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"When it becemes prefitable to farm a given tract of
hill land, the chances are that it willl be farmed.
When it becemes vital te increase preduction ef food
and fiber to meet werldwide demands, the chances are
that mere hill land will we farmed."

R. M. Davis, 1976

"The tree is an engine of presduction that can utilize
the heat, lizht, meisture, and fertility of the meun-
tain without impesing upen man the fearful task ef
plowing a place that was never meant fer the plew."

’ J. R. Smith, 1916

This is'especially fer the late Jehn Hershey, for
Ralph Kreider, and fer Jim Claypeel, piensers all.



Supmar

U.S.D.A. ecenemists pruedict the end ef surplus farm preductien in the
U.S. within this decade. More and mere marginal land will be crepped te pre-
vide feed fer the grewing werld pepulatien and te preduce enerecy. Much ef
thls petential erenland in Seuthern Appalachia is peerly suited te annual
erens, such as cern. Perennlal ereps are much better suited te steep, recky,
and wet sites. Research was undertaksn en the theeretical petentials ef per-
onnial species with high predicted yiselds ef pretein, carbehydrates, or eils.
Several candidate "stasle perannial creps" fer marginal land in Seuthern Aopa-
lachia were identified, and estimates were made of their ylelds, energy input
requirements, and general suitabsilities.

Crepoing systems incerperatins heneylecust, persimmen, mulberry, jujube,
and ®weech were cemnared with corn crepping systems. It appears that these
candidate staple perennials shew distinet advantages fer enérgy censervatien
and envirenmental preservatien. Detailed ecenemic snalyses must await actual
demenstratien trials, but preliminary indicatiens fer ethanel cenversien sys-
tems with heneylecust are enceuraging. It is suggested that shoert-term leans
to farmers undertaking thls new typa of agriculture woeuld s apprepriate te
selve cash-flew preblems.



1. Research on Comoonents of a Perennial Asriculture for Southern Appalachia

1.1, Definitions

This research was undertaken to explore, from a theoretical viewpoint,
the resource-conserving potentials of persnnial agricultural crops suited to
marginal land in Southern Appalachia. Limitations on the literature searches
and analyses which were conducted were set by definitions of soms key con-
cepts, as given below.

First, "perennial agriculture" was assumed to include herbaceous, shrub,
and tree crops, as well as grasses. In fact, emphasls was placed on plant
species other than grasses and forage legumes, because the latter have been
well studied, and because they are currently widely used -- the only types of
perennials widely used -- in agriculture. Non-forage pervnnials, whether veg-
etables such as asparagus, herbs such as ginseng, or fruit trees such as
apples, have traditionally been given a different status, termed "horticul-
tural”, or M"specialty"”, or even "minor" crops. That is, they are not "staplesh,
- Staple agricultural food crops have relatively large ylelds of protein, car-
bohydrates (especially sugars and starch), and/or oils. Non-staple food crops
are rightly termed "luxury" crops, because of their high costs per unit of
protein, carbohydrates, or oils. The research discussed below concerned with
staple perennial crops only.

Second, "marginal land" was assumed to include several types of land
(steep, droughty, flood-prone, rocky, infertile, etc.), which share the char-
acteristic of difficult and expensive cropping. Such land is often left by
farmers to the local natural succsssion.

Third, the Southern Appalachian Region was defined rather loosely to
include West Virzinia, Eastern Kentucky, Western Virginia, mwastern Tennessee,
Western North Carolina, Northern Alabama, and Northern Guworgia, plus parts of
adjoining areas, such as Southeastern Ohlo.

Thus, a more complete title for this research project would be "Theo-
retical Stuiv of Potential Staple Perennial Crops Suited to Hard-to-Crop
Land in Southern Appalachia". This expanded title clearly sets constraints
on the population of plant species considered: the population should include
species which are physiologically adapted to the Southern Appalachian climate
and have potentially large ylields of protein, carbohydrates, and/or oils.

1.2. Methodology

A very broad investigation of climatic influences on plants showed that
the dominating factors are rainfall during the growing swason and average and
minimum temperatures throughout the year. Perennials, of course, must be
winter hardy; in the Southern Appalachian Region, average annual minimum
tumperatures range from -20 F in West Virginia to +10 F in Northern Alabama
and Northern Georgia. Thus, plants not winter hardy below +10 F wers not
considered further. Rainfall in Southern Appalachia is generally adequate
for good plant growth; no plants were rejscted for excessive precipitation
needs. Also, no plants were rajected becauss of origins in arid regions,
although some of these might be susceptible to diseases in Southern Appala-
chia, because 1ittle data are available on such susceptiblity. Nor were
plants rejected bacause of northern origins.

504l fertility and pH preferences were not used to limit the popula-
"tion of svecies screened. In most cases, these preferunces are unknown.



Several roferences were used to compile ‘a comprehensive list of can-
didate staple perennial crops hardy below +10 F. These references are cited
in Bibliography 1. Of greatest importance among them are Coon's Dictionary
of Useful Plants and Morton's "Principal Wild Food Plants of the United
States", which were thoroughly checked. Hortus Third was utilized whenever
possible for proper botanical nomenclature. Wyman's Gardening mncyclopedis
usually provided winter hardiness information, but Hortus Third and other
sources added to this. Data were entered on standard format sheets, two for
each species (shown on the next two pages). Unfortunately, published infor-
mation on most categories of the format sheets was not found for nearly all
speclies, verhaps a significant finding in itself! It should be notsd that
the choices for categories were made on the basis of which plant character-
istics apoear important in domestication, rather than in botany or ecology.
The format sheets will be keot on file and uvndated as appropriate at the
I.T.C.I.U.S.A. Avpalachian Regional Office Library.

Concurrent with the general characterization of candidate staple per-
ennial crons, as outlined abovs, a literaturs search on ylelds and nutri-
tional comonsitions of these plants was alse undertaken. Again, a standard
format sheet was used (shown en third page following). Important references
are cited in Bibliography 2; there are many ether references which previded
data on only one or a few species, and most of these minor references can be
accessed througzh the book by Robson and Kklias. The resulting 1000+ format
sheet.s, filed at the A.R.0. Library, represent the most complete compilatien
of yield and nutritional composition data on temperate region perennials in
existence, since all references available through University of Kentucky 1li-
braries wers utilized, amounting to probably 95+ % of the total relevant
world literature. Overall, much more information was available regarding
nutritienal composition than regarding yislds, and yield data are often dif-
ficult te interpret because of wnvironmental variables. wmven though "quanti-
tative", this informatien requires substantial interpretation in its use te
determine cropping petentisals. '

Comparative svaluatien of the candidate spucies was based on thv gen-
eral and yisld/nutritional composition files, tempered by the wxpsrience and
knewledge of the Principal Investigater. Nevertheless, many spevcies are in-
sufficiently characterized at the present time teo allow any evaluation; each
of these species might be considered a research tepic for the future! On
the contrary, abundant data are available en many other spaecies, and the
difficulty with these is how te rank them in any meaningful way. The dif-
ficulty is partly eased by the admittedly preliminary nature of the evalua-
tien. A four-way overall "suitability scale" was ultimately chosen as a
comoremise between precisien and utility -- a shorthand guide to thu best
and worst potential staple perennials, but a guide that could be misleading
at tinmes. The scale ranpes from 1 to 3, with insufficient infermation des-
jenated by "1". Specles with suitability 1 have high petential for produc-
ine largo vields of pretein, carbehydrates, and/or eils on marginal land in
Southern Appalachia; svecies with suitability 2 have medium potential; and
species with suitability 3 have low potential; the potential is undecided
for these spmecies with suitability "7". Given that hundreds ef species are
included in this vreliminary evaluation, it seemed appropriate to make rank-
ings very conservatively, with enly the "best ef the best" given suitability
1, se that ths very few species henored thusly should greatly repay research
attontion in the future. Appendix 1 presents the suitability rankings.




BOTANICAL NAME

COMMON NAMES

FAMILY

DESCRIPTION

(9}
-
o~
)

HARDINESS ZONZ=

SHADZ TOLERANCE

SOIL CONDITIONS

FLOWER CHARACTERISTICS

FLOWERING P=RIOD

FRUIT CHARACTERISTICS

FRUTTING PIRIOD




ALTERNATE BEARING

YIEZELD

FRUIT US=S

OTHER USES

MAINTSNANCE REQUIREMENTS

PESTS

DISEASES

PROPAGATION TZCHNIQUES

VARIETIES

SOURCES

NOTES




SPECIZS

PORTION

YIZLD (POUNDS/ACRE)

CALORIZS/POUND

FAT (%)

SUGARS % STARCH (%)

. PROTEZIN (%)

=SSITNTIAL AMINO ACIDS (M3/G OF PROT=IN)/SCORES (%)

HISTIDINE

ISOL=UCINE

LZUCING

LYSINE

SULFUR

ARCMATIC

THRZONINE

TRYPTOPHAN

VALINE

CALORIS YI=LD/ACRE

FAT YIZLD (PCUNDS/ACRE)

STHANCL YIZLD (GALLONS/ACRE)

PROTZIN YIZLD (POUNDS/ACRE)

UTILIZASLZ PROTEIN YIZLD (POUNDS/ACRE)




1.3. Results

Soecies in fifteen menera were assirned suitakility rankines of 1.
Only ene species ameng these is herbaceeus in habit (Helianthus tuberesus,
Jerusalem articheke), and this specles 1s the enly ene with impertant nutri-
ent.s harvestakle frem its reets. Much research attentien is weing given te
Jerusalem articheke currently, se it was decided te ignerw it in the remain-
der ef this study, thus allowing cencentratien on weedy species with hiegh
potentials as staple creps en marginal land in Seuthern Appalachia. The
feurteen zenera of majer lmpertance are described in Takle 1. In each, the
fruit (or part ef the fruit, such as the seed) is the harvestable part. In
general, carbehydrates are concentrated within these parts, theugh pretein
and eils are concentrated within the fruits of a fow ef the speciws.

Yields eof pretein, carbehydrates, and eils reperted in Table 1 were
computed frem yield and nutritienal cempesitien data frem referwnces given
in Bikliegraphy 2 and frem ether miner references. These computed ylelds
sheuld be taken as reugh appreximatiens te actual yields which weuld be ex-
perienced en marginal land in Seuthern Appalachia: somw ef the data were
recerded under better cenditiens than might be reasenably expected in prac-
tice, while other data were recerded under werse cenditiens (i.e¢., in ferest
settings). Nevertheless, the cemputed yields are extrumuly useful when cem-
®ined with ether, mere general infermatien, in making prlerity rankings fer
further research and demenstratien plantings. Yield increases with further
demestication can we expected fer several specles listed.

Snecifie infermatien on estimated ethanel ylelds frem several specles
are included in Apvendix 2. Semewhat surorisingly, seme weedy specles seem
competitive with eern with respect te ethanel yields.

Annual fruit yields ef weedy plants typiecally increase as maturity is
aporeaehed. For many specles, there is a juvenile phase eof ene to several
yvyears, durine which ne fruit are preduced. Estimated ylelds rupertad in
Tadle 1 and Appendix 2 assume that the adult phase is underway. Reughly,
these estimated vields can e assumed reasenadle fer 2 shrub ever 2-4 ywars
eld and for a tree ever 8-15 years eld. Carya (hickery) species require
mere timo te wegin preducing large yields.

) Alse, seme ef the listed species shaw a tendency teward alternate
bearing, with "weem™ and "bust" yield ywars. Ameng these are Carya speecies,
‘Farus grandifelia, Gleditsia triacanthes, and Juglans species.




Tavle 1.

Estimated Praetein, Carbohydrate, and 0il Yields eof Hieh-Petwntial

Candidate Staple Perennials (Annual-Fruit-Producing Weedy Plants)

Betanical Name/Common-Namo

Amelanchier Spp./sorvicoberries
Carya illineinensis/pecan
Carya evata/shageark hickory

Crataegus spp./hawtherns

Diespyres Kaki/eriental persimmen

Diesoyres vireiniana/cemmen
persimmen -

Fagus erandifelia/American beech

Gleditsia triacanthes/heneylecust

Juslans c}nerda/butterhut
Juglans nirra/wlack walmt
Juglans regia/Persian walnut
Merus spp./mulberries

Quefcus acutissima/sawteeth eak

Rubus spp./wlackberries and
raspwerries

Sambucus canadensis/elderberry

Vaceinium ceymdesum/wluskerry
Vaeeinium macrecarpen/aranberry
Viburnum trileeum/highbush

crankerry

Ziziphus Jujuwa/jujube

Fruit Type/Size

Est. Yield (Lbs./Acre)

pomo/un@er 1/2"-

nut/te 1"
nut/ta 1 3/4
pomu/undor 3/4n

borry/te 40
®erry/te 27
nut/te 1

legume /3 te 20
long

nut/te 2°
nut/te 2v
nut/te 2"
drupe aggrv-
cato/te 10

mit /under 3/4"A

drups aggre-
gate/te 1

drupe/te 1/4»

borry/ca.’l/b"
worry/ca. 1/4n
drupe/ca. 1/4"

drupe/l te 2"

400 -'1900, suears
400 - 700, eils |
700 - 1100, eils
ca. 1500, sugars

1000 -~ 8000, sugars
150 - 1200, starch

1200 - 3100, sugars
900 - 2200, starch

ca. 240, eoils

~ea. 100, pretein

340 - 2060, pretein
800 - 4400, starch

" 1500-- 9000, sugars

90 - 180, eil
35 - 70, pretein

120 - 240, eil
50 - 100, pretwin

240 - 1920, o1l
60 - 480, pretein

ca. 1100, sugars
ca, 380, stareh

ca. 1000,‘stireh

ca. 1700, stareh
ca. 1320, sugars

670 - 1600, susars

160 - 800, starch
320 - 1600, sugars

570 - 2850, starch
420 - 2100, sugars

860 - 4300, sugars

ever 2200, sugars



2. Research en Perwennial A;ricultﬁral Systems

2.1. Mothedeleegy

After identificatien ef and yleld estimatien fer the mest premising
staple perennial crep candidates were accemplished, mere detailed infermatien
abeut @ach of these speaies was seught. rcxhaustive literature searches were
‘verfermed, teward the zeal ef characterizine each specles sufficiently te
assien aporenriate rele(s) within energv-censerving asricultural systems suit-
ed te mareinal land in Seuthern Appalachia. The mest impertant references
censulted are listed in Biklierraphy 3.

As data en the mest premising species werw assembled and cress-checked
when pessi®le, a separate investirzatien inte the nature eof conventienal farm-
ing practices in Seuthern Appalachia was undertaken, te estab®lish a Basis fer
cemparisen with theeretical perennial agricultural systems.

Input.s frem research in beth ef the abkeve areas were cembined w1th the
yield infermatien eof Table 1 te establish a set ef premisine perennial agri-
cultural systems, shewn in Taw®le 2

2.2. Results

‘Table 2 presents "pruedicted fits™® of promising staple perennial speeies
within six perennial aericultural systems, relative to existine conditions on
farms in Southern Avppalachia. However, no economie considerations are reflect-
ed in Table 2 (see Section-3). It is apparvnt that certain species, notably
Diospyros vireginiana, common persimmon, and Gleditsia triacanthes, honseylocust,
it well within most of the systems. Also, honeylocust shows the bast pre-
dicted fits within systems yielding protein feed or food. Several species
have good predicted fits within ethanel cenversien systems (see Appsndix 2
for additional informatien). Other species with good vredicted fits in mere
than one system include Ziziphus jujuba, Merus spp., and Fazus grandifolia.
Thuse are the species te which most attention sheuld we given for econemic,
energzetie, and enviroenmental analyses.

2.2.1, System Sveeificatiens

Specifications are given welow for several perennial agricultural sys-
toms suited te mareinal land in Southern Aovalachia. These are offurvd as
"roeipos” fer demonstratien trials wy researchers and innovative farmers in
the hope that at least some of them will be investizated. Undoubtedly, field
exnerimontation will reveal shortcomings in these specificatiens; neverthe-

- less, they give startine points, wased en the best available current data.

2,2.1.1. Gleditsia triacanthos (Honeylocust) Systems

In many ways, thu honeylecust is the mest premising candidate staple
perennial erep for marginal land in Southern Appalachia. Prejectvd ylelds of
®oth protein and carbohydrates are quite high, for select trees. Poor site
conditions, such as drought, cempactien, and temporary fleoding, are tolerated
well. Heneylocust caneples are epen, allowing grass te grow underneath. And
the pods are rather easily harvested, by livestock or machine. Heneylecust
does tend te alternate bear; seme pruning may be required te centrel this.

Ped sterare is relatively easy ever leng time perieds,
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2.2.1.1.1. Cattle or Shewp Self-Harvest

Vegetatively propagated high-yielding, swest-podded cultivars (i.e.,
'‘Millweed' or 'Calhoun') are planted at age two or three in a pasture, eca.
35 por acre. If native honeylocusts are net growing nearby, one or twe male
trees, or a half dozen unsuxed sewdling trees should ke planted in the vicin-
ity. Protectien frem livesteck (fencing around each tree) must be previded
for a few years.

Alternatively, one er twe vear seedlings frem high-yielding parents
are planted en a spacling of 2-4 feet just outside the fencorow of a pasture.
These are thinned to a spacine of 8-12 feet as they beegin to flowwr and poor
producers and (almest all) males are identifiakle fer culling.

Peds are self-harvested sy cattle er sheep as they drop. For quicker
vod Arep, the 1limbs can be hit with a stick. Some eof the protein in the peds
will net be available te the ruminants, because the seeds have hard coats,

2.2.1.1.2. Pig Self-Harvest

As in 2.2.1.1.1. above, except plss are turned inte honeylocust pas-
ture only in late fall, so rooting 1s minimized. This is important te avoid
spreuting ef the treés and possibly to reduce erosian.

2.2.1.1.3. Machine-Harvest fer Livestock Feed

Establishment as in 2.2.1.1.1., pessibly at hisher density if live-
steck are not pastured bensath, Harvest sy hitting limbs with sticks, tree-
shaking machinery, or perhaps ®y applying chemical sprays prowmoting pod
drop. Pods are raked up with cenventienal equipment, dried, stored, and
hammer- er reller-milled as required. Crushed sesds have higher availability
of pretein, while peds are high in carbohydrates; peds and sveds could be
soparated for differont uses, i.e., peds for fatténing pigs, sweds fer high
protein dietary suoplement fer humans. More research is necessary regarding
possiblo seed texins (almost certainly heat-labile).

2.2.1.1.4, Machine-Harvest for Lthanel Cenversien

"" 'Plant and harvest as in 2.2.1.1.1. and 2.2.1.1.3. Milled peds-with-
seeds fermented and distilled fer fuel ethanel. Stillage by-products fed te
livestoack. ' .

2.2.1.2., Dlospyros virsginiana (Commen Persimmon) Systems

Persimmen is extremely adaptable te poor site conditions, especially
acid and/or dresughty seils. Productien begins at an warly age. Apparently,
oruning is net nucessary. Most persimmens show only a slight tendency te
alternate bear., Carbehydrate yilelds are quite hirh. Long-term sterage of
fruit can be difficult; some tress have fruit whiech dries easily witheut meld-
ing, while other treves have fruit susceptisls te meld. Canopies are fairly
dense. Harvesting is easy if tarps are spread benwath the trees, which are
hit with sticks; er by livesteck.

2.2.1.2.1. Sheep or Pig Self-Harvest

Vegetatively prepagated desirable cultivars (i.e., *'John Rick', 'uarly
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Golden', er 'Meader') are planted at age twe or thrwe in a meadew, ca. 80
oer acra. A few males are necessary fer preper pellinatien.

Or one or twe vear seedlings frem desirable parents are planted en a
spacineg of 2.4 fewt aleng funcerews, then males and peor yielding females
are thinned eut as they mature fer a final 'spacing ef 6-10 feet,

Persimmons are self-harvested y livesteck as they drep in fall (and
winter, fer seme cultivars). Trunks must Be pretectsd frem livesteck when
yeungz, i.e., with hardware cleth cylindsrs. Harvesting can be speedwed by.
shaking er knecking dewn fruit.

2.2.1.2.2. M;chine-Harvest for wthanel Cenversien

kista®lishment as in 2.2.1.2.2, Harvest by shakine er hitting limbs
with sticks, with tarps under trees. Mash and ferment, then distill fer
fuel ethanel. Steruge cf harvested fruit may ®e provlematic, and nutri-
tienal value ef stillage is prebably low. :

2.2.1.3. Merus spp. (Mulberriws) Systew:

Muleserries grow and fruit well en extrwmely peer sites, withstanding
lew fertility and dreught. Preductien begins at a very warly age, and
yields are high. However, competition fer fruit frem birds can be severe.
Seedlings are generally adequate, but cultivars with leng preductive sea-
sens (includins 'Hicks', *'Stubbs’, and 'Wellinsten') are propagated frem
cuttings er by graftineg.  Crewn density is rather high. Pruning is unneces-
sary for annual bearing. Fruit steres peerly fer even a few days.

2.2.1.3.1. Pig Self-Harvest

Young seedlines or cultivars are planted at a density eof aweut 40 per
acre (80 per acre fer higher early yields; eventually, half ef the trees are
remeved). Pigs are run under the trees in mid-summer fer 2-4 manths (lengwr

with "everbearine" cultivars).

2.2.1.4, Ziziphus Jujuba (Jujube) Systems

Jujuees are extremely resistant te dreught. .Grafted cultivars must
®o utilized fer geed yields and fruit size and quality (includineg carbehy-
drate centent). Ne pruning is necessary; jujudes remain very small trees at
maturity. Ne pests er disewases are siznificant. The fruit driws well.
Bearing bsgins at a very early agw, oftwn the first er sacend year. Mere
than ene cultivar sheuld we planted te assure preper pellinatien.

2.2.1.4.,1, Pig Self-Harvest

Young veretatively orepazated cultivars are planted at a density ef
abeut 100 per acre. Ples are run under the trees in late summer. Trunk
" pretection must e previded fer the first few years (wire guards).
2.2.1.4.2. Machine-Harvest fer Gthanel Cenversien

‘Bstablishment as in 2.2.1.4.1. Rake up drepped fruit, dry fer leng-

term sterage. Mash for fermentatien and distillatien. Wutritienal value. ef
stillaze i3 prebadly lew.
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2.2.1.5. Fawus grandifelia (American beech) System

Shade telerance of the weech allews its intreductien inte existing
weeded areas. DBearing may not begin fer many years, and alternate bearing
may we pronsunced, se exclusive devetien ef a site te buech is prebably net
Justifiable. Planting of beech seeds er seedlings in areas being managed
for timber preduction (er pessibly net beinz managed at alll), with subse-
quent lew-level eontrol ef vezstatien cempetineg with the beechos. weuld
eventually reésult in an impertant seurce ef pig feed.

2.2.1.5.1. Pig Self-Harvest

Bewch seeds er yeung nursery-grown seedlings are planted at as high
density as psssible in forested areas, te allew fer future mertality under
low managerwnt levels, Weeds are managed preperly fer sustained.yield tim-
wor preductien, with attentien ziven te wewd centrel areund planted weeches.
As boeaches reach maturity, thin te allew crewn develepment fer better fruit-
ing. Run pigs under trees in fall, when large yields ef beechnuts are pre-
duced.

13



Table 2, Promising Perennial Agricultural Systems

System Characteristies

Predieted Fit

Self-harvested 5y ruminants as energy

feed

Self-harvested by nen-ruminants as

wnergy feed

Self-harvested »y ruminants as oretein

fead

Self-harvested ®y nen-ruminants as

pretein feed

Machine-harvested and precessed fer
energy feed/food or ethanol eonversion

Apprepriate Spesies

Amslanehier spp.
Crataegus spp.
Diespyres Kaki
Diespyres virginiana
Fasmus grandifelia
Gleditsia triacanthes
Merus spo.

Quercus acutissima
Rubus spp.

Sambucus canadensis
Vacecinium cerymbesunm
Viburnum trilebum
Ziziohus Jujuba

Amelanchier spp.
Carya 1l1lineinensis
Carya evata
Crataezus spp.
Diespyres Kaki
Diespyres virginiana
Fagus grandifelia
Gleditsia triacanthes
Merus spp.

Quercus acutissima
Rubus sop.

Sameucus canadensis
Vaceinium cerymbesum
Viburnum trilebum
Ziziphus Jujuba

Farus grandifelia
Gleditsia triacanthes

Fagus grandifelia
Gleditsia triacanthes

Amelanchier spp.
Carya illinoinensis
Carya ovata
Crataegus spp.
Diospyros Kaki
Diospyros virginiana
Fagus ¢randifolia
Gleditsia triacanthos
Juglans cinerea
Jurlans nigra
Juglans regia

Morus spp.

Quercus acutissima

medium te peer
peer

modium

zeoed

medium

good

medium

medium

peer

medium te peer
medium te peor
medium te peer
veod .

redium te peer
medium

peer

peer

medium

gaed

roed

good

good

geod

- medium

medium te peer
medium te veer
meédium te peer
goed

medium
geod

goed
goed

good

modiun to poor

medium to poor

good

modium to good

good

medium to poor

good

modium

medium

medium to poor.

good to modi-
um

modium



System Characteristics

Machine-harvested and processed for

protein feed/food
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Approoriate Specles

Predicted Fit

Rubus spp.

Sambuous canadensis
Vaecinium corybosum
Vacecinium macrocarpon
Viburnum trilobum
Ziziphus Jujuba

Famus grandifolia
Gleditsia triacanthos
Juglans cinerea
Juglans nigra

Juglans regia

rood
rood
good
medium to poor
good
zood

medium to poor
rood-

medium
medium

medium to poor



3. Research on inergetic, iiconemic, and cnvirenmontal Implicatiens

3.1. Metivatien

At a time when the U.S.D.A. is predicting vast surplusus ef mest staple
agricultural cemmedities, and is even subsidizing farmers whe veluntarily re-
strict preductien of seme creps, why is it impertant te even censider the pe-
tentials of "new" staple creps fer marginal land? Why werry abeut extwnding
agricultural preductien ente land which is new neglectesd er abused, when the
grain ®ins are everfull? Simply kecause surplus preduction is predicted te
end in tha very near future, prebably by the end ef this decade (0'Brien,
1981)*. Crepland nevds duw te increasing feed wexperts, fuel ethanel preduct-
ien, and nen-farmine develepment ef primwe land are expected te ferce milliens
of acres of marginal land inte preductien ®y 1990 (Fex and Clayten, 1981).

In U.S.D.A.'s "Appalachian Regien" (including VA, WV, NC, KY, and TN), 61%
of the land judged te have high petential fer crepping, but new used mainly -
for pasture and ferest, currwntly has "eresien" as its principal limitatien
(Fox and Clayten, 1981, 72). Thus, marginal land will ®e crepp«d seen, and
in Seuthern Appalachia, this means that eresisn-prene land will ®e crepped
seen. Must this be a prascriptien fer seil less disaster?

Averasge annual seil wresion less estimates are 20 tens per scre fer
cenventienal centinueus cern, 5-10 tons per acre fer wheat, 0.03 tons per acre
for srasses, and 0.01-0.002 tons psr acre for forests (Pimentel, et al., 1976,
151). Oeviously, perennial croos hold soil much batter than do clean culti-
vated crops or small grains. Hence, the motivation to introduce staple per-
ennials onto mare¢inal, especially steaply sloping, land, in lieu of convention-
al orovs. No-tillage corn (Phillips, et al.,, 1980) is Becoming more popular
in the Southern corn belt, and reduces soll erosion risks to negligible levels,
Wut the technology is not well-adapted to the steep rocky hillsides of Appa-
lachia. No doubt, some of the land which will ba brouzht into production
over the next decade will e cropped to no-till corn, but much of that land
will not. An extremely important role in avolding excessive soil wrosion
could ®e¢ played by staple perennial crops.

3.2. wmnergy Conservation Potwntial ef Staple Perennial Crops

The rapid increases in crop yields sinew the 1940's have resulted from
new varieties and increased management inputs, particularly fertilizers, pest-
icides, and irrigation, which depend heavily on fossil fuwls. The U.S, food
system uses about 174 of total U.S. fassil envrey censumption, about one-third
of this in production (Pimentel, 1980, 3).

gEnergy use for corn ¢rowing is well documented (Phillips, ot al., 1980,
1111; Pimentel, 1980, 78-82), and corn is the most 1likely conventional crop
of choice to ®e «rown on maresinal land in Southern Appalachia, so analyses
are ziven in relation to corn. Table 3 compares estimated ensregy inputs for
corn with those for staple perwnnial crops.

Signifiecant enerxy savings over a 30 year "lifespan" accrue to staple
perennials, relative to corn, mainly due to reduced annual soil preparation
requirements of the former. There are 5.4 million acres ef high potsential
eropland in U,S.D.A.'s "Appalachian Region" (as defined above). If just half

*References for Section 3 are listed in Biblioegraphy 4.
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of that acreage were planted te staple perwnnisls.rather than tillwd eern, the
snergy savings over 30 years could amounf to wetween 7 x 1012 gty (for mechani-
cally harvested heneylocust) and 13 x 10°“ Btu (for livesteck-harvested beech).
If this amount of energy were te be supplieg frem gasoline cenverted at an
officienecy ef 20%, ®otwwon 107 and 1.8 x 10 40-gallen barrels would be needed.
This is a significant pregortion of the total U.S. farm usage of gasoeline and
diesel fuel use (2.2 x 10° barrels, for the year ef 1977, according te Torger-
sen and Cooper, 1380).

Poerhaps ef greater importanee than total energy inputs per aecre are offi.
eioncies of mitrient output per energy input. These efficlonciss are estimated
in Table 4, using data from Tables 1 and 3. Table 4 shews that the efficiencies
for candidate staple perennials are comparable te the efficiencies for cern.

3.3. rwconemics of Staple Perennial Creps

Mest eof the candidate staple perennials are net expucted te yield as
much nutrients as cern, theugh honsylecust might eutproducv corn. This fact
is of impertance for pelicy planners, but of less significance te farmers, who
decide what crops te grow on the wasis of net income rather than gross ylelds.
Persnnial staple erops sheuld roquire less money inputs than corn, and se even
with relatively lew yields, larger net meney returns are pessiblae.

: Because econemic facters change seo greatly over even the short term, ne
detailed analyses were undertaken (but cf. Appendix 2). Demonstration trials
wil1l be necessary fer meanineful ecenomic comparisens wetween perennials and
conventienal creps. It can be stated that mest farmers in Seuthern Appalachia
will have ‘tremendeus cash-flew preblems in capitalizineg fer staple persnnials,
because of the several year wait until yields are first ebdtained. It is like-
ly that this preblem coeuld we selved by gevernment-backed leans. Suppert ef
ostadlishment ef staple perennials by the government would fit well with currwuc
pelicles of preventing shert-term surplus preductien, while premeting long-
term adequate feed and energy supplies.

3.4, Envirenmental Impacts ef Staple Perennial Croeps

The ®igrest environmental difference between perennial erops and annual
creps 1s seil eresien risk, which 1is much lower for the former (ne-till eern
alse has lew risk, mut at the cest of increased pesticide inputs; see belew).
Once severe erosion has taken place, money and energy cests te resterse land
to a econditien allewing annual cropping, if even pessible, are enermeus. But
abused land can usually ®e cropped te perennials with minimal renevatien cests.
And there is plenty of such peor land available -- ever the past 200 years, at
least ene-third ef the tepseil en U.S. croplands has Been lost (Pimentel, et
al., 1976, 150).

Under cenventienal agricultural conditiens, topseil is estimated te form
at a rate of about 1.5 tens annually; in the U.S., average less of tepseil
frem agricultural land ameunts te about 12 tens annually; in 1965, the annual
less in U.S. crep productien due te wresion was estimated at abeut $ 800 millien
(Pimuntul wt al,, 1976). Yields are directly influenced by tepseil lossws,
amounting te a few bushels per inch ef teopseil lest. Eresien selectively re-
meves cation exchange media from the seil, as well as nutrients (Curry, 1971).
Indirectly, ecenomie losses arise downstream due te sedimentatien ef rivers
and reserveirs, and eutrephicatien.

As the slepe increasses, se doas the risk eof eresien. Seil censervatien
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researchers have particular recommendations feor reducing the risk when rew
creps are planted te hill land.. The mest effective recemmendation 1s te net
plant such creps, but as Brink, Densmere, and Hill nete (1977, 628): "The
acreage of the twe leadine rew creps, cern and soybeans, which already ex-
tend onte much unpretected sleping land, may rise further; market ferces
faverins such a trend are strong." A second line ef defense, centeur tillage,
is mest effective en slepus of enly 2-8% (Blakely, Ceyle, and Steele, 1957,
293). And there are many sites, partiemlarly in Seuthern Appalachia, unsuited
even te terracine: "The cest of censtructien and the diffieulty ef mainten-
anee make them unsatisfactery on steny seils and en shallew seils ever reck
eor over teugh, heavy subseill. Terraces are impractical on meundy fields er
fields where directien er steepness of slepe changes every 100 feet er seo.

A tillable row pattern cennet be werked eut en them"(Blakely, Coyle, and
Steele, 1957, 297). On such sites, perennials may be the enly choice, er
they may be alternatives te ne-till cern. '

Increasing public attention is being paid te pesticide use., As reflected
in the figures ef Takle 3, ne-till cern requires significantly mere pesticides
than tilled cern; perennial creps listed in Takle 3 are expected te require
mich reduced pesticide applicatiens, even when cempared te tilled cern. The
reductien in pesticide use with staple perennials vs. corn will be increas-
ingly important as mere and more land 1is ereppwd.
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Tawle 3. msti
" Input

machinery

N
P
K
seed

pesticides
plow

disk
plant

mated

apply herwicides

®broadcast fert

harvest =

(harvest) -
TOTAL
(TOTAL)?

Input

machinery

N

P

'K

grafted trees
esta®lishment
pesticides
haryest
(harvest)

TOTAL
(totaL)?

ilizer

Assumptions

13 1b/acre tilled; 10.7
1s /acre no-till

160 1b/acre

80 1b/acre

80 1b/acre

18 1e/acre tilled; 20.4
1b/sacre ne-till

2.6 1»/acre active ineredi-
ents tilled; 3.8 1b/acre
active ineredients no-till

one time
30" rows

cornpicker

Assumptions

6000 1b total for 50 acres,
replaced overy 15 years
200 1w /acre honeylecust; 120

1e/acre persimmon
90 1w/acre honeylecust; 60
1% /acre persimmon

90 1b/acre honeylocust; 60

1 /acre persimmen
35/acre heneylocust; 80/acre
persimmen

1 1b/acre active ingredisents

shake by hand and rake eor
shaks ente tarps; 5 gal/acre
gaseline

Cumalative Thirty-Yoar snergy Inputs

Tilled Corn1

No—Till Corn1

-(by livestoek; ineludes fence) (negligible)

(by livestoek; includes fence) (neglirivle)

19

(Btu/acre) (Btu/aerv)
4,430,000 - 3,640,000
36,350,000 36,350,000
2,350,000 2,350,000
1,400,000 1,400,000
1,200,000 1,400,000
1,000,000 1,500,000
4,390,000 0
1,500,000 - 0
1,500,000 1,500,000

320,000 320, 000
340,000 340, 000
2,390,000 2,390,000
(nodiginle)

57,170,000 51,190,000

(52,050,000)  (46,070,000)

Hnngylocustz Porsimmonz

(Btu/acre) (Btu/acre)
2,730,000 2,730,000
45,440,000 27,260,000
2,640,000 1,760,000
1,580,000 1,050, 000

50,0003 110,000
50, 000" 110, 000"
380,000 380, 000
1,680,0000 1,680,0007
(negligible)
54,550,000 35,080,000
(50,140,000)  (30,670,000)



Input

machinery
N

P

K

trues

e@stawlishment
pesticides
harvest

(harvest)

TOTAL
(TOTAL)?

" Input

machinery

N

P

K

sewds
estavlishment
. pesticides
harvest

(haArvu st )

TOTAL
(ToTAL)?

2 2

Assumptions . Mulberr . Jujube
(Btu/acre) (Btu/acre)

6000 1» total for 50 acres,

2,730,000 2,730,000
" replaced every 15 years ,

30 1w/acre mulberry; 50 lv/acre 6,820,000 11,360,000
Jujube A : ‘
15 1w/acre mulberry; 25 le/acre 440,000 730,000

Jujube
15 1b/acre mulberry; 25 le/acre 260,000 440,000
Jujube .
40 seedlings/acre mulberry; 100 10,0003 130,0003
grafted trees/acre jujuwe
60,000% 140,000%
0.5 1b/acre active ingredients 190,000 190,000
shake onte tarps; 15 gal/acre 5,040,0005 5,040,000
" gaseline
(by livestock; includes fence) (neslirible) (neglirivle)
15,550,000 20,760,000
(7,780,000) (12,990,000)
Assumptions Beech?
‘ : (Btu/acre)
6000 1» total for 50 acres, 2,730,000
replaced every 15 acres
15 1b/acre 3,410,000
5 1 /acre . 150,000
5 1b/acre 90,000
1 leo/aere neglieible
by hand negligible
none o 0
‘shake ento tarps; 20 gal/acre 6,720,000
gasoline
(ey livestock; includes fence) (neglirimle)
13,100,000

(3,650,000)

1phil1ips, ot al., 1980, 1111.
‘Using enerry densities of Phillips, ¢t al., 1980, unless otherwise noted.
3Assuming 4000 Btu/dollar retail cest ($ 10/grafted tree; $ 2/seedling). See

Hairhel, 1980, 2A.

Using data of Funt, 1980, 237.

2Cervinka, 1980, 15,
Gee, 1980, L427.

(TOTAL) = TOTAL - estimated energy content of 8 1b/acre of machinery -
meechanlcal harvest enerey.
Fertilized for maximum theeoretical yields eof perennials, for 10,000 1es/acre

cern yield.
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Table 4. Estimated Nutrient Output/unergy Input kKfficieneies -

Cropping System - NMutrient Efficiency (1s/Btu)
tilled cern, 10,000 lbs/acre: pretein 0.00047
yileld, mechanically harvested '
" ‘ ‘ear®ohydrates 0.0037
" : oils 0.00021
tilled cern, 10,000 lbs/acre pretein 0.00052
yield, livestock harvested
" carbohydrates 0.0040
" eils 0.00023
ne-till cern, 10,000 1»s/acre pretein 0.00053
yield, mechanieally harvested '
n carsohydrates 0.0041
" ' © eils 0.00023
no-till cern, 10,000 lws/acre pretein 0.00059
vield, livesteck harvested
» carbehydrates 0.0046
" : o oils 0.00026
honeylecust, mechaniecally protein 0.00019 - 0.0011
harvested ) -
" ’ carbohydrates 0.0013 - 0.0073
heneylecust, livesteck harvested pretein : 0.00020 - 0.0012
" carbohydrates 0.0014 - 0.0080
persimmen, mechanically harvested carbohydrates 0.0018 - 0.0045
persimmen, livesteek harvested earbohydrates 0.0021 - 0.0052
mulberry, mechanically harvested  carbohydrates 0.0029 .
milwerry, livesteck harvested carbohydrates 0.0057 (
Jujube, mechanically harvested earevohydrates 0.0032
jujube, livesteck harvested carbohydrates 0.0051
booch, mechanically harvested protein - 0.00023
" . o S oils 0.00055
®weuch, livesteck harvested protein 0.00082

" oils 0.0020
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4, Cenclusiens and-Prospects for the Future

The research reperted above is necessarily preliminary, since stapls
perennial creps are almest purely theoretical at the present time. The data
presented in this Report shew that the potential fer such ereps en marginal,
especlally steep, sites in Seuthern Anmpalachia is quite significant. A
eritical need in the near future is the establishment of demenstratien plant-
ings of the mest premising candidate staple perennial species, such as honey-
loeust, persimmen, mulberry, jujube, and keeech. Data en @cenemics, yislds,
and ether impertant facters would be generated by detailed studies ef these
plantings. _ _ .

As a first step, I.T.C.I.U.S.A., Ine. and the Teénnessee Valley Autherity
are ceeperating in the establishment ef five test plantings of se¢lected hen-
eylecusts in KY, TN, GA, AL, and AL.
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Appendix 1. Potential Stavle Perennial Creps

Listed ®olow are species with at least minimal potential for yielding
pretein, carbohydrates, and/er eils in quantities cempetitive with cenven-
tienal staple creps (in particular, cern, soybeans, wheat, er petatees) when
grewn en marginal land in Southern Appalachia These species were chesen
frem ever 2000 candidate pwrennials in the files compiled frem the sourcus
given in Biwliegraphies 1 and 2, plus additional miner seurces. pmach ef thw
species merits some censideratien in future research en psrennial agriculture
for Seuthern Appalachia, but seme are rmuch mere premising than ethers, and
little data are currently available en many. Decisiens feor inclusien in
this "minimal er wetter vetential" list were ultimately subjective, wut the
likeliheed that ether promisineg specles were everleocked mst we devmed very
remote, #iven the cemprehensive naturé of the data base.

Botanical and commen names wure taken, almest witheut exceptien, from
Hertus Third. Hawit(s), alse taken larzely frem Hertus Third, were ceded as
follews: G, srass; H, her®; S, shrub; T, tree; V, vine; and A, aquatic.
Part(s) containing sienificant ameunts ef important nutrients were codud as
follews: F, fruit: L, leaves; R, roots; S, sap; Sh, sheots. Thew nutrients
include the fellewing: P, pretein (usually "crude pretein™, actually a mea-
sure of total nitresen, -is given in the seurces); C, carwohydrates (especially
starches and suears, which are readily digested by nenruminants and are easily
converted te ethanel); and O, eils.

Suitability rankines range frem 1 te 3, with "7?" used te desiznate in-
sufficient quantitative data fer numerical ranking. That is, mumerical rank-
ing was assigned only en the basis ef available yield and nutritienal cempe-
sitien for a given species. A species with likely high yields ef protein,
carbehydrates, and/er eils, but witheout published yield data, was assigned
"M In mest cases, nutritienal cempositien infermation is available fer
these spucles assigned "?". Thus, resevarch en ylelds fer these species
might result in identificatien ef several additienal high-petential candidate
staple creps. Suitab®ility 1 indicates a species with high potential; suit-
ability 2 indicates medium potwntial; and suitability 3 indicates lew peten-
tial, all relative te typical yiulds eof the important nutrients by cenventienal
Seuthern Appalachian creps. -

It is impertant te nete that suitability ranking 1 was assigned using
quite conservative criteria. All species se ranked appear capable eof direet
compaet.itien with cenventienal creps, frem the standpeint ef impertant nutrient
vields. Perhavs these species should we censidered for prime lands, as wvll
as fer marginal lands! A caveat in this 1line ef theusght is that ne ecenemic
censideratiens were made in the chelices of specles fer the list, er fer the
assisnment ef suitawility rankings therein. Hewever, seme genera (including
Malus, Pyrus, and Prunus) capable ef large yields were assigned suitability
rankines of 2 Wecause experience has shown that they newd high maintenanece

IOVO].S .
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Botanical Name/Cemmon Name Habit(s) Part(s)/Nutrisnt(s) Suitability

Acer spp./maplos S, T s/c, F/p 3

Acerus Calamus/sweet flag H R/C(1) 3

Actinidia arguta/wewer actinidia v F/C 2

Actinidia chinensis/Chinese v F/C 3
geoseberry i

Actinidia Kelemikta/Kelemikta v F/C 2
actinidia

Actinidia pelyrama/silver vine F/C

Aesculus spp./buckeyes , T F/cC

Aerevyren snp./whoatzrassos F/c, F/p

Aerestis sop./eenterasses F/c, F/P

Ailanthus altissima/ tree ef heaven F/o, F/pP

Akebia sop./akewias F

Alsizia Juliwrissin/silk tree L/pP

Amelanehier spp./serviceberries , T F/C

Andrepegen spp./mluestems ' F/c(?), F/P(?)

Angelica Archanrelica/angelica R/C(?)

Aples amaricana/groundnut R/P

Aralia spp./aralias , S, T R

Arctestaphyles spp./wearberries , T F/C

Armeracia rusticana/herseradish R/C

Arenia spp./chokeberrias F/C

Asclepias spp./milkweeds F/pP

Asimina trileba/pawpaw , T F/C

Asparagus officinalis/asparagus Sh/C

Berberis spp./warwerries F/C

Berchemia scandens/supplejack
Beuteleua spp./grama sgrasses
Buchlee dactyleides/suffale grass

F/C
F/c(1), F/p(1)
F/c(?), F/p(17)

SE<OPUUBENVLEOTVSUVUAEPVAHUIDISVOAOALLIEUMIIOITNLIIN OSSO QOn<
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Callicarpa st./boautyborries F/C
Carya spp./hickories F/0
Cassia spp./sennas F/P
Castanea spp./chestnuts , T F/C
Celtis soo./hackberries F/C
Cephalanthus eccidentalis/buttenbush F
Cerateohyllum demersum/hernwert L/P
Cercis eccidentalis/redbud F/P(?)
Chaenemeles spp./flowering quinces F/c(1)
Chamaecyparis spp./false cCypress F/P, F/o, F/c(1)
Chienanthus spp./fringe trees , T F .
Cicherium Intybus/chicery R
Cornus spp./degwoeds , T F/C
Corenilla varia/crewn vetch _F/P
. Corylus spp./filwerts , T F/0, F/c, F/P
Crataegus spp./hawthorns , T F/C '
Cucurbita festidissima/calabazilla rR/C, F/P, F/O
Cudrania tricuspidata/silkworn tree F/C
Cydonia eblenza/quince , .T F/C
Cypuerus spp./nut sedges R/C, F/c, F/o
Daphne spp./daphnes F/P, F/O
Diescerva bulbifera/air potate R/C
Diespyres Kaki/Kaki persimmen F/C
Diesnyres virginiana/common persim- F/C

mon
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Botanical Name/Cemmen Namw " Hapit(s) Part(s)/Nutrient(s) Suitaeility

chinacea sop./conaflowers H F/P, F/o ?
lslavagnus spp./wlasagnus 5, T F/C ?
Lriowetrya japonica/loquat T F/C 3
Farus spp./besches T F/o, F/p 1
Ficus earica/commen fig S F/C ?
Fragaria spp./strawserries H F/C 2
Fraxinus spp./ashes T F/C 7
Gaultheria spp./wintergreens S F/0(?) 7
Gavlussacia spp./huckleberries - S F/C 1
Ginkre ®ileba/rinkee T F/C 7
Gleditsia triacanthes/heneylocust T F/P, F/C 1
Gymnecladus dieica/Kentucky ceffee T F/p, F/C ?
tree
Helianthus tuberesus/Jerusalem H R/C 1
artichoke
Hemerecallis spo./davlillies - H R/c(?) 7
Hiviscus Mescheutes/cemmen rese H F/P 7
mallow
Hippephae rhamneides/sea buckthern T F/p 7
Ilex sop./hellies S, T F/C 7
Juglans spp./wnlnuts T F/o, F/P- 1
Juniperus spp./junipers 5, T F/o, F/P, F/C 7
Lespedeza cuneata/sericea lespedeza S F/P 3
Lewisia rediviva/vitterreet . . H R/C 4
Ligustrum spp./privets S . F/C 7
Lindera Benzein/spicedush S F/c, F/0 7
Liquidamear Styraciflua/sweet gum T F/P, F/O 7
Lonicera spp./hensysuckles v F/C ?
Lotus spo./trofoils ~H F/P 3
Maclura nomifera/osaga eranee T F/c, F/pP, F/0 ?
Magznelia sop./marnelias S, T F/o, F/c .1
MaHenia sop./mahenias S F/C 7
Malus spp./apolas T F/C 2
Medicare sativa/alfalfa’ H F/pP 3
Mespilus zermanica/medlar:, S F/C - 7
‘Merus spp./milberries T F/c A 1
Myrieca spn./bayiorries S F/c, F/o 7
Nelumbe spo./letuses A R/C, R/P 7
Nemepanthus mucrenatus/catserry S F/C ?
Nyssa sylvatica/seur gum T F/C ?
Parthenecissus sop./crespers v F/c(1),F/o(?) ?
Phytelacca amoricana/poko H F/C 7
Pinus spp./pines T F/o, F/pP 7
Prunus spp./stono fruits S, T F/C 2
Pueria lekata/kudzu v R/C ?
Pyrus cemmunis/commen pear T F/C 2
Quercus acutissima/sawteeth eak T F/C 1
Quercus spp./other eaks T F/C 3
Rhamnus spp./buckthorns S, T F/P, F/O 7
Rheum Rhabarkarum/rhubare H - Sh/cC 3
Rhus spp./sumacs S, T F/C 2
Riwes spp./currants and geese- S F/C - 3
berries
Robinia Pseudeacacia/black lecust T F/p 7
Resa sop./roses S F/c 7
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Botanical Name/Commen Name j Habit(s) Part(s)/Nutrient(s) Suitability

Rubus sno./bramblos S F/cC 1
Sambucus spp./olders S, T F/C 1
Sassafras alsidum/sassafras T ’ F/c, F/o 7
Shepherdia spp./euffale werries S F/C ?
Smilax‘sop./greonbriars v F/C. 2
Selanum spp./nizhtshades H F/C ?
Serbus spp./mountain ashes T F/c ?
Serghum halepense/Jehnsen zrass G F/C ?
Symphericarpes spp./snewkerries S F/c(?) 7
Synphytum X uplandicum/Russian H L/pP 2
comfrey '
Taraxacum oef ficinale/dandvlion H R/C 3
Tilia spp./wasswoeds : T F/C ?
Typha spp./cattails A R/C : 2
Ulmus spp./slms - T F/o, F/c, F/P 7
Vaceinium spp./bluoberries and S F/C 1,2
cran®erries
Viburnum spo./viburnums S F/C i
Vitis Spp,/qraoes \'4 F/C 2
Ziziphus Jujusa/cemmen jujube S, T F/C 1



Appendix 2. "Tree (Crops fer Energy FPreductien in Appalachia™

This paper is reprinted frem the Preceedings eof a Cenferwnce en Trew
Crops fer Enersy Co-Preductien en Farms, svensered by the Selar wnergy Research
Institute, Gelden, Celerade. The Conference was held in £stes Park, Celerade,
Nevemmer 12-14, 1980. SURI's decument cede for the Precewdings (availawle
frem NTIS) is CP-622-1086.
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TABLE l. Woody perennials suited to Appalachian conditions which
produce high (non-cellulosic) carbohydrate content fruits ' .

Scientific Name Common Name Plant Type Fruit Type

Actinidia arguta

Migq.

Aesculus spp. L.

Amelanchier
spp. Med.

Arctostaphylos
uva-ursi (L.)
Spreng.

Aronia spp. Med,

Asimina triloba

(L.) Dunal.

Berberis spp. L.

Calhcarga'

americana L,

Carya spp. Nutt,

Castanea spp.
Mill,

Celtis spp. L.

Chaenomeles

lagenaria Koid.

Chionanthus
virginicus L.,

Cornus spp. L.

Corylus spp. L.

Crataegus spp.
L.

Cudrania
tricuspidata
(Carr.) Bar.

tara

buckeyes

serviceberries

bearberry

chokeberries

-pawpaw

barberries

American
beautyberry

hickories

chestnuts

hackberries

Japanese quince

fringetree -
dogwoods .

hazels

hawthoras

~che

vine

tree

‘shrub or
small tree

shrub

shrub

shrub or
small tree

shrub

shrub .

tree

tree

tree
shrudb
shrub or
small tree

shrub or
small tree

shrub

shrub or
small tree

small tree

13

berry

capsule

pome

drupe

pome

berry

berry

drupe

nut

nut

drupe

pome

drupe
drupe

nut

pome

drupe
aggregate

Fruit.Size
3/41!

1_3”

1/4-1/2"
i/4-1/2”
1/4-1/2"
Z_7|I

1/4-1/2"

0.03"

3/4-11/2"

1/2-1 1/2"

~
~

1/4:!

1 1/2-2"
3/4”
1/8-1/4"

1/2:!

1/4-1/2"

1-11/2"



TABLE 1. (continued)

Scientifi‘c Name

Cydonia oblonga
‘Mill,

Diospyros spp.
L. :

Elaeagnus spp..
L. |
Fagus spp. L.

Gaultheria spp.
L. ‘

Gaylussacia spp.

L.

Ginkgo biloba L.

Gleditsia
triacanthos L.

Gymnocladus
dioicus (L.)
K. Koch

Ilex spp. L.

Juglans spp. L.

Juniperus
virginiana L,

Ligustrum spp.
L.

Lindera benzoin
L. Blume

Lonicera spp. L.

Maclura
omifera (Raf.)
Schneid,

Malus spp. Mill,

ConunmlNan@
quince
persimmons
elaeagnus

beeches

wintergreens
huckleberries

ginkgo

honeylocust

Kentucky
coffeetree

hollies
walnuts
eastern
redcedar
privets
spicebush

honeysuckle

osage-orange

apples

Plant Type

shrub or
small tree

tree -
shrub or
tree

tree

shrub
shrub

tree

tree

tree

shrub or
tree

tree

tree
shrub
shrub
shrub or

vine

small tree

tree

14

Fruit Type
pome
berry
drupe.

nut

pseudoberry

drupe‘

drupe

pod

pod

drupe

nut

berry

drupe

drupe
berry

drupe
aggregate

pome

Fruit Size

ca, 3"
1/2-4"
1/4-3/4"

1/2-1"

0.1-0.4"
1/4-1/2"
lll

3-20"
long

6_10”
long

l1/4-1/2"

1-11/2"

'1./8||

1/3-1/2"

1/2"
1/4”

4_5”

1/2-4"
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TABLE 1. (continued)

Scientific Name

hAesEilus

germanica L,

Mitchella
repens L.

Morus spp. L.

Myrica spp. L.

Nemopanthus
mucronata (L.)
Trel.

Parthenocissus
spp. Planch,

Pinus spp. L.

Prunus spp. L.

Pyrus

communis L.

Quercus spp. L.

Rhamnus spp.
L.

Rhus spp. L.

Ribes spp. L.

Rosa spp. L.

Rubus spp. L.

Sambucus spp.
L.

‘Common Name

medlar
partridge-
berry
mulberries

bayberries

mountain-
holly

creepers
pines

cherries, plums
and peaches

pear

oaks

buckthorns

.sumacs

currants,
gooseberries

TOSEs

blackberries,
raspberries

elders

Plant Type
small tree
vine
tree

shrub or

small tree )

.shrub

viné
tree
tree
tree

tree

shrub or
small tree

shrub or
tree

shrub

shrub

shrub or

" vine

‘'shrub or

small tree
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Ffuﬁ Typé
pome
berry
drupe
aggrepgate

drupe

drupe

berry-
cone
drupe
pérne

acorn

drupe

drupe

" berry

hip

drupe
aggregate

drupe

Fruit Size,

-

1-2 1/2"
1/411
1/2-1"
1/8-1/6"
1/4-1/3"
1/4||
seeds,
1/8-1/2"
1/2-3"
11/2-4"
1/2-11/2"
1/4-3/8"
0.12-~
0. 16”
1/4-1"
1/8-1/2"
1/21:'

1/8-1/4"



TABLE 1, (continued)

Scientific Name

Sassafras

albidum (Nutt.)

Nees

Shepherdia spp.
Nutt,

Smilax spp. L.

Solanum
dulcamara L.

Sorbus spp. L,

Symphoricarpos

spp. Duham.

Vaccinium spp.
L.

Viburpoum spp.
L.

Vitis spp. L.

Ziziphus
jujuba Mill.

Common Name

sassafras

‘buffaloberry

greenbriers

bitter
nightshade

mountain-ash
snowberries
blueberries,
cranberries

viburnums

grapes

jujube

Plant Type

tree

shrub

vine

vine

shrub or
tree

_shrub

shrub

shrub or
small tree
vine

tree

16

Fruit Type

drupe

.berry

berxy

berry
pome

berry
berry
drupe

berry

drupe

Fruit Size

.

1/3—1/2”

1/5-1/4”

1/4|| )

12
1/4-1/2"
1/4"
1/4-1"
1/4-1/2"

1/3-1"

l_le



TABLE 2. Estimated ethanol production from selected woody perennials

Scientific Name Common Name Est, Ethanol Notes

(Gal. /Acre) : - o
Amelanchier serviceberries 30-130 low maintenance; pre-
spp. Med. A cocious
Asimina triloba pawpaw 20-40 difficult to establish,
(L.) Dunal. but low maintenance
Carya pecan - 2-3 slow to bear; tends to
illinoensis alternate-bear; needs
(Wang.) K. Koch long growing season to

mature nuts

Carvya ovata shagbar‘k 5-8 slow to bear

(Mill.) K. Koch hickory

Castanea Chinese 3-50 precocious; blooms ,
mollissima Bl, chestnut fairly early {may be |

subject to late frosts)

Cornus spp. L, dogwoods ca. 7 low maintenance

Corylus spp. L. hazels 3-30 filbert blight; high
protein

Crataegus spp. hawthorns ca. 110 low maintenance

L. .o ‘

Diospyros kaki  Oriental ' 80-640 hardiness problems;

L. persimmon blooms early (subject

to late frosts); difficult
to establieh

Diospyros persimmon  140+360 wilt disease, TN and

virginiana L. south; low maintenance;
difficult to establish

Fagous grandi- American ca. 6

folia Ehrh, beech

Gleditsia - honeylocust 160-960 tends to allernate-bear;

triacanthos L. . low maintenance; mi-
mosa webworm in some
areas; high protein

Ilex spp. L. - hollies ca, 7

Juglans nigra Eastern black 2-4 . tends to alternate-bear;

‘L. walnut high protein_
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TABLE 2, (continued)

Scientific Name

Juglans regia
L. -

Malus pumila
Mill,

Morus spp.- L.

Prunus ameri-
cana Marsh.

Prunus avium
L.

Prunus cerasus
L. ’

Prunus domes-
tica Ln

Prunus persica
(L.) Batsch.

Pyrus communis
L.

_Quercus spp. L.

&

Quercus
acutissima Carr,

Ribes spp. L.

Rubus spp. L.
Sambucus
cma:_na.densis L.

Vaccinium
corymbosum L.

Common Name’

Persian
walnut

apple
mulberries
wild plum
sweet cherry
sour cherry
plum

peach

pear
vaks (1most)

sawtooth oak

currants,

gooseberries
blackberries,
raspberries

elderberry

blueberfy

Est. Ethanol
(Gal. /Acre)

5-40

Notes

”~,

"bloom’s early (subject
"to late frosts); high

protein

40-670(max.) high maintenance’

ca. 100
{or more?)
ca. 2
190(max.)
130(max,)

270{max.)

350(max.)

530(max.)

-20( max.)

ca. 70 at
10 yrs, old

3-40

210(max.)
40-110

30-160

18

low maintenance; birds
eat fruit

blooms early (subject
to late frosts)

high maintenance; birds

eat fruit

high maintenance; birds
eat {ruit

high maintenance
high maintenance;
blooms early (subject
to late frosts)

high maintenance
extremely variable

bearing; slow to bear

annual bearing; preco-
cious; low maintenance

low maintenance; host
for white pine blister
rust

low maintenance{ ?)
low maintenance; pre-

cocious

requires acid soil



TABLE 2. (continued)

Scientific Name Common Name Est.Ethanol Notes

(Gal. /Acre) - ~
Vaccinium ‘cranberry 70-350 requires bogsi high
macrocarpon . ‘ ’ - maintenance
Ait, '
Viburnum tri- highbush 60-280 low maintenance; pre-
lobum Marsh. cranberry » cocious '
Vitis spp. L. grapes 60-240 high maintenance
Ziziphus . jujube ca, 150 low maintenance

jujuba Mill,
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TABLE 3. Feasibility ranking of selected woody perennials for ethanol production

Group 1, high feasibility

(high yields, low maintenance)

blackberries, raspberries

blueberry
elderberry
hawthorns

hightush cranverry
hone%locust

jujube

mulberries
Oriental persimmon
persimmon

sawtooth oalk

gerviceberries

Group 2, medium feasibility
(high yields, high maintenance)
apple

cranberry

grapes

peach

pear

plum

sour cherry

sWeetcherry

Group 3, low feasibility
(low yields)

American beech

‘Chinese chestnut

currants, gooseberries
dogwoods

Eastern black walnut
hazels

hollies

oaks’

pawpaw

pecan

Persian walnut
shagbark}ﬂckory 

wild plum
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