuran and report that alternate compounds either are not effective for chinch
bug control or are too expensive (USDA, 1989b). The granular carbofuran label
was phased-down because of its toxicity to birds although no documented bird kill
incidents from grain sorghum use have occurred (Brooks, 1992). The National
Grain Sorghum Producers Association recommended that granular carbofuran be
retained for use on sorghum in key states of Kansas, Nebraska, Texas. and
Oklahoma. The Environmental Protection Agency (EPA) is presently examining the
risk versus benefits of its use on sorghum.
Ethyl parathion has been used to control sorghum insects since the 1950s (USDA,

1989a). Methyl parathion is not used on sorghum because it is phytotoxic to most
hybrids. Ethyl parathion remains an important compound for control of greenhugs
and occasional pests. In the 1970s, Texas reported insecticide resistance in
greenbugs to dimethoate ·and disulfoton (USDA, 1989a). Other alternatives to
parathion, such as chlorpyrifos, provide control of greenbugs but are often more
expensive.
Chlorpyrifos is registered for use on sorghum to control both below-surface and

above-surface insects. Research has shown that chlorpyrifos is one of the most
effective insecticides against sorghum pests, but opinions expressed by NAPIAP
survey respondents suggest that cancellation of this product would have minimal
overall impact on future yields (Rice, in press). Alternatives available for
chlorpyrifos include: carbofuran, parathion, dimethoate, carbaryl, and terbufos
depending on the targeted pest. Greater expense, shorter residual control, greater
human toxicity, and less effectiveness were listed as the greatest constraints of the
alternatives of chlorpyrifos by the survey respondents.
These studies and others currently being conducted under NAPIAP, represent a

good effort to disentangle the horizontal relationships with respect to the use of a
particular pesticide across several crops. That is, most often an assessment examines
a specific active ingredient and its uses on all agricultural enterprises. This study
examines the use patterns of all herbicides and insecticides on sorghum. Seed
treatment, fungicide and post-harvest storage pesticide uses were not included. In
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particular, the objective of this study was to derive the short-run welfare impacts to
consumers, and producers (users and non-users) of the removal of pesticides
registered for use on grain sorghum production.

METHODS AND PROCEDURES

With a more environmentally conscious society, a popular approach followed by
EPA has been the suspension or cancellation of registered pesticide use in agriculture
(Ferguson et aI., 1992; and Zilberman et al., 1991). The removal of a pesticide
from the market affects the quality of the environment and reduces the associated
human health risk while altering the production cost and supply available to the
market (Knutson et al., 1990). However, in the decision-making process, policy
makers need to consider not only the environmental impacts stemming from the
suspension or cancellation of a registered pesticide, but also the associated economic
impacts to consumers, and users and non-users of the pesticide.
As Lichtenberg et aI. (1988) and Ferguson et aI. (1992) showed, the short-run
welfare impacts of the removal of a pesticide can be calculated by finding the
changes in economic surpluses. Ferguson et al. (1992) developed a market model
tn estimate the short-run welfare impacts of a pesticide ban. This model was the
frameworkused in this study to derive the short-run welfare impacts of the removal
nf pesticides registered for use on grain sorghum production, and it takes the
followingform:

D=D(P) (I)

(2)

S'=j'A' (3)

D=S"+S' (4)

whereD equals the quantity of crop demanded, P equals the crop price, S' equals
the quantityof crop supplied by pesticide users, y' equals the crop yield per acre
among pesticide users, AU equals the crop acreage of pesticide users, S" equals the
quantityof crop supplied by pesticide non-users, y' equals the crop yield per acre
among pesticide non-users, and AB equals the crop acreage of pesticide non-users.
At equilibrium,crop price.jquantity demanded, and quantity supplied by pesticide
users and non-user are expressed as Po, Do, 801\ and SOB, respectively.
Given an initial sorghum demand function (0) and an initial sorghum supply

function(SOT == Sou + SOB), the welfare implications on consumers and producers of
the equilibriumprice (Po) and equilibrium quantity (Do) are illustrated in Figure I.
Given the equilibrium price and the equilibrium quantity, the consumers' welfare
measure(or consumers' surplus) is defined as the area above the equilibrium price
and bellow the demand curve (area A+B+C+D in Figure I). The producers'
welfare(or producers' surplus) is defined as the area bellow the equilibrium price
andabovethe supply curve (area E+ F+G in Figure I). The sum of these two areas
(A+B+C+D+E+F+G) represents the overaJl welfare measure.
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As a result of a pesticide ban, pesticide users' crop yield per acre changes to •
while production cost per acre changes from Co'to CI'· This is representel'·'

. If' f T InFigure 1 by the shift of the supp y unction rom So to St'. In this study, it was
assumed that no alternative was selected: thus the change in cost is equal to the
reduction in cost due to not usmg the pesticide, Also, pesticide non-users yieldper
acre, yO, and production cost per acre, C", were assumedto remain the same. Given
these assumptions, the estimated short-run welfare impacts represent an upperbound
of the impacts. At equilibrium after. the pesticide ban, crop price, quantity
demanded, and quantity supplied by pesticide users and non-users are expressedas
P" n., SI'" and 5\0, respectively.
As shown in Figure 1, given this new equilibrium, the consumers'welfareis

represented by area A and the producers' welfare is represented by the area BtE.
Thus, as a result of the pesticide ban, the overall reduction of welfare to both
consumers and producers equals area CtDtFtG in Figure I. The consumers'
welfare loss equals area B+C+D. It is important to note, however, that areaB
represents a transfer to producers from consumers, and that the loss to producers
will be dependent on the relative magnitudes of areas B and FtG. If area B >
FtG the ban would represent a gain to producers, but if B < FtG the banwould
represent a loss to producers. Furthermore, becausenot all sorghumproducers are
users of the banned pesticide, it is important to evaluate what the distributional
impacts of this ban would be on both, users and non-users of the pesticidein
question. Non-users of the banned pesticide will not be negatively affectedbythe
ban, and in fact they will benefit from it, because of an increase in the priceof
sorghum. Users of the pesticide being banned will be affected negativelyif the
impact on the reduction of yields is stronger than the price effect. If the increase
in price of sorghum is strong enough, users of the pesticide being bannedcould
benefit.

o o Quantity
o

Figure I. Illustration of the short-run welfare impacts of a pesticideban.
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(I)

Given the model above, the consumer, I", pesticide users, I", and non-users, 10,
short-run welfare impacts were estimated as follows:

(2)

F={P,-P,lj'A" (3)

Through a pesticide usage survey conducted in 1993 for the crop year 1992, yields
peracre, per acre rates, percent of acres treated with a pesticide, and perceived yield
loss due to the cancellation of pesticides were obtained from respondents. The
number of sorghum acres planted for 1992 was obtained from the USDA
Agricultural Statistics (USDA, I992a). The cost per pound of active ingredient of
the pesticides were ohtained from Agricultural Resources: Inputs Situation and
OuUookReport (USDA, I992b). The application cost per acre was obtained using
TexasCustom Rates Statistics (Texas Agricultural Statistics Service, 1992). This
informationwas applied to the above market model to estimate the economic impact
of ban of a given pesticide. Also, the Food and Agricultural Policy Research
Institute(FAPRI) national sorghum demand model was used to estimate the change
in Po, crop price at equilibrium before a pesticide ban, and P" crop price at
equilibriumafter a pesticide ban (Adams, 1992).
Survey respondents were asked to provide the top three herbicides and insecticides

intheir sorghum operations. Along with the top three herbicides and insecticides,
respondentsprovided their perceived yield loss, jf the respective chemical was no
lnngeravailable for sorghum production and the mean of the perceived yield loss
wascalculated. These perceived yield losses should be considered the upper bound
becauseno alternatives were taken into consideration. 11 is likely that an alternative
pesticideor another means of control could be used instead of the cancelled product.
However,due to the lack of information with respect to both the product that could
be used and the impact on yields, for this study, three yield losses were used in
estimatingthe economic impacts of a pesticide ban.
Thefirst yield reduction used the mean of the perceived yield loss as reported by

thesurvey respondents. In the second reduction, the mean perceived yield loss was
reducedby one-third. The third used a two-thirds reduction of the original perceived
yieldJoss.
After the percentage of yield loss due to the cancellation of a product was

established,it was applied to three groups of sorghum yields. The first yield per
acrefigure used came from the elicited yield per acre of the survey respondents.
Surveyrespondents were asked to provide their 1992 yield per acre for their
irrigatedand/or non-irrigated fields. Their responses were averaged for both
irrigatedand non-irrigated categories. Survey respondents' yields per acre for
Irrigatedand non-irrigated were II to 31 percent, respectively, higher than the
averageUSDA yield for 1992. The second yield used was the 1992 actual yield per
acrefor irrigated and non-irrigated farms in Kansas, Nebraska, Texas, and other
Slatesas reported by the USDA. Since all other sorghum producing states were
groupedtogether for the purpose of this study, other states yield per acre was
estimatedby dividing total production of the other states by total acres harvested as
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RESULTS

reported by the USDA Agricultural Statistics (USDA, 1992a).
The third yield per acre figure used was also elicited from surv~yed respon~ents.

Respondents were asked to provide their expected lowest, mostly likely, and highest
yield per acre. The mean of these responses (implicitly. assuming a triangular
probability density function of sorghum yields) can be considered as an es~mate of
the long-term expected average yield per acre. These calculated long-t~rm yields per
acre for irrigated and non-irrigated crops were 6% lower to 29% higher than the
average USDA yields for 1992.
Given the three perceived yield losses and the three yield levels used, a total of

nine possible scenarios were analyzed in deriving the short-run welfare impacts of
the removal of registered pesticides in the production of sorghum. Scenario 1
depicts the short-run welfare impacts by using the survey yields reduced by the full
perceived yield loss. Scenario 2 used the USDA yields reduced by the full perceived
yield loss. Scenario 3 used the long-term yields reduced by the full perceived yield
loss.
In Scenarios 4 to 6, the same survey, USDA, and long-term yields were used, but

the perceived yield loss was set at two-thirds of the full perceived loss (medium level
of yield loss). In Scenarios 7 to 9, the perceived yield loss was reduced to one-third
of the full perceived yield loss (low level of yield loss).

The economic impact of the loss of a pesticide depends upon the percent of acres
treated and the expected yield loss due to the absence of the chemical. As pointed
out above, in this study no pesticide alternatives were taken into consideration; thus,
the resulting impact represents an upper bound estimate of the impact.
Tables 1 to 3 present the economic impacts to consumers, users and non-users of

banning herbicides or insecticides in sorghum production in the U.S. Tables 4 to
6 present the economic impacts to user and non-users of banning herbicides or
insecticides in sorghum production in Texas. Table 1 shows the impacts 011

consumers, users, non-users, and the overall impact of the ban of a select groupof
herbicides and insecticides under Scenarios 1 to 3. The loss of atrazine, the most
widely used pesticide in sorghum production, would be expected to have the largest
overalJ impact under the survey, USDA, and long term yields with an overall
estimated loss of $266, $217, and $233 million, respectively. The loss to consumers
due to the absence of atrazine was estimated to be $443, $269, and $316 million
under the survey, USDA, and long term yields, respectively. These losses would
be expected to result due to the increase in the price of sorghum.
The loss to users of atrazine was expected to be $122 million under the survey

yields, and $130 million under the USDA and long term yields. Non-users of
atrazine would be expected to gain $299, $181, and $213 million under the survey,
USDA, and long term yield scenarios, respectively.
In evaluating the results in Tables 1 to 3 with respect to the banning of

insecticides, it should be noted that the use and the value of using insecticides vary
greatly from year to year, due to the outbreak of different pests. The lack of the
proper insecticide to control selected pests during severe outbreaks could be
devastating to producers and could result in greater than the estimated losses in
Tables I to 3. Taking this into consideration, the loss of esfenvalerate showed the
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largest overall impact using the survey yields with a loss of $17 million. Consumer
and user losses were expected to be $31 and $17 million, respectively, with nOn·
users gaining $30 million under the survey yields scenario. It should be notedthai
in 1992 esfenvalerate was used predominately by sorghum producers In Texas
whose production of sorghum was up because some, otherwise cotton and/orco~
producers, lost their cotton and/or com crops in 1992.

Under the USDA and long term yield scenarios, esfenvalerate was also foundto
be the insecticide with the largest associated impact if cancelled. The overall loss
in the absence of esfenvalerate was estimated to be $14 and $16 million underthe
USDA and long term yield levels, respectively. Carbofuran, showed the second
largest impact for an insecticide under the survey, USDA, and long term yield levels
with estimated total losses of $16, $13, and $14 million, respectively.

Table 2 presents the wei fare impacts under the survey, USDA, and long term yield
levels with the medium reduction of yields. As expected, the overall estimated
impacts are lower under these three scenarios, with the order of the impac~
remaining basically the same as the previous three scenarios. Under this yield
reduction scenario, the cancellation of atrazine would result in an estimated netloss
of $158, $128, and $138 million under the survey, USDA, and long term yield
levels, respectively. In these three scenarios, the absence of esfenvalerate was again
found to have the largest expected losses for an insecticide with SII, $9, and $10.5
million under the survey, USDA, and long term yields levels, respectively.

The economic impacts presented in Table 3 shows the expected losses assuming
the low reduction of yield for the survey, USDA, and long term yields levels. There
were few changes in the ranking of the impacts. A ban of atrazine would stillbe
expected to cause an overall loss of $56, $42, and $47 million across yield levels.
Esfenvalerate remained the insecticide with the greatest expected loss at $5, $4, and
$5 million across yield levels.

The economic impact figures presented above are important in evaluating the
overall impacts due to the elimination of selected pesticides registered for useon
sorghum production in the U.S. However, it is important to find out what these
results mean to important sorghum producing states, Texas in particular. Forthis
reason, in Tables 4 to 6 the impacts to users and non-users of pesticides on sorghum
production in Texas are presented.
. The economic impacts to users and non-users of pesticides on sorghum production
10 Texas (Tables 4 to 6), show that when comparing the U.S. figures (Tables I to
3) to Texas figures, if pesticides are banned on sorghum production, users (non·
users) of herbicides in Texas would tend to bear (capture) roughly a third of the
losses (gatos). Notice that when looking at the insecticides figures, the users' losses
are proportionally higher, and the non-users' gains are proportionally lower. This
points to the fact that insecticide availability in Texas seems to be more important
than. In the rest of the U.S. However, it should be pointed out that although
herbicide availabIlity. may not be as important in Texas as it is in other sorghum
p.r~ucmg states, their economic value on sorghum production in Texas is very
significant and in many instances greater than the economic value of insecticides.

64 Texas 1. Agric. Nal. Resources, Vol. 6, 1993

rable 4. Short-run,
pesticides r~gistered
eeived yield loss

!:!£!bitides
,\lIuine
2.4..0
MclOlachlor
GlyphoU1C .
Mc:lOlachlor + Atraunc
Al!chlor
BromoxyniJ
Dicarnba
Alachlor + Atrazinc
CYlJllzine

[nlCClicidet
8fenvaltrate
carbofufln
Chlorpyrifos
TerufOi
~roJhim
Disulfoton

Table5. Short-run
pesticides registerec
theoriginal value,

Herbicides

'''''"''2.4-0
Mewlachlor01_
Mdolachlor + Atrazin,
A1actOOr
BromoIynil
Dicamba
AlactOOr + Atrllinc
Cyannine

l!.UCCticides
~
Cubofuran
Chlorpyrirol
T"" ..
Ptnthion
Disulfoton



Table 4. Short-run welfare user and non-user ($) impacts due to the elimination of selected
pesticides registered for use on sorghum in Texas, assuming the full reduction of elicited
perceived yield loss, 1992.

Full reduction of Full reduction of Full reduction ofsurvey yields USDA yields long·tenn yieldsUser Non-user User Non-user User Non-user
"000 ,'000 ,'000 ,1000 "000 "000

Herbicides
Atrazinc -42268 89988 -43482 52578 -48800 677302.4-0 -4428 31064 -3773 18276 -4398 23247Metolachlor ·12919 33779 ·10288 19849 -J2567 25177Glyphosate -1663 18983 -1316 11276 -1626 13938Metolachlor + Alrazine -3795 18666 -3025 11067 -3651 13674AJachlor ·3770 18248 -3007 10807 -3614 13428Bromoxynil -457 7553 -349 4514 -434 5463Dicamba -1454 5247 ·1142 309' -1382 3909Alachlor + Alrazinc ·1290 5262 -1008 3100 -1227 3900Cyanazine 335 2118 328 1274 330 '509

InsecllCidell
Esfenvalcrate -16698 9570 -13800 5396 ·15995 7580Carbofurnn ·7363 11012 -5868 6408 -7015 8344Chlorpyrifos ·8661 7969 -6968 4555 -8255 6205TerufOI -10129 nso -8031 4115 -9628 5744Parathion -4425 6385 -3595 3699 -4224 4871Disulfoton -682 445 -549 251 -649 352

Table 5. Short-run welfare user and non-user ($) impacts due to the elimination of selected
pesticides registered for use on sorghum in Texas, assuming the elicited yield loss at 2/3 of
the original value, 1992.

Medium reduction of Medium reduction of Medium reduction of
survey yields USDA yields long-term yields

User Non-user User Non-user User Non-user
,1000 "000 ,1000 ,1000 ,,000 "000

Herbicidc.~
Atrazine -18352 59992 -21087 35052 -23852 451532.4-D -2614 20709 ·2201 12184 -2609 15498Metolachlor -6421 22519 -4760 13233 -6244 16785Glyphosatc -805 12655 -581 7517 -785 9292
Metolachlor + Atrazine ·2080 12444 -1579 7378 -1993 9116Alachlor -2108 12166 -1611 n05 -2012 8952Bromoxynil -229 5036 ·157 3010 ·214 3642Dicamba -805 3498 ·599 2061 -758 2606
Alachlor + Arrazine -699 3508 -512 2067 -658 2600Cyanazine 329 1412 325 850 326 1006

Insecticides
Esrenvalerate -10699 6380 -8791 3598 -10242 .5054Carbofuran -4231 7342 -3254 4272 -4013 5562Chlorpyrifos -5157 5313 -4039 3037 -4892 4136Terufos -5760 4853 -4375 2743 -5433 3830Parathion -2726 4257 -2177 2466 -2594 3247Disuifolon -416 296 -327 167 -393 235
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Table 6. Short-run welfare user and non-user ($) impacts due to the elimination of selected
pesticides registered for use on sorghum in Texas. assuming the elicited yield loss at 1/3 of
the original value, 1992.

Low reduction of Low reduction of Low reduction of

survey yields USDA yields long-term yields

User Non-user User Non-user User Non-user

;w;lOOO xl 000 xlooo xlooo x1000 xteoo

Herbicides
Atrazine -933 29996 -1397 17526 -2390 22577

2.4-0 -858 10355 -664 6092 -863 7749

Metolachlor -150 11260 -633 6616 ·91 8392

Glyphosale -36 6328 -145 3759 -44 4646

Metolachlor + Atrazine -396 6222 -152 3689 -356 4558

Alachlor -475 6083 -232 3602 -431 447.

Bromoxynil -2 2518 -34 1505 -5 1821

Dicamba -158 1749 ·57 1030 -137 1303

Alachlor + Atrazine -Ill 1754 ·18 1033 -91 1300

Cyanazine 324 706 321 425 322 503

Insecticides
Esfenvaleratc --4755 3190 -3812 1799 -4531 2521

Carbofuran -1144 3671 -659 2136 ·1035 2781

Chlorpyrifos -1679 2656 -1126 1518 -1549 2068

Terufbs -1422 2427 -736 1372 -1261 1915

Parathion -1036 2128 ·764 1233 ·971 1624

Disulfoton -149 148 -105 84 -138 117

CONCLUSION

The economic impacts derived in this study are short-term in nature and caution
must be used in their interpretation. The total long-term effects, of a ban of a
pesticide may not be truly known. Many factors are involved in obtaining an
accurate assessment of the impacts of a pesticide, some of which cannot be
accounted for. Insecticides are a prime example of this fact. As mentioned earlier,
the use of an insecticide is a function of the type of target pest and the rate of
infestation. Careful considerations must be taken into account in policy-making for
pesticide use. Questions such as the possibility of insect resistance to particular
chemicals need to be addressed in the policy-making process.
The use of economic impacts estimated in this study must be bound by the

limitations imposed by their derivation. That is, these impacts are short-run welfare
impacts that ignore the dynamics of both market forces and pests. These estimates
can be used as good upper bound short-run levels of the expected impacts of banning
certain pesticides; but, the banning of several pesticides at the same time could be
significantly underestimated by these results.
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