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Animal production and farm size in Holmes County, Ohio,

and US agriculture
by Martin H. Bender

Abstract. Animal production in US agriculture during 1997sx@mpared with Holmes County, Ohio,
in which half the farms belonged to the agrarianignwhose small farms have been successful. To
compare the intensity of animal production in relgarland that was already devoted solely to domest
feed, the two systems were scaled so that theragedarm sizes contained equal land areas detmted
domestic feed and then their animal productionfgen was adjusted by the same scaling. By breeding
populations, as well as large imports of feed, éequilgs, calves, and broiler chicks, Holmes County
produced three times more milk, four times thelbrej about the same amount of eggs and cattle, and
twice the pigs per scaled farm, and hence per dasath area, than in the US. Despite the average far
size in Holmes County having been 40% smaller thadhio overall, this production yielded more than
twice the energy and protein per scaled farm, ogpen land area, compared to the US, and required
almost twice the feed and 85% as much grazed mafsitage per farm. This was in accord with the fact
that feed consumption in Holmes County was equakice its harvested crop production, implying a
net feed import equal to its crop production. Tdugelr fact was the main contribution to the proohifgt

of Holmes County in excess of the US and also sstgdehere would be serious problems in
widespread adoption of intensive animal productioregard to agricultural markets, soil fertilignd

farm nutrient losses through manure applicatiorergy conversion efficiency for the five animal
products and breeding populations was greater imet® County than the US, 10 and 7%, respectively,
and likewise for protein, 22 and 13%. Besides ingmbfeed, the higher efficiency of Holmes County
was also due to its greater emphasis on milk prismlyovhich has benefited from USDA milk price
support, modern dairy genetics, and dairy nutripoograms. The lower overall efficiency of the U&sh
been partly a result of the fact that beef produncéind breeding, judged by feed alone, have been th
least efficient of the five animal products in egyeconversion and nearly the least for protein,
regardless of the fact that among the five produeef cattle are the only animal that nationadyived
much of its nutrition from the large national acéagrazing land.
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I ntroduction

This investigation compares the 1997 level of ahpnaduction in two agricultural systems, the USlan
Holmes County, Ohio. This county was studied begdtusas a high intensity of animal production per
area of farmland despite the fact that its avefage size is small. Half of its farms are convenéb

and the other half are small Amish farms, but ttaltcontribution of the latter to Holmes County
agriculture is not known (Slates, 2001). The agraAmish are a successful example of traditional
agriculture with a long history of using less enengtensive, but productive agricultural practices
blend of new technologies and old practices (James@l., 1977; Stinner et al., 1989). Holmes Cypunt
ranked tenth and thirteenth highest among the 88 €junties in gross and net farm income per ha
during 1997, respectively (Bender, 2001). Animaldarcts accounted for 92% of the marketed
economic value of agricultural products in this miyuBender, 2001). Average farm size was nearly 40
ha for Amish farms (Bender, 2001), contributingatbaverage of 50 ha for all farms in Holmes County
during 1997, much less than the mean of 80 ha Foo @rms and 200 ha for US farms (USDA,
1999a,b).

This investigation shows that despite small avefage size, Holmes County achieved a much higher
intensity of animal production than the nation nhalmecause of heavy dairy production and large
imports of feed, feeder livestock, and broilerotlgh marketing and production contracts. The amount
of energy and protein in animal production per arelarmland are compared between the two
agricultural systems by means of average farmgddalthe same size of land area. Conversion
efficiencies for this energy and protein are themputed from the consumption of feed and pasture
forage by the animal production and breeding pdpmnia.

M ethods

Liveweight production and breeding populations

The five animal products in this study were mil&itte (Bos taurus), pigs(Sus scrofa), broilers(Gallus
gallus), and eggs. They essentially represented the napooduction of animal products because in
1997 they constituted 96 and 93% of the energypaotdin in animal products consumed in our daily
diet, respectively (USDA, 2001, p. XllI-5). Breedipopulations and the number of animals produced
in the US and Holmes County during 1997 were ddtedthfrom USDA (1999a, 2001).

Total liveweight production in 1997 was reportedtfee five products in the US by USDA (2001), but
only for milk in Holmes County by ODA (1998). Hendreweight production of the other four
products in the county was calculated, as folld®mce more than half of the cattle sold in Holmes
County were dairy calves, total liveweight for tatvas computed from the number sold for calves and
older cattle multiplied by the national averageVixeights, 160 and 540 kg, respectively (USDA, 1999a
2001). Likewise, since nearly half of the pigs soldhe county were feeder pigs, total liveweigitt f

pigs was determined from the number sold for fegigs and older pigs multiplied by the national
average liveweights, 30 kg and 120 kg, respectil@fDA, 1999a, 2001). As a check, application of
the respective national average liveweights tantlmaber of calves, older cattle, and pigs slaugbtare
the US, adjusted for changes in inventory, gava tosteweights almost exactly equal to the above



national totals (USDA, 2001). Thus, this procedshieuld give accurate production totals for Holmes
County.

Total production of broilers in Holmes County wasnputed from the broilers sold and the national
average broiler liveweight of 2.2 kg (USDA, 19992801). Overall egg production in Holmes County
was determined from the county inventory of herts aullets and the national average production of
255 eggs per hen, 0.059 kg apiece (USDA, 19994l)2&&gardless of origin of broilers, egg
production in both agricultural systems was reduoedbroiler-type eggs produced, the latter caleda
as the number of market-weight broilers dividedhmsy national hatch and survival rates of 81% and
93%, respectively, in 1997 (USDA, 2001). Then, bheeding population of hens was apportioned
between egg and broiler production according tantlmaber of egg-type and broiler-type eggs
produced. Since breeding replacements were nelgigilumber compared to egg and broiler
production (Byerly, 1967), they were not subtradtedh production.

Some adjustments were also made to the produdials tfor cattle and pigs. Liveweight cattle
production was already adjusted for a decreasatiomal inventory by USDA (2001) and did not
require adjustment for Holmes County because twarelittle change in inventory (ODA, 1998; Slates,
2001). National cattle production (i.e., older legttvas also reduced 3%, which represented the
production on public grazing lands that were notuded in the land area counted in this study
(Committee on Government Operations, 1986). It m@:ecessary to offset pig production in Holmes
County for breeding replacement because thereittlasdurchase of sows from outside the county due
to the fact that most pig production was on AmiimTs that raised their own sows (i.e., boars were
negligible). About one-fifth of the feeder pigs ddly farms in Holmes County remained in the county
(Slates, 2001) and thus were subtracted from tiaé gold to avoid double counting with respect to
production leaving the county. This correction waes only undocumented verbal information in the
calculations for this study and amounted to leas ttP6 of the energy and protein produced by the fiv
animal products in Holmes County during 1997.

Land area

To compare the production per unit area of farmldinel average farm in the US was scaled down by a
factor of 1.43 (i.e., 50ha+35ha) to give the sanopland-equivalent area per farm devoted to domesti
feed as in Holmes County (i.e., 35ha), and theageeanimal production per US farm was then scaled
down by this same factor (Table 1). The land apeaVerage farm size was not total farmland buy onl
land applicable to animal production, namely pevpasture and cropland devoted solely to domestic
feed consumed in the US or Holmes County, as opltmsexported feed or crops. Public grazing lands
were not included because nationally they accouime87% of grazing land area (USDA, 1996,
1999b), but only 3% of beef production (CommitteeGovernment Operations, 1986), which would
have disproportionately decreased the productiompie area of farmland. Since average pasturben t
US is unproductive compared to cropland (curretibnal average yield is seven times greater on
cropland than pasture, Table 1) and would thusedeser the production per unit area of farmland,
average farm size in both agricultural systems lvesed on cropland-equivalent area. In this measure,
pasture area was reduced to equivalent croplardaaréhe basis of relative average yields and then
summed with cropland. The resulting cropland-edemaareas for Holmes County and the US were 35
and 50 ha per farm, respectively (Table 1). Thpeetve areas were 70 and 25% of the mean farm
sizes in Holmes County and the US reported by U$T999a,b).



Energy and protein conversion efficiencies

Liveweight production totals were converted to gyeand protein on the basis of liveweight
composition (Table 2). Next, annual consumptiofeefl and pasture forage was computed by applying
feed consumption factors to liveweight productiotals and breeding populations (Table 3). USDA
reported feed consumption factors in CFU, or cogn®alent feed unitsZea mays L.). This unit of
measure indicated the substitution value of a feedorn at 13.5% moisture, as determined in
numerous feeding trials with different kinds ofdstock in various regions of the US. Feed consumpti
factors have historically included grazed pastorade (Jennings, 1958), and that is still the case
nowadays because USDA has been deriving its feesboaption factors by an indexing procedure
based on 1969-1971 animal weighting factors (Baka®8). The 1969-1971 factors were based on loss-
adjusted minimum feed requirements in which thegyhage clearly included pasture forage (Allen et al.
1974). Hence, the feed consumption factors for 189fis present investigation are based on feed an
pasture forage. This was also confirmed by exanunatf feed consumption factors for each year since
1909, which show no abrupt, persistent decreasemhiald suggest permanent omission of pasture
forage from some year onwards (Jennings, 1958; USDA2, 1985, 1996, 2001).

Feed consumption factors were determined for maamtee and replacement of breeding populations
(Table 3). It was not necessary to calculate tmsgemption required for maintenance of dairy cows an
egg-laying hens because it was already in the deadumption factors for milk and egg production
resulting from the consumption by cows and henscé&culled dairy cows were part of liveweight @ttl
production, their replacement was not charged tk production. Instead, application of the feed
consumption factor to liveweight cattle productretroactively imputed previous consumption by
culled dairy cows to cattle production (Byerly, 9.7The portion of the breeding population replaced
annually was the inverse of the following valuesgmductive life (years): dairy cows, 3; beef cobs
sows, 3; and hens, 1 (USDA, 2001).

Another consideration for consumption was that Hedr@ounty imported a large number of feeder pigs,
calves, and broiler chicks for which the eventuéilyshed liveweights included the imported weights
Hence, to impute consumption for the imported wisigthe number of imported calves and feeder pigs
were determined from USDA (1999a), which were nplitd by national average liveweights of 160

and 30 kg, respectively, and then by feed consumféictors (USDA, 2001). Regardless of origin of
broiler eggs, feed for broiler production includedd for egg production based on the above egg and
broiler weights and hatch and survival rates.

Consumption was also partitioned between feed astupe forage because four of the five products
were produced from little or no pasture forage carag to beef cattle. This allowed comparison of bee
cattle with the other products on the basis of f@lede. Feed and pasture forage constituted 40 and
60%, respectively, of the national diet in CFU bbeef cattle, and 90 and 10% for dairy cattle (Ltiale
1990; Byerly, 1975). It was assumed that thesegtmms also applied to Holmes County. Since the
national diet for pigs and chickens was almostrelytifeed (Lin et al., 1990), total consumptiorfexdd
was the sum of beef and dairy feed plus the oveoalsumption by pigs, eggs, and broilers. Hence,
consumption of pasture forage was determined ooy beef and dairy cattle.

The annual consumption of feed and pasture fora@#U was converted into energy and protein on
the basis of US grade 2 dent corn with an ovenedntent of 10.6% protein and 18.4 MJ*%@,000
kcal Ib%), both then adjusted for 13.5% moisture contenaii@ton and Harris, 1969, Ref. No. 4-02-



915). Finally, conversion efficiencies were caltethas ratios of energy or protein between the ahnim
production and the consumption of feed and pastuege, and in the case of cattle, feed alone \&as a
considered.

Results

Liveweight production and breeding populations

With the average US farm scaled to contain the sao@and-equivalent area devoted to domestic feed
as in Holmes County, the average dairy cow herdgrar was four times larger in Holmes County than
the US, but produced only three times more milkb{&a 4 and 5). This relative milk production was
smaller than the relative dairy herd size mostlyaose Amish farmers in Holmes County preferred to
market high-butterfat milk from Jersey and Guernsays even though milk volume per cow was less
compared to other dairy breeds.

In reverse of the situation for dairy cow herdg, éiverage beef cow herd was nearly four times fange
the US than in Holmes County, but liveweight praducof older cattle per farm was only 1.5 times
greater (Tables 4 and 5). This relative productias less than the ratio of 1.9 expected from tley da
and beef breeding populations (Table 4) in termiseaff yearlings and culled beef and dairy cowsemiv
the average productive life of 3 and 5 years farydand beef cows, respectively (USDA, 2001). This
relative production was less than expected beddaobaes County imported a large number of calves,
many of which were finished as older cattle.

Total liveweight production of calves and oldertieaper farm was roughly the same between the two
agricultural systems for two reasons (Table 5). Bribat the total herd of beef and dairy cowsfpan
was nearly equal between the systems (Table 4)ltiregsin about the same number of weaned calves,
but not equivalent production from these calves ®tiher reason was that the greater emphasis on
yearling production from weaned calves in the US s@mewhat balanced in Holmes County by the
large import of feed and calves and by the quitlarover time in productive life of dairy cows
compared to beef cows, resulting in more culledscbwm the much larger dairy cow herd per farm in
the county.

Total liveweight pig production per farm, and hepee unit area of cropland-equivalent, was about
twice as great in Holmes County as in the scaledy$fm (Table 5). This ratio was also true for the
number of sows per farm (Table 4).

Although egg production was reduced 31% in Holmesry for eggs devoted to broiler production,
and only 13% in the US, egg production per scadechfwas 1.2 times greater for the former compared
to the latter (Tables 4 and 5). Liveweight brojpeoduction per scaled farm was also nearly fouesim
greater in Holmes County than the US, partly bee®&@8%6 of the broiler production in the county was
contract production by Amish farmers as an add+awtjce to their dairy farming (Slates, 2001). The
relative size between the two agricultural systémnggg-type hen flock per farm was the same as the
relative egg production, and likewise for broilgpé¢ hen flock and broiler production, only becatlse
overall hen flock was apportioned according tortative production of egg-type and broiler-typgeg
(Methods section).



Imported animals

The number of all sold cattle per farm in Holmesufty, 17.9, minus the number of weaned calves
from the dairy and beef cows, 13.2 (i.e., 14.7xPrifnber of cows and national calving rate), yidlde
4.7 imported calves per farm (Table 4, assumdd tittange in inventory). The number of all pigdsol
per farm in Holmes County, 79, minus the numbereéned pigs from the sows, 70 (i.e., 4.0x8.7x2,
number of sows, average litter size, and numbé&rodwings per sow), yielded 9 imported feeder pigs
per farm (Table 4, assumed little change in invgntd hese imported animals represented an imported
liveweight per farm of 750 kg in calves and 270rkdeeder pigs, for which consumption of feed and
pasture forage was imputed to Holmes County.

Energy and protein in production and consumption

Between the two agricultural systems, milk followsdbroilers in Holmes County resulted in the most
energy and protein per farm, and pigs almost tigld lbroilers in energy (Table 6). Within Holmes
County on a per-farm basis and consequently intyestlthe county level, milk yielded 45% of the
energy and protein in the five products. But, npitkduction and breeding population together
accounted for less than 25 and 10% of the consompfifeed and pasture forage, respectively, in the
county (Tables 7 and 8). Per farm, and hence peatsa of cropland-equivalent, the milk in Holmes
County contained more protein and almost as muelggras the five products combined for the US,
but its production and breeding population requoety 40% as much feed as the five US products and
less than 10% as much pasture forage. Broilerooimels County yielded more protein per farm than
milk, cattle, and broilers together in the US, d@llige broiler production and breeding population
needed only three-fourths as much feed per farthearee US products.

Within the US on a per-farm basis and consequéemtigality at the national level, milk suppliedi@ast
one-third of the energy and protein in the fivedurats, but its production and breeding population
required less than 15% of the feed consumptionoahda few percent of the pasture forage (Tables 6
and 8). At the farm and national levels, the praiduncof cattle in the US resulted in as much enegy
pigs and almost as much protein as broilers, ajhots production and breeding needed nearly twice
the feed for pigs or more than three times the feedroilers, as well as almost all of the nationa
pasture forage consumed. Again at both leveldecattlded one-fourth of the energy and proteithie
five US products, but its production and breedieguired nearly 45% of the feed consumption and
almost all of the consumed pasture forage.

We could say that Holmes County produced abousange amount of energy (or protein) per farm as
the US in cattle and eggs, twice in pigs, threeesinm milk, and four times in broilers (Table 6).
However, these ratios are merely a reiteratiomefabove ratios for liveweight production becawszhe
energy or protein content (Table 2) was appliethéliveweight production in both agricultural ssis
(Table 5), thus canceling out in the ratios. Thergy and protein contents did not cancel out in the
ratios for the five animal products combined, withimes County having produced 2.2 times more
energy per farm and 2.5 times more protein tharuthgTable 6). This production, including breeding
populations, required 1.9 times as much feed per &s in the US, but only 85% as much pasture
forage (Table 8).

Compared to the US, the greater production of pr@ed energy per farm in Holmes County was
achieved with less feed and pasture forage per farthe breeding populations on an absolute basis



and also relative to the consumption for animatipation (Table 7). These facts were also true dedf
alone.

Consumption by breeding populations relative toscomption for animal production was about the
same between the US and Holmes County for pigs, eygl broilers (Table 7). In Holmes County, it
was relatively greater for milk and lower for catiompared to the US. In the former case, the brged
population represented a greater relative demantbimes County because its prevalent Jersey and
Guernsey breeds yielded less milk volume per cam th the US. In the latter case, the beef cow herd
represented a smaller relative demand in Holmesitydaecause a significant amount of cattle
production in the county resulted from culled daioyvs and imported calvelSnergy and protein
conversion efficiencies

The efficiencies for conversion of feed and pastarage (Table 9) were in fair agreement with value
reported by Bondi (1982) and Ensminger (1991) addhdt exceed feasible efficiencies (Byerly, 1967;
Balch and Reid, 1976). For production alone in melggs, and broilers, the efficiencies were
mathematically the same between US and Holmes §d@tiause consumption was calculated on the
basis of liveweight production, thus permitting thtter to cancel out of the conversion ratio. finev
words, efficiency was determined by energy or protentent (Table 2) and feed consumption factor
(Table 3). For cattle and pigs, the efficienciesendifferent between the US and Holmes County
because feed consumption in Holmes County apphi@aported animals as well as production
(Methods section).

Among the five animal products for production aloméik had the highest efficiencies for conversain
feed and pasture forage into energy and proteian@350%, respectively, followed by broilers with
38% for protein, but only 11% for energy (Table ©attle in the US and Holmes County had the lowest
efficiency for energy, 3-4%, and protein, 6-7%. &w® the basis of feed alone, cattle production,
including that from pasture forage, was lowestnergy efficiency, 9-10%, and second lowest in
protein, 15-17%.

Energy efficiency for production of the five prodsiin the US and Holmes County was 9 and 11%,
respectively, and protein efficiency, 17 and 23% (€ 9). With breeding populations, the respective
efficiencies for energy were 7 and 10%, and protEghand 22%. With inclusion of breeding
populations, the relative decrease in conversiboiefcies was less for pigs, eggs, and broilers
compared to milk and cattle (Table 9). Cows halarge feed cost for maintenance and replacement,
the latter in which the two years to raise heifergeplacement are proportionally not much smaller
than the productive life of 3-5 years for cows. Ti&usion of beef cows in Holmes County produced
only a small relative decrease in conversion edficies as a result of no beef breeding population
imputed for the imported calves or culled dairy sdWable 9).

Discussion

Farm size and productivity

Scaling of farm size allowed comparison of the W8 Blolmes County over equal areas of cropland-
equivalent devoted to animal production, i.e., @pbr farm. Animal production could have been
calculated on a per-hectare basis, but this paintould have been confused with per-hectare



productivity in other studies. The latter unit leetwas land devoted to a particular animal or,doop
our unit hectare would have been apportioned anatirapimals and domestic feed crops on the average
farm.

The US was favored by our use of cropland-equivtaesa for scaling farm size because it resulte in
greater reduction of land area assigned per farimeJS than Holmes County, thus leading to a targe
increase in production per given area for the U [arger reduction in land area for the US wastdue
the greater proportion of pasture in the US thahmés County (i.e., 74 and 33%, respectively, Tdble
and the greater reduction of unit pasture areadrdpland-equivalent area in the US than Holmes
County (i.e., respective multiplication factorsGot4 and 0.70 from the ratio of pasture yield tapcr
yield, Table 1). If the direct sum of pasture anoptand area had been employed instead of cropland-
equivalent area, then the mean area per farm waaud been 140 and 39 ha in the US and Holmes
County, respectively (Table 1). This would haveegiva scaling factor of 3.6 (i.e., 140+39) instefd o
our factor of 1.43, thus resulting in US producti@iues per scaled farm (Tables 4, 5, and 6) tioatav
have been 2.5 times smaller than in this study, 3.6+1.43). Moreover, the US was favored by our
omission of the large national area of relativetproductive public grazing land in the calculatain
average farm size, including omission of its miheef production in national cattle production
(Methods section).

Compared to the US, the analysis showed that HoDeesity produced 2.2 times more energy per
scaled farm and hence per given area, and 2.5 times protein. This production required 1.9 timgs a
much feed per farm and 90% as much pasture fofidgeratio of 1.9 is in expected agreement with
independent calculations that feed requiremenkoimes County were 2.0 times its harvested crop
production in 1997, the latter implying that theunty had a net import of feed equal to its crop
production (Bender, 2001). From these numbersplfiités County were to reduce its feed requirements
by half (i.e., have no net import of feed), thempared to the US per farm, its feed requirementslia@vo
be about the same and its energy and protein ptiodusould roughly be little greater. This suggests
that the primary reason for the greater produgtivitHolmes County was the large import of feed,
which enabled the county to employ larger breegiogulations per farm and to import substantial
numbers of feeder pigs, calves, and broiler chikgeement was expected between the above ratios of
1.9 and 2.0 because both ratios effectively comfese@ requirements to feed production from cropland
devoted solely to domestic feed.

The average farm size in Holmes County was 50 hig,&0% of the mean size of 80 ha in Ohio
(USDA, 1999a). Despite small farm size in Holmes@ty, the analysis found that its energy and
protein production per scaled farm, and hence pengarea, was more than twice as much compared to
the US (i.e., scaled farms had the same cropland-glgnt areas). This result concurs with the
observation by Rosset (1999) that the total outpetops and animals per unit area is greaterrfalls
farms than large ones in various industrial ancetiging countries. For example, across the US in
1992, farms with median size of 11 and 23 ha, r@spdy, had about four and two times the average
gross dollar output per ha that was similar forsmmutive categories within a range of 80-280 ha in
median farm size (Rosset, 1999). The two respestaecategories had 2.5 and 1.5 times the average
net dollar output per ha that was again similaitiierlarger consecutive size categories. In additio
Tomich et al. (1995) have noted that there is newtience in developing countries for a declineotalt
factor productivity per unit area as farm size @ases, the well-known "inverse relationship" betwee
farm size and output. All these findings are péytiexplained by the observation that it would laesier



for a farmer to achieve a higher density of farpuits per ha and thus higher productivity on a small
farm than a large one simply because the total faputs that the farmer could feasibly control dgri
the year would be spread over a smaller land aseaxemplified by small farms in Holmes County.

Energy and protein conversion efficiencies

Energy and protein efficiencies for the five protduand breeding populations combined were greater i
Holmes County than the US (Table 9). One reasothfohigher overall efficiency in Holmes County
was that its beef and pig breeding populations waraller relative to production than in the US as a
result of imported calves and feeder pigs in thentpand more culled dairy cows per farm credited t
cattle production.

Another reason for the higher overall efficiencyHalmes County was that, compared to the US, energy
and protein production per farm in Holmes Countg weoportionally derived more from milk and
broilers and less from cattle (Table 6). With biaggopulations in the US or Holmes County, milk

was three times and broilers about twice as efftdie energy and protein as cattle judged by fdedea
(Table 9). In other words, the higher overall efficy in Holmes County have been largely a redult o

its milk production benefiting from USDA milk pricipport, modern dairy genetics, and dairy nutritio
programs.

In contrast to Holmes County, the lower efficiemtyhe US has been partly due to the utilizatiothef
large national area of grazing land by beef caile,only animal among the five products that can
derive much of its nutrition on grazing land faregwirom the farmstead (Methods section). However,
beef production has been accompanied by greaterii@quate consumption of feed driven more by
price and government policy than by nutritional essity for cattle or people (NRC, 1989). Hence, the
lower overall efficiency in the US has been dueswiely to utilization of grazing land, but alsoth®
fact that beef production and breeding, judgeddeylfalone, have been the least efficient of the fiv
animal products in energy conversion and nearlyehst for protein (Table 9).

Implications

The US would not be able to emulate the intendignimal production in Holmes County because
national and global agricultural markets would mwpted by our increased export of animal products
and our substantial import of feed. This feed inbjbgrthe US would create an undesirable dependency
on other nations for feed, analogous to our natipaaoleum imports or the large food imports bypo
Third World countries.

The intense production of animals in Holmes Cousigymptomatic of large ratios of expenses to gross
income in US agriculture that force small farm@toduce large amounts of animal products in order t
make adequate net incomes (Bender, 2001). Farmétslmes County have maintained a low level of
farm inputs and have spread their costs by makiviegrse use of buildings, labor, and other inputs
(Stinner et al., 1989). They have also operatearity of enterprises on their farms to receiveanor
income through value-added products. The fedenamunent could increase farm income through
price supports and other policy.

The soils in Holmes County benefit from a levehatrients through imported animal feed that could
not be attained by a majority of the counties m /. The feed requirements in Holmes County were
twice the harvested crop production of the coumtyplying a net feed import equal to the harvested



crops (Bender, 2001). As a consequence, soil ptoilyan the county has benefited from a net impor
of nutrients roughly equal to the nutrients in tbial crop harvest, the latter already being retdras
manure to cropland with some losses. Hence, thaselikely be local environmental problems such as
soil buildup, runoff, and leaching of nitrogen grttbsphorus associated with application of large
volumes of manure from imported feed to small asdasopland (NRC, 1993). It would be physically
impossible for a majority of the counties in the tdSachieve a relative net import of this size essl

feed was imported from other nations. For exampl@é997 only one-fourth of the counties in Ohio had
a net import of feed, none approaching the relatiegnitude of Holmes County, and the other three-
fourths, a net export (Bender, 2001). Thus, natiadaption of organic farming practices will nosudt

in soils as fertile as Holmes County unless othenfng practices are employed besides return of
animal manure to cropland.

Conclusions

Despite its average farm size being 40% smallar ith&®hio overall, Holmes County produced in 1997
more than twice the energy and protein per scaled,fand hence per given area, than the US. This
reflected the general pattern noted by Rosset (1&3® Tomich et al. (1995) that small farms have
greater total output of crops and animals per glaed area than large farms. Moreover, energy
conversion efficiency for the five animal produatsl breeding populations was greater in Holmes
County than the US, 10 and 7%, respectively, dtahlise for protein, 22 and 13%. The greater
production and efficiency in Holmes County haverbaeesult of its exceptionally large import ofdee
and feeder animals and also its efficient milk picicbn benefiting from USDA milk price support,
modern dairy genetics, and dairy nutrition programs

The lower conversion efficiency in the US has bpeartly due to the utilization of the large natioaata
of grazing land by beef cattle accompanied by nttoae adequate consumption of feed such that,
judged by feed alone, beef production and breedawg been the least efficient of the five animal
products in energy conversion and nearly the leagirotein. The excessive consumption of feed by
beef cattle has been driven mostly by prices amgigonent policy and should be reduced to levels
sufficient for cattle and human nutrition.

Holmes County has been distinguished by successhall-scale farming. Its farmers have retained
various traditional practices, but they have aldopted some modern technologies and practices that
can be profitable on small farms. Hence, theseldarahs are not completely self-contained and
independent from US agriculture. In return, somefag practices in Holmes County have proven to be
productive and less energy-intensive and shoulddmporated into conventional American farming.
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