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Abstract
After decades of farm specialization, re-integrating crop and livestock farming systems is being reconsidered as a key step

toward sustainable agriculture. The relative profitability of Maine farms integrating crops and livestock is compared to non-

integrated or conventional farms. Crop and livestock integration in Maine occurs through either diversified on-farm

integration or, more commonly, through coupled interactions between specialized crop and livestock producers. Potato and

dairy systems coupled for only 2 years (short-term) had greater profitability compared to conventional systems. Profitability

increased in the short term in two ways. First, potato farms grew more of their primary cash crop. Secondly, dairy farms

expanded cow numbers, increasing profitability assuming increasing returns to scale. Coupled systems integrated for more

than 10 years (long-term) had more favorable profitability than short-term couplers since greater manure-nutrient credits

were taken for potatoes and silage corn. The advantages of potato–dairy integration were even greater if potato yields

increased in the long term, as suggested by long-term rotation plot studies in Maine. Even if coupling is more profitable than

non-integrated systems, it requires that farms be in close proximity and for farmers to have adequate working relationships

and management skills. Despite these challenges to re-integrating crops and livestock, short- and long-term economic

benefits may encourage farmers in appropriate areas to consider coupling with other producers.
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Introduction

In Maine and elsewhere, cash field crops and livestock were

historically integrated, usually being produced on the same

farm. Field crops were typically fed to farm livestock and

manure was spread on the farm’s land base. Over time,

however, farms have become increasingly industrialized

and specialized, focusing exclusively on either crop or

livestock production. Mechanization and fertilizers have

eliminated the need for livestock and livestock manure on

crop farms1. Farm specialization on single commodities has

reduced the prevalence of crops and livestock integrated on

the same farm. It has also made integration between

specialized farms (inter-farm coupling) challenging as both

crop and livestock industries have become increasingly

concentrated in certain regions.

Integrated farming systems tend to have greater crop

diversity2 combined with more prevalent livestock3 and

have numerous environmental and economic benefits. Crop

and livestock integration allows more efficient nutrient

cycling, which can improve nutrient conservation. On the

crop side, reliance on purchased fertilizers can be reduced

with increased nutrient cycling from decomposing organic

matter such as manure4. On the livestock side, tighter

nutrient cycles can reduce nutrient run-off and subsequent

pollution of watersheds5. Nutrient loading from agricultural

systems can also decrease wild species diversity6.

At the individual farm level, prior research has focused

on the benefits and challenges of crop and livestock

integration occurring on the same farm (on-farm), rather

than between two specialized producers. Benefits included

improved profitability7, reduced input use and more even

distribution of production activities8, diversification, and

risk reduction. Challenges of integrated crop and livestock

systems included tradition and livestock transportation9,

increased management complexity and market availabil-

ity10, greater potential for crop diseases, government

policies and marketing organizations11, as well as vertical

coordination12.

Several Maine potato and dairy farms have addressed

these challenges with crop and livestock integration,
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realizing the benefits of integrating while still continuing

their specialized operations. This has generated interest in

the potential for coupling crop and livestock systems to

improve profitability and to encourage tighter nutrient

cycling. Both coupled and on-farm integration involves

application of manure on cropland used for production of

cash field crops, livestock feed, and/or mixed vegetables.

‘Inter-farm coupling’ or ‘coupled’ describes specialized

crop and livestock operations integrating livestock with

crops by exchanging livestock feed for manure as well as

the land used to produce cash crops and livestock feed,

while conventional (non-integrated) farms do not partici-

pate in such exchanges (Fig. 1).

The objective of our research was to better quantify

the economic benefits of coupled potato and dairy farms

in Maine using representative budgets. Interviews with

cooperating farms and agronomic results for potato

systems amended with manure suggested agronomic and

socio-economic benefits to coupling. Cited benefits

included increased area for cash crop production, reduced

fertilizer use, increased crop yields and quality, improved

soil quality, options for herd expansion, and enhanced

management skills from interaction with another producer.

However, integrated systems may be more costly during

transition to these systems due to the increased management

time spent coordinating integration with another farmer13.

Coupled farms should be more profitable compared to

conventional, non-integrated farms if coupling allows

potato and dairy farms to expand. Profitability may also

be improved by lower fertilizer costs if nutrient credits are

taken for applied manure. Additionally, inter-farm coupling

may be more profitable if crop yields are increased from

integration. For coupled potato farms, higher yields are

expected over time, especially in dry years, based upon the

results of the Maine Potato Ecosystem Project summarized

by Porter and McBurnie14 and Gallandt et al.15. However,

 
 

Year 1:
Potatoes

Potato  
farm

Year 3: 
Potatoes 

Year 4: 
Grain corn 

Years 1 to 7: 
Silage corn

Years 8 to 12: 
Hay/ 

Haylage 

Cash crops
(Potatoes &
grain corn)

Livestock
products

(Milk & meat)

Year 2: 
Grain corn 

Nutrients 
(fertilizer)

Dairy 
farm 

Excess
nutrients
(manure)

Nutrients  
(fertilizer) 

Concentrated feed

        

Forage

Manure 

 
 
 
 

Potato 
farm 

Year 3: 
Potatoes 

Dairy 
farm 

Cash crops 
(Potatoes &
grain corn) 

Livestock
products
(Milk and meat) 

Fertilizer Fertilizer

Excess
nutrients
(Manure)

Concentrated
feed

Hay/
Haylage

Year 2: 
G.Corn 

Year 1: 
Potatoes 

Year 2: 
S.Corn 

Year 4: 
G.Corn 

Coupled potato and dairy farms

Conventional potato farm Conventional dairy farm

Year 4:
S.Corn

Figure 1. Conventional and coupled potato and dairy farm crop management.

262 A.K. Hoshide et al.

https://doi.org/10.1079/RAF2006146 Published online by Cambridge University Press

https://doi.org/10.1079/RAF2006146


higher soil moisture from manure may encourage tuber

diseases such as powdery scab16, which may reduce

marketable potato yield.

Materials and Methods

Selection of cooperating producers

In Maine, potato farms are concentrated in Aroostook

county while the bulk of the dairy industry is in central and

south-central Maine (Fig. 2). Farm numbers have decreased

for both potato and dairy farms in Maine from 1964 to

1997. Annual potato production was reduced from

1,598,965 to 884,073 Mt during this time17. Milk

production has been more variable, declining slightly from

about 299,371 to 296,649 Mt from 1965 to 200118.

Of the 495 potato and 437 dairy farms shown in Figure 2,

Maine extension educators recommended 26 cooperating

potato and dairy producers for participation in this project.

Cooperating producers were categorized as on-farm in-

tegrated, coupled, and potential integrators. Potential
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Figure 2. Maine potato farms in 1998 and dairy farms in 2001. Farms were plotted using farmer addresses and may not represent actual

farm centers.
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integrators were considering or experimented with integra-

tion in the past. On-farm integrators were diversified dairy

operations or a potato farm with a livestock component.

Coupled farms were two or more specialized crop and

livestock farms that exchanged some combination of land,

feed, and other inputs.

Enterprise production operations and asset ownership for

three types of inter-farm coupling are listed in Table 1. The

relationship between coupled crop and livestock farms can

evolve from simple exchanging of cropland (land-coupled)

to more complex arrangements where feed is exchanged

(land/feed-coupled) or production inputs such as labor,

fertilizer, and equipment (land/feed/input-coupled) are

shared. This study focused on land-coupled and land/

feed-coupled farm types common in central Maine.

Although two pairs of coupled farms in central Maine

were land/feed/input-coupled, this case was not analyzed

due to the many ways that production inputs can be shared.

Coupled potato and dairy farms were close together,

typically having fields within 10 miles of the other

coupler(s).

For land-coupled farms, it was assumed that silage corn

grown on potato farmland was managed entirely by the

dairy farm in a land swap. Thus the potato farm paid no

production costs for silage corn. The dairy farm covered the

costs of forage storage and manure-spreading. Land/feed-

coupled farms also swapped land and it was assumed that

the potato farm grew forages for sale to the coupled dairy

farm at typical market prices (Table 2). In this coupling, the

dairy farm provided forage and manure storages as well as

the manure-spreading equipment. The potato farm paid for

all other crop production costs.

Production characteristics of cooperating producers were

previously summarized19. Potential integrators accounted

for four of the 26 cooperating farms. Of the remaining 22

farms, 15 coupled farms and four on-farm integrators

provided enough data for budgets. Three farms did not

provide enough economic data for representative budgets.

Production data from the 15 coupled farms were used to

construct different scales of representative synthetic

budgets. Two pairs of cooperating farms were land/feed-

coupled, selling and purchasing forages slightly below

market prices. In both instances, the land/feed-coupled

dairy farm conducted some crop production operations. The

remaining cooperating farms were land-coupled.

Representative farms and budgets

Representative whole-farm and crop enterprise budgets

were constructed for conventional (non-integrated) and

coupled (integrated) farms in central Maine. Potato and

dairy budgets varied by size class (small and large) and

integration type (land-coupled and land/feed-coupled).

Both integrated and non-integrated representative budgets

were based on previous studies of the Maine potato20,21 and

dairy22 industries in addition to data collected during face-

to-face interviews with cooperating farmers. Farm data

were based on the 2001 calendar year. Production

assumptions used to derive representative budgets were

based on the most common practices of cooperating farms.

The combined profitability of coupled and conventional

systems was also compared.

Conventional and coupled potato farms raised potatoes

and corn in a 2 year rotation (Fig. 1). Potato budgets

represented non-irrigated production utilized for potato

chip processing. Typical central Maine marketable potato

yields of 26.9 Mt ha-1 were from an agronomist used

by many cooperating potato growers (L. Titus, personal

communication, 2003). Potato yields were initially assumed

to be the same for coupled and conventional since research

plots in northern Maine have shown manure amendment

may increase (moisture retention) or decrease (disease)

marketable potato yield. From 1991 to 2003, the marketable

yield response for potatoes from manure amendment

Table 1. Division of production responsibilities and asset ownership for coupled farms.

Activities

------------------------------------Coupled farm types-------------------------------------

Land (L) Land/Feed (LF) Land/Feed/Input (LFI)

Operations

Grows and harvests potatoes Potato Potato Potato/Dairy

Grows and harvests forage crops Dairy Potato Potato/Dairy

Grows concentrates1 None None None

Spreads dairy manure Dairy Potato Potato/Dairy

Purchases concentrates Dairy Dairy Dairy

Manages dairy herd Dairy Dairy Dairy

Ownership

Potato production equipment Potato Potato Potato

Forage production equipment Dairy Potato Potato/Dairy

Manure spreading equipment Dairy Dairy Potato/Dairy

Manure storages Dairy Dairy Dairy

Livestock feed storages Dairy Dairy Potato/Dairy

Potato and corn cropland Potato/Dairy Potato/Dairy Potato/Dairy

1 According to Dalton and Bragg (2003), Maine dairy farms do not typically grow crops used for concentrated feed.
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ranged from -13 to 33% with an average response of about

6% (G. Porter, personal communication, 2004).

Land/feed-coupled potato farms and land-coupled dairy

farms grew silage corn and dry hay or haylage in a long-

term rotation. Land/feed-coupled dairy farms did not raise

any crops, focusing instead on milk production. Dairy

farms purchased all concentrated feed. Crop yields and

prices (Table 2) and nitrogen, phosphorus, and potassium

applied as manure and fertilizer for each crop were typical

for cooperating farmers in central Maine (Table 3).

Coupled and conventional farms had the same transport

costs for manure and forage since it was assumed fields for

both types of farms were within 10 miles of the dairy farm.

Integrators were classified as short-term and long-term.

Short-term integrators started coupling within the past 2

years. No reduction in chemical fertilizer use for potatoes

and silage corn was observed and increased crop yields

were unlikely. Long-term integrators had been coupled for

more than 10 years. Potatoes and silage corn both received

manure-nutrient credits. Manure-nutrient credits were

reductions in fertilizer use from manure only and not from

crops grown previously in the rotation.

Manure was not applied to potatoes and grain corn.

Instead, manure was typically applied in the spring to silage

corn during the coupled rotation year. Short-term coupled

potato farms took no manure-nutrient credit for potatoes.

For long-term couplers, starter fertilizer on potatoes was

reduced amounting to a 61% reduction in nitrogen and a

73% reduction in both phosphorus and potassium compared

to conventional applications. Application of 46-0-0 side-

dressed fertilizer on potatoes was reduced by about 37%

under long-term coupling (Table 3). Fertilizer was not

reduced for silage corn in the short term, while a 20%

manure-nutrient credit was taken in the long term.

Conventional and coupled fertilization was the same for

both hay and haylage, which were top dressed prior to first

cut with manure applied during mid-summer.

A whole-farm budget represents all crop and/or livestock

operations managed by a farm and can be used to compare

profitability between different farm plans23. An enterprise

budget shows the profitability of a single crop or livestock

commodity produced by a farm. Enterprise budgets show

gross income from the enterprise, production costs, net

farm income, and return over variable costs and can be used

for break-even analysis. In this study, potato whole-farm

budgets included a potato enterprise with a rotation crop or

crops. Dairy whole-farm budgets included silage corn and

dry hay or haylage enterprises in addition to fluid milk.

Enterprise budget revenues used typical marketable

yields and prices. Quantities and costs for inputs and

outputs were based on data collected from cooperating

farmers. Farm operating costs were seed, fertilizer, lime,

chemicals, labor, fuel and oil, maintenance, supplies,

insurance, miscellaneous costs, and interest. Ownership

costs included depreciation, interest, tax and insurance on

farm equipment, buildings, and land. Equipment costs

shared by two or more crops were weighted based on total

seasonal equipment operation time. Return over variable

costs (ROVC) equals total farm revenue minus operating

costs, while net farm income (NFI) is farm revenue minus

both operating and ownership costs.

Both family and hired labor were used. However, family

labor was not entered as an explicit cost due to lack of these

data for potato farms. Thus returns to family labor were

captured in net farm income, and the labor expense shown

was only hired labor for both potato and dairy farm

budgets. It was assumed that 25% of both potato and dairy

farmland was rented. Budgets were checked with Farm

Credit of Maine’s 2000 data for dairy24 and 2001 data

for potatoes (S. Kenney, personal communication, 2003).

Potato enterprise budgets were also compared with a

previous study of potato rotations in Aroostook county25.

Enterprise budgets for grain corn, silage corn, dry hay, and

haylage were verified against existing budgets26.

Representative budget results

Potato farms

Whole-farm budget ROVC and NFI per hectare of owned

cropland was greater for coupled compared to conventional

Table 2. Enterprise budget crop yields and prices and farm hectares.

Crop

----------Potato farm (ha)2---------- -------Dairy farm (ha)2---------

Yield

(Mt ha-1)1
Price

($Mt-1)

Conv. L-Coup. LF-Coup. Conv. and L-Coup. LF-Coup.

S L S L S L S L S and L

Potato 26.9 $151.68 65 130 85 195 85 195 – – –

Grain corn 6.3 $98.33 65 130 45 65 45 65 – – –

Silage corn 33.6 $27.56 – – – – 40 130 40 130 –

Dry hay3 7.8 $71.21 – – – – 30 – 30 – –

Haylage4 13.5 $35.94 – – – – – 80 – 80 –

1 Forage yields per hectare shown as harvested metric tons (Mt) and not Mt of dry matter.
2 Farm hectares were operated crop hectares, not owned crop hectares. S, small; L, large.
3 For small coupled farms, dry hay was harvested as a first cut (1.9 Mt) of round (454 kg) bales and a second cut (1.3 Mt) of square (18 kg)
bales. Round and square bales used surveyed prices of $22.50 and $1.88 per bale respectively, and may not reflect current market prices.
4 For large coupled farms, a first cut (3.3 Mt) of haylage and a second cut (2.2 Mt) consisting of 90% haylage and 10% square
bales (for calves) were harvested. Haylage sold for $33 Mt-1.
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potato farms (Table 4) assuming marketable potato yields

were the same. For land/feed-coupled potato farms, profits

were attributed to the farm that owned the land, regardless

of which farm was operating it. Revenues, costs, and

returns for crop enterprise budgets were summarized

previously27,28.

In general, profitability improved going from short- to

long-term coupling. The scenarios outlined in Table 4

assumed that the coupled dairy farm remained the same

size. The larger coupled cropland base allowed the potato

farm to grow more potatoes while maintaining the same

rotation and current silage corn production by reducing the

area devoted to grain corn. In the case where a 2-year

potato–corn rotation was maintained, profitability increased

from the expanded production of a cash crop (potato) and

the reduced planting of a less lucrative rotation crop (grain

corn).

For short-term land-coupled potato farms, NFI and

ROVC were about $153 to $269 per hectare higher than

conventional farms even assuming equal potato yields and

no reductions in chemical fertilizer in the short term.

Results might be different if average market prices and

assumed yields for cash and rotation crops changed. The

profitability of silage corn as a potato rotation crop assumed

that the coupled dairy farm was close enough for manure to

be applied to silage corn. Silage corn production without

manure applications would lead to soil quality deteriora-

tion, may require additional chemical fertilizer, and may

not be as profitable.

If land-coupled potato farms did not expand potato

production and allowed the dairy farm to grow forages on

their rotational cropland, profitability was still greater than

conventional. NFI per hectare of owned cropland increased

to -$35 and $106 for the small and large size classes (data

not presented) compared to conventional NFI of -$126 and

$44 per hectare (Table 4). This was from lower enterprise

budget NFI per hectare for grain corn (-$454 to -$266)

compared to silage corn ($127 to $268) and hay/haylage

(-$45 to -$32).

Grain corn profitability may be more competitive than

indicated in this study for four reasons. First, the grain corn

yields assumed for this study were typical for central

Maine, but were low (6.3 Mt ha-1) compared to other areas

in Maine further south. Secondly, grain corn prices may be

higher. Thirdly, grain corn budgets did not account for

commodity payments. Fourthly, grain corn leaves plant

residues that are incorporated into the soil after harvest.

While the organic matter in such residues has value, this

value was not recognized in potato farm budgets.

Land/feed-coupled potato farms were more pro-

fitable than land-coupled farms due to the added revenue

from growing dairy forages in addition to potatoes and

grain corn (Table 4). Land/feed-coupled potato farms were

even more profitable if they grew dairy forages exclusively

and not grain corn, since grain corn was a less

profitable enterprise than dairy forages. For short-term

land/feed-coupled potato farms growing just silage corn

and hay/haylage, ROVC per hectare increased to $974 for

small and $1203 for large farms, while NFI per hectare

increased to $336 for small and $655 for large (data not

presented). This scenario assumed expansion of the coupled

dairy farm to use the additional forages.

Long-term coupling improved profitability even further

compared to short-term coupling (Table 4). Long-term

couplers enjoyed benefits from expansion as did short-term

couplers. Profitability was greater for long-term coupled

farms than conventional due to decreased fertilizer costs

from manure-nutrient credits taken for potatoes and silage

corn and the subsequent reduction of purchased chemical

fertilizer. For example, enterprise budget fertilizer costs for

long-term coupled potato ($106 per hectare) were about

70% less than conventional ($348 per hectare). Similarly,

enterprise budget fertilizer costs for rotation crops were less

for silage corn grown on long-term coupled farms ($30 per

hectare) than for both grain corn grown on conventional

farms ($161 per hectare) and short-term coupled silage corn

($35 per hectare).

Some long-term coupled potato farmers believed that

their potato yields had increased from improved soil

quality. However, they did not have records to establish

the amount of potato yield increase. Based on Maine Potato

Ecosystem Project experimental field data from plots

Table 4. Relative profitability of conventional and coupled potato farms.

Profit measure Size Conventional2
--------Short-term-------- --------Long-term--------

L-coupled3 LF-coupled4 L-coupled3 LF-coupled4

ROVC1 S $494 $647 $828 $808 $993

L $556 $825 $1095 $1011 $1285

NFI1 S - $126 $30 $141 $188 $306

L $44 $314 $514 $502 $704

1 Return over variable costs (ROVC) and net farm income (NFI) in $ per hectare of owned cropland.
2 Small (S) conventional farms grew 65 ha of potatoes and 65 ha of grain corn for a total of 130 owned crop hectares. Large (L)
crop hectares were doubled.
3 Small land-coupled raised 85 ha of potatoes and 45 ha of grain corn, while large land-coupled grew 195 ha of potatoes and
65 ha of grain corn. Owned crop hectares were the same as conventional.
4 Land/feed-coupled owned crop hectares were the same as land-coupled. Additional crops were 40 ha of silage corn and 30 ha
of hay for small and 130 ha of silage corn and 80 ha of haylage for large.
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amended with manure and compost, potato yields may

increase from integration because of increased soil quality,

especially in dry years15. However, there was some

evidence that increased disease pressure could suppress

yields16. To test the impact of this potential yield

variability, NFI was estimated for coupled potato farms at

various marketable yields ranging between -25 and +25%

from the base yield of 26.9 Mt ha-1 (Table 5). These yield

differences were assumed to be from soil quality changes

from integration and not from additional fertilizer. Harvest

labor, truck fuel, and storage costs were adjusted in

proportion to yield changes.

Assuming marketable potato yield increased 5%, NFI for

long-term coupled potato farms increased even further

compared to short-term coupled by $126 to $153 per

hectare. Larger sized long-term integrators were no worse

off than equivalent sized conventional farms with yield

losses of 15 to 20%. NFI per hectare at the conventional

base yield of 26.9 Mt ha-1 was -$126 for small and $44 for

large farms. Thus a 5% increase in marketable potato yield

increased NFI to about $445 to $811 per hectare more than

conventional (Table 5).

Dairy farms

If potato farms expanded potato production during coupling

and the dairy farm did not increase herd size, benefits were

minimal for land-coupled dairy farms. In the short-term,

ROVC and NFI were identical to conventional farms.

Long-term coupled farms had slightly greater profitability

measures (Table 6) due to the small manure-nutrient credit

assumed for silage corn on farms that had been integrated

for more than 10 years. Silage corn enterprise budget

fertilizer costs for long-term coupled dairy farms ($30 per

hectare) was about 15% less than for conventional ($35

per hectare).

Land/feed-coupled dairy farms had lower profitability

than conventional and land-coupled farms. Although there

were no crop production expenses for land/feed-coupled

dairy farms, the dairy farm did not eliminate all of the fixed

costs allocated to forage crops. Profitability can be

improved if prices paid to the potato farm for forages were

reduced. Increased profitability from coupling in both the

short term and long term may be limited for dairy farms

unless they expand or unless management can be redirected

from crop production to improve livestock productivity.

Such potential increased profitability of the livestock

enterprise was not directly reflected in budgets.

Profitability improved from short-term coupling when

dairy farms expanded their herds to take advantage of the

potential for more silage corn produced in the rotation.

Greater profitability from livestock expansion assumed

increasing returns to scale. Representative dairy farm

budgets were difficult to scale up to specific herd and farm

sizes. Economic benefits from livestock expansion were

demonstrated by transitioning from a small to large land/

feed-coupled dairy farm, where ROVC and NFI increasedT
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by $96 per hectare and $336 per hectare, respectively,

compared to both the conventional and short-term land-

coupled small dairy farm (Table 6). In this demonstration,

the silage corn grown by the coupled potato farm increased

from 40 to 104 ha to take advantage of all rotational

cropland available from coupling. This scenario assumed

the expanding dairy farm purchased the equivalent of an

additional 25 ha of silage corn and 51 ha of haylage for

increased feed needs beyond the increase provided by the

coupling arrangement.

Improved profitability may be underestimated for

coupled dairy farms since silage corn yields were assumed

to be the same as conventional. Higher silage corn yields

from rotating out of continuous corn may be expected and

would improve profitability by allowing for herd expansion.

Also, it is possible for both potato and dairy farms to benefit

from coupling if dairy farms expand herd size while the

potato farm increases potato acreage.

Potato and dairy systems

Coupled and conventional comparisons previously focused

on the potato or dairy side of the coupled relationship.

Conventional and coupled budgets were also compared as

agricultural systems with potato and dairy components

(Table 7). Acreages, revenues, and costs for potato and

dairy farms were aggregated. To compare segregated to

integrated systems, conventional systems were artificially

combined.

For short-term integrated systems, ROVC and NFI were

higher for coupled compared to conventional due to greater

profitability of coupled potato farms from increased potato

acreage. For long-term integrated systems, profitability was

greater than conventional due to reduced fertilizer use for

both potatoes and silage corn in coupled systems.

Differences in ownership and operating costs for land-

coupled and land/feed-coupled cases were due to different

machinery, equipment storages, and maintenance costs for

potato compared to dairy farms. Thus profitability for these

coupled systems was similar, though not identical when

comparing the same size and integration history.

Profitability of coupled systems in central Maine where

the potato farm expanded and the dairy farm remained the

same size was itemized into four separate components: (1)

increased potato acreage, (2) manure nutrient credits, (3)

shifting from land- to land/feed-coupled, and (4) a 5%

assumed increase in potato yields. On average, gains in NFI

were $124 per hectare from expansion of potato acreage

during short-term coupling. In the long term if manure

nutrient credits were taken, average gains were an

additional $106 per hectare. Shifting from land- to land/

feed-coupled provided relatively minimal system gains

($15 per hectare). If potato yields increased by 5%, system

NFI increased on average by an additional $208 per hectare

(Table 8).

Conclusions

Integrating crops and livestock through inter-farm coupling

increased profitability for both potato and dairy farms.

Benefits from coupling potato and dairy farms were less

direct than originally expected because farmers did not

capture all of the potential gains during early transition

years. For example, short-term couplers did not take

manure-nutrient credits for potatoes and silage corn, while

long-term couplers took these credits. Surveyed farmers

were hesitant to expose themselves to the risk of taking

manure-nutrient credits for uncertain yield increases in

high-value crops, such as potatoes, especially when

chemical fertilizer was relatively inexpensive. These risks

are greater in the short term when organic matter levels are

low from less manure applications.

Analyses of representative budgets suggest that potato

and dairy systems coupled for only 2 years (short-term) had

greater profitability than conventional non-coupled systems

even if marketable potato yields were the same as

conventional. Profitability increased in the short term since

land base expanded from coupling. Potato farms were able

to grow more potatoes, a more profitable cash crop, and less

grain corn, a less profitable rotation crop, while keeping the

same rotation sequence. This was possible because silage

Table 6. Relative profitability of conventional and coupled dairy farms.

Profit measures Size Conventional2
------- Short-term------- ------- Long-term-------

L-coupled3 LF-coupled4 L-coupled3 LF-coupled4

ROVC1 S $366 $366 $109 $371 $109

L $788 $788 $462 $793 $462

NFI1 S - $605 - $605 - $729 - $600 - $729

L - $22 - $22 - $269 - $17 - $269

1 ROVC and NFI in $ ha-1 of owned cropland. Cropland did not include pasture.
2 Small (S) conventional dairy farms grew 40 ha of silage corn and 30 ha of hay for a total of 70 owned crop hectares. Large (L)
conventional dairy farms grew 130 ha of silage corn and 80 ha of haylage for a total of 210 owned crop hectares. The 12 and 17 ha
of pasture for S and L dairy farms, respectively, were not included as crop hectares.
3 Land-coupled farms raised the same crop hectares as conventional farms.
4 Land/feed-coupled dairy farms did not raise forages since the land/feed-coupled potato farms grew these. However, returns were
calculated using the same owned crop hectares as conventional and land-coupled farms.
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corn was added as a rotation crop during coupling with the

dairy farm.

Potato and dairy systems coupled for more than 10 years

(long-term) had more favorable profitability than short-term

coupled systems as farmers maintained an integrated

agricultural system over many years. Due to greater

manure-nutrient credits taken in the long term for potatoes

and silage corn, long-term coupled potato farms could have

withstood 10–20% marketable yield losses and still have

been as profitable as conventional farms. The scenario

improved even more if potato yields increased following

several years of manure application, as suggested by long-

term rotation plot studies in Maine.

Cooperating coupled farms mentioned that integration

provided more land base for dairy farm expansion and

greater opportunities for disposal of livestock waste. Thus,

integrating crops and livestock may be encouraged where

livestock farms have expanded or desire to expand and crop

farms are close enough to couple. Land/feed-coupled dairy

farms can focus solely on managing livestock since the

coupled potato farm manages forage. Land exchanges may

reduce land rental costs. Some coupled farms stated that

their managerial skills improved from interaction with

another specialized producer. Shared equipment and labor

were other cited benefits. In addition to economic benefits,

advantages of integrated systems such as improved soil

quality may be more difficult to quantify.

Our research demonstrated both short- and long-term

economic benefits for coupled integration in central Maine.

However, integration is not extensively practiced by potato

and dairy farms in this state. Only about 1.4% of potato

farms, 2.5% of dairy farms, and 5.3% of potato and dairy

farm cropland are integrated. Challenges to integrating

potato and dairy systems include: (1) distance and

transaction costs between potential couplers, (2) establish-

ing and maintaining successful coupled relationships, (3)

management of inter-farm coupling and other crops, (4)

dairy relocation risks, (5) the terms of processing potato

contracts, and (6) structural factors such as farm specializa-

tion and consolidation in addition to infrastructure and

markets.

Even if coupling is more profitable in both the short term

and long term than non-integrated systems, unless farmers

are willing to relocate, it still requires farms to be in close

proximity. Coupling between cooperating farms usually

occurs within 10 miles of the dairy farm. The current

potential for integration may be limited given the spatial

separation of the two industries in Maine (Fig. 2). Our

analysis assumed equal manure and forage transport costs

for coupled and conventional farms. Greater distance

between couplers would increase such transaction costs as

well as the risk of inadequate forage quality for dairy farms.

In addition to a proximity requirement, coupled sets of

farms need to be of similar scale to further reduce the

transaction costs of the relationship. For example, a

500-cow dairy farm would have more transaction costs

associated with integrating with 50 ten-acre potato farmsT
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rather than one 500-acre potato farm. Likewise, a potato

farm would have more transaction costs from integrating

with multiple dairy farms.

Farmers engaged in inter-farm coupling need to have

adequate working relationships. Most coupling arrange-

ments were verbal and not formally written down on paper.

Current potato and dairy couplers in Maine stressed that

worrying about which producer was making out better in

the short term was not the basis of a successful relationship.

Instead, cooperating producers emphasized faith and trust

that the relationship would benefit both crop and livestock

farms in the long term. Many farmers may not be able to do

this. Despite the prevalence of inter-farm coupling in

central Maine, many potato and dairy farmers in this part of

the state were not integrated. These farmers may not be

willing to trust and deal with another farmer in such a

relationship even if there are short- and long-term economic

benefits.

The added management time needed to coordinate

coupling with others may not be appealing to certain

farmers. Land-coupled management is the most simple,

where potato and dairy farmers decide where potatoes and

forage rotations are grown. Land/feed coupling is more

complex since the potato farmer needs to adequately

manage forage in addition to potatoes. Cooperating dairy

farmers that were considering coupling in this manner

stressed that the dairy farmer needed to work closely with

the potato farmer during early transition years to ensure

adequate forage quality.

Other challenges to integrating crop and livestock

systems are dairy relocation risks. Two cooperating dairy

farmers considered relocating to Aroostook county to

start up new dairy operations under a land/feed-coupled

arrangement. Under this hypothetical coupling arrange-

ment, the dairy farmer would not purchase any cropland,

instead using only enough land for structures and for

manure and feed storages. Dairy farmers would be entirely

dependent on the potato farmers they are coupled with for

forage. If for some reason the coupled relationship does

not work out, the dairy farmer may find it challenging to

purchase or rent enough nearby cropland to raise forage.

The terms of processing potato contracts may limit

integration. Potato farms under contract may not be able to

expand acreage and realize short-term benefits of coupling.

Also, diseases such as powdery scab that are associated

with greater soil moisture from applied manure may reduce

potato quality, resulting in contract penalties or even

rejection of shipments by processors. For processing

growers raising proprietary varieties, it may be easier to

grow and sell potatoes with reasonable scab resistance. For

seed potato farmers selling a wide range of cultivars, this

may not be the case.

Structural factors such as specialization and spatial

consolidation of crop and livestock industries in addition

to infrastructure and markets may further challenge

integration. For example, farms in Aroostook county have

specialized in potato production and no longer have both

potato and dairy enterprises on the same farm. Aroostook

has also seen a decline in its dairy industry, which used to

be one of the top milk-producing counties in Maine. The

number of dairy farms and service firms such as fluid milk

processors, agricultural supply companies, and breeders

have also decreased. Widespread future coupling in

Aroostook would require not only an increase in livestock

farms, but accompanying infrastructure and markets. In

addition, relocation of dairy farms to Aroostook county

may be further challenged by lack of financing for start-up

costs.

Short- and long-term benefits and challenges for

coupling crops and livestock in central Maine may be

applicable to other areas where agricultural specialization

has occurred. In areas such as the Midwest, which have less

of a competitive advantage in forage relative to grain corn,

economic benefits from coupling may be limited. As these

results suggest, distance and transaction costs between

potential couplers, relationships with other farmers,

management, and specialization and spatial separation of

crop and livestock industries are key factors that make

integration challenging, despite potential economic bene-

fits. Additionally, certain farmers may choose to remain

or become on-farm integrated rather than couple with

other farms. Thus, the profitability of on-farm integration

should be analyzed, in particular cases where mixed

vegetables and concentrated livestock feed crops such as

grain corn, soybeans, and barley are raised.
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