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11W}Hil0 it 'lt•comws pre~fita'Dlw to farm a ~ivQn tract of 
hHl land, the ch.ancws are that it will ille farmwtl. 
'1h .. n it. illac•rnlils vital to incrwasoio preiiuction ef food 
and fi\alolr to me~t worlclwidw demands •. thli chancws ar(l 
that m9rl.l hill lan~ will ill!i farml.l~." 

R. M. Davis, 1976 

"Tha trwli is an wn!!;in• of pr~stuction th'lt can utili~w 
the h!iat, li~ht, ~sistur~. ana f"rtility ~f th~ moun­
tain without imp€1sin~ upon man thlil r .. arful task ~f 
plowin~ a placw t~t ~s nevwr mfiant fer 'th.- plo'.f • 11 

J. R. Smith, 1916 

This is'wsp .. cially fer thw late J•hn Hwrshwy, for 
R-lph Kndcllilr, anci for Jim Clayp .. l, pion~wrs all. 
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Summary ,· 

U.S.D.A. ecenomi~ts pr~dict thw ~na of surplus farm preducti•n in th8 
U.S. within this ~wca~w. More an~ mor8 m .. r~inal lan~ will ~e ~ropp~i to pro­
vidw feed for the ~r~win~ warld pepulRtion an~ to producw wn8r~y. Much of 
this potential creplana in Southern Appalachia i~ po5rly suit~a to annual 
crons, such as o•rn. Perennial ~reps arw much 8wtter suite« to stwep, roc~. 
ano wet sitws. R9searoh was un~ertak•n en the theoretical pGt~ntials of pwr­
ennial ~necies with hig~ predicted yiwlds of protein, car~o~drates, or oils. 
SevGral candidatw "sta~le p9r•nnial creps'' fer mar~inal lan« in Seuthwrn A?pa­
lachia -~re id9ntifted, an~ o~timatws W9T9 made of thwir yielas, enwr~y input 
requirements, ann ~·n•ral suita8ilities. 

Crennin~ systems incorporatin~ honeylocust, persimmon, mul~erry, juju••· 
an« •each wwre cemnared with corn croppin~ systems. It appears that these 
candidate staple perennials show Qistinct a~vanta~es fer wner~y C8nservation 
an« environmental preservation. Detailed weonomic analyses must await actual 
demonstr .. tien trials, •ut preliminary indications for Ythanel conv~rsion sys­
tems with honeylocust .are wncourafl;in~;. It is SU.!;~wstwci. that short-t'ilrnt loans 
to f"-rmers undertakinr; this new 1;.ypoi of a~riculturw woulci •• appropriate to 
solve cash-flGw prGblems. 
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1. Resesrch on Comoononts of a PaNnnial Agricultura for Southern Appalachia 

1.1. Definitions 

This research was undertaken to explore, from a theoretical viewpoint, 
the resource-conservin~ potentials of perennial agricultural crops suited to 
mar~inal lano in Southern Appalachi~. Limitations on the literature searches 
and analyse~ which were conductlrld ware set by definitions of soma key con­
cept~, .!.~ given below. 

Fir~t. "perennial a~riculture" was ass\~od to includ~ herbaceou~. shrub, 
and tree crop~. as well as gras~es. In fact, ~mpha~is was plac~d on plant 
species other th~n ~rasses and forage le~1mes, because the latt~r hAvw b~9n 
well studied, and becausd they are currently widely used -- the only t~s of 
perennial~ widely used -- in a~ricultur~. Non-forag~ pwrwnnials, whether vwg­
etables such as asparagus, herbs such as ginseng, or fruit tr~9s such as 
apples, ~~v~ traditionally bQen givwn a differ~nt status, termed "horticul­
tural", or "specialty", or even "minor" crops. That is, they are not "stapl•s". 
Staple agricultural food crops havw r•lativvly larg~ yields of prot~in, car­
bohydrates (especially sugars and starch), and/or oils. Non-staple food crop~ 
arlit rip;htly termed "luxury" crops, because of thEiir high cost~ per unit of 
protein, carbohydrates, or oils. The r~search discussed below concern~d with 
staple perennial crops only. 

Second, "marginal land" was assul1'!ed to inclu:::I-.t sav~z~ral typ~s of land 
(steep, ~rou~hty, flood-prone, rocky, infertile, etc.), whi~h share thw char­
s.christic of difficult anrl expen~iv"w cropping. Such land is ofhn left. by 
faTll'\ers to the loc~l natural succ~ssion. 

Third, the Southern Appalachilln R•17;ion. was dafined rath•r loosely to 
include ~st Virginia, ~astern K9ntucky, ~stern Vir~inia, ~ast•rn Tennessee, 
Western North Carolina, Northern Alabama, and Northern G~or~ia, plus parts of 
a1jo1nin~ areas, such as Southeastern Ohio. 

ThUs, '1 more comolete_ title for this r;.;search project would be "Theo­
retical Stuiv of Potential StaplQ P•r~nni~l Crops Suited to Hard-to-Crop 
Lan1 in Southern Appalachia". This expand~d title clearly sets constraints 
on the population of plant speci•s consid•red: the population should include 
soecies which ar9 p~ysiolo~ically adapted to the Southern Appalachian climate 
~i have potentially larg~ yields of protein, carbo~drates, and/or oils. 

1.2. M~thodology 

A very broarl inv~stigation of climatic influences on plants sho~d that 
the dominatin~ factors are rainfall during thw growing swason and av~rage and 
minimum twmpwratur~s throughout the year. P~rdnnials, of course, must be 
wintwr hardy; in thw South~rn Appalachian Region, avwrage annual minimuM 
twmowratures range from -20 F in Wvst Vir~inia to +10 F in Northern Alabama 
and Northdrn Gworgia. Thus, plants not wintwr hardy below +10 F warw not 
considwred furthwr. Rainfall in Southo01rn Appalachia is gan~rally adoilquatw 
for good plant ~ro1Ath; no plants ~re r•jected for exc~ssiv~ precipitation 
nee~s. Also, no plants were rejected because of origins in arid regions, 
lllthoup;h some of thes"' 11'1i~ht ·be susceptible to diseases in Southlilrn Appala­
chi~, because little data are avail~ble on such susceptiblity. Nor were 
plants rejected because or northern ori~ins. 

Soil fertility an~ oH preferancbs Wbre not used to limit the popula­
·tion or soecias scre•ned. In most cases, these prefwrlilnces are unknown. 
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Suveral r~f~renc~s wera used to compile·a compruhansiva list of can­
didate staple perennial crops hardy below +10 F. These references are cihd 
in Bibliogr~phy 1. Of greatest importanc~ among th~m arw Coon's Dictionary 
of Useful Plants andMorton's "Principal Wild Food Plants of thQ Unitwd 
States", which wera thoroughly checked. Hortus Third wa·s utilized whenever 
pos~ible for proper botanic11l nomanclatur~o~. \..ytnan 's Gardanin~ l:!:ncyclopadis. 
usually provided wintQr hardiness information, but Hortus Third and other 
sources added to this. Data w"re enter~d on standard format sheets, two for 
each species (shown on the noxt two pages). Unfortunately, published infor­
mation on most cate~ories of the format she~ts was not found for nearly all 
species, oerhaps a si~nificant finding in itself! It should b~ noted that 
the choices for categories wer~ made on the basis of which plant character­
istics apoear important in domestication, rather than in botany or ecolo~. 
The format sheets will be kent on file and undated as appropriate at the 
I.'l'.C.I.U.S.A. Aopdach"!an Re~ional Office Library. 

Concurrent with the general characterization of candidate staplQ per­
ennial crons, as outlined above, a literature search on yialds and nutri­
tionRl comoositions of these plants was also undertaken. A~ain, a standard 
format sheet was used (shown on third pa~e followin~). Important references 
are ci tecl in Bibliop;raphv 2; there are many othe1• references which prctvided 
~ata on only one or a few species, and most of these minor refQrences can be 
accesseci. throu~h the book by Robson and !!:lias·. The resulting 1000+ format 
sheets, filen at the A.R.O. Library, represent the most complete compilati~n 
of yield anci. nutrition~! composition data on temperate ra~ion perennials in 
existence, since all refer~nce~ availabl~ through University of Kentucky li­
brari&s were utiliz~d, amountin~ to probably 95+% of th~ total r~levant 
l~orln literature. Overall, much Mor~ information was availabl~ rugardin~ 
nutritional compositi'!)n than r""~arding yields, and yi~ld data. are oftan dif­
ficult to interpr~:;t bucaus1;1 of ~nvironm.:mtal va.riabl_,s. ~van though "quanti­
tativw", this information r~:::quiras substantial interpretation in its us,.. to 
deterrnina cropping potent i!ils. · 

Comparativ.., evaluation of tht~ candidatl:.i sp ... ci~s was bs.siid on thu ~--n­
eral and yi~ld/nutritlona.l composition filas, tampared by th• 111xp~riwnc~ and 
knowlad~~ of the PrinoipRl Invasti~ator. N~verthwless, many speci~s are in­
sufficiently characteriz~d at tho pr~sant time to allow ~ ~valuation; •a.ch 
of th~se species mi~ht be consider~d a rws~grch topic for the futurwl On 
the contrary, abundant data are available Gn many oth&r Sp9cies, and th~ 
-1ifficultv with thesw is how to rank them in any mwanin~ful way. Th.,. dif­
ficulty is p:trtlv easerl by the admittedly pralhtinary n&turo of t.ha evalua­
tian. A four-wav o•rerall "suitability scale" w.t.s ultbtately chosen as a 
comoromise between precision and utility -- a shorthand ~ide to thu b~st 
and .worst potential staole perennials, but a guida that could be misl~ading 
at ti~es. The scale ran~es fro~ 1 to 3, with insufficient information dws­
ill!;naten by "7". Soecies with suitabil i.ty 1 havl:} high pl!tential for produc­
in~ lar~a vields of pretain, carbo~ydrat~s. and/or oils ~n marginal land in 
Southern Aoo.'llachia; soacies with 5Uitabili.ty 2 ha.vtt mediun1 potential; and 
soecies with ~itability 3 have low oot~ntial; the potential is undwcid~d 
for these snecies with suitability "7 11 • GivQn that hundreds 11! species arw 
included in this oreliminary ~val~.a.tion, it seemed appropriate to ma.kw rank­
in~s V.:Jr,y cons4o:lrVativt"lly, with $nly the "bast ef th~ best" r,iVIiln suitability 
1, se th&t the vary few species honored thusly should greatly repay r~s•arch 
~tt~ntion in the future. App~ndix 1 pr~s•nts the suitability rankings. 
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BOTANICAL NA.'1E 

COKMON NAMSS 

FAMILY 

DSSCRIPITON 

SIZE 

HARDINESS ZONE 

RANGE 

SHADE TOLE:RANCE 

SOIL CONDITIONS 

\,• 

FLo:xrn CHARAtTSRISTICS 

FLO'.<~'ERI N:1 P :::R I OD 

F?.UIT ~~CTERISTICS 

FRUITI~JG P:::RIOD 
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ALTERNATE BSARI~ 

YIELD 

FRUIT US~S 

OTHER USES 

MAINT~~ANCE REQUIR~~TS 

PSSTS 

DISEASC:S 

PR.OPAGATIO}! TSC"rlNIQUES 

VARIETIES 

SOURCC:S 

NOTES 
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S?SCIZS 

?O?.TION 

YTSLD (POUNDS/ ACRE) 

CALOP.I::.S/POUND 

FAT , 

SUGARS & STARCH (:~) 

. P?.OTSIN (.t) 

:sss:;:rriAL A..\fiNO ACIDS (M:I/G OF P:l.OTSIN)/SCORES ({) 
HISTIDINE 

ISOLill CINE 

LEUCL'lE 

LYSI~IE 

SULFUR 

AROMATIC 

Tii?30NINE 

TRY?TO?:tAN 

VALINE 

CALORIE YI::LD/ACRE 

FAT YI:::LD (?OUNDS/A(3E) 

~ANOL YIZLD (GALLONS/ACRE) 

PROT3IN YIZLD (POUNDS/ ACRE) 

UTILIZABLZ PROTSIN YI::LD {POUNDS/ ACRE) 
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1.3. Results 

Sowcies in fifteen ~.anera Wiiire assi!;n~« suitaltility rankin~s of 1. 
Only ene species a~en~ thwsw is hwr\Dac~eus in ha•it (Helianthus tultwresus, 
Jerusale~ ~rtiehoke),' an~· this spwctw~ i~ th~ enly enw with important nutri­
w~t~ harvestaltle fr•~ its roots. Much r~search attwntion is lt~in~ ~iven t~ 
Jerusalem artichGka curr•ntly, so it was d•cided to· icnor~ it in thw renain­
der ef this study, thus allowinll': cenc~ntratlen Cl)n weedy sp~cifils with hi=:h 
potentials as staole cr•ps en mar~inal lan~ in Southern Appalachia. Th~ 
feurteen ~ener"- of majer impertancw arw d.~scri'De41. in Ta\Dl~ 1. In each, thw 
fruit (or o~rt of thw fruit, such as the seed) is the harvesta•lw part. In 
~eneral, carltehynrates are concentrat~« within thes~ parts, th~u~h pretein 
an~ eils_ are cencentratw« within thw fruits of a f~w ef th~ speciws. 

Yi~l«s •f protein, CQrDGhydrates, ana eils reperted in Taltle 1 w~r~ 
cempute4i frem yielti. and nutritional CCD!ll.pesitien tlata fre111. refwrwnclis r;iven 
in Biltlio,rap~y 2 and fr•m other minor references. Thes~ co~puted yielas 
shoulc lte tg,ken as rough approximations to actual yielcs which woulc •~ .ex­
p&ri~nced en marrinal h.mi in Southoilrn Appalachia: somw of thw eata w.-rw 
rwcerde~ une~r ltwttwr conditions than mitht ltw reasenaQly wxpectvu in prac­
tic~, while othwr eata were recerde« undwr worsw conditions (i.w., in fer&st 
settin~s). Nev~rtheless, th~ compute« yiel•a are extr~mwly useful whwn con­
ltin~a with oth~r. mor& ~eneral informati•n, in makint prierity rankin's for 
further r&seareh anc d~menstratien plantints. Yield incr~asws with further 
d.e!'t~stication can lte ~xpect4ila for several specilils listed. 

Snwcifie information on ~stimatea wthanol yi~lcs from ~~veral splilciws 
are inclu~wd in Apo!indix 2. Semewhat surprisinr,ly, · so111~ wooGiy spt~cilils Slillillll 
co111oetitive with eern with r~spect to ~thanol yields. 

Annual fruit yielcis ef woolliy plants typically incr•asw as maturity is 
aporoaehed. ~or ~any speciws, therli i~ a juv~nile phase of one to swv4ilral 
years, durin!'; whieh no fruit are prod.UCIIUi. i:!:stimated yi"lds rt:~porteti in 
Ta•l& 1 ancl A.pp"ndix 2 assu>ne that thl!l alllult phas~ is unefllrway. Rour.hly, 
these esti'Tlatefli :vielas c;~.n lt& assumwd. rwasona'al~ for a shrult ev~r 2-4 ywars 
olci and fgr a tr&e over ~-15 years olGi. Colrya (hickory) species rlilquir~ 
more tilru~ to lter;in pr~tducin~ lar~e yi~lds. 
- Also, so~rJ~ of th~o~ listwci spwciws show a 
•oarin~. with "ltoom" an~ "ltust" yifllld y~ars. 

_Fa;us 'randifolia, Gleditsia triacanthos, g,nd 

tlilnd~ncy towar• altwrnate 
Amon! th&se arlil Carya spweies, 
Jue;lans species. 



Ta•le 1. Estimat~;~s Probin, Car\tohydrah, ~n«i. Oil Yields of Hi:h-Potwntial 
Candidat~;~ Staple P~rennials (Annual-Fruit-Pro~uoint Weeny Plants) 

Fruit Typ~/Size ~st. Yi~o~ld (L»s./Acrw) 

pornw/un••r 1/2~ 400 -·1900, su:ars 

Ca~ya illinoin~nsis/p~can 

Carya ovata/sha:aark hickory 

CrataQ~S spp./hawthorns 

nut/to 1" 

nut/to 1 J/4•• 

Diespyros Kaki/ori~ntal ~rsimmon ~~rry/te 4" 

Diesnvros vir~iniana/co~~•n Dlilrry/to 2" 
persili1"1Gn 

Ju~lans cinQr~a/8utternut 

Quercus acutissirna/sawtooth oak 

RuDU! spp.t-lackawrries anc 
raspDerriws 

VaeeiniuM 111aerocarpon/oran8erry 

Vi•urnu'lll trilciDulll/hi~h\tl.u~h 
cranaerry 

nut/to 1 n 

l":U~w/J to 20" 
lon~ 

nut/to 2" 

nut/t. 2" 

nut/to 2" 

ci.rup"' a:t;rw­
:ah/t.• 1 ~ 

nut/under J/4" 

clrupw a~~r•­
~ate/to 111 

arupe /to 1 /4 .. 

aerr.Y/ ca.. '1 /4" 

'aerr,Y/ca. 1/4" 

ci.rup~/1 to 2" 

9 

400 - 700, oils 

700 - 1100, oils 

1000 - 8000, sutars 
150 - 1200, starch 

1200 - )100, su~ars 
900 - 2200, starch 

ca. 240, oils 
ea. 100, pretein 

340 - ?060, protein 
eoo - 4400, starch 
1500--·9000, su,ars 

90 - tRO, oil 
35 70, protein 

120 - 240, oil 
50 - 100, protwin 

240 - 1920, oil 
60 - 480, prot~in 

ca. 1100, sutars 
ca, '380, starch 

ea. 1000, starob 

ca. 1700, stareh 
ca. 1)20, su~ars 

670 - 1600, su~ars 

160 - 800, starch 
)20 - 1600, su:ars 

570 - 2850, starch 
420 - 2100, su~ars 

860 - 4)00, sur;ars 

ovwr 2200, su~ars 



2. Raswarch en Plirwnnial A~ricultural S.vstwrns 

Aftlir iAentific:~.t.ien of :~.nd yieltl estimation fer tha :~~ost prernisin' 
staple perennlal crop c:an<!lid:~.tes Wlira accomol ishcul, ftler4i detail.;,c information 
a•eut ear.~ of tho~~se speaies was seu~ht. :C:xh:l.ustiva 1:\.t~t~raturv searchiis wi;,re 
'nerfer'!led., towartl the !;oal ef ch:~.racterizin--: wach speci4is ~uffici•ntly to 
assi~n :~.pnrenriate rele(s) within en~r(y-censwrvin~ a~ricultural systwrns suit­
ell. to m:l.r"!inal lan..; in Seuthern Appalachia. The lnost impertant refwr~o~ncws 
consulted are lishd in Bi»l.io~r:~.ph:r 3. 

As data en the :~~est promisin~ species wer~ assernDled an~ cross-checkw~ 
whliln pessi'•_lli, a separate inv4isti~atien into the naturt~ of c~nvlilntional farm­
in~ pr:~.ctices in Southern Appalachia was undertaken, to o~~sta&lish a •asis fer 
comparison with thaoratical perennial a~ricultural systwms. 

Inputs from rliswarch in Doth of thw aDovo~~ are:~.s wwrt~ cem'.in-.8 with thw 
yielc infor~atien ef Ta'.lw 1 to astaDlish a Slit of premisin~ pwr4innial a,ri­
cultural systems, shewn in 'faDle 2. 

2.2. Rlisults 

r~•la 2 presents ~pr~QiCtlid fitsN Of promisin~ Staplii p~rennial SplieiliS 
within six perennial a!;ricultural systems, r&lative to existin; con~itions on 
farms in Southern Aooalachia. However, no economic considerations are reflect­
ed in TaDle 2 (slile Section-)). It is appar~:~nt th:l.t cvrtain species, notallly 
Di.osn.vros vi.r-.:iniana, conunon o~rsim'Tion, anal GhuHtsia triacanthos, honaylocust, 
fit well within ~o~t of thii systems. Also,· honeylocust shows th~ •~st pr•­
dicteq fits within systlims yieldin~ protein feed or food. SevQral species 
have ~oo~ presictQd fits within ethanol cenvarsi~n syst~ms (s&e App~n~ix 2 
for additional infor~ation). Other spQcies with ~ooa predicted fits in mere 
th:l.n one system· includ" Zidphus juju'.a, Morus spp., an« Fa !Us (randifolia. 
Th~s~ ar9 the speaiws to which most attention sheuld ae ~ivan for aeonomio, 
ener,.etio, an~ envirgnm~ntal analysws. 

2.2.1. ~yste~ Suecific~ti0ns 

S~cifi~atior.s are ~iv"n aelow for sQVQral perwnnial a~ricultural sys­
tlilms suite~ to 111ar~inal land in Southern Aopalachia. 'l'hese ara off~riild. as 
"reeipes" fer tiiimonstrati~n trials D.Y rt=~sQarchlilrs and innovative farut~ilrs in 
the hone that a.t hast some of them will De investit;atlia. UnmouDtlildly, field 
exnerirnontation will reveal shortcond.n~ts in thQSQ specificati~ms; nwverthe­
les~. they ~ive startin~ points, Daslil• on thlil •~st availaulQ current data. 

2 .2 .1 .1. Gl.l!)tHtsia tria~anthos (Honeylocust) SysteMs 

In many wa.vs, thu honQylacust is the most prfl)lrtisinit canditiiate staplw 
per~nnial cr~p fl'lr mar~inal lanoi in Southern Appalachia~ P:t"OjiilcLwd yl.,;,lds l)f 
Doth protein and carmohydratws arli quitQ hi~h. for select trelis. Poor site 
con~itions, such as drou~ht, co~paction, and te~porary floodin,, are tolerate« 
well. Honiiylocust canopies are opiin, allowin~ .;rass to (row undiirnlilath. Ana 
the pods are rathiir easily harv"'sbul, 'by liv-.stock or ~chin4i. Hon.;.yl~cust 

does tend to alternat• •~ar; S$mw pruninr. may ~ .. requirwd to contr•l this. 
Pe<1 stor:~.!';e is rvhtivwly easT ovwr l•n~ timw pwriorls. 
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2.2.1.1.1. Cattle or She~p Swlf-H~rv~st · 

Vw~wt~tively prop~~~tQd hi~h-yi~ldin~. swawt-podd~d cultivars (i.e., 
'Millwood' or 'Calhoun•) ~replanted ~t ~~e two or thrww in a pasturQ, ea. 
35 pQr acrQ. If nativw honwylGcusts arB not ~rowin,; nearby, onfil or twe .male 
treBs, or a half gozan uns~x~d swwdlin~ trees should bw plantwQ in th~ vicin­
ity. Protwctien fre~ livfilstock (fwncin~ arQund wach trww) Must aw provided 
ft:Jr a few Y9ars. 

Alternatively, one er twc year swedlin!;S frem high-yielding; parents 
arli planted etn a s~cinp; of 2-4 f~et just outside tha fencQrow of a pasturfil. 
These are thinned to a spacin~ of 8-12 fwet as they 'D.-~in to flo•..rwr anci p~or 
producers and (almnst all) males are i~entifia&le for cullin~. 

Por!s are sal!-h.arvwshci •y cattle or sh~ouip as thw,., arop. For quicker 
nor.! rirep, thw limlts can 'ow hit with a stick. Somw ef the prot~in in thw peds 
will net 8e availa'ole t~ th9 ruminants, 'owcausw the seeds have hard coats. 

2.2.1.1.2. Pi~ Self-Harvest 

As in 2.2.1.1.1. a'oove, except pi!3 arw turn•~ int0 hon~ylocust pas­
ture only in late fall, so rootin~ is minh1izwd. This is import~nt te~ avoid 
spreutin~ of thw tr~~s and po~sibly to rwducfil wrosion. 

2.2.1.1.3. Machine-Harvwst fer Liv•stock F~ed 

~sta'olis~~ant as in 2.2.1.1.1., possibly at hi~hwr dwnsity if livw­
steck arw not p~sturwd 'oen.-ath. l~rvwst •Y hittin' limbs with sticks, tr~e­
sh~kin~ m:.i.chinwry, or plilrh..aps 'oy applyin' chemical sprays promotinp; porl 
drop. Porls ar~ rak~d up with cenvgntion~l wquipmwnt, dri.-d, stor~•. an~ 
h~mmwr- Qr r$llwr-mill~~ as r~quir~d. Crushgd swwss ~~vg hi~h~r availability 
of protein, whil~ pods ar~ hi~h in car'Bohydrat~s; -;>ot:ds ~nd S~iiids could aa 
sgnarat9d for rlifferwnt usws, i.~ •• pods for fatt~nin~ pigs, s~~ds fQr hi~h 
prot.~ in tlililtar:v suoplem~nt for hum;;~.ns. Horo r\:JS.,4rch is. ngcr;,ssary r1a0~ar~in~ 
pos~i'ellil su~ti. ti!Jxins (~l~ost cgrtainl.v heat-l~'Dilfil). 

2.2.1.1.4. Machinw-~rvest f~r Ethanel Conversion 

'··Plant and harvest as in 2.2.1.1.1. an~ 2.2.1.1.3. Mill~d pQ«s-with­
seeds fe~ented ann ~istill~i~d fer fuel eth~nol. Stilla~" •y-products fwd to 
livest(1ek. 

2.2.1.2. Dlospvros vir;tniana (Cormnen Persirr:!tlon) Systems 

Persimmon is extramely adaptablri te poor sitli conditions, wspwci.ally 
~cirl and/or dreu~hty sails. Pro1uction bw~ins at an ~arly a(e. Apparwntly, 
prunin~ is not n~c~ssar.r. l1ost plolrSL"llrnons shGW only a slight t9ndwncy to 
alt.~:~rnate ~oar. Cdr,.ohydrab~ yields ar~ quit.;, hi~h. L<llnl!;-twrm st.ra~w of 
fruit c•n 'ow nifficult; somw tr.-ws havw fruit which ~riws gasily with~ut molcl­
in~. whiloioi Glthgr tr\jo:.s h..avw fruit suscwpti-.lw to mold. Canttpi9s ar,. fairly 
dens ... 11;;trvwstin~ is ~;1sy if tarps arw sprwalll. lDwnwath thw tri.J~s, ~..rhich arw 
hit with sticks; or 'Dy livwstock. 

2.2.1.2.1. Sh~wp ~r Pi~ Swlf-Harv.;,st 

Vw~wtativwly prooa~.atwd riwsira'olw cultivars (i.w., 'John Rick', ·~arly 
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Golr:l.~in', or 'Mwa«l.lir') ar~ plantwd at aP.;w twfJ ·or thrwli in a mwaaiew, ca. ~0 
o~r acr-. A fQw malQ~ arw nlic~~sarv f$r propQr pellination. 

Or ~nQ er twG y~ar ~~Qdlin~s from n~sjraal!i oar•nt~ arw plant~d ~n a 
spaein~ of 2-4 f~wt alen~ fwncwrows, thwn m~lQ8 and poor yi!ildin~ fwmalw~ 
arQ thinnwd ~ut as thwy maturQ fQr a final ·spacin~ ef 6-10 fwlit. 

PQrsimmon~ arQ s~lf-harvwst~d •Y livwsteck as thwy drop in fall (and 
wintQr, fer s<~rnQ cultivar:=!). Trunks mu~t BQ orot.,.ctw<tl fro111. livwstock whwn 
v•un~, i .Q., with ~r<~hnrlil clGth cylindwrs. Harv~stin~ can 11~ spwwdwd •Y" 
shakin!; or kn•ckinrr; down fruit. 

2.2.1.2.2. Machin~-P.~rvwst fer ~th~nal Ccnvwrsien 

~sta•lishm~nt as in 2.2.1.2.2. ~rv~st •y shakin~ er hittin~ lim~~ 
with stiek:'3, with t:up~ und•r trwi~S. Hash and fwrmiilnt, thwn distill f 4tr 
fuwl iolhanol. Stora~"' cf harv~stwd. fruit cnay llw proDlwmatic, and nutri­
tienal valu~ ef stilla~w is proDaely low: 

2.2.1.). M•ru~ spp. (Mul&Qrriws) SystliM: 

Hulolilrrilils ,;row anrl fruit W'Qll en wxtrwm!ily poaGr G:i.tws, withstanciint 
lew f~rtility and .nroU!;ht. Pred.ucti«~n Utw,;ins at a Vr.Jry warly a~ ... and 
yiwlrls arlil hi~h. HowwV!ir, co~p~itition fer fruit frem •irds can ew s~vwrli. 
S4ilwrilin~s arw J,",;w!"'ilrally adwquatw, '.ut cultivars with lon,; productivw sila­
sen~ (includin~ 'Hicks', •stua~~·. and •w~llin~ten') ar~ prGpa~atwd from 
cuttin~s or lay ~ra ftin!;.. Crewn d~Mity is ratho;,r hit!: h. Prunin,; is unnwc~o~s­
sary for annu~l h-.arin~. Fruit storws peerly fer wvlin a faw days. 

2.2.1.1.1. Pir; Slilf-Harve~t 

Youn~ ~eerilin~s or culttvars aro. plantwd at a rlwnsity t>f a~out 40 po01r 
acra (~0 pQr acr~ for hi~h~r warly yi~lds; ~o~vwntually, half ~f thw trQas ar,. 
ramo.va-i). Pi!;S a r~ run un1~r thQ trves in mid-summwr for 2-4 menths (len~ .. r 
with "Qvwr'awarin~·· cultivars). 

2.2.1.4. Zldohu~ Juju'la:t (Juju'.e) SystQms 

Juju'.!is arQ wxtr~m•lY rwsistant te drou~ht. . Grafted cultivars must 
.,. utilizwd for ~~od yiwlds an~ fruit size ana quality (includin: car~ehy­
drata cont~nt). N$ prunin' is n~cwssary; juju•~s r,.main v~ry small trwlis at 
maturity. No pasts or diswasa~ arw si~nificant. Th,. fruit driws w .. ll. 
B~arint •~r,ins at a vary ~arly a~•. oftwn th .. first er s~cend y,.ar. Mera 
than ena cultivar sheula •~ plant .. d to assurw proper pollination. 

2.2.1.4.1. Pi~ Swlf-Harvwst 

Youn~ vw~~tativaly oropa~atwQ cultivars ara plantad at a dwnsity of 
a\teut 100 Plilr acrli. Pi-;s arli run under thw tr~as in latw sur.nnwr. Trunk 
orotaction ~st •a orovidai for tha first fww ~ars (wire ~uaras). 

2.2 .1.4.2. Hachin~-Harvast for Ethanol CenvC~rsicn 

i::"'f"..a\oli.sh"Tlant a~ in 2.2.1.4.1. Ra.kw Up aroppad fruit, lir,y fer lon~­
tarm stora~w. Mash for farmantatien anc distillation. i~tritional value of 
:"'tilla~Q is preba.ly lew. 
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2.2.1.5. Fa;u~ r;ran!'iifoli;~. (Am~rics.n il~wch) Sysbm 

Shar.ie telQrRnc.a Gf th8 aQvch allow~ its intre-iuction into ~xistih~ 
woedes ar~as. B"arin~ may n~t ·~~in f~r many y~ars, ana alt~rnat~ a~aring 
ma,v \ta proneunc8ti, se ~o~xclusive dwvetion ef a site to Dw~ch is proba\tly not 
justifia\tl~. Plantinc ef ~~~~ch s~wds or s~~dlin~s in ar~o~as ~"in' Mana~~o~d 
for tim\tQr pron.uctien (or pessHtly not 'Dwinr; mana!;wd at alll). with suas~o~­
quwnt low-l8vel eontrol of vw~"tation cemp~tin~ with the •~"chws, wouli 
ev"ntually r~sult in an impGrtant source of pi~ fse~. 

2.2.1.5.1. Pi~ Swlf-Harvwst 

Blolwch saeds or yeun~ nursery-~rown sw~dlin~s arw plantw• at as hi~h 
dwnsity as possi.lw in for~sted arwas, to allow fer futurw m~rtality under 
low manai';WMI!int levels. Wo•ds are J'lana~~o~d proptirly for sustained.-.yiwlcd tilll­
\twr production, with att~ntion ~iv~n t• w•wd control around planted •~wehes. 
As awechas r"ach maturity, thin to allow ¢rown development fer 'Dettwr fruit­
in~. Run pi~s under tr8es in fall, whwn lar~e yields of awechnuts are .Pr•­
~uced. 
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Ta~l~ 2. Promisin~ P~r~nnial A~rioultural Syst~ms 

Self-harvested ay ruminants as en~r~y 
feed 

S~lf -h.arvest8cl. )ty non-ruminants as 
e.n~o~ra feed 

Sel!-harvesteti·ay rul'4inants as orotein 
feed 

Sglf•harve~ted ay non-ru~inants as 
oretfilin flileal 

Machine-harvestlild and proclilsswc for 
wnQr~y fQe«/food or ~thanol conversion 
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Amwlanehi~r spp. 
Crata~~s · spp. 
Diosp.yros Kaki 
Diospyros vir~iniana 
F.a~s trandifelia 
Gladitsia triacanth~s 
g~rus spp. 
Quercus acutissima 
Ru'Dus spp. 
Samaucus canad~nsis 
Vaccinium cerymbosuM 
Viaurnum trilohum 
Zidohus Jujuba 

Arnelanchililr spp. 
Carya illinoin~o~nsis 
Carya ovata 
Cratae~s spp. 
Die spyre s Ka ki 
Diospyros vir,iniana 
Fa~s ,ranciifolia 
Gleditsia triacanthos 
Morus spp. 
Qugrcus acutissima 
Rubus spp. 
Sam'eucus canadwnsis 
Vaccinium cervmaosum 
Vi'Durnum triloaum 
Ziziphus. Juju'e.:~. 

Fa~s ~rane.ifdia 
Gle•itsia triacanthes 

Fa~s trandifolia 
Gl~ditsia triacanthos 

A11elanchier spp. 
Carya illinoin~nsis 
Carya ovata 
Crata~~us spp. 
Diospyros Kaki 
Diospyros vir~iniana 
Fa~s ~randifolia 
Gleditsia triacanthos 
Ju::lans cinerea 
Ju~lans ni~ra 

Ju~lans r~~ia 
Morus spp. 

QuarC'!'Us acutissim;t 

mw4i.ium to poor 
peer 
m9ciium , ... 
m~o.ium 

~ood 
rr.~tl.iuro 

mlildium 
poor 
mediUJn to poor 
mwdium to poor 
m.;~siilll'4 te peer 
r,ooci 

n:wclium to poor 
merHullt 
peer 
poor 
mecium 
, •• d. 
r;eed 

~··d , •• .s 
·~eocl 

mwd1um 
m8dium te poor 
mlildium to ooer 
miicium to poor 
goe« 

~ood 
mt~diu11 to poor 
l'tt~ciium to poor 
r;oo~ 

mefiiU!Jl to =:ood 
,ooci. 
m41lGiium to poor 
~ooci. 
medium 
mlilci.ium. 
m~cl.iu111 to poor. 
,;ooc to m~di-

um 
meciium 



System Ch~racteristic~ 

~chine-harvesten ani processed for 
protein feed/food 
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Aooroori~te Species 

Rubus spp. 
~mbuous can~dansis 

v~~cinium eoryDosum 
v~ccinium m~croc~rpon 

ViDurnum trilo~um 
Ziziphu.s Juju'u 

Fa~s ~randifolia 
Gleditsia tri~cantho~ 
Ju~lans cin&rea 
Ju~lans ni~ra 

Ju~lans r~,ia 

~ood 
~ood 
r;ooe. 
·medium to poor 
r;ooel 
~ood 

medium to poor 
:;ood· 
tn"S.ium 
MI:UiiUDl 

medium to poor 



J. R~saarch gn Lnsr!;etio, .L:;conomic, and C:nvire>nm3ntal I mol lea tiens 

J.l. Notivatien 

At a tim~ wh~n th~ U.S.D.A. is preclictin~ vast surplus~s ~f m~st stapl~ 
a~ricultural commoditi~s. and is ev~n subsiaizin~ farmars who voluntarily r~­
strict preductiGn 0f s•ma cr•ps, why is it imp~rtant to ~v&n consid~r th~ po­
tQntials of "nliw" stapla crops f•r m:~. rginal land 1 \.Jhy worry a~"ut ext .. nding 
:~.l";ricultural productit~n onto land which is now nsF,l(jjctetl. or a'oused, whgn · th" 
~rain ains ara ov~rfull7 Simply m~cause surplus proauction is prwdictw~ to 
end i~ tho01 very nwar futur~. pro'oa'aly "lt.v tha en-1. ef this dt~cada (O'Brien, 
19~1) • CreplanGi n"wd.s duw te incr~asin~ fooQ 111:xports, fut~l wthanel product­
ion, and non-farmin~ Q~V~l~pment ef prim• l•nd are ~xpectwd to fore~ millions 
of acras of mar~inal land into production ay 1990 (Fox and Clayton, 19~1). 
In U.S .• U.A.'s "Appalachian Rw,;ien" (includin~ VA, WV, NC, KY, ana TN), 61~ 
of the land jud~~d to have hi~h potwntial for creppin~. 'aut now used mainly·_ 
for p.asture and fer~st, currwntly has "wrosien" as its principal limitation 
(Fox and Clayton, 19~1. 72). Thus, marr,inal land will ae croopwd soon, and 
in Southwrn Appalachia, this maans that wrosi~n-oronw land will "Ita croppwc 
soon. Nust this DQ a pr_.script·hn for soil loss d.isast>iir7 

Avara~e annu:~.l seil wrosien loss QStimatws arQ 20 tons p~r acr~ for 
convfillntiona.l centinueus cern, 5-10 tans pwr acrlill fer wh~<~.t, 0.0) tons p~r acra 
for ~ra.ss~~. and 0.01-0.002 tons p•r acrw for for~sts (Pim~nt~l. et al., 1976, 
151). Oeviouslv, pwrQnnial croos holrl soil much awtt~r than do clean culti­
vatQd crops or ~mall ~rains. HQncQ, thw motivation to "introsuce staple ~r­
linnia.ls onto !tl:l.r~inal, ~soeci;~.lly steiiply_slopin~, land., in lieu of convantion­
a.l oroos. No-tilla~e corn (Phillips, et al.; 19e0) is aecomin~ mora popular 
in the Southern corn &wlt, and rw~uc~s soil erosion ri5ks to ne~li~i'olQ l~vwls, 
aut the technolo~y is not well-adapted to thw st~ep rockY hillsidQs of Appa­
lachia. No 41ou\tt, some of the land which Hill Dil "Drou~ht into production 
over thQ next decadlill will De croppwd to no-till corn, aut much of that land 
will not. An QXtrlimwly important role in avoidin~ wxcessivw soil wrosion 
could aw played ay sta.plw pwrwnnial crops. 

).2. ~nwr~y Conswrvation Potwntial of Sta.pl• Pwrennial Crops 

Th~ rapia increasws in crop.yialas sinew th~ 1940's have rwsulted from 
new varieties an• incrwa.sw~ mana~wmwnt inputs, particularly fertilizers, past­
icidQS, ana irri~a.tion, which de~nd heavily on fossil fuwls. The U.S. fooi 
syste~ usas aeout 17~ of total U.S. fGssil enwr~y consumption, aaout onw-third 
of this in production (Pimilntel, 1980, 3). 

~nerr,y use for corn ~rowin~ is well documanted (Phillips, et a.l., 1980, 
1111; Pim-.ntel, 19~0. 7~-~2), and corn is the most likwly convwntional crop 
of ~h.oi..ca t.o •~ !';rown on mar~inal lani in South~rn Appalachia, so analysws 
are .l!;ivliln in r~la.tion to corn. Ta.'ellil J co'llp.a.res estir.a.ted ~nert;.Y inputs for 
corn with thosw for stapl~ perwnnj_al crops. 

Si~nificant wnlilr~y savinlf;S ov~r a 30 year "lifespan" accrue to staple 
pQrennial~. rwlative to corn, mainly duw to r•duced annual soil prQparation 
requirem~nts of the form~r. Thwrw arw 5.4 million acres of hi~h poiwntial 
~ropland in U.S.D.A.'s "Appalachian Rel!;ion" (as defin~d ahovlil). If just half 

*Raferwnces for S~ction J ar~ listwd in Biblio(rap~y _4. 
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of th.a t acrwa~w w.-r .. plant~illi te staplw pwrwnnials. ra th.wr than tillwci eern, thw 
.. nwr~y ~avin~s ov,.r JO y~ars couli amounr t~ ... tw~wn 7 x 1012 Btu (for m .. eh.ani­
cally h.arvwst~d h~nwylocust) an~ 1) x 10 2 Btu (for livwSt$ck-harv~stw« awwch). 
If this am~unt ef .. nwr~y wwrw to be suppliw• from ~asolinw eonvlirtwa at an 
effieieney ef 20~, •etwwwn 107 and 1.~ x 10~ 40-~allen •arr•ls woulc •• n~wa••·· 
This is a si~nificant pregortion of the tntal U.S. farm usa~e $f r,asolinQ anci 
ciQswl fuwl U5Q (2.2 X 10 8arrwls, fer thw ~ar"ef·1977. a~c0rdinr, tG Tor~ar­
s•n an~ Coopwr, 19~0). 

Perhaps of ~r~ater importanee than total wn~r~y inputs par aerw arw wffi­
eianeiws ef nutri•nt outnut per wner~y input. Thwsw .. ffici•nciws arw asti~atwd 
in Taale 4, usin~ data from Taalas 1 and J. T~bla 4 shows that thw vfficiwnciws 
fQr can~idate staplw p~rwnnials arw comparahlw tG th~ wffici~nciws for cern. 

J.J. ~conemics of Staplw P~r~nnial Creps 

Mest of tha candidatQ stanlw p~rwnnials ar~ not wxp~ctad to yi~le as 
much nutriwnts as corn, thou~h honwylocust mi:;ht eutproclucu corn. This fact 
is c.f imnertancw for p()licy plann•rs, \lut 11f less si!!;nificanc~ to farm~:~rs, who 
decide what crops to ~row on thw aasis Qf net income rathwr than ~ross yields. 
Pwrsnnial staplo crcns s!!eul&t roquiro liiss money inputs than corn, ami s~ even 
with roh.tively low ;t.~ields, lar~wr nat Monlily r~turns arw pQssil.lw. 

Bwcause QConemic factors chan~e so ~r~atly o~r evan thQ short twr~. no 
d0t~iliid analysQS were un~ertakwn (out cf. Appwndix 2). Dw~onstration trials 
rlll blil nec&ss;ar.-r fer m~anin~ful lilconomic comparisons ltwtWiililn p111rennials an« 
cenvanti~n~l crops. It can ~~ stat&cl that most farmers in SouthQrn Appalachia 
will have trlilmend9US cash-fl~w proltliim5 in capitalizin~ fer staple pQrwnnials, 
Decause ef thii silvwral ywar wait until yields aria first elttainwd. It is likw­
ly that this pro.lem could lte selvw« ay ~ovlilrnmwnt-8ack~d loans. Support of 
estaalish~ant of staple pilrwnnials lty thw r,ovlilrnm~nt would fit w~ll with curr~r1~ 
policies of prevwntin~ short-tarm surplus pre~uction, whilw premoting lon~­
term a~~quate fe•• an~ enwr~y suppliws. 

J.4. Environmental blpaots ef Sbpljjj Pliirennial Crctps 

Thw ·i~~v~t ~nviron~ental diff~rwnc~ a~twwen ~r&nnial cr~ps ani annual 
crops is soil ~rGsion risk, which is much lowwr for th~ formwr (no-till eorn 
also has lew risk, •ut at thw cost of incrwasw~ pwstici&w inputs; see lt .. low). 
One& swvQre arosion has takwn place, money and wnilr~y costs te rwstor& land 
to a condition allewin~ annual ercppin~. if ~TQn p•ssiil~, aria anormous. But 
a•usil« land can usually lta cropp~d to pwrwnnjals vith minimal rlilnovatien costs. 
An« therw is pliinty of such peor lan~ availaltlw -- over thw past 200 yaars, at 
lwast on~-third of tha topsoil on U.S. ·croplanis has awen lost (Pimentel, et 
al., 1976, 150). 

Un~.lilr convwntional a~rioultural conditions, topseil is estimat~• to for11 
at a rat9 of alteut 1.5 tons annually; in the U.S., avwrar,~ less of topsoil 
froM a~ricultural lan~ ameunts te altout 12 tons annually; in 1965, thw annual 
loss in U.S. crop production duw to wresion was wsti~atwd at a~eut $ ~00 Millien 
(Pi~~ntwl, wt al., 1976). Yiwlds arw directly influ~ncwd by t~psoil loss~s. 
amountin~ to a few \lushwls p~r inch of topsoil lest. ~rosign s~l~ctively r~­
m8vas cation ~xchan~w m~dia from thw s•il, as w~ll as nutriwnts (Curry, 1971). 
Indiractly, wcenomie loss-.s arise oiownstrliJant duw to s•Hiimwntatien ef rivars 
an~ rws~rvoirs, and ~utrophication. 

As thw slepe inarlilaS$~, !I~ doe~ t.hli ri.sk ef ~resicm. Soil c;:qnswrvation 
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rlilse.archlilrs h~v• particul.ar r•eommen·d~tions r~r r~ducin~ th101 risk whliln row 
creps ~rlil plant"n te hill land •. The most lilffQctiv• r"cemmlilndation 1~ te net 
plant such crops, aut as Brink, ~nsmor~. anlli. Hill neh (1977, 62~): "The 
acr•a~" of the two l~adin~ rew crops, corn and soyaeans, whi~h ~lready •x­
t9n• onto much unprotlilctea slopin~ l~nd, may rise furthlilr; markwt f~rc•s 
fav•rim:; Sltah a trlilnd are stron~." A s~cond linu · ef ~lilf~nslil, centeur tillae;e, 
is ~•st. lilff"ctive on slep~s of enly 2-~~ (Bl.akely, Ceyle, an3 Stelille, 1957, 
29'3). And thlilre ~re many sit_.s, partiaW.arly in Southern Appalachi~, unsuited 
even to terr.aoin~: "Thlil cest of constructien and the «iffieulty ef maint~n­
~nee make theM unsatisfactory on stony seils an~ ~n shallow seil~ ever reck 
er over teu~h, heavy su8soil. Twrrac&s ~re impractical on moundy filillds er 
fi~lds where directi~n or stelilpn~ss of slope ch~n~es ~i~Very 100 fwlilt er so. 
A tilla'ole row pathrn CP.nnot DQ worked &Ut en them" (Bbkwly. c~.vle. ~n« 
st~&le, 1957, 297). On ~uch sites, perennials may 8_. the~ choice, er 
they ~ay •~ altwr.natives te no-till corn. 

Increasing pu~lic attention is alilin~ pai~ to pesticid~ USQ. As reflectwd 
in the fi~ures of Taale ), ne-till c·ern r-..quir"s si~nificantly morw p~sticiees 
than tilled eern; perennial crops listed in Taallil 3 are expwctwd to rwquir~ 
much r•duc•« p~sticid~ ~ppli~tions, ~ven whwn c'mparwe t~ till~& eorn. Th~ 
rwduction in pwsticiew us~ with st~plw per~nni~ls vs. cern will' be incrwas­
in~ly important as mor~ and morw land is crop~&. 
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· Inout 

lllaehin~ry 

N 
p 

K 
Slilfild 

o~sticides 

plow 
~isk 

plant 
apply h9raicidlils 
'eroadcast !ertilizwr 
harvwst 
(harvwst) · 

TOTAL 
(TOTAL)? 

In nut 

N 

p 

K 

wstaalishm"nt 
pesticid~s 

harvest 

(harvwst) 

TOTAL 
(TOTAL)? 

Assumntion~ 

13 lblacr~ till~d; 10.7 
l'elacre no-till 

160 l'IJ I a cr~ 
~0 l'blacre 
e.o lblacr~ 
1~ l'elacre till~d; 20.4 

l'b I a ere no-t. ill 
2.6 l'ela¢r~ activG in~rwdi-

€1nts tillefi; ·3.~ lblacr~ 
activG in~rediGnts no-till 

on" timlil 
. JO" TGIWS 

eornpick~r 

-(lly livwstoek; inelulll.~s fwncw) 

Assumot.ions 

6000 lb total for 50 acrltls, 
rQplaewc evgry 15 y~ars 

200 l'e/acrw honltlylocust; 120 
111 I a cr• 'P<irsimmon 

90 l'elacre. honwyl~cust; 60 
lblacrlil persi~on 

90 l•laere honlilylocust; 60 
l'elacrw persimmon 

J5lacre hgneylocust; 80iacre 
persimmon 

Tlll~i~d Corn1 
(Btu/~crlil) 

4,4)0,000 

36.350,000 
2,)50,000 
1,400,000 
1,200,000 

1,000,000 

4,)90,000 
1,500,000 
1,500,000 

320,000 
)40,000 

2,)90,000 
( nwr;lir;illl~) 

57,170,000 
(52,050,000) 

2,730,000 

45,440,000 

2,640,000 

1.5~0,000 

50,0003 

so,ooo4 

300,000 
1,6~o.ooo5 

1 lalacrlil activlil in~r~aiwnts 
shake sy hani and rak~ Gr 

shak~ ento tarps; 5 !•1/acrlil 
r;~o~.selin~ 

(!Jy livwstoek; includws f•nclil) (n~5li.!ji8llif) 
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54,550,000 
(50 ,litO , 000 ) 

No-Till Corn1 
(Btu/acrw) 

: );640,000 

36.350,000 
2,)50,000 
1,400,000 
1,400,000 

1,500,000 

0 
0 

1,500,000 
320,000 
340,000 

2,)90,000 
(nliiQir;iitlrill · 

51,190.000 
(46,070,000) 

2 PlirsilllTilon 
(Btu/acrw) 

2,730,000 

27,260,000 

1,760,000 

1,050,000 

110,000) 

110,0004 
3~0,000 

1,6eo,ooo5 

)5,0~0,000 

(JO ,670,000) 



Input 

machin~ry 

N 

p 

K 

trwws 

esta-.lishmlilnt 
plolsticial~i~s 

harvlilst 

(harvest) 

TOTAL 
(TOTAL)? 

· Inout 

machinery 

N 
p 
K 
se~o~ds 

"sta-.lishmlolnt 
~stieidlils 
harvest 

TOTAL 
{TOTAL)? 

As~umotion~ 

6000 la total for 50 acr~s, 
· r~plae~a ~v~ry 15 y~ars 

30 la/acrw mul'Derry; 50 la/acr~ 
juju'l:le 

15 la/acr~ mul'e~rry; 25 le/acr .. 
juju lie 

15 lh/acr~ rnul'D~rry; 25 18/acr~ 
jujUDQ 

40 s~~dlin~s/acre mule~rry; 100 
~raftlild tr~~s/acrw jujuae 

0.5 la/acre active in~re~ililnts 
shake onto tarps; 15 ~al/acr~ 

· · ~asoline 
(by livestock; includes fence) 

Assumptions 

6000 1• total for 50 acres, 
replaced ~vlilry 15 acres 

15 l'D/acre 
5 r•/acre 
5 la/acr,. 
1 l'D/acr~ 
ay hand 
nonlol 
·shake onto tarps; 20 ~al/acr~ 

~asolinw 

Mulbwrr.!2 . 
(Btu/.;~.cr&~) 

2,730,000 

6,~20,000 

440,000 

260,000 

10,0003 

6o,ooo4 

190,000 
5,04o,ooo5 

{nQ~li~i'Dliil 2 

15,550,000 
(7.7~0,000) 

Bweeh2 
(Btu/acrlll) 

2,730,000 

3,410,000 
150,000 
90,000 

nw~li~ieb 
nw~lir;i'Dl~ 

0 
.. 6. '720. 900 

(hy livestock; inclumes flilnce) (n,.rli~i•l~) 

. 13 • 1 00 , 000 
(3,650,000) 

(ujulg2 
cr111) 

2,730,000 

11,360,000 

730,000 

440,000 

l30,ooo3 

140,ooo4 

190,000 
5,040,0005 

{ne~li~ialw 2 

20,760,000 
(12,990,000) 

1Phillips, et al., 19~0, 1111. 
?.usin~ ener~y densitilils of Phillips, ~tal., 1980, unlwss otherwise notwd. 
3Assumin~ 4000 Btu/d0llar retail eost ($ 10/r,raftwd tr~w: $ 2/swedlin~). Sw~ 
4 Hiliehlill, l9~0, 2~. 
Usin~ data of Funt, 19~0, 237. 5 . 

6~rvinka, 19~0, 15. 
Gw~, 19·~0, 427. 

7 {TOTAL) = TOTAL - esthtateci ener~.Y c:ont~nt of ~ l'D/aeN of itaehinwry -
meehanical harvwst ener~y. 

~Fiilrtilitlitf for maxiiiiUm th"oretic.;~.l yielis of per.-,nnials, f11r 10,000 las/.;~.er~ 
cern yiela. 
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T~'ale 4. Estimatea Nutrient Output/6nwr~y Input bffici~neies 

Croppin~ sr~tem. 

tille« c~rn, 10,000 l'a~/acr~ 
yield, mechanically harvested 

" 
" 
tille« corn, 10,000 la~/~cra 
yi~la, livwstock harvQst~d 

" 
" 
ne-till corn, 10,000 lDs/aer~ 

yi8la, mwch.anicall,y harvwstw.i 

" 
" 
no-till cern, 10,000 lDs/aere. 

yielc,.livestGck ·harvestea 

" 
" 
honeylocust, mechanically 

harve~bli .. 
" 
p~rsimmon, mechanically harvested 
persimm$n, livwstoek harv~st~d 
1'11\.lllterry, mlilchanically h2rvlilstwa 
mul'aerry, livlilst•ck harvastea 
jujuaa, mechanically harviishd 
juju'ae, livest~ck harv~stlild 
'aeech, mechanically harvastlilc 

" 
'aeweh, liv~st~ck harvested 

" 

Nutrhmt 

protein 

··ear'aohyarates 
.n~ 
protein 

carl;ohydrat~s 

eils : 
protein 

~rDG~hyfirat8s 

oils 
prot~ in 

car'ao hydrates 
oils 
prctein 

ear'aohydrate~ 

pret~in 

c~r'aohydrates · 
eareoh.ydrates 
carltohylliratlis 
car'aohydrates 
car'aohydrat~s 
ear8ohyriratt;js 
car~ohydrates 

protlilin 
oils 
protwin 
oils 
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Efficiency (lla /Btu) 

0.00047 

0.0037 
0.00021 
0.00052 

0.0040 
0.00023 
0.00053 

0.0041 
0.00023 
0.00059 

0.0046 : 
0.00026 
0.00019 - 0.0011 

0.0013 - 0.007) 
0.00020 - 0.0012 
0.0014 - 0.0080 
o.ooi~ - o.o045 
0.0021 - 0.0052 
0.0029 
0.0057 
0.0032 
0.0051 
0.00023 
0.00055 
0.000~2 
0.0020 



4. CenclusiGns ~nd Prespects fGr th'il Futura 

Th~ rasQ&roh r~portad a~ove i~ nec~ss~ril~ pralimin~rT, since st~plw 
perenn1al ereps are almost puraly th~oretical at tha ~r~s~nt ti~&. Th~ data 
pr~~enh~ in this Repert shew that·the P"tantial fer such erops on mar~inal, 
~specially sta~p. sites in South'ilrn Anpalachia i~ quita si,nificant. A 
critical neai in th~ naar future .is the estaDlishm~nt ef iwmGnstration plant­
in~s of the most pro111isin[!; ~nJ.i~ata staphl perannial spacillls, such as honlily­
loaust, persL~men, mulawrry, jujuaa, and aa~ch. Data en econ•mics, yields, 
ana other important f~ctors would be ~enerat•« •Y dQtail~i studies of thase 
plantin~s. . . 

As a first step, I.T.C.I.U.S.A., Inc. an&. the·T•nnwssiile Vallwy Authority 
ar~ aoop~ratin~ in tha ~sta•lishmwnt of fivw test pl~ntin~s ef s~lwcted hon­
~ylecusts in KY, TN, GA, AL, an!il AL.· 
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Appendix 1. Potential Staole Perlilnn:l.a.l Crops 

Listed •Qlow ~r~ splilci•s with at l8~st minimal pot~ntial for yi~ldin' 
protein, car8ehycrates, an•/or oils in quantiti~s cempwtitivw with conv~n­
tienal st~ple crops (in particular, corn, soyae~ns, wh~at, or potate~s) wh~n 
~reln! en 111ari:inal lan• in Southern App~lachia •. Thwsa spacies w"rli chosliln 
frem ever 2000 canaiaat~ p~r~nni~ls in thw fil~s coMpillil• from thw sourc~s 
~ivan in Bi.lior,raphies 1 and 2, plus ~dditional minor sourc~s. ~ach of thw 
~pilcies merits soM~ consie~ration in future r~s~arch on p~r8nni~l a,riculturlil 
for Seuthttrn Apo~lachi~. aut se!ll~t ~re much mor-. promisin~ than others, and. 
little tria ta are currElntly availa'a lw en many. .J}.Icisions for inclusion in 
this "TI'Iinimal er ••tter ootentbl" list t.Nre ultimatt~ly suilj~ctive, •ut th• 
li~eliheod that Gthlilr promisin~ species were overlooked must •e d~~Aed very 
re~eto, ~iven the comprlilhensiv~ natur~ of the =ata •ase. 

Botanic~l an~ cemTI'Ion names ~re tak~n, almost without exc~ption, from 
H~rtus Thirc. Ha•it(s), also tak~n lar~ely from Hortus Third, Wlilro ceded as 
follows: G, ~rass; H, her•; S, shru~: T, trelil; V, vin~; and A, aquatic. 
Part.( s) containint sir,:nificant a111ounts of imoortant nutrients werlil cod~d as 
follews: F, fruit; L, leaves; R, roots; S, sap; Sh, shoots. Thw nutriwnts 
inclu~e the fol1ewin~: P, protein (usually "cruc{e protein", ;.~.ctually a ll!lila­
sure of total nitre~en,·is ~iven in th& sources); C, car.ohydrat~s (lilspwcially 
starches and sutars, which ara readily di~lilsted my nonruminants an• are easily 
converteft to ethanol); and 0, oils. 

Suita•ility rankinr;s ran!;& from 1 t«t ), with "7" us•ui to ~&si;:nate in­
suffici~nt quantitativ~ data for numerical rankin~. That is, nu~•ric~l rank­
in~ was assi~nlile ~nly en the 'oasis of availa•le yililla anc nutritional compo­
sition for a ~iven species. A spwci9s with lik•ly high yielcls of protein, 
car.ohycirates, and/er oils, 'Dut without pu'olished yi&ld clata, was assi~n~d 
"1". In most cas~s, nutritienal composition infarmation is availablw fer 
those sp•ciws assi!;n"'d. "1". Thus, resi:larch on yi0:1lds for th~se splilci&s 
might r~sult in idwntification of sevwral a~ditional hith-potwntial candiciat~ 

stapllil crops. Suita'eility. 1 indicatws a sp~ciws with high pot~ntial; suit­
a'eility 2 indicates ntfoldium potwntial; ane suita'Dility 3 inG.icat;,~s l~w petoiln­
tial, all r~lative to typical yiwlas of thw important nutriwnts by conv•ntienal 
Southern Appalachian crops. · 

It is important to not~ that suita'oility ranking 1 was assi,n8a usinc 
qui til conservativ4il criteria. All 8pecies s·o rankwd appear capa'olw of clir8ct 
competition with C90VIilntienal crops, from the standpoint of important nutri~nt 
vields. Plilrhaos these soecies shoul• •e consicililred for prime lands, as w~ll 
a~ for mar~inal lands! A cav•at in this line of theu~ht is that ~ ~conemic 
cAn~iderati~ns were made in the choiclils of species fer thlil list, er for thlil 
assi~nment of suita•ility rankin~s ther~in. However, some twn~ra (includin: 
Malus, Pyrus, an~ Prunus) capa'Dle of larclil yi¥l•s wwrw assi~ned suita'aility 
rankin~s of 2 •lilcause explilrienc• has shown that they newe hi(h =aint~nanee 
lev¥ls. 
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Botanical Nam~/Common NamQ ~oit(s) Part(s)/Nutri~nt(s) Suita'Dility 

Ac~r spp./ma?l~s . 
Acorus Calamus/swa~t fla~ 
Actini.ia ar~ta/-owwr actini~ia 
Actinidia chinensis/Chineso 

~eose'DerrT 

Actiniaia K~lomikta/Kolemikta 
actinidia 

Actini«ia poly~ama/silver vine 
Aesculus spp./'Duckeves 
A'!rooyron sop./wheatr,rassos 
A~rostiR ~oo./aQnt~rasses 
Ailanthus altissi.,.,a/ tree of heaven 
AkeDia soo./akeaia~ 
Alaizia Juliari~sin/silk trew 
Amelanehier spp./servicQ8grriQs 
Andropo(on spp./aluesto~s · 
An:elica Archan~r,el tea /an!;elica 
Apios americana/~roundnut 
Aralia spp./aralias 
Arctostaphylos spp./aeara~rri~s 
Armoracia rusticana/horsaralli.ish 
Aronia spp./chokeaarri•s 
Asclepias spp./milkweeas 
Asimina triloaa/pawpaw 
Asoara(Us efficinalis/aspara(Us 
B~re~ri~ spp.t-araerrius 
Barchemia scandens/supplejack 
Bouteloua sop./~rama ~rass~s 
Buchloe dactyloides/auffalo ~rass 
Callicaroa sop./aoauty'Derrias 

S, T 
H 
v 
v 

v 

v 
S, T 
G 
G 
T 
v 
T 
S, T 
G 
H 
H 
H, S, T 
S, T 
H 
s 
H 
S, T 
H 
s 
s 
G 
G 
s 
T 
H 

Carya spp./hickoriQs 
Cassia spp./s•nnas 
Castanaa spo./chQstnuts S, T 
Celtis soo. /hack'Derries T 
Ceoha1anthus occilienta1is/'Dutten'Dush S 
Ceratoohyllum ~amersum/hornwort A 
Cercis occinent.alis/re~'Dud T 
Chaenomeles spp./fl~werin!; quinces S 
Chamae.cyna.ris spp. /false cypress 'I' 
Chionanthus spp. /frin~e trees S, T 
Cichorium Inty8us/chicery H 
Cornus spp./ce~oo~s S, T 
Corenilla v~ria/crown v~tch H 

. Corylus spp. /fil\u~rts 
CrataQ[US spp./hawthorns 
CUcuraita. fot:~tidissima / cala.'Dazilla 
CUerania tricuspidata/silkworm tr~w 
Cydonia ool•n~a/quincw 
Cy~rus spp./nut svd!!:QB 
Daphne spp./daphn•s 
Dioscerwa DUlDifvra/air potato 
Diespyre!'! Kaki/Kaki plit"~im!'ltiDn 
Diosn.'fl"'o~ vir~ in ian~/ com!T!on persim-

mon 

S, T 
S, T 
H 
T 
S, .T 
A 
s 
v 
T 
T 

S/C, F/P 
R/C(7) 
F/C 
F/C 

F/C 

F/C 
F/C 
F/C, F/P 
F/C, F/P 
F/0, F/P 
F 
L/P 
F/C 
F/C(?), F/P(?) 
R/C(?) 
R/P 
R 
F/C 
R/C 
F/C 
F/P 
F/C 
Sh/C 
F/C 
F/C 
F/C(7), F/P(?) 
F/C(?), F/P(?) 
F/C 
F/0 
F/P 
F/C 
F/C 
F 
L/P 
F/P(?) 
F/C(?) 
F/P, F/0, F/'C(7) 
F 
R 
F/C 
F/P 
F/0, F/C, F/P 
F/C 
R/C, F/P, F/0 
F/C 
F/C 
R/C, F/C, F/0 
F/P, F/0 
R/C 
F/C 
F/C 

3 
3 
2 
3 

2 

3 
2· 
2 
3 
1 
1 
1 
1 
3 
3 
1 
1 
1 
3 
1 
1 
3 
3 
1 
2 
3 
3 
2 
1 
1 
3 
1 
3 
2 
1 
1 
2 
1 
1 
3 
3 
2 
1 
2 
7 
1 
3 
1 
2 
1 
1 



Botanical Na:n~ (C,m:non Namw 

~chinac~a sop./conaflow~rs 
~la•a,nus spp./wl~~a~~u~ 
irioltotrya japonica/l~quat 
Fa~~ spp./ltE~Iilchas 
Ficus earica/comMnn fi~ 
Fra~aria spp./stra~erries 
Frsxinus spo./ashws 
Gaultheria spp./wintwr~reans 
Ga.'flussacia spn ./huc!<leltlilrries 
Gink~o aileaa/~ink~e 
Gletiits:\.a tri.acanthos/hemavlocust 
Gymneeladus elieica /Kiilntucky ceff~• 

tree 
Helianthus tuaerosus/Jerusale~ 

artichQ"Ice 
Hemerecalli~ ~po./~~ylilli~s 
Hiltiscus Mosch~utos/~~~~mn rose 

'!T1;~.llow 

Hippop~~~ rhamn~ides/s•~ 8uckthorn 
!lex spp./helli~s 
Ju~lans sop./~lnuts 
Junip~rus. spp./junipers 
~speeeza cun~ata/sericaa l8sp~deza 
Lewisia rediviva/8itterreot 
Li~ustrum spp./privwts 
Lin~~ra B~nzoin/spic~•ush 
Liquicam•~r St.vraciflua/sweet ~m 
Lonicsra spp./hen~ysuckl~s 
Lotus soo./trefoils 
Mac1ura.oornifera/osa~e eran~w 
Mar,nolia sop./Ma~nolias 
Mahenia sop./mahgnias 
Malus spp./apoles 
Medica~• sativa/alfalfa· 
Mespilus r;ermanica/rn•uilar, 
Mnrus sop./~laerries 
Mvrica spn./•a~orries 
Nelumae spo./lotuses 
Nemeo.anthus nmcronatu~/catlterr:r 
Nyssa sylva t ica /seur r,..t111 

Parthenacissus soo./cre~pers 
Phytolacca a!TI&ricana/pok~ 
Pinus spp./pinas 
Prunus spp./ston~ fruits 
Pu~ria le•ata/kudzu 
Pyrus co:nmunis/common pillar 
Quercus acutissima/sawtooth ~ak 
Quercus spp./othwr eaks 
RhaNnue spp./ltuekth~rns 
Rh•um Rh4ilarltaruM/rhuDar'lt 
Rhus app./sumaes 
Riltas sop./currants an(!{ r,oos&­

'lterriws 
Rolzti.ni.a. PR~u'lio~cad,a/illack ltcust 
Rosa soo./ros&s 

H;,.ait(s) 

H 
S, T 
T 
T 
s 
H 
T 
s 
s 
T 
T 
T 

H 

H 
H 

T 
S, T 
T 
S, T 
s 
H 
s. 
s 
T 
v 
H 
T 
S, T 
s 
T 
H 
s 
T 
s 
A 
s 
T 
v 
H 
T 
S, T 
v 
T 
T 
T 
S, T 
H 
S, T 
s 

T 
s 
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Part(s)/Nutri~~t(s) 

F/P, F/0 
F/C 
F/C 
F/0, F/P 
F/C· 
F/C 
F/C 
F/0(7) 
F/C 
F/C 
F/P, F/C 
F/P, F/C 

R/C 

R/C( 7) 
F/P 

f/P 
F/C 
F/0, F/P · 
F/0, F/P, F/C 
F/P 
R/C 
F/C 
F/C, F/0 
F/P, F/0 
F/C 
F/P 
F/C, F/P, F/0 
F/0, F/C 
F/C 
F/C 
F/P 
F/C 
F/C 
F/C, F/0 
R/C, R/P 
F/C 
F/C 
F/C(7),F/0(7) 
Jl/C 
F/0, 'l/P 
F/C 
R/C 
F/C 
F/C 
F/C 
F/P, F/0 
Sh/C 
F/C 
F/C 

F/P 
F/C 

Suitailility 

7 
7 
3 
1 
7 
2 
7 
7 
7. 
7 
1 
7 

1 

7 
7 

7 
7 
1 
7 
3 
? 
7 
7 
? 
? 

J 
? 
? 
? 
2 
J 
? 
1 
? 
? 
1 
? 
7 
7 
7 
2 
? 
2 
1 
J 
1 
3 
2 
J 

7 
1 



Botanical Name/Cnmrn8n Name Haait{~~ Part{s~/Nutri~nt{5} Suit.a'Qilitv 

Ru•us sno. /'12ramilles s F/C 1 
S~mDUCU~ spo./elders s, T F/C 1 
Sassafras ~tilidum/sqs~afras T F/C, F/0 1 
Shepher~ia spp./'Duffale Derri~s s F/C 1 
Smilax· sop. /t;re&n'Driar~ v F/c. 2 
Solanum ~po./ni~htshaftes H F/C 1 
Ser.Dus spp./meuntain ashws T F/C 1 
Sor~hu~ hal~pense/Jehnson ~rass G F/C 1 
Symphericarpos spp./sna~~rri~s s F/C(1) 1 
S.ynohytu~ X uplansicum/Russian H L/P 2 

comfrijjy 
Taraxacum officinal~/da~d~lion H R/C J 
Tilia spp. /•asswoeas T F/C 1 
Ty·pha spp./cattails A R/C 2 
Ulrrus spp. /10lms T F/0, F/C, F/P 1 
Vaccinium spp./Dlu~ilerries and. s F/C 1,2 

cranilerr.ies 
Vi'Durnum spo./vi'Durnums s F/C 1 
Vitis spp~/~raoes v F/C 2 
Zi~iphus Jujuaa/ce~en juju'ee s, T F/C 1 



Ap~neix 2. "Trlili Crone fer Snwr~P;y Praduction in Appalachia" . 

This papar is r~printli~ frem th& Precwerlin~s Gf a Confwrwncw en Tr•~ 
Crops for Enwr~y Co-Preduetien en Fan1s, soonserwtl 8y thlol Selar c..ner~.Y R"swarch 
Inst\tut.e, GGlfien, Celerado. The Confwr~nclil was h~lli in istws Park, Celeraae, 
Nevem•wr 12-14, 19~0. ~RI's document cod9 for the Precewdin~s (availa•lti 
fr~m NTIS) is CP-622-10~6. 
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TABLE l. Woody perennials suited to Appalachian conditions which 
produce high (non-cellulosic) carbohydrate content fruits 

' Common Name I Scientific Name Plant Type Fruit Type Fruit-.Size 
I 
I 

A ctinidia berry 314" I. arguta tara. v1ne 
Miq. 

I 

J 
Aesculus spp. L. buckeyes tree capsule 1- 3" 

A melanchier serviceberries shrub or pome 114-11211 

I 
spp. Med. small tree 

ArctostaEhylos bearberry shrub drupe 114-112" 

I uva-ursi (L.) 
Spreng. 

l Aronia spp. Med,chokeberries shrub pome 114-112' 1 

j Asimina tri1oba ·pawpaw shrub or berry 2-7 11 

(L.) Dunal. small tree 

i Berberis spp. L. barberries shrub berry 114-112" ; 
! 
j 

Callicaq~a American shrub. drupe 0 0 0 311 

I 
i americana L. beautyber ry 
' i 
I Carya spp. Nutt. hickories tree nut 314-1 1 12" 

I Castanea spp. chestnuts tree nut 112-1 112" 
Mill. 

~ 

I 
Celtis L. hackberries tree drupe 1 I 4" I spp. 

r 
f 

Chaenome1es Japanese qui.n c.e shrub pome 1 1 12-2". 

I lagenaria Koid, 

I 
' Chionanthus fringetree shrub drupe 3 I 4" i or 

' 
virginicus L. small tree 

I 
<;;:_oE~ spp. L. dogwoods. shrub or drupe 1 18-1 I 4" 

small tree 

I 

I Corylus spp. L. hazels shrub nut 1 I 2" 

114-112" I Crataegus spp. hawthorns shrub or pome I 

I L. small tree 

Cudrania che small tree drupe 1-1 1 I 2" ' ' • tricuseidata aggregate 
(Carr.) Bar. 

13 



TABLE 1. (continued) 

Scientific Name Common Name Plant Type Fruit Type Fruit Size 

Cydonia oblonga quince 
Mill. 

Diospyros spp. persimmons 
L. 

Elaeagnus spp. elaeagnus 
L. 

Fagus spp. L. beeches 

Gaultheria spp. 
L. 

winter greens 

Gaylussacia spp. huckleberries 
L. 

Ginkgo biloba L. 

Gleditsia 
triacanthos L. 

Gymnocladus 
dioicus ( L.) 
K. Koch 

!lex spp. L. 

ginkgo 

hon.eylocust 

Kentucky 
coffeetree 

hollies 

Juglr~.ns spp. L. walnuts 

Juniperus eastern 
virginiana L. redcedar 

Ligustrum spp. privets 
L. 

Lindera benzoin spicebush 
L. Blume 

Lunicera spp. L. honeysuckl.e 

Maclura 
pomifera. (Raf.) 
Schneid. 

osage-orange 

Mr~lns spp. Mill, apples 

shrub or pome ca. 3 11 

small tree 

tree berry 1 I 2-411 

shrub or drupe 114-3/411 

tree 

tree nut 112-1 11 

shrub pseudoberry 0. 1-0. 411 

shrub 

tree 

tree 

tree 

sh:rub or 
tree 

tree 

tree 

shrub 

shrub 

shrub or 
vine 

small tree 

tree 

14 

drupe 

drupe 

pod 

pod 

drupe 

nut 

berry 

.drupe 

drupe 

berry 

drupe 
aggregate 

pome 

114-1/211 

Jll 

3-2011 

long 

6-10 11 

long 

114-11211 

1-1 1/211 

1 I 811 

113-11211 

.1 I 2 11 

1 I 411 

4-511 

112-411 



TABLE l. {continued) 

Scientific Name ·Common Name Plant Type Fruit Type Fruit Size 
.. .. , 

Meseilus medlar small tree pome 1-2 1 /2" 
! . germanica L. 

Mitchell a partridge- Vlne berry 1 I 4" 
repens L. berry 

Morus spp. L. mulberries tree drupe 1/2-1" 
aggregate 

Myrica spp. L. bayberries shrub or drupe 118-116" 
small tree 

N emopanthus mountain- shrub drupe 114-1/3" 
mucronata { L.) holly 
Trel. 

Parthenocissus creepers v1ne berry· 1 I 4" 
spp. Planch. 

Pinus spp •. L. pines tree cone seeds, 
118-112" 

Prunus spp. L. cherries, plums tree drupe 1/2-311 

and peaches 

i 
! Pyrus pear tree pome 1 112-4" 
i n t:nrnrn11ni s L. 
I 
I Quercus spp. L. oaks tree acorn 112-1 1 I 2" I· 
i Rha.n;nu::~ ::;pp. buckthorn~ shrub or drupe 114-318" 

i L. small tree 
; 

Rhus spp. L. .sumacs shrub or drupe 0. 12-

i tree 0. 1 6" 
I 

I Ribes spp. L. currants, shrub berry 114-1" 
! gooseberries 
\ 
j 

• . 
shrub hip 1/8-l/211 .l:{osa spp. L. ru~e::; 

Rubus spp. L. blackberries, shrub or drupe 1 I 2" 
raspberries ·vine aggregate 

Sambucus spp. elders shrub or drupe 118-1/4" 
L. small trP.P. 
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TABLE 1. {continued) 

Scientific Name Common Name Plant Type Fruit Type Fruit Size 

Sassafras sassafras tree drupe 113-112" 
al bidum {Nutt.) 
Nees 

Shepherdia spp. 'buffa1oberry shrub berry 118-114" 
Nutt. 

Smilax spp. L. green briers vine berry 1 I 4" 

Solanum bitter vine berry 1 I 2" 
dulcama.ra L. nightshade 

Sorbus spp. L. mountain-ash shrub or pome 114-112" 
tree 

Sym:ehoricarEOS snowberries shrub berry 1 I 4" 
spp. Duham. 

Vaccinium spp. blueberries, shrub berry 1/4-1" 
L. cranberries 

Viuu:rnun1 spp. viburnums shrub or drupe 1/4-1/2" 
L. small tree 

Vi tis spp. L. grapes v1ne berry 1/3:.1" 

Ziziphus jujube tree rlrupP. 1- 2" 
jujuba Mill. 

16 



TABLE 2. Estimated ethanol production from selected woo~y perennials 

Scientific Name Common Name Est. Ethanol Notes 
{Gal. /Acre) ,., 

A melanchier serviceberries 30-130 
spp. Med. 

Asimina triloba pawpaw 20-40 
(L.) Dunal. 

Carya pecan 
illinoensis 
{Wang.) K. Koch 

Carya ovata 
(Mill •. ) K. Koch 

Castanea 
mollissima Bl. 

shagbark 
hickory 

Chinese 
chestnut 

Cornus spp. L. dogwoods 

Corylus spp. L. hazels 

Crataegus spp. hawthorns 
L. 

Diospyros kaki 
L. 

Diospyros 
vir giniana L. 

Fagus grandi­
folia Ehrh. 

Gleditsia 
tria.canthos L. 

!lex spp. L. 

Juglarts nigra 
L. 

Oriental 
persin1mon 

persimmon 

American 
beech 

honeylocust 

hollies 

Eastern black 
walnut 

2-3 

5-8 

3-50 

ca. 7 

3-30 

ca. 110 

80-640 

140 ... 360 

ca. 6 

l60-960 

ca. 7 

2-4 

17 

low maintenance; pre­
cocious 

difficult to establish, 
but low maintenance 

slow to bear; tends to 
alternate-bear; needs 
long growing season to 
mature nuts 

slow to bear 

precocious; blooms 
fairly early {may be 
subject to late frosts) 

low maintenance 

filbert blight; high 
protein 

low maintenance 

hardiness problems; 
blooms early {subject 
to late frosts); difficult 
to establish 

wilt disease, TN and 
south; low maintenance; 
difficult to establish 

tends to allernate -bear; 
low maintenance; mi­
mosa webworm in some 
areas; high protein 

tends to alternate-bear; 
high protein. 

I .! . 
I 

th~'~!~ 
.--.: .'.·1 .. 

'• 



TABLE 2. (continued) 

Scientific Name Common Name· Est. Ethanol" Notes 
(Gal. /Acre) 

Juglans regia 
L. 

Malus pumila 
Mill. 

Morus spp •. L. 

Prunus ameri­
~ Marsh. 

Prunus avium 
L. 

Prun us cera sus 
L. 

Prunus domes­
tica L. 

Prun us per sica 
( L.) Bats ch. 

Persian 
walnut 

apple 

mulberries 

wild plum 

sweet cherry 

sour cherry 

plum 

peach 

Pyrus. communis pear 
L. 

Quercus spp. L. oaks ( r~1ost) 

Quercus sawtooth oak 
a cutis sima Carr. 

Ribes spp. L. . currants, 
gooseberries 

Rubus spp. L. blackberries, 
raspberries 

Sambucus elderberry 
canadensis L. 

Vaccinium blueberry 
corymbosum L. 

5-40 · 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 fruit 

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 mainte.nance; host 
for white pine blister 
rust 

low maintenance(?) 

low maintenance; pre­
cocious 

requires acid soil 
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TABLE 2~ (continued) 

Scientific Name Common Name Est. Ethanol Notes 
(Gal. /Acre) 

Vaccinium 
macrocarpon 
A it. 

Viburnum tri­
lobum Marsh. 

~ spp. L. 

Ziziphus 
jujuba Mill. 

·cranberry 

high bush 
cranberry 

grapes 

jujube 

70-350 , 

60-280 

60-240 

ca. 150 

19 

requires bogs; high 
maintenance 

low maintenance; pre-
cocious 

high maintenance 

low maintenance 

-.. 
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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 cranberry 

honeylocust 

jujube 

mulberries 

Oriental persimmon 

persimmon 

sawtooth oak 

s·erviceberries 

Group 2, mediun1 feasibility 
(h~gh yields, high maintenance) 

apple 

cranberry 

grapes 

peach 

pear 

plum 

sour cherry 

sweet cherry 

Group 3, low feasibility 
(low yields) 

American beech 

·Chinese chestnut 

currants, gooseberries 

dogwoods 

Eastern black walnut 

hazels 

hollies 

oaks· 

pawpaw 

pecan 

Persian walnut 

shagbark hickory . 

wild plum 
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Appalachian Regional ·Office: .Route 1, Gravel Switch;· KY ·40328 (606) 332-7606 - -·. ' . . . . . . .. -·--:.._ . . . ; - -... ~ -·· .. . . . . . . . 

Roy F. Pettit 
Director 
Atlanta Sunoort Office 
Deoartment of Energy 

·--··-·· :..... ... __ 

Savannah River Ooerations Office 
1655 Peachtree Street, N . .cL 
Atlanta, ~A 30309 

Dear Hr. Pettit: 

December 17, 1981 

Than~ you very much for g1v1ng ap?roval of our progra~ period for Grant No. 
~-FG4480R410085 to be extended to 12-31-81. I am enclosing signed copies 
of the amended Grant AHard, as requested. 

Unfortunately, it is taking a bit longer than originally expected to get 
the fim.l report out, and I no'..r can promis~ delivery of all docu:.rnents soma­
time in January, rather than this month. Accordingly, I need to ask for an 
additional end-month extension, unless it is all right to g~t the docu­
ments in by tha end of January und~r the present extension. In any case, 
I assure you that the project will be co.rnplately finished with report copies 
to your Office befor~ 1-31-82. No Grant Award monay ~Qll ba spent after 
this month. 

---------------------~ 
Thank you for understanding in this situation. 

Sincerely- yours_, 

GW/nyN 
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January 30, 19~2 

I am please& te enclose a cepy of the Final Technical Report, ine~rperatinc 
all ielivera.les, for our Apprepriate Teehnele(Y Small Grants Pre~ram Grant 
N(,J. Ih-FG44-~0R4100e5, "~neru-Cens"rving Perennial ~riwlture fer Mar~inal 
Land in Southern Appalachia~ Copies of this Report ara 8eing sent t• the 
~ Centraetin, Offi~r ana the Kentucky Appropriate Technel•&Y Officer, 
alse. 

f~ in eur account fer this Grant (iricluiing inte-r 
whieh nee e a return~cil t• D. 0 .E. , as per the Grant cond.itiens. I ex­
pe o reeeiva a ~rant elese-eut letter frem yeur effie& in the near future 

e exp~jit~ this. 

Thank yeu fer your eentinuin, support. 

ec: Mil~s Merwin 
Encl. 
GW/pyw 

Sincerely yours, 

~,?~ 
Gre,ery Williams 
Director 




