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Do farmers manage weeds on owned and rented land 
differently? Evidence from U.S. corn and soybean farms 
 

George B. Frisvold, a * Joshua Albright, b David E. Ervin,c Micheal D. K. 
Owen,d Jason K. Norsworthy,e Katherine E. Dentzman,f Terrance M. 
Hurley,g Raymond A. Jussaume,i Jeffrey L. Gunsolus,h Wesley Evermanj 
 
Abstract 
 

BACKGROUND: It has been frequently argued that growers have less incentive to manage 
the evolution and spread of herbicide resistant weeds on leased than owned land. This is 
because resistance management provides long-term rather than short-term benefits that 
operators may be less assured of capturing on land they do not own. Yet, empirical evidence 
supporting this argument has been lacking.  
 

RESULTS: This study reports on results from a large-scale national survey of weed management 
and other crop production practices on U.S. agricultural fields. Up to eleven weed management 
practices were compared across owner-operated versus renter-operated fields. Analysis of 
survey data from corn and soybean fields did not support the hypothesis that adoption of 
resistance manage practices is lower on rented acres. In most instances, there were no 
statistically significant differences in herbicide use or weed management practices on rented 
versus owned land. This was true at both national and regional levels of analysis. Where 
there were significant differences, practices associated with greater herbicide resistance 
management were, as often as not, more prevalent on rented than owned land.  
 

CONCLUSIONS: A useful area of future research would be to test for land tenure differences 
in resistance management using multivariate analysis to control for confounding effects. 
Unobserved farmer or land characteristics may be confounding results and masking land tenure 
effects. Results here, however, suggest that these other effects are dominating any obvious 
disincentive effects of land leasing on resistance management. Of greater concern, the 
adoption of key resistance management practices was low on both owned and rented land.  
 
Keywords: resistance management, weed management, adoption, land tenure, corn, soybeans 
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1 INTRODUCTION  

The continued growth in the number and geographic spread of herbicide-resistant (HR) 

weeds across North America may threaten farm profitability, lead to shifts in herbicides 

with more negative environmental profiles, or discourage environmentally beneficial 

farming practices such as conservation tillage.1 Yet, despite continued calls to action to 

promote resistance management practices,2,3 their adoption remains spotty.4-5  

Several studies have suggested that farm operators have less incentive to adopt 

herbicide resistance management practices on land that is rented than on land that is 

owner-operated.6-11 This is because, while resistance management may be economically 

beneficial in the long-run, it can often be more expensive initially. Growers leasing land 

may be less assured of capturing these long-term benefits on land that they do not own 

(and are less likely to operate in the future).  

More than half of U.S. corn and soybean acres are renter-operated,12 while nearly 40% 

of all land in farms is rented.13 If operating on rented land discourages resistance 

management, this disincentive effect could affect a lot of U.S. crop acreage. Farmers 

appear to share concern over such disincentive effects. The Herbicide Resistance 

Education Committee (HREC) of the Weed Science Society of America (WSSA) held 
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several listening sessions around the United States to better understand farmer motivations, 

concerns, and challenges in adopting herbicide resistance management practices.14 Land 

tenure (whether a farmer owned or rented land) was among seven primary areas of 

economic concern that farmers identified.  

Yet, despite this concern among researchers and farmers, there has been relatively 

little empirical work linking land tenure to adoption of resistance management practices. 

This study seeks to fill this information gap using data from a large-scale national survey 

of weed management and other crop production practices conducted by the U.S. 

Department of Agriculture (USDA).  

2 LAND TENURE AND INVESTING IN LAND PRODUCTIVITY  

It has long been argued that tenant farms have less incentive to maintain the productive 

capacity of the land they farm than do owner operators.15 This is because tenants are less 

assured that they will be able to operate rented land into the future and may not be able to 

capture returns on such near-term investments. Herbicide resistance management has been 

modeled conceptually as one such investment in longer-run productivity of cropland.4, 16- 18 

Much of the empirical work on differences in incentives on rented versus owned land, 

however, has focused on soil conservation. Exploring this issue more formally, economists 

have developed theoretical optimization models of how tenancy can reduce soil conservation 

incentives,19-20 while rural sociologists have conducted structured interviews of tenants to 

assess how rental agreements can discourage land productivity investments.21-22  
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Yet, despite this research and despite the intuitive appeal that farmers take less care of 

the long-term productivity on rented land, the empirical evidence supporting this 

hypothesis is decidedly mixed. In six studies examined by Soule et al.20 adoption of 

conservation practices was greater on owned land in four studies, but not so in two. A 

later article,23 examined 13 different studies assessing the effect of land tenure on 

conservation practice adoption; two supported the hypothesis, two refuted it, and nine 

found no significant relationship. A review of evidence from developing countries22 also 

yields contradictory findings as does a more recent review of the literature on the topic.24 

Given the mixed results for various soil conservation practices, it is appropriate to 

formally examine the relationship between land tenure status and resistance management 

rather than take it as given that resistance management is practiced less on rented land.  

3  Materials and Methods  

The data used are reported by the USDA Economic Research Service (ERS) and come 

from USDA’s Agricultural Resource Management Survey (ARMS) of USDA’s National 

Agricultural Statistical Service (NASS). The NASS list sampling frame includes all 

known U.S. operations qualifying as a farm under the NASS definition and accounts for 

roughly 90% of total U.S. land in farms. Farms are defined as “all establishments that 

sold or would normally have sold at least $1,000 of agricultural products during the 

year.” This excludes prison and research farms.25 The ARMS provides data on weed 

management and other crop production practices for selected commodities. USDA selects 
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states to minimize the number of states surveyed, while ensuring that surveyed states 

account for at least 80% of U.S. target commodity acreage. Survey data were collected 

for corn production in 2010 and for soybean production in 2012. For the corn survey, 19 

states were selected accounting for 93% of U.S. corn acreage, while for soybeans, 19 

states were selected that accounted for 96% of U.S. soybean acreage. 

ARMS is a multi-phase, multi-frame, stratified, and probability-weighted sample 25 

Phase 1 of the survey contacts farmers during the summer of the survey year. It asks 

whether respondents are farming or not and asks if the respondent is producing the 

commodities that the other phases of the survey may ask about. The response rate has 

ranged from 74%-77%.26 This rate includes operations that responded but were out of 

scope of the survey. Phase 2 surveys a randomly selected group of farmers from Phase 1, 

asking them about their crop production practices and agricultural chemical use. The 

Phase 2 response rate has ranged from 79%-81%.26 Data used for the present study come 

from this Phase 2 survey. In the Phase 2 survey, individual fields are randomly selected 

from individual respondent farms. Then, detailed questions are asked about practices and 

production on that selected, individual field. ARMS targets about 5,000 fields each year. 

For the specific, selected field, ARMS asks respondents if the field was owned by the 

operator or whether it was rented. For rented fields, the survey asks whether land was rented 

on a fixed cash basis, flexible cash basis, or rented in exchange for a share of the crop. 

Responses to questions about the type of rental agreement are not reported in publically 
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available data used for the present study. Information is only publically available that 

distinguishes whether the field is owned and rented. No further distinction between types of 

rental agreements are available. For example, ARMS does not ask respondents about the 

length of rental agreements. If one thinks that insecurity of tenure discourages adoption of 

conservation practices, one might expect to see differences in behavior between shorter and 

longer term contracts. Unfortunately, such information is not collected in ARMS (at present). 

While 70% of U.S. farm leases are single-year contracts, 84% of U.S. farmland acres have 

been rented to the same tenant for over three years, suggesting lease renewal is common.13 

ARMS relies on two sample frames. The first frame comes from a list of farms for 

which NASS has data, which can be helpful in sorting farms based on known variables. 

The second, geographic frame, can be useful in capturing farms that the list frame misses 

because of the change in farm ownership during the year in question or farms entering or 

exiting the market. Around 94% of farms in the ARMS survey sample come from the list 

frame.25 The ARMS survey is also stratified by several variables which include 

production region or state, commodities produced, or farm size. Within each of these 

stratum, particular units are weighted, based on their selection probability. 

To construct estimates of adoption of farm production practices, each survey unit is 

weighted by an expansion factor. Those weights are determined by the probability of an 

observation being sampled. Then using the weights, population estimates are calculated. A 

jackknife resampling process,27 which uses 30 different sets of weights for each sample to get 
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an estimate for the variance of the first estimate.28-31 These 30 sets of weights will determine 

the degrees of freedom used when calculating statistics.  

Data on weed management practices come from the 2010 survey for corn and 2012 

survey for soybeans, both the most recent survey years for the respective crops.12 Data on 

eleven variables were available for corn and nine were available for soybeans:  

1. Percentage of acres that were scouted for weeds  

2. Percentage of acres where tilling, chopping, mowing, or burning was used to control 

pests (in the ARMS questionnaire, “pests” refers to weeds, insects, and diseases) 

3. Percentage of acres where equipment was cleaned to reduce the spread of pests  

4. Percentage of acres where farmers adjusted row spacing or plant density for pest control 

5. Percentage of acres that were cultivated for weed control (corn only)  

6. Average number of tillage operations 

7. Average number of herbicide treatments  

8. Herbicide treatment rate (pounds of active ingredient per treated acre)  

9. Percentage of acres treated with a burndown herbicide  

10. Percentage of acres receiving pre-emergence herbicide applications (corn only). 

11. Percentage of acres where pesticides with different mechanisms of action were 

rotated or tank mixed for the primary purpose of keeping pests from becoming 

resistant to pesticides. 
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We note some caveats about these questions as measures of herbicide resistance 

management. First, the ARMS uses the term “pests” to refer to insects and diseases as well 

as weeds. In these cases (e.g. questions 3, 4, and 11 above) the responses relate to 

resistance management generally, not just herbicide resistance management. Second, data on 

rotating or tank mixing pesticides with different mechanisms is self-reported by growers. 

Two factors can lead to over-reporting of adoption of these practices, relevant to 

resistance management. First, growers may be mistaken about whether various herbicides 

do indeed employ different mechanisms of action. Second, depending on the extent of 

resistance in a field, farmers may actually be applying fewer compounds with different 

effective mechanisms of action than they realize. As one study observes, “growers prefer 

to continue using a herbicide that provides effective control of susceptible weeds, only 

adding a second product when necessary to control resistant plants. This is not using 

different effective MOAs, as one of the two herbicides is no longer effective on all the 

weeds present.”32 Likewise, “cleaning equipment” is self-reported and provides no 

indication of the methods, timing, or thoroughness of cleaning.  

With these limitations in mind, one can consider how the ARMS questions relate to 

resistance management. The first practice is whether the field was scouted for weeds. 

Scouting before herbicide applications aid growers in determining the types, abundance, 

and distribution of weed species to make applications more effective. Post-application 

scouting provides growers with information about the effectiveness of their treatments 
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and potentially early indications of resistance problems.6, 33 Questions 2-6 deal with 

various non-chemical, cultural practices that may delay resistance.6, 33-38 

Questions 7-11 deal with herbicide use and not necessarily directly with resistance 

management. For example, Questions 7 and 8 deal with frequency of herbicide 

applications and pounds of herbicide active ingredient per acre. Higher or lower values 

here could be consistent or inconsistent with resistance management depending on the 

local production context. For example, by applying the full, recommended label rate, one 

can mitigate low-dose selection for herbicide resistance.39 Yet, ARMS does not ask 

questions about whether label rates were followed as other surveys have.4 Burndown 

applications also have ambiguous implications for resistance management. Burndown 

applications may indicate a farmers is attempting to plant into a weed-free field or may 

be made in conjunction with planting cover crops, consistent with resistance 

management.6 Yet, past recommendations to use a burndown application of glyphosate 

followed by one or more glyphosate applications can increase the potential for resistance 

evolution.40 Likewise, use of pre-emergence herbicides with different mechanisms of 

action has been recommended to delay glyphosate resistance.16, 41-43 Yet, pre-emergence 

application does not by itself guarantee effective resistance management.  

With the exception of the average number of herbicide treatments, average pounds of 

active ingredient applied, and the average number tillage operations, all statistics are reported 

as the percentage of acres where a practice is adopted. Data are divided between fields 
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that are rented and fields that are owner-operated. This allows for comparisons between 

practices on owned and rented fields. Data are reported at the national level and also broken 

down into farm production regions. Each observation in the data set also includes the 

residual standard error as a percentage of the estimate. Each of those are used to calculate 

normal standard errors that can be used to test for significant differences in variables. 

To estimate each of the residual standard errors, ARMS uses the DAG (Delete-a-

group) Jackknife variance estimator.28-31 When using the DAG Jackknife estimator, each 

of the estimates for standard errors have 29 degrees of freedom because of the 30 

different sets of weights used to calculate the variances minus one. Thus when we 

calculate t statistics for testing a difference in means between owners and renters we must 

use degrees of freedom equal to 58 (2 time 29 degrees of freedom). 

The method used to examine if weed management practices on owned fields differs from 

adoption on rented fields is a simple comparison of means to test for any statistically 

significant difference. A similar approach has been used to test differences in behavior across 

different farm types in previous studies on agritourism, vertical integration of agricultural 

enterprises, and management practice adoption among beef producers using ARMS data.44-46 

A simple t-statistic is calculated. Because the ARMS uses the DAG jackknife variance 

estimator, degrees of freedom will equal 58 when we calculate the p-values for our t-

statistic. Standard errors for each estimate are available in the data and are calculated using 

the 30 probability weighted estimates. The t statistics are calculated as: 
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𝑡𝑡 𝑠𝑠𝑡𝑡𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠 =  
𝐸𝐸𝑠𝑠𝑡𝑡𝑠𝑠𝐸𝐸𝑠𝑠𝑡𝑡𝐸𝐸𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 − 𝐸𝐸𝑠𝑠𝑡𝑡𝑠𝑠𝐸𝐸𝑠𝑠𝑡𝑡𝐸𝐸𝑅𝑅𝑂𝑂𝑂𝑂𝑅𝑅𝑂𝑂𝑂𝑂
�𝑉𝑉𝑠𝑠𝑉𝑉𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝐸𝐸𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 + 𝑉𝑉𝑠𝑠𝑉𝑉𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝐸𝐸𝑅𝑅𝑂𝑂𝑂𝑂𝑅𝑅𝑂𝑂𝑂𝑂

 

 
Before turning to results, it is worth considering the economic situation growers faced 

in the years of the surveys (2010 and 2012). Compared to previous and subsequent years 

when ARMS data were collected, corn prices in 2010 and soybean prices in 2012 were 

considerably higher than in previous or subsequent survey years (Table 1).  

 

Table 1. Net Returns per Acre, Output, and Herbicide Prices across ARMS survey years 

Corn 2016 2010 2005 2001 1996 
Value of production less operating 
costs ($ / acre) $263.37 $402.98 $74.06 $104.62 $208.98 
Price per bushel ($) $3.29 $4.33 $1.74 $1.84 $2.82 
Herbicide price index (2011 = 100)  109.7 101.3 89.1 85.8 89.9 

Herbicide price index / Corn price 33.3 23.4 51.2 46.6 31.9 
            
Soybeans 2018 2012 2006 2002 1997 

Value of production less operating 
costs ($ / acre) $285.71 $424.53 $161.43 $134.50 $199.31 
Price per bushel ($) $8.71 $14.21 $5.54 $5.20 $6.54 

Herbicide price index (2011 = 100)  101.7 106 94.2 85.3 89.9 
Herbicide price index / Soybean price 11.7 7.5 17.0 16.4 13.7 

Source: USDA, ERS,47 USDA, NASS48 
 

Economists have developed theoretical models examining how land tenure can affect 

grower incentives to adopt conservation practices, which can have higher short run costs, but 

provide larger longer term benefits, with applications to soil conservation 20 and herbicide 

resistance management.18 These models presume the probability of operating land in the 

future is one on owned land, but less than one on rented land. As such, economic incentives 

to adopt practices with long-term benefits are greater on owned land, assuming all other 
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factors equal. Moreover, as output price increases, the gains to adoption increase relatively 

more for owned than rented land. Combined, these models and price conditions suggest that 

the 2010 and 2012 survey years were ones where the advantage of adopting resistance 

management practices on owned versus rented land would be relatively larger, all else equal.  

Yet, average herbicide prices – as measured by USDA’s herbicide price index 48 – 

were higher around 2010-2014 than in the previous two decades (Table 1). Some practices, 

such as making pre-emergence applications or rotating or tank mixing herbicides with 

different modes of action could involve using more or more expensive herbicides. Higher 

herbicide prices could discourage such practices. Studies have found costs to be important 

barriers to adoption of resistance management practices.49-53 There is some survey evidence 

that growers attach more significance on costs than even overall profitability as a constraint 

to resistance management.51, 53 That said, net returns per acre were relatively high in the 

survey years, while the ratio of herbicide prices to crop prices was relatively low.   

4  Results and Discussion 

First, we consider how practices differ on owned and rented land at the national level for 

corn and soybean producers. To determine if differences in owned and rented fields are 

statistically significant, we calculate t statistics and associated p-values for corn (Table 2) 

and soybeans (Table 3). 

Of the 11 variables compared for corn, there were statistically significant differences 

(at the 5% level) between owned and rented acres in just two cases. Equipment was 
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cleaned on a greater percentage of owned acres (37%) than rented acres (30%). In 

contrast, using different mechanisms of action was practiced on a greater percentage of 

rented acres (30.5%) than owned acres (24%).   
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a. 1 pound / acre = 1.12085 kg / ha.  Source: USDA, ARMS  
 
For soybeans (Table 3), non-chemical weed control methods where practiced on a higher 

percentage of acres on rented (than own) land. Only differences in scouting for weeds and 

Table 2. Differences in weed management practices on owned and rented corn fields, 2010 
national data including P-value of t-test of a difference in means  
 
Weed Management Practice Field Type Estimate S.E. P-Value 

Percentage of acres scouted for weeds Owned 87.31 1.29 0.26 
Rented 88.76 1.76 

Percentage of acres tilled, chopped, mowed, or 
burned to control pests  

Owned 41.70 2.92 0.15 
Rented 46.31 3.19 

Percentage of acres where equipment was 
cleaned to reduce spread of pests  

Owned 37.19 2.86 0.04 Rented 30.29 2.69 

Percentage of acres where farmers adjusted row 
spacing or plant density for pest control 

 

Owned 12.36 1.79 0.26 
Rented 

 
13.99 

 
1.69 

 

Average number of tillage operations  

 

Owned 1.45 0.04 0.36 

 
Rented 

 
1.39 

 
0.06 

 

Percentage of acres cultivated for weed control  Owned 42.22 2.70 0.42 
Rented 43.03 2.28 

Average number of herbicide treatments  Owned 2.80 0.07 0.21 
Rented 2.89 0.09 

Herbicide treatment rate (pounds of active 
ingredient per treated acre) a 

Owned 2.24 0.06 0.45 Rented 2.26 0.07 

Percentage of acres treated with a burndown 
herbicide 

 

Owned 5.09 0.76 0.46 
Rented 

 
4.97 

 
0.81 

 

Percentage of acres where pesticides with 
different mechanisms of action were rotated or 
tank mixed  

Owned 24.21 2.57 
0.02 Rented 

 
30.51 

 
1.80 

 

Percentage of acres receiving pre-emergence 
herbicide applications  

Owned 56.86 2.44 
0.15 

Rented 62.06 2.61 
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adjusting row spacing or planting density were statistically significant at the 10% level (or 

lower), though. The number of herbicide treatments and pounds of active ingredient were 

greater on rented land, as was the percentage of acres where different mechanisms of action 

were employed to prevent resistance (again, significant at the 10% level). Greater underlying 

weed pressure on rented acres could contribute to these differences. We do not have data on 

differences in weed populations on owned versus rented land.  Yet, it is questionable whether 

such a distinction at the level of national crop acreage would be meaningful.   

Table 3. Differences in weed management practices for owned and rented soybean fields, 2012 
national data including P-value of t-test of a difference in means 

Weed Management Practice  Field Type Estimate S.E. P-Value 

Percentage of acres scouted for weeds  Owned 93.31 0.65 0.05 Rented 94.83 0.66 

Percentage of acres tilled, chopped, mowed or 
burned to control pests  

Owned 42.7 1.79 0.39 Rented 43.42 1.87 

Percentage of acres where equipment was 
cleaned to reduce spread of pests  

Owned 33.87 2.37 0.48 Rented 34.05 1.91 

Percentage of acres where farmers adjusted row 
spacing or plant density for pest control 

Owned 16.44 1.74 
0.09 

Rented 19.34 1.28 

Average number of tillage operations  Owned 2.24 0.05 0.28 Rented 2.28 0.05 

Average number of herbicide treatments  
Owned 2.92 0.06 

0.08 
Rented 3.02 0.05 

Herbicide treatment rate (pounds of active 
ingredient per treated acre) a 

Owned 1.81 0.04 0.04 Rented 1.90 0.03 

Percentage of acres treated with a burndown 
herbicide 

Owned 32.63 1.60 0.22 Rented 34.22 1.30 

Percentage of acres where pesticides with 
different mechanisms of action were rotated or 
tank mixed  

Owned 22.43 1.32 0.09 

 
Rented 
 

25.48 
 

1.86 
 

a. 1 pound / acre = 1.12085 kg / ha.  Source: USDA, ARMS 
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We next examined the data disaggregated into different USDA farm production 

regions: Mountain (Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, 

Wyoming, and Utah), Northern Plains (Kansas, Nebraska, North Dakota, South Dakota), 

Southern Plains (Oklahoma and Texas), Lake States (Michigan, Minnesota, Wisconsin), 

Corn Belt (Illinois, Indiana, Iowa, Missouri, Ohio), Northeast (Connecticut, Delaware, 

Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, 

Pennsylvania, Rhode Island, Vermont), Appalachian (Kentucky, North Carolina, 

Tennessee, Virginia, West Virginia), Southeast (Alabama, Florida, Georgia, South 

Carolina), and Delta (Arkansas, Louisiana, Mississippi). Regions included in the ARMS 

survey differed for corn and soybeans, reflecting where production is concentrated.  

More than half of corn and soybean acres in the United States are renter operated 

(Table 4). There is relatively little regional variation in this pattern. For corn, there are 

lower than average rates of rented acres in the Southeast, Northeast, and Lake States. The 

Southeast and Northeast, in particular though, account for a small share of corn acreage. 

For soybeans, rented acreages is more prevalent in the Delta and less prevalent in the 

Lake States. Deviations from the overall average of 56% are small, however.  

Table 4. Owner Operated and Renter Operated Acres in U.S. Corn and Soybean Production 

 
Corn (2010) 

Owner Operated 
Acres (millions)  

Renter Operated 
Acres (millions)  

Percentage Renter 
Operated 

  Mountain  0.6 0.7 52% 
  Northern Plains  9.0 11.6 56% 
  Southern Plains  1.1 1.2 53% 
  Lake States  7.4 6.6 47% 
  Corn Belt  16.6 22.0 57% 
  Northeast  1.5 0.9 36% 
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  Appalachian  1.1 1.2 52% 
  Southeast  0.2 0.1 34% 

Total Program States 37.5 44.3 54% 
       
Soybeans (2012)      

Northern Plains 7.6 10.9 59% 
Lake States 5.4 5.0 48% 
Corn Belt 15.0 18.4 55% 
Delta 2.5 3.8 61% 
Appalachian  2.3 2.6 54% 

Total Program States 32.7 40.8 56% 
Source: USDA, ARMS 

Table 5 summarizes these results for corn. Because of the large amount of data for each 

practice and region, Table 5 only indicates whether a differences in means were statistically 

significant (at the 5% or 1% level) and whether the indicator variables were higher or lower 

on owned or rented land. With 8 regions and 11 variables, there were 88 potential t-tests of 

the data. However, data were unavailable at the regional level in 11 cases (leaving 77 

possible tests). The regional data for corn do not show systematic relationships between land 

tenure and weed management behavior. Of 77 t-tests, statistically significant differences. 

Table 5. Differences in weed management practices on owned and rented corn fields, 2010 data 
disaggregated by USDA farm production region 

 Practice 
Moun-

tain 
No. 

Plains 
So. 

Plains Lake  
Corn 
Belt 

No. 
East 

Appal-
achian 

So. 
East 

Percentage of acres 
scouted for weeds 

        

Percentage of acres tilled, 
chopped, mowed, or 
burned to control pests  

    R *    

Percentage of acres where 
equipment was cleaned to 
reduce spread of pests 

     X  R * 

Percentage of acres where 
farmers adjusted row X  X     X 
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spacing or plant density for 
pest control 
Average number of tillage 
operations 

        

Percentage of acres 
cultivated for weed control 

        

Average number of 
herbicide treatments 

  R **      

Herbicide treatment rate 
(pounds of active ingredient 
per treated acre) a 

        

Percentage of acres treated 
with a burndown herbicide 

     X R * X 

Percentage of acres where 
pesticides with different 
mechanisms of action 
were rotated or tank 
mixed 

X  X    X X 

Percentage of acres 
receiving pre-emergence 
herbicide applications 

X    R *    

 
Blank cells indicates there was no statistically significant difference in means. 
“X” indicates that the t-test could not be performed due to missing data. 
"O" indicates adoption rates or averages on owned land are higher.  
"R" indicates adoption rates or averages on rented land are higher 
Significance level of t-test: * = 5% ** = 1% 

a. 1 pound / acre = 1.12085 kg / ha.  Source: USDA, ARMS 

in practices between owned and rented land were found (at the 5% level or lower) in only 

five cases (6.4% of the total). Looking at just the top six rows of Table 5, which deal with 

non-chemical practices, there were only two cases with significant differences.  But, in these 

two cases (tilling, chopping, etc. in the Corn Belt and cleaning equipment in the Southeast) 

adoption rates were higher on rented acreage.  

Table 6. Differences in weed management practices for owned and rented soybean 
fields, 2012 data disaggregated by USDA farm production region 

  
Northern 

Plains Lake  Corn Belt Delta Appalachian 
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Percentage of acres scouted for weeds R ** O *       

Percentage of acres tilled, chopped, 
mowed, or burned to control pests           

Percentage of acres where equipment 
was cleaned to reduce spread of pests R *         

Percentage of acres where farmers 
adjusted row spacing or plant density for 
pest control 

R *     

Average number of tillage operations       
Average number of herbicide 
treatments          

Herbicide treatment rate (pounds of 
active ingredient per treated acre) a 

          

Percentage of acres treated with a 
burndown herbicide         

Percentage of acres where pesticides 
with different mechanisms of action 
were rotated or tank mixed  

     

 
Blank cells indicates there was no statistically significant difference in means. 
“X” indicates that the t-test could not be performed due to missing data. 
"O" indicates adoption rates or averages on owned land are higher.  
"R" indicates adoption rates or averages on rented land are higher 
Significance level of t-test: * = 5% ** = 1% 

a. 1 pound / acre = 1.12085 kg / ha.  Source: ARMS 
 
For soybeans (Table 6), 45 t-tests were performed (given 9 practices and 5 regions). Of 

45 t-tests, statistically significant differences (at the 5% level or lower) on owned versus 

rented land were found in only four cases (<9% of the total). Looking at the top five rows of 

Table 6, which again deal with non-chemical practices, there was just one case where the 

adoption rate was higher on owned acres (weed scouting in the Lake states), while 

adoption was higher on rented acres for weed scouting, cleaning equipment, and 

adjusting row spacing, all in the Northern Plains.  
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In sum, examining both regional and national corn and soybean data, in most cases 

there were no significant differences in weed management practices across owned and 

rented land. Further, the results presented in Tables 2, 3, 5, and 6 do not adjust for the 

fact that in presentations of such multiple tests, on the probability of getting a significant 

result simply by chance increases with the number of tests. Thus in Table 2, the 

probability of at least one false positive (significant difference even if the null hypothesis 

of no difference is true, or type I error) based on a 5% significance level would be 0.43, 

given 11 tests presented [1 – (1 – 0.05)11 = 0.43]. For Table 3, presenting nine tests, the 

probability of observing least one of one false positive with a 10% significance level would be 

0.61 [1 – (1 – 0.10)9 = 0.61]. For Tables 4 and 5 the probability of observing at least one false 

positive (at the 5% level) are 0.98 and 0.90.  

Statisticians and applied practitioners have debated the appropriateness of imposing 

corrections on significance levels to reduce the probability of type I errors.54 Corrections 

(such as the Bonferroni correction) can reduce the probability of type I error, but at the 

expense of increasing the probability of type II errors (i.e., in our case, not observing a 

significant difference on owned and rented land where one actually existed). A critical 

consideration is whether one is worried about type I errors more than type II ones.54  In 

this study, we found very few statistically significant differences, even without 

corrections for type I error. So, even though one could argue that our procedures are 

biased in favor of finding relationships between land tenure and weed management, 
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generally we still do not.  Our main finding – that there is little clear evidence that 

behavior on owned and rented fields differs – is only bolstered when one considers that 

there is a high probability that some of the (small number of) observed differences are 

merely due to chance.  Moreover, in the few cases where there were statistically 

significant differences, more often than not, adoption rates associated with better 

resistance management were higher on rented acres than owned acres.  

The ARMS results are consistent with the limited evidence from other studies on land 

tenure and herbicide resistance management. In the 2012 through 2014 versions of Iowa 

Farm and Rural Life Poll, 42% of farmer respondents disagreed or strongly disagreed that 

farmers were less likely to use good resistance management practices on rented land, 29% 

of respondents agreed or strongly agreed, and 29% were uncertain.55 In the 2017 Iowa 

poll,56 67% of respondents said they disagreed or strongly disagreed with the statement, “I 

am more concerned about herbicide resistance on my own land than on land that I rent.” 

Just 7% strongly agreed, while 14% agreed, and 12% were uncertain. More detailed 

analysis from 2012-14 Iowa poll data found that farmer adoption of resistance management 

practices was positively associated with a higher percentage cropland rented.57-58 An earlier 

multivariate regression study of corn, cotton, and soybean farmers found no significant 

association between the percentage of cropland owned and the total number of resistance 

management practices adopted often or always.4 Considering ten resistance management 

practices separately, the study found no significant relationship in eight cases. Scouting 
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before applying herbicides was positively associated with the percentage of land owned, 

while starting with a clean field was negatively associated the share of land owned. 

Given the significant share of U.S. cropland that is leased, any disincentive effects of 

tenancy on resistance management could affect a significant share of U.S. acreage. In terms 

of policy implications, combating such disincentive effects (if they exist), might require 

greater outreach to agricultural land owners that lease out their land. Given that nearly a 

third U.S. farmland is leased out by non-operators,13 this would require additional 

extension efforts (and resources) to reach this audience.  

Analyses of the ARMS data find no evidence of systematic negative effects of renting 

land on adoption of herbicide resistance management. But, absence of evidence is not 

evidence of absence. As has been noted in discussion of ambiguous findings on land tenure 

and soil conservation59 there are multiple differences in farmer and farm characteristics that 

are not being controlled which can muddy results. Unobserved farmer or land 

characteristics may be confounding results and masking land tenure effects.  

To partially account for confounding effects of the presence of herbicide resistant 

weeds, we experimented with using the regional data to regress practice adoption on a land 

tenure indicator variable and measures of the prevalence of herbicide resistant weeds.60 

Even when attempting to control for such prevalence, the land tenure indicator was never 

statistically significant.  Yet, the number of observations for the 11 practice adoption 

regressions was quite small (28 or fewer) and the level of analysis is highly aggregated 
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(across multi-state regions).  Accounting for the presence of resistant weeds on grower 

behavior is likely to show more promise using farm-level data sets.5 

Data from the most recent Census of Agriculture breaks farmer characteristics down by 

tenure of the farm operation, splitting operations into full owners (no land leased in), 

tenants (operating only leased in land) and partial owners (operating a combination of 

owned and leased in land).61  Compared to partial owners and tenants, full owners (who 

account for a third of all land in farms) operate fewer acres, have lower sales, have lower 

net farm income, are older on average, and are more likely to report off-farm work as their 

principal occupation. It is possible that factors such as small scale of operation, lack of time 

(because of high off-farm work commitments), or age (shorter time horizon) discourage 

resistance management by full owners. Examination of these issues is beyond the scope of 

the present analysis relying on publically available, aggregated ARMS data. Yet, a useful 

area of future research would be to test for land tenure differences in resistance 

management using multivariate analysis to control for confounding effects.   

Another useful area of future research would be to update this analysis when new 

ARMS data become available for more recent years. The incidence of herbicide resistant 

weeds and grower awareness of them have grown since the time these surveys were 

conducted. New herbicide-resistant weed species have increased at a rate of four new 

cases per year since 2002.62 
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There is some evidence from grower attitude surveys that concern about HR weeds has 

grown, while confidence that industry will provide new products has lessened. A 2005-

2006 survey of 1,200 U.S. growers found that 39% or fewer thought glyphosate resistance 

was a serious issue, while fewer than one in five had personally experienced glyphosate 

resistant weeds on their farms.63 A 2007 survey asked growers an open-ended question 

regarding their biggest concerns in terms of weed management.64 An indicator variable was 

constructed equal to 1 if the grower reported any concern with weed resistance and 0 

otherwise. About 54% of soybean and 48% of corn growers mentioned resistance concerns. 

Another earlier survey of Indiana growers found only 36% expressed a high level of 

concern about weed resistance, with 19% expressing low or no concern.65 

More recently, though, a 2015 survey found that 71% of growers were concerned about 

HR weeds spreading to their farms from nearby operations.5 For the question, “How 

concerned are you about the presence of weeds resistant to multiple herbicides on your 

farming operation?” with a 4-point Likert scale: 1=not concerned at all, 2=not very 

concerned, 3=somewhat concerned, 4=very concerned, the mean of responses was 3.46.5 In 

a 2016 survey of Corn Belt soybean producers, 97% agreed or strongly agreed that they 

were concerned about glyphosate resistance. Two thirds had fields infested with 

glyphosate-resistant weeds, while nearly three quarters agreed or strongly agreed that 

glyphosate resistance presents a serious problem to their farming operation.66 
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A survey of 400 U.S. corn, soybean and cotton growers found 92% respondents were 

“somewhat” to “very confident” that chemical manufacturers would develop new products 

to address glyphosate resistance with 3-5 years.67 More recent surveys do not suggest this 

level of confidence. A 2015 survey of more than 500 U.S. field crop growers asked the 

question, “By the time a weed develops resistance to an herbicide, at least one new 

herbicide will have been found to replace it,” with a Likert Scale response: 1=strongly 

disagree, 2=somewhat disagree, 3=neither agree nor disagree, 4=somewhat agree, 

5=strongly agree. The mean score of respondents was 2.39.5 In a 2016 survey of 725 

Midwestern U.S. soybean growers, 64% of respondents disagreed or strongly disagreed 

that resistant weeds were not a problem because new technologies would be developed to 

manage them.66 In a recent survey in Nebraska, 60% of growers in Nebraska reported the 

presence one or more glyphosate-resistant weed species on their farms. Rating GR weeds 

on a 0-10 scale (0, not at all a problem to 10, highly problematic), the average score was 

7.4, with the median, 8, suggesting a high level of concern.68 

The 2010 Corn and 2012 Soybean ARMS data are the most recent available reporting 

practice adoption by field ownership status. Data from 2018 are publically available for 

selected weed management practices from the USDA, NASS Agricultural Chemical Use 

Program67 (Table 5). Weed scouting, already high for soybeans has increased for corn. 

Adoption of non-chemical practices (i.e. cleaning equipment, adjusting row spacing / 

planting densities, and tilling, chopping, etc.) all show greater rates of adoption for both 
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corn and soybeans. While use of pesticides with different modes of action to prevent 

resistance were adopted on a higher percentage of acres in 2018 than in 2010 or 2012, this 

practice is still followed on less than half of U.S. corn and soybean acres.  

Table 7. Adoption of Selected Weed Practices: Study Years Versus 2018 Data  

  Corn (% of acres) Soybeans (% of acres) 

Practice 2010 2018 2012 2018 
Tilling, chopping, mowing, burning to control pests 44 56 43 52 
Clean equipment to reduce spread of pests 33 43 34 40 
Pesticides with different mechanisms of action 
were rotated or tank mixed 

28 44 
 

24 40 
 

Adjust row spacing/plant density for pest control 13 18 18 21 
Field scouted for weeds 88 94 94 94 

Source: USDA, NASS 69 

5  Conclusion  

It has been suggested that farmers are less likely to adopt herbicide resistance management 

practices on rented land as opposed to land they own. Analysis of USDA Agricultural 

Resource Management Survey (ARMS) data for corn and soybeans, in general did not 

support this hypothesis. Disaggregating the ARMS data by USDA farm production region 

did not change this result. As often as not, individual resistance management practices were 

adopted more frequently on rented acreage. Given the univariate statistical tests used in this 

study, more research is needed to control for potential confounding effects of farm and 

farmer characteristics. Results here, however, suggest that these other effects are 

dominating any obvious disincentive effects of land leasing on resistance management.  

Yet, these results are from 2010-2012. Since that time, there is evidence that growers 

have greater experience with resistant weeds and are more concerned about them.  So it 
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would be of interest to examine this research problem in a multivariate regression setting 

with more recent data.  

 It is concerning that adoption of key resistance management practices was low on both 

owned and rented land. For example, the practices of rotating or tank mixing pesticides 

with different “mechanisms of action” (the term used in the ARMS survey) to keep pests 

from evolving resistance to pesticides was practiced on less than a third of U.S. corn acres 

and fewer than a quarter of U.S. soybean acres. More recent USDA data suggests that these 

rates have increased to 40% of U.S. soybean and 44% of U.S. corn acres. While an 

improvement, these adoption rates are still quite low. This is especially disconcerting 

considering that these results are based on farmer self-reporting and that farmers may well 

be overstating their use of different effective mechanisms of action.32 
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