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Are Farmers Using Too Much Fertilizer? 

Evidence from Missouri Corn Farmers 

Feng Xu and Tony Pratol 
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Farmers use fertilizers in production to increase productivity. However, recent 

water quality concerns have generated pressure on agriculture to reduce· fertilizer use. 

Many advocates for sustainable agriculture believe that fertilizer use can be reduced 

without decreasing farmers' profitability based on belief that farmers tend to overuse 

fertilizers in their production. There is little evidence to support this belief. If it can be 

shown that reduction in fertilizer use is more profitable for farmers, they might be 

willing to reduce fertilizer use to enhance profitability. At the same time water quality 

could be enh~ced. This is a win-win situation. It is also important to know whether or 

not reduction in fertilizer use decreases profitability. Estimates of effects of reducing 

fertilizer use on profitability can help to assess the impacts of potential regulatory 

policies on fertilizer use and farm profits. 

• Reduction in use of chemicals decrease yield. Smith et al. projected·that average 

corn yield would decline 53 percent from 122 bushels per acre under current practice to 

58 bushels per acre under no chemical scenario in the United States, and decline 48 

percent from 127 bushels per acre to 66 bushels per acre in the Corn Belt. Nehring and 

Somwaru found that some medium and high input users of fertilizer and chemicals, 

1 Feng Xu is a Research Assistant Professor and Tony Prato is a Professor at 
the Department of Agricultural Economics, University of Missouri. A version of this 
paper was presented on a poster session at the 1992 AAEA Annual Meeting, August 9-
12, Baltimore, Maryland. Authors thank Gerry Ehlmann for preparing data. 
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particularly among com fanners, are over-utilizing fertilizers and chemic.als and may 

not be maximizing profit. 

Missouri is a major corn production State in the Corn Belt. Fanners use more 

fertilizer in the production of corn than in the production of any other crop. Vroomen 

and Larson have found that fertilizer elasticity of demand is low (for example nitrogen 

demand elasticity ranges from 0.23 to 0.85 in five Corn Belt states) and becomes less 

responsive to price over time, indicating that a policy of taxing fertilizers will not be 

very effective and will be less effective over time. 

fr!ns paper analyzes the potential effects of reducing the quantity of fertilizer use 

in corn production in Missouri. Based on an estimated production relationship between 

yield and fertilizer expenses, effects of reducing fertilizer use in com production are 

examined for selected Missouri farmers. l 
,.---J 

Data 

The data were collected from the Management Information Record (MIR) in 

Missouri. The objectives of the MIR program are to provide information that is useful 

in managjng fann businesses, and to provide current farm data to support research and 

teaching efforts in farm management. Cooperative fanners provide information whic;.h 

might not normally included in their own records. :MIR data cannot be considered as 

representative of an average Missouri com fann because farmer participation is 

volunt.ary. However, the data show what can reasonably be expected on commercial 

fanns in Missouri (Hein). 

Cooperative fanners are required to report their expenses on different inputs 

such as fertilizer, labor, machinery and seed, yield, and acres in corn. Among farmers 

participating the 1989 MIR, there were 251 fanners who had com production ranging 
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.. from 15 to 1362 acres in their operation. Data were screened and processed and one . 

observation was deleted due to lack of infonnation• 

·Procedures 

Differences in com yield among farmers are accounted for by differences in 

quantities of various inputs. Major input categories in com production include land, 

labor, machinery, seed, pesticides and fertilizer (Vroomen and Larson). Denote com 

yield as Y, and input vector as X. The production function· can be written as: 

(1) y = f(X) 

It is reasonable to assume that farmers face identical technologies and input 

prices in their production of com and that inputs are homogeneous in a given year. Let 

r be a vector of input prices. Then production function (1) can be rewritten as: 

-· (2) Y = f(r-lrX) 

That is, com yields can be expressed as a function of expenses on inputs. Using the 

MIR data in 1989, the following statisti.cal model of com production function is 

specified: 

(3) Y = f(FERT, CHEM, LAB, MACH, SEED, INS, SIZE)+ e 

where: 

Y = com yield per acre 

FERT = fertilizer expenses per acre, 

CHEM== chemical expenses per acre, 

LAB = labor expenses per acre, 

MACH = machinery expenses per acre, 

SEED = seed expenses per acre, 

INS = insurance expenses per acre, 
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SIZE = number of acres in com. and 

e = error terms that are statistically independent and 

identically distributed with zero mean and positive finite 

variance. 

Data on FERT. CHEM. LAB. MACH and SEED are available in the MIR 

database. The directional effeas of these variables on com yield are expected to be 

positive. However, the possibility of negative effect exists for expenses on fertilizers 

above a certain level since applying more than is required would reduce com yield. A 

quadratic form of the production function is used to examine this possx'bility. 

Variable !NS is used to represent a farmer's yield expectation for the coming 

year. Rates vary inversely with expected.yield, holding coverage constant. It is 

hypothesized. that farm~ who had purchased and paid. higher premiums for crop 

insurance tend to receive a lower yield, as they had expected. Variable SIZE is used to 

represent the size effect on com yield. It is hypothesized that large com farms are more 

efficient in using inputs than small farms, that is. there exists economics of size in com 

production. 

An econometric model is estimated for com yield· responses to inputs and other 

variables. MIR data on 251 farmers in Missouri who grow com in 1989 were used.. 

These data included com yield, expenses on fertilizers, chemicals, labor. machinery, 

seed and insurance. and acres in com. Various functional forms were tested and the 

following was chosen based on plausibility, goodness of fit and statistical significance. 

The coefficient on SEED was found to be insignificant for several forms chosen in 

different models and was dropped from the final model. The final model used in the 

analysis is: 
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(4) 
Y =a 0 +afERT +a 2FERT1 +a 3 CHEM +a 4LAB +a 5MACH 

ia 8 (LABHMACH) +a 71NS +a 81 ln(SIZEJ +e 

Results and Analyses 

The mean and standard deviation for the variables used in the econometric 

model are provided in Table l. If farmers participating in the MIR progt'3m are 

representative, the data can be interpreted as for an aver.ige com fanner. A com farmer 

who spent $47.62 on fertilizer, $19.69 on chemicals, S24.74 on labor, $34.92 on 

machinezy and $3.40 on crop insurance would expect a yield of 100.27 bushels of com 

per acre on a 187-acre farm in 1989. 'Estimated results for model (4) are provided in 

Table 2. The estimated model has a goodness of fit measured by R: of.13.76 percent. 

All estimated coefficients are statistically significant at the 5 ~t level. 

Table 1. Varaible mean and standard deviation for 250 com farmers in 1989 MIR. data 

Variable Unit Mean Standard Deviation 

YIELD Bu/Ac 100.27 26.96 

FERT S/Ac 47.62 18.42 

CHEM S/Ac 19.69 10.78 

LAB Sf Ac 24.74 9.27 

MACH S/Ac 34.92 17.12 

INS $/Ac 3.40 5.29 

SIZE Acre 186.82 17S.19 
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Table 2. Estimated results for com yield model 

Parameter Variable Standard ITI Ratio Prob> ITI 
Coefficient Etter 

ao INTER 40.1406 lS.4528 2.60 0.0100 

at FERT 0.9488 0.2S34 3.74 0.0002 

a1 FER.1'2 -0.0058 0.0020 2.87 0.0044 

a3 CHEM -0.4170 O.lm 2.65 0.0085 

34. LAB 0.7772 . 0.3669 2.12 0.0352 

as MACH 0..5658 0.2750 2.06 0.0407 

36 LAB*MACH -0.0180 0.0088 Z.37 0.0414 . 
3.7 INS -0.7510 0.3168 2.05 0.0186 

a8 ln(SIZE) 3.7031 1.8628 l".99 0.0480 -

A quadratic form in fertilizer expenses (FERT) implies that there exists a level 

of fertilizer expenses at which yield reaches a maximum. Below this level, the marginal 

effect of fertilizer is positive and above this level the marginal effect will be negative. 

Specifically, this level is estimated to be $81.12. According to USDA data for 1990, 

expenses on N-P-K is $51.93 per acre in Missouri (using S.25, S.23 and S.15 for three 

component prices, respectively). Average lime expense is $4.00 per acre. Total 

l expenses on fertilizers is S55.93, which is S25.19 below the estimated threshold level, 

indicating that. on average, farmers in Missouri do not seek maximum yield in making 

6 



their decisions on fertilizer expenses. Note that 5 percent of total farmers in the data set 

(13 out of 250) had fertilizer expenses higher than this maximum level. 

Optimum level of fertilizer expense is defined as a level that would bring Sl.00 

retUm from Sl.00 expense on fertilizer. This level is estimated to be at S43. 729 which 

is about half of the maximum level and only S3.90 below the average level9 indicating 

that farmers in Missouri9 on average9 spend a little more than the optimum level on v 

fertilizer. Maybe yields or prices were not as expected. Farmers may set a yield goal 

higher than the optimum yield goal and therefore use more fertilizer, or they may 

expect to have a higher corn price. 

Com price affects farmer's decisions on fertilizer quantity and expenses. Mean 

com price is S2.29 per bushel and the standard error is S0.17. It is assumed that com 

price varies within 3 sWldard errors with S0.17 increments. ~ assumption allows for 

an analysis of how sensitive fertiUzer quantity or expense (assume a constant fertilizer 

price) is to the price of com. Optimum fertilizer expenses are S32.839 $37.109 $40.68, 

$43. 729 S46.34, S48.61, and SS0.609 respectively, for variations in com price within 

three standard errors of the mean. If com farmers' price expectation was between 

S2.63 and S2.80 per bushel in 1989, their fertilizer expenses were consistent with 

profit-maximization behavior. 

These results show that Missouri farmers can increase their profits and reduce 

the risk of water contamination by decreasing fertilizer expenses by about 8 .. 2 percent. / 

Reduction beyond 8.2 percent would reduce farm profits. Incentive policies could be 

used to compensate farmers if water quality protection is required to further reduce 

fertilizer uses. 

Since prices are constant in a given year, percentage cbange in fertilizer 

expenses and percentage change in fertilizer use are the same. Results indicate that 
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farmers spent only slightly more on fertilizer for com than the optimum amount in 

1989, which is inconsistent with the belief by some advocates of sustunable agriculture 

that farmers tend to. use more fertilizer than needed. Arguments that farmers use more 

fertilizer than needed by advocates of sustainable agriculture is probably based more on 

crop requirements th.an on maximizing profits. Therefore, fertilizer use cannot be 

greatly reduced without decreasing· farm profits. If water quality protection requires 

n:ducing fertilizer use below the profitable level, farmers should be provided with some 

incentives to do so. 

·· The substitution between. machinery and labor is found to be significant. For 

each Sl.00 decrease in labor expense, Sl.17 increase in machinery is requited. This is 

probably due to the low wage rate used to C3.lculate labor expenses, or opporrunity cost 

of labor is low. Crop insurance expenses (INS) were negatively correlated with yield,, 

indicating that com farmers in general were correct in making decisions on purchasing 

· crop insurance. Those who spent one more dollar purchasing crop iiisurance 

·· experienced a yield reduction of 0. 15 bushels per acre• 

· Effect of farm operation size is found to significant in com production. Large 

farms tend to have high yields and therefore more profit than small farms by spending 

same levels of inputs on a per acre basis.· This result is as expected. ·Large farms are 

more efficient in their use of machinery, seed, fertilizer and labor. For example, a 300-

acre com farm has a 4 bushel higher yield than a 100-acre farm, ceteris paribus. 

EffectS of chemicals are different from that of fertilizer. Fertilizer is used to 

supplement soil's natural fertility. Chemicals are applied to control weeds, insects and 

diseases. For example,, nearly 80 percent of the nitrogen and 99 percent of the 

phosphorus applied to com in 1988 were applied at or before seeding (Taylor and 

Vroomen). Chemicals,, especially pesticides, are typiC3.lly applied to minimizeloss 
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rather than to increase yields. Even farmers have applied sufficient pesticides to control 

pest problems. yields may not be as high as without pest problems. Effects of CHEM 

are dependent on farmers' behaviors in choosing chemical uses, distribution of weed. 

pest and other dise3ses. It is not surprising that expenses on chemicals have a negative 

effect on com yield. Berg et al. found that the marginal product for chemicals is 

significantly negative in 115 sust3inable wheat and barley fields in Montana. Expenses 

on chemicals may be an indicator for severeness of weed, pest and diseases. In 1989. 

Missouri com farmers who spent one more dollar on chemicals experienced 0.42 

bushels per acre lower yield. Chemical use appears to be a proxy for yield effect of 

pests/weeds that had not been picked up in the model. 

Summary and Concluding Comments 

The objective of this study has been to examine the effect of reducing fertilizer 

use in com production using farm .. specific data. Results indicated that fertilizer use can 

be reduced from current level by 8.2 percent without decreasing farm profits. Further 

reduction in fertilizers would affect farm profits. This study showed that fertilizers had 

brought high returns to farmers in com production. Without strong market incentives to 

corn farmers or regulation. fertilizer use is not expected to decrease by much. 

While the average com farmer makes fertilizer decisions that are consistent with 

profit .. maximization behavior. some farmers were over-applying fertilizer. It would be 

economically sound to impose an upper limit on fertilizer use. Size of corn operation 

was found to have a positive effect on yield and large farms tended to be more 

efficient. 
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"' A major limitation of this analysis is the omission of other important variables 

affecting corn yield such as soil. crop rotation and weather. It is hoped that these 

effects cancel out among the 250 farms included in the analysis. 

This paper does provide useful information regarding com yield response to 

purchased inputs. Additional analysis should focus on estimating effects of reducing 

fi:rtilizers and chemic:als by examining yearly changes in input expenses and 

incorporating weather variables. 
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