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The world is fed mainly by a dozen plant species,
and most agricultural countries have specidlists for
their country’s major crops. The world also has
thousands of minor economic species, which po-
tentially are as important ecologically and econom-
ically as the big dozen, but there are not enough
specialists to study them. There is an overwhelm-
ing number of climatological, pedological, anthro-
pological, latitudinal, and biological variables
associated with these minor species. The Economic
Botany Laboratory (EBL) of the U.S. Department
of Agriculture (USDA) is trying to gather data on
these potentially economically useful species.

In 1971, USDA asked me to develop an informa-
tion system on potential alternative crops for nar-
cotics. With no computers available, | set up a man-
ual information retrieval system of transparencies
for screening 1,000 economic plants as potential
substitutes. In 1972, | was encouraged to abandon
the transparencies for computers. Now, 10 years
later, there are many data in the computer. How-
ever, the computer bill for 1981 was over $50,000,
and with the loss of our support from the National
Cancer Institute, we can no longer afford to keep
the data bases online.

Data Base Files and Subsets

Some of our files and their subsets are listed
below, subjectively ranked in decreasing order of
importance to USDA’s Beltsville Agricultural Re-
search Center.

1. ECOSYSTEMATICS

Germ Plasm Donor Subset (mailing list)

Monthly Temperature

Monthly Precipitation

Soil pH

Soil Type [limited)

Sdinity (more limited)

Tolerances (not computerized)
2. YIELD

Phytomass Subset

Cultural Subsets
3. CLIMATE

Wernstedt

Questionnaires

Publishing Experiment Stations
4. NUTRITION

Food Composition Tables

Watt and Merrill

Weadlth of India

Miller (1958)

Gohl (1981)

ZERO-MOISTURE SUBSET
5. AGROFORESTRY

Ecology Subset

Germination Subset

196

Cultural Subset
Nutrition Subset
Utilization Subset
Yield Subset
Wood Characterization Subset
Pest Subset
INTERCROPPING
6. PEST (fungi and insects only)
7. ETHNOMED
Colloguial Name Subset
Pesticide Subset
Pharmacologically Proven Subset
Cancer Subset
Maaria Subset
Geography Subset
Ailment Subset
Source

Methods and Resvits

Ecosystematic File

One of our most productive activities was mail-
ing over 1,000 questionnaires worldwide to scien-
tists and extension people, intentionally emphasiz-
ing developing countries. Within 2 years, over 500
people had responded, sending published and un-
published ecosystematic data (annua rainfall, an-
nual temperature, soil type, soil pH, elevation, etc.)
on economic plants and some weeds and nitrogen-
fixing species. These data, related to about 1,000
species, now are incorporated in the Ecosystematic
File (fig. 1) and are tabulated in The Quest for
Tolerant Germplasm (4).

A success story addressing the multimillion-dol-
lar problem of iron-efficient sorghum germ plasm
illustrates the potential value of the ecosystematic
file in seeking germ plasm for extreme environ-
ments (6). Scientists from the Plant Stress Labora-
tory were incredulous at the high soil pH reported
for Sorghum bicolor in the file. Most sorghums are
chlorotic and nonproductive on akaline soils. The
scientists asked for more information on the high
pH sorghum. Since each species in the file is re-
corded with the name and address of the reporting
scientist(s), the computer was able to provide a
mailing list of 14 correspondents who reported
sorghum a pH 7.5 or higher. Letters were sent to
10 of the correspondents. Four responded with
seed, two lots of which were iron-efficient sorghum
which grows and produces without chlorosis on al-
kaline soils in the Western United States. Now we
are cooperating with the USDA Plant Physiology
Institute in a search for soybeans tolerant to
aluminum toxicity.
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Figure 1 .—Sample Page From “The Quest For Tolerant Germplasm”

Sesam um radiatum wild sesaine 1111 PH 4.3-5.0 25-40 25-27 AF 64
Sesbania bispinosa Canicha Wm Tvm AS 4.3-7.5 6-43 16-29 H1 12,24
Sesbania exalt ala Hemp se: bania Wm Tdm PAJl 4.5-7.3 T-25 13-27 NA 12
Setaria italica Ttalian nullet Cmw Tw AG 5.0-8.3 3-42 6-27 CJ 18
Sctaria sphacelata Golden timnothy Cdm Tvmn PG 4.3-7.1 7-33 11-27 AF 18,36,54
Sicana odorifera Casabanina Sdm Tvm PV 5.0-8.0 7-28 21-25 SA

Simarouba glauca Aceituna Sm Tdm PST 5.3-8.0 11-25 21-27 MA

Simmondsia chinensis Jojoba Wxt Id P.S,T 7.3-8.2 2-11 16-26 MA 56,*100
Sinapis alba White mustard Binw Td Al 4.5-8.0 4-18 5-24 ME 24
Smilax aristolochiifolia Sarsaparilla Wm  sSm rs.L 17 18-23 M A

Solarium aethiopicum Mock tomato cm Tm PS (3.2-6.2 9-40 9-25 AF 24

So lanumaviculare Australian nightshade crnw wdm PST 5.5-8.2 7-13 12-17 AU 46,48,92
Solarium ferox Ram-begun Cm Tw PH 4550 7-42 83-27 1L 24
Solarium gilo Gilo Tm rS 4.3-4.8 27-33 26-27 AF 24
Solanum hyporhodium Cocona Sdw PS 6.5-7.3 7-31 21-23 SA

Solarium incanum Sodom apple Sdm 5.5-7.8 8-17 19-23 AR I 24
Solarium indicum Indian nightshade Sdm Txw 4.3-7.8 2-42 1'3-27 HILIT 24
Solanum khasianum Solarium khasianum Cw Wi 1§ 5.0-6.0 9-13 13-15 HI 24
Solanumlaciniatu M Kangaroo apple cmw Wd P/IAS,T 5.6-8.2 7-11 12-15 AU 48,92
Solanum inacrocarpon Native eggplant Ww  Tdm 11s 4,3-5.2 13-37 18-27 AF 36
Solanum melongena Eggplant Csw Txw P/AH 4.3-8.7 2-42 7-28 CJH1 24,36,48
Solanum muricatum Melon-pear sdm Td 1 5.7-7.3 7-15 18-25 SA 24
Solanum nigrum Black nightshade Bw Txw AN 4.3-8.4 2-42 5-27 AFES 24,36,48
Solan utn q uttoense Lulo Cmw Td Plis 5.8-8.0 7-31 11-25 SA 24
Solanum torvum Terongan cm  Tvw 4.3-8.7 7-42 9-29 Ma Wl 24
Solanumtubervosum Potato Bmw Tvw Al 4.2-8.3 3-46 4-27 SAMAES 24,3648
Solenostemon rotundifolius 1 lausa potato Sm ‘rd PH 5.0-5.0 13-17 23-26 AF 184
Sorghastrum avenaccum Indian grass Wm  d PG 5.6-7.1 11-17 12-26 NA

Sorghum X almum Almum sorghum Csw Tvd P,G 5.0-8.3 3-25 9-26 SA 40
Sorghum bicolor Sorghum Csw Ttw AG 4.3-8.7 4-41 8-27 CIHIME 2 o

t For authoritics on most of these specins, see Duke rrnd Terrell (1974).

} Following Holdridge (1947); T=Tropical, S=Subtropical, W=-Warm Temperate, C-Cool Temperate, B-Boreal; x-Desert, t=Thorn, s-Steppe,
v- Very Dry, d-Dry, m=Moist, w- Wc Land r-Rat n.

§ A-Annual, B=Dicnnial, P=Perennial, P/A=Perennialtrcated as an annual, I{=Herb, G-Grass, L-Liana (woody vine), S-Shrub, T-Tree, V-
1lerbaccous vine. .
Average of monthly means with values below 0°Ctreated rrs 0.
Cenler of diversity, based largely on Zevenand Zhukovsky (1975) and Plant Taxonomy files. The first symbol ciled is possibly a center of
origin. , CJ~China-Japan, I1=Indochina-I ndonesin, AU=Australia, 1+1-1 linduslani, CE=Cenlral Asia, NE-Near East, ME-Mediterrancan, AF=
Africa, ES=Eurosiberian, SA=South Amcerica, M A=Middle America, NA=North America. For space conscrvation, nrr more Lthan three cenlers
are listed.

11 Diploid chromosome numbers based largely on I vdorov (1969), Zeven and Zhukovsky (1975), and unpublished compilation by MacHenry SLf(.
Only three countsare listedhere, but many more mny have been reporled.

SOURCE: Duke, J. A., “The Quest For TolerarGermplasm,” ch. 1, pp. 1-61, ASA Special Symposium 32 “Crop Tolerance to Suboptimal Land Conditions” (Madison,
Wis.: American Society of Agronomy, 1978).

Yield File strategists predict yields of new crops in particular
In addition to data from the questionnaires, data areas.

from publications of experiment stations have been For a brief period, funding was available to pro-

entered into the Yield File. We regret that we can- mote one subset of the file, the Phytomass File (fig.

not keep up with this literature; the entries probably 2). (Phytomass is defined as aboveground dry-mat-
account for less than 1 percent of the yield data ter yields of plants.) Department of Energy (DOE]

published annually by experiment stations, By in- support for that file has been discontinued but
creasing the data included in this file, which is im- some institutions such as DOE or Oak Ridge may
possible at our current level of fundin,g people have similar files. Data from the Phytomass File
could be told the yield of exotic crops (with various support our early contention that C,grasses are
cultural inputs) grown in areas ecologically similar roughly twice as productive as C,grasses, which
to theirs. The Yield File is clean and useful now, are in turn roughly twice as productive as legumes.

though off-line. With major backing, it could help Awvailability of this kind of information could save
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Figure 2.—Sample Page From Phytomass File

PETTONIIY VILY
ECOMALIC sUTASY LABORATURTY
spLcirs ACE LOCATION STAUDING ANRVAL LEAP SOVRCE
TYIARY " PaVYORAST VRODUCTYIVITY XRCT
(n1/dh) (XY/RA) lwves
PINTCUN XKTXTWOX T YXTakE T I X DUXY YTYTOrTLE TV 7Y
PANICOR mALlaUn i TAlala 1 44 | 4 VULE YIELOPILE 1979
TINICUN XTXTRUN T YUXTCARND 3 4V LY 2ay 1y 11
rialCya adslnua 1 VeAala ) L] 1 80408 14977

—7IXTCUR WTXTAUKR T L1218 179 T 17 X SOLTIT T¥F7
PAalivn mizlaUa 3 Uukaha 4 11 | { #0¢Dar 1973
PINTCUR WEPTES X “RECULSTT T T T TOCUIN IVT7
rislCUN xlroad & RaOu®>1a & L] X ¥04L0AN 1977

1 L1 X X It 1 TOCUIN"IVTT
PANICUR slNCATUN 4 ) $ 1 00sC 1¥74
PISPTILUW CUORAVRIUYIT 4 UUZL WSL AWJ L $ 29 L 4 VAN IY7T
PASPALUN CURAKSUNTT L X QVELNSL ARD 1 4 X #0L0AR 1977
PESTICUN "CUNIUCITUR X SINIVIX T T X SUCVAX IVTY
PASPALVN CONJUGLATUR SARANAL I » 1 WOLDAN 1977
TISPTACUY CUNJUCITUR X SINIVIK T R 3. 1 4 BULUTW IV 17
rASPaALUn CUNJUGATUN 4 SURL AN 1 4 Al X »OCOAN 31977
FISPICUY CONJULETUR T X T 49 X Uval YIULDFILY 1IVTY
PASPALUX CuNUULATUA 3 1 ) 140 X DUAE YIELOrILE 1V¥79
PASTACUN VILATIIUW R § TiJdl E wn L 4 YOUUER I¥7T
rASPALYN DILaTaTVN & Fidi 1 .t £ LDChax 3¢7M?
PISPICUN DILAYATUN X TULEXSTIND T T Y TOLUXY Iy 17
PASPALVS DILATATYUY L3 QuerusLAnD 4 S X 206DAN 1977
PISPICU¥ VITATITOY T TaOUSTI T 75 Y TOTBaY 1V 17
PLSPALUA DILATATUN 3 X i1 44 b { oULe 197
WOUESTT T 0 Y SOOIV IVTY
PASPALYR NiCUMAL X CeORCIACATNENS) I 4 1 ROCDAN 1472
PTSPITOY YTCURTY T TNy s T T T Y DAl 1977
riSPALUA NICURAE 1 CoONCIREATHCNS) L ’ X 30L04N 1977
PITYCNTCORE , ___RCINOrYNEN ST T T ’ SURUIN Y77

| _paspalus sotatus X AuSTaaLId & 17 X #OL0AR 1977

FYISPILUY YUTIYUY T U T 1R : SULDANTIVTT

““’ASPALUI NUTATVY L PaPLCY A 5 X ¥0C02m 1977

Y STICUN YUTITUY T TRUTX T . X sosDAN VT

! u #0Tatye i Ra2Wis1a i A X WOCOAE_ VT
PCSPICUY SUTITHY X — VaOUTSTT T 37 X WORTA% 15,

( PASPALUN AUTATUN [ Taluda 1 18 L] Dllli ;l!LDf!L! 1979
PUSPITUC WOTITUN T Yala LB 2 g 4] X »Us 4 LY 197y
PASPALVE BUTATV® [ Uuhada X > x boc0dy 1977
PISPICUX WUTKTUY 3 L4 4 7 X SOTOIW V7T
PASPALUR WUTATUN 4 U3 4 4 X 804DAN 1977
PUSVILUY AUTITUX . X L X P4l X o TIV7E
PILARCUNLIUN WwRAVLOL%aS 4 ALCRIA 4 30 X DUST YIELOPILE 1979
FLENTSTYUC XR¥aTCISUR T TUSTPALTY T il T YOLOIN TYT7
FEANISETUN ARTallinua a AusTRat 22 H i3 H 1977

TRIC L] L AUSTWICTY T res X — BOCUIN IV IT

PEANLISETVS AnTAICANUN 1 ALSTRALLA & 10 . s0u0al 1977
PUINTSEYOC IRCRITCIUR X TAUIT L 4 41 X ak U3 J
FEANISLTwY AnSxlCAnUa & Ianid £ 5% X ¥OLDAN 1977

T 0 L] 4 VaIIeSTR ) Y L4 TOLOLY 1777

rianiSctun Arfxlidndn 4 RaOu¥ala ] 493 L 8040an 1977

TRTYT T3 STYILTX T 75 X OLUAE V7T

reuiSeTun CLAaDLYTIaUA 3 (uSTRAL LA L3 10 X s0LDax 1377
TTICYPUTTIC RIVTIIE SAVEWNXY T wORCY' L s 17 T _____
VTACTPOPIC P>ARMOPAYTE,S4Y0) 13 WOPLD 1.0 0.1 L3 RODIA & BAZILEVICR 1967
YTITTROPIC SAVENEL, LYK SUTLY X YURLW JU iT 4 aUVTR & BITITLTYILRIYRT
YTACTROPIC SAVARNA,PERRALITIC) '3 voeLn a0 12 KOU1M & S8LILEVICH 1967

YTACTPOPIC SIVAXKI;SOLONCT. onLn 244 T X KOCTI % SAZICTVICN IV
YTACTROPLIC IXASOMAL EVEPLRLFN, BLACKR SOIL) } 4 YUPLD 1) 1% | 4 kODIX & BAZILEVICH 1947

TITPOPTC ST IO EV YL REv - T CRRILTITICY I WURLTT gy % 14 AVUIR ® BrRaiLTTIWA AJOUF
YPA(TPUPUC SLASOnAL WONTANE,FEZRRALITIC) X WURLD 450 2?2 X RODIN & BAZILEVICH 1967

M YTACTPUTICSYAXP " SAVAYNRY L3 wooLn 80 —1g X ROUIF "€ SRZICEFICR-JYET—

YIACTRUPIC ZEROPNYTIC YOREST,FLRRALITIC) £ YURLD 250 17 X kOUIs o WAZILEVICH 19687
R

YTA(TUNDNA) £ woPLD 1 1 L3 LICTn 1978

YTATWIRY TLXPLRXTLY 3 WURCTT X 11 T CILTN IVIY

YTA(wOUDLARD) 1 3 wORLD x [] .3 LIgTn 1978

—yrcreeroey T SITUVF T =T T UUKL YITLUPILY V7Y
JEA RAYS X a0l X S X »OCDARN 1977

—Tex—wrTS T TRITY X TS T 13090 Sna aks
ite shys 13 ISRASL 16 36 X TLAKE 1543
rX WXTS T LLALS T X X BULOXW IV 17
LA nAYS [ RINAESOTA I 2% X ODUAE YIELOFILE 1979
ALE RRTS L3 SVRITNIN L) £ x Li4A2 S B Al
TEa MAYS 1 SuRinan [ [ ] ¥OLOAN 1977

LY TWINIDRTY T L X LAY LR S R A
E TROFICS i i i BOLOAR §977
kY X TaUt ILS X PP LY Vs R Y IYTT

t 1O0YSIA MATHELLA X 4 'y 13 1 DBAE 1vTa

VT = Vegetotion Type, VTA =~ Vegetotion Type Aversye

X » Assumes Dry Macter

BT > 10T WeT VETERT.  ALT 844 TepOTIed 84 DR
X = Ba data wallable

' Under Source, BA- Berbage Apstract

SOURCE: Duke, J. A. “The Gene Revolution,” paper No. |, pp. 89-150,C)ffice of Technology Assessment, Background papers for Innovative Biological
Technologies For Lesser Develped Countries (Washington, D.C; U.S. Government Printing Office, 1981)
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countless hours and dollars in screening projects
where maximum biomass production is a priority.

Climate File

The easiest file acquired was the Climate File. It
is the computer tape to Wernstedt’'s World Climatic
Data (1972) and was purchased for less than $200.
USDA colleagues have converted the temperature
data from Fahrenheit to centigrade, and the rain-
fall and elevation to metric units. The monthly
means for these 18,000 stations now are compati-
ble with hundreds of climatic figures gathered
through questionnaires and publications. Monthly
precipitation and temperature data for about 20,000
stations now are integrated into the Climate File.
A species ecologica amplitude can be determined
by using this file in conjunction with ecological
data for geographical areas from which the species
is reported. For example, if one wanted to know
the ecological amplitudes of a species that is not
in the Ecosystematic File, one could consult her-
baria and publications for locales where the plant
grows, choose those that occur in the Climatic File
and, using the computer, obtain climatic highs,
lows, and means of these areas. Further, one could
pick potential germ plasm sources that are most
similar ecologically to the germ plasm recipient.
This important germ plasm matching capability ap-
plies not only to minor, underused economic plants
but to cultivars and varieties of the big dozen. A
sample page from an early version of an economic
amplitude paper appears in figure 3. This file has
been used in the USDA Plant Physiology Institute

at Beltsville by colleagues who are interested in the
tropicality of members of the Malvaceae. They are
studying the distribution of malvalic acid, an acid
possibly involved in responses to temperature
stress in cold- and heat-tolerant mallows.

In a seminar at Beltsville on March 17, 1982, Dr.
G. L. Stebbins introduced a list of cold-tolerant to
heat-tolerant legumes, speculating that the greater
the DNA volume, the greater the cold tolerance.
Without consulting the Handbook of Legumes of
World Economic Importance (5), wherein the
ecosystematic amplitudes of species are published,
| predicted that the legumes mean annua temper-
atures would line up inversely with Stebbins DNA
prediction. The lineup was almost perfect, as de-
picted:

DNA Mean
volume (from temperature °C (from
Stebbins seminar) Handbook of Legumes)
Vicia faba —m—— 2 12.1
12.9
19.3

9.8

3.7
Glycinemax .. .......... 2.2 18.2
Lablab purpureus. . . . . . 0.7 21.9

The Climatic File can be used to address prob-
lems in the global carbon cycle. Tropical forests
play an important role in the global carbon cycle
because they store 46 percent of the world's ter-
restrial carbon pool (1). Brown and Lugo presented
data for each of several Holdridge Life Zones, pro-
jecting total forest biomass, soil carbon content, net
carbon content, net primary production, wood pro-
duction, and leaf litter production. The EBL has for-
mulae for converting its 20,000 climatic data sites
into Holdridge Life Zones and, using a computer,

Figure 3.—Sample Page Showing Ecosystematic Data For Malvaceae

PRECIP (dn) Tep °C

SES Species Min Mean Max (No. ) Min Mean Max  (No. }  Min Mean Max (No. )
GRIWI A ASIATICAL. 66 20.2431.9 (4 M.722 4 214 (4 68 27t \
TR LA GSUTHLIA A Rach, [N NN S S 6] KF TW6 &% (%) 45 s .0 1,
TRIMGETTA ROMHOIDEA J& 8.7 20,1 419 (11) 187 4.6 7.4 1) s.0 e.0 7.1 (9,
TRI UFETTA TOMENTUSA boy 5.7 11.1 42.9  (6) 18.723.4 27 .4 6 5.0 ©.3 71 (4

FAMILY MALVACEAE 2.6 14.1 42.9 (313) 7.0 22.6 29.9 (312) 4.3 6.3 8.7 (211

ARELMOSQUS ESQULENTUS (L. 2 Moench. 2.614.340.0 (107) 11.1 24.4 Ins (108) 4.3 6.7 8.7 ({42)
ABELMOSOLS MOSCHATUS Medi 6. 115 403 {10) 11.1 22.8 26.5 1) 50 6.9 8.7 [&4]
JBITTOY, TG ASTT Fedin. T.1 10, R € 10.7 .10 o, 1% o.0Liz T8
EOSZVTTIF ANMALIM hawta ex Rhawra § Feyt. 5.1 1L .3 3y 1.6 2467 3) .3 .0 LY 1)
GOSSYPIUM ARBORELM L. 5.1 1S, ‘9 (12} 11,5 231 278 (1) 5.5 6.9 8.4 s}
GDSSYPILM RARBADENSE L. 4.9 13.5 40.3 (25) 8.4 22.6 27 6 (25) 4.S 6.S 8.4 (15}
GOSSYPILM HERBACHIM L, 5.1 11.9 4.9 [16) u § 20@ (16) 55 69 B4 (13
GOSYTIIM_HIRSUTWM L. 2.9 11.3 218 0 (36) 4.5 6.6 8.4 (3.
RTRISAS TANWEIRIS [ S 149 ... (25) TT Jd.3 4 s 6] 4.5 BL B.Z ()
HIBISCUS SABDARIFFA L: 6.4 175 4.9 (22) n.s 23,2278 (27) 4.5 61 8.C (8
URERC OERTA L TS ¢ v N TR S N VR S R 13"
FAMILY BMBACACEAE 4.8 16. 9 (m) 18. ozs 328. S (138) 4.3 6.3 8.7 (64

MOBAX CEIM |, 13.2 "26. 2.9 2.0 25.1 7.4 () 4.5 5.2 6.3 [0
CETRE _OUAORA (L] aertn. 7§ 13, 5] ﬂGEI T T TS o) 15 6.6 5.7 WY
"0 ZTBETHIRGS murT. )9 VI | [ 0.4 7) 43 1.6 B.U T
FAMILY STERCULIACEAE ¢.8 16.8 9 a0 254 299  (140) «.3 6.2 5.7 (&8

COLA AGMINATA (Beam. ) Schott§ Endl. 6.4 19. B 40.3 12) 21.S2S.226.¢ (12) 4.5s5.8 1.0 (7,
COLA NITIDA (Vent.) Schott & Endl. 1S.6 2.017.8 (6Y23.3 25.4 26.6 (6) 45 4.0 8.8 (4)
T ~ L Borol. - 3 13] D7 5 20.5 T 4.V 64 B0 (31

THEDBRUMA CACAO L. 4.8 16.3 42.9 (109) 11. o 25.32 S (m) 4.3 64 67 (AY)

SOURCE: Duke, J. A.,

“Ecosystematic Data on Economic Plants,” Quart.J.Crude Res. 17, No. 3-4, 1979, pp. 91-110,
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can generate Holdridge Life Zone maps for coun-
tries not now mapped in the Holdridge system. We
then could project standing biomass, total carbon,
and annual productivity of the zonal forests,
based on Brown and Lugo’'s numbers or refine-
ments thereof, and give real or projected yield
figures for high-biomass grasses, energy-tree plan-
tations, or conventional crops for these Holdridge
Life Zones. This could provide some guidelines for
choosing the best crop-agroforestry combinations
for agricultural development in Third World
countries.

We believe that the climate of some remote area
can be deduced by checking the ecologica ampli-
tudes of dozens of perennials growing there better
than by measuring the rainfall and temperature for
1 year. The fig, scuppernong, and pecan at my
Howard County farm are near their northern pro-
ductive limits; the ginseng, rhubarb, and sugar
maple near their southern productive limits. Based
on these species, the mean temperature at my farm
can be predicted to be between 110 and 130 C.

Dr. Peter Raven, director of the Missouri Botan-
ical Gardens, asked us at what locations in the
world the climate was most similar to that of the
Missouri Botanical Garden. If asked simply for an-
nual temperature and annual precipitation, the
computer would indicate many places that do not
have the temperature extremes of St. Louis conti-
nental climate. Introductions from maritime cli-
mates with identical mean temperatures might be
killed by the summer heat and/or winter cold of St.
Louis. A continentality variable, which will dif-
ferentiate among climates with similar mean an-
nual temperatures but different vegetational poten-
tial, has been added to the Climate File.

In October 1982, EBL was asked to name locales
in Latin American where date palm would grow.
As a test case, Dr. Atchley at USDA and | each de
voted no more than 4 hours to this query (app. |
and 11). The difference in conclusions reached is
due to Dr. Atchley’s assuming rainfed conditions
and basing his projection on actual reports for date
pam, and my assuming an irrigated situation be-
cause artifical or subsurface irrigation is implicit
in most of the good date-growing areas | cite. The
computer provided lists of possible sites for date
pam under both irrigated and rainfed conditions,
and eliminated hours of searching through 20,000
climatic data points.

The narcotic-replacement program led us to the
coqueros, the cocaine-leaf chewers of the Andes.
The coca leaves chewed by these Andean Indians
are high in calcium and iron, more so than any

plant food in the Food Composition Table for Latin
America (fig. 4a). Calcium and iron, as well as cer-
tain vitamins and proteins, often are deficient in
diets of the farmers we were trying to divert from
cultivating the coca (“cocaine”) bush. The problem,
therefore, was one of both nutrition and crop sub-
stitution. What commercial food crops could the
farmer grow as substitutes for coca? To answer this,
we needed to know their climate. However, they
might be 100 miles and 10 mountain ranges away
from the nearest climatic recording station (that
ceased recording 10 years ago). This quandary
spawned our Ecologica Amplitudes of Weeds pro-
gram. We added weeds to our questionnaires to
help predict climate in remote areas (fig. 5).
Another use of the Ecological Amplitudes of Weeds
program is in mapping the potential for an alien
weed to spread in the United States. Determining
ecological amplitudes of a weed by consulting its
distribution and extracting climatic data from the
Climate File, we can determine where in the U.S.
the climate is most closely and least closely
matched.

Nutrition File

For the Nutrition File, we used at least one credi-
ble entry for each plant species in Food Composi-
tion Tables for East Asia, Africa, and Latin Ameri-
ca, from Watt and Merrill’s Composition of Foods
(Agriculture Handbook No. 8) and from The Wealth
of India (C. S. I. R., 1948-76), computerizing the prox-
imate analyses of hundreds of botanical. | scored
the plants’ nutritive contents (elements, vitamins,
calorie and fiber content) as extremely low (E), low
(L), high (H), or very high (V), relative to USDA’s
recommended dietary allowance (RDA) (fig. 4b).
Unfortunately, | had overlooked Miller's Composi-
tion of Cereal Grains and Forages (1958), which
consolidated thousands of forage plant analyses, No
sooner had I finished adding this information than
another massive compilation with numerous new
data on forage analyses was published (7). My col-
leagues at USDA and | are entering these data into
the computer file which we hope will be tabulated
and published by CRC next year.

We devised a computer program to convert our
as-purchased proximate analysis file to a zero-
moisture basis (fig. 6). To ensure that only complete
proximate analyses are used, the computer uses
only those columns for which the sum of water,
protein, carbohydrates, fibers, and ash is 100 per-
cent (x1). The computer then multiplies all col-
umns except water by 100 + (100=X), where Xx
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Figure 4A.—Nutritional Composition of Coca
Nutritional comparison per 100 g of Coca Leaves with other Latin American Plant Foods
1in Cal  H,0 prot. Fat Carb. Fber ash ca p Fe Vit A Thia Rib Nia Vit C
FOOD ITEM sample g g g g g g mg mg mg 18] mg mg mg mg
san Francisco coca (1) 305 65 169 50 462 144 9.0 1540 911 458 11000 0.35 191 129 14
Bolivia coca 3 —* 88 — 16 424 8.0 53 — — — — — — — —
Peru coca (3) — 103 187 — — 175 46 2038 363 7.9 9,000 0.81 155 6.17 —
COCA AVERAGE {7) — 85 188 33 423 133 63 1789 637 26.8 10,000 0.58 1.73 37 14
PLOURRASED  (s0) 279400 114 99371 3220 99 270 36 135 0.38 018 2.2 130
nuts & Seeds (100 521 99 168 360 282 36 31 273 522 43 17 078 028 52 21
Pulses (10) 354 11.3 254 5.0 55.1 55 33 102 398 7.1 20 058 024 225 19
Cereals (10) 352 115 117 3.7 710 40 21 74 346 48 13 041 0.25 27 0.8
Vegetables (10) 74873 18 04 169 15 09 26 52 12 595 0.09 005 1.0 31.0
Fruits (10) 93796 12 45 141 14 07 20 33 0.8 35 005 0.06 0.08 29.0

SOURCE" Duke, J. A., Aulik, D., and Plowman, T. “Nutritional Value of Coca,” Botanical Museum Leaflets, vol. 24, No. 6, (Boston, Mass.: Harvard University, 1975), pp. 113-119.

equals water percentage. The completely new and
unique table has hundreds of species compared on
a zero-moisture basis. The Nutrition File (as pur-
chased or zero-moisture) can be linked through a
species’ scientific name to the Yield File to convert
yields to protein per hectare instead of grain per
hectare, and to the Ecosystematic File to show
which will yield the most leaf protein per hectare
under any specified combination of annual temper-
ature, annual precipitation, soil pH, etc.

Before the National Cancer Institute discontinued
its support for the EBL data base, we started a file
on biologically active compounds to parallel the
Nutrition File. It indicated the toxic compounds
and their LD50’s for plant genera (fig. 7). We regret
that other quantitative data were omitted, Dr.
Farnsworth’s comprehensive NAPRALERT pro-
gram dwarfs our attempt at computerizing biolog-
ically active compounds in plants. Since he also
uses plants’ scientific names, his pharmacological
data could be sorted against any one or all of our
data files, using the scientific names to link the two
data bases.

Ethnomed File

It is ironic that the Ethnomed File (fig. 8), with
which | worked most closely for nearly 5 years, is
now the lowest priority file. The file was built to
encourage Third World countries to supply medic-
inal and poisonous plants for a collaborative screen-

24 - 503 0 - 83 - 14

ing program with the U.S. National Cancer Insti-
tute. With 88,000 entries, the Ethnomed File is
probably the largest extant computerized data base
for folk cancer remedies and is quite good for gen-
eral folk remedies. Pesticidal activities, of greater
current interest to USDA, aso are included (see fig.
9 for insecticide subset sample). This file can in-
teract with any other file through the same scien-
tific name.

Ethnomed is not dead; it lives on as a much con-
sulted printout. For example, we have been asked
to help an NIH contractor prepare a prioritized list
of Nigerian species for antimaaria screening (fig.
8). The malaria entries marked with an asterisk con-
tain compounds with proven antimalarial activity.
The species marked with a double asterisk correct
or alleviate malaria. Unfortunately, the common
name file is incomplete. It would be useful to many
agencies, since many plants are recorded by com-
mon rather than scientific name. Interlocking sci-
entific names with the name of a country from the
Ecosystematic File should show not only which an-
timalaria species occur in that country but should
give the names and addresses of the people who
reported them, Using the ecosystematic amplitudes
of the target species, the computer could indicate
the country’s climatic stations within the ecological
ranges of the target species. For example, the com-
puter could name many antimalarial species occur-
ring in Nigeria and list villages suitable as staging
areas to search for the species.
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Figure 4B.—Sample Page From Vegetarian Vitachart

g 8 B85 _§ _<v
LI -RP - R
3E5s8§533¢%

o Nare Sclencific EEREE I IR LR
wild grape (f) Vitis tiliifolia LLHH LL LL LEH

wild lettuce Lactuca taraxacifolia HLH L L
wild mango (£) Irvingia gabonensis LLLH L L v

wild plus (f) Bequasrtiodendron o

magalismontarum LLHL L L L L L H
wild rice lizania aquatica LHHHHHHLHHETHTETE
willowlesf Lucuma Lucuma salicifolia LLHL #®HL L E HLH
wine palm Mauritis vinifera HLVH LL LH LVH
winged Yam Dioscorea slata L LLL LLHLLETLEH
vinged yam Dioscorea alata Lt e L L LL LEH
wintersquash (f) Cucurbita maxira LLLL L L HLL E LHH
wintersquash (1) Cucurbita maxira HLHL LHHLHELHYH
wintersquash (fl) Cucurbita maxima HELH LLLLLELTLH
mlfberry(l Lyciun chinensis L HVYV HHHHYLHVY
volfberry) Lyciuna chinensis HLHH LLHLHLLVYH
wood Ol mut Ricinodendron heudelotii HHHL EV H E EEEB
wooly manzanita Arctostaphylos tomentcsa L H L L L E L HV
wormseed (1) Chenopodium a=brosioides H L H H L L L H LHH
yaa Dioscores sp, L L L L LLHLL LEH
ysobean (2?7 Pachyrrhizus angulatus ELHL L L L LEH

yun&m_{ T Sphenostylis stenocarpa LLL H L+
yxzbesn (1) | | Thizus sp, L LLL L LL L EH
yardlong pea (pod) Vigna Onguiculats LLHL LLLLLELLH
yardlong pea (1) Vigna unguiculata HLHH LHHLHEHHH
ysutis {1; Xanthosaa HLHH H L VH
yutia (I Xanthosama Sp LLHL L L H

yebbrust (s) Cordeawxdia edulis L HEH H H
yellov dghm (f) Spondias mochin BLLEB LL EL L v
yellow |n( Spondias mochin LLHH L L LL LLH
yellow morbin (NUY)  Spondias mocdin LLLH LL L L LLH
yellowtaper candletree Purmentiers o dcata LLV L H LL HLH
yeIIow vein (1) Pseuderanthezm reticulate L H LL L L LHV

yergan Cucumeropsis edulis HHH H H
yucca (£1) Yucca elephantipes LLLL L L LL HE V
yucca (sh) Yuccs elephantipes HLHL LL LL HEH

) P dryffru.lt,ﬂ flower, £
gh~ shoot.("b\xl)

green, 1 = leaf,m = mture,r = root,s. seed,

SOURCE: Duke, J. A., “Vegetarian Vitachart, Quart. J. Crude Drug Res 15, 1977, pp. 45-46.

We receive daily inquiries from all over the world
asking what herbs are used for what ailments. One
Senator asked us for opinions on various quack her-
bal medicines. Another Senator has shown an in-
terest in the so-called “petroleum nut” Pittosporum
resiniferum (fig. 10), an energy plant endemic to the
Philippines.

Thanks to three professors in the Philippines, we
now have seed and a fairly good idea of the eco-
systematic amplitudes of the Pittosporum. One pro-
fessor indicated where Pittosporum resiniferum
was growing prior to widespread relocations in the
Philippines for potential energy studies. This infor-
mation was paired with climate stations in the Cli-
mate File to yield ecosystematic amplitudes. Rang-
ing from Tropical Dry to Moist through Subtropical
Forest Life Zones, the petroleum nut grows where
annual precipitation ranges from 15 to over 50 dm
(mean = 27 din), annual temperature from 18-28°

C (mean = 26° C). Of 17 cases where both
temperature and rainfal data were available to us,
13 were found in the Tropical Moist Forest Life
Zone, three in the Tropical Dry Zone, and one in
the Subtropical Rain Forest Life Zone. A similar ap-
proach could be used to determine the ecological
amplitudes of a medicinal plant, weed, or promis-
ing new economic species from the thousands of
species not among the thousands already in our
computer.

Prototypes

We have developed the following three data base
prototypes which could be expanded readily if pri-
orities dictated.

Agroforestry File: This program was developed
for severa species being considered for agrofores-
try. Different subfiles contain information on eco-
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Figure 5.—Ecological Amplitudes of 100 Perennial Weeds

Ecological amplitudes of 100 perennial weeds*

ANN. ANNL WARM
LIFE PRECIP. TEMP. WET
SCIENTIFIC NAME COMMON NAME ZONE pH (D) (°C)  MONTHS
ACACIA FARNESIANA HUISACHE hd Tan 4.2-8.0 6-40 13-2° o-ll
ACER SACCHARUM SUGAR MAPLE cw Sm 45 7.3 515 T-21  o-s
ACORUS CALAMUS SWEETFLAG Cme Tww 5.5-7.5 S§-42  7-27  3-12
AGAVE LECHEGUILLA LECHEGU! LLA wt Tev 7.0- 7.7 3-6. 15-21 2-5
AGROPYRON REPENS QUACKGRASS Bar St 4.2-8.3 31 s5-25  0-9
AGROSTIS STOLONIFERA CREEPI NG BENTGRASS Bn wm 4.5-8.3 3-17 6-13 0-6
ALOPECURUS PRATENSIS MEADOK FOXTAI L Bw Wt 4.5-7.8 317 3-13 0-6
ALYSICARPUS VAG \4]_15 ALYCE CLOVER Sm Tdw 4.2- 4.8 10-42 23-29 9-12
AMOPHT LA™ AREN: EUROPEW BEACHGRASS ~ Crw 4,5-6.2 5-11 7-19 2-6
ANDROPOGON GhRARDI I Bl G BLUESTEM Bn Csm 6.3- 7.5 5-11  7-27 0-11
ARCTIUM L4PPA GREAT BURDOCK Cmw wem 4.5 7.8 3-13  6-15  0-6
ARRHENATHERUM ELATIUS TALL O0ATGRASS Bmw Wem 4.5- 8.3  3-16 5-19  0-6
ARTEMISIA ABSINTHIUM ABSINTH WORMWOOD cw Sd 6.3 82 3-1)]  T-21 0-6
ARUNDO  DONAX GIANT REED Cw Tdw 5.5-8.5 3-40 9-25 0-11
ATRI PLEX CANESCENS FOURWING SALTBUSH Wt 7.3- 8.0 5-5 15-19 -
AXONOPUS COMPRESSUS TROPI CAL CARPETGRASS Sm Tmw 5.8 11-40 19-27 S-12
BOEHMERIA NIVEA RAMIE wam Tw 4.5- 7.3 7-40 15-27 1-12
BRACHIARIA MUTICA PARAGRASS Sdw Tvw 4.3- 7.9  8-37 19-27 5-12
BROMUS INERMIS SMOOTH BROME Bmwwid 53 82 317 5-19 o0-s
CALTHA PALUSTRIS MARSHMARIGOLD Cm Wdm 4.8- 7,5 414 3-17 06
CARYA ILLINOENSIS PECAN Wtm Sm  5.8-8.3  3-13  13-19 0-7
CASSIA AURICULATA AVARAM Sdm Tw  4.3- 7.3 7-42  19-27 S-12
CASTANEA DENTATA AMERICAN CHESTNUT Csm#m 5.87.3 511 <213 3-5
CHENOPODIUM AMBROSIOIDES MEXICANTEA Cw Tdw 5.5-83 342 7-27 0-12
CHLORIS GAYANA RHODESGRASS Cs Tw 4.3 83 340 9-26 0-12
CICHORIUM INTYBUS CHI CORY Bn Twm 4.5 85 340 6-27 0-12
CLITORIA TERNATEA BLUE PEA Sdm Tww 5.8-8.0  7-42  21-29 §-12
COCCOLOBA UVIFERA SEAGRAPE Sdm Twm 5.8-8.0  11-25 21-26 5-12
CORONILLA VARIA TRAILING CROWNVETCH  Cmw wdm 5.8- 6.8 6-40 7-25  2-11
CORYLUS CORNUTA BEAKED HAZEL Bmovw 58 7.5 4-9 6-15  0-s
CYNARA CARDUNCULUS CARDOON Cme Wem  5.0-8.3  3-12  T-16  0-7
CYNODON DACTYLON BERMUDAGRASS Csw Txw 4.3- 85  3-42  9-20  (-12
C}’ PERUS ROTUNDUS PURPLE NUTSEDGE Bn Txw 4.5-85 3-32 6-27 0-12
DACTYLIS GLOMERATA ORCHARDGRASS Bm Sm 4.5 8.3  3.21 =23 0-9
DICHANTHIUM ANNULATUM DIAZ BLUESTEM Sdm Txm 5.7-7.5  2-s 19-25 0-6
DICHONDRA REPEM DICHONDRA Wam Stm 5.0-8.3  3-15 13-23 0-9
DIGITARIA DECUMBENS PANGOLAGRASS Sd Tdw 4 .:-7.8  9-26 17-27 4-12
DIOSPYROS VIRGINIANA PERS DMMON Wdw Sm  58-8.0 7-17 15-23 1-9
ECHINOCHLOA CRUSGALLI BARNYARDGRASS Bmw Tvw 50-8.3 3-23 6-29 0-12
ELEOCHARIS DULCIS WATERNUT Sdm Td  5.5-5.7 8-23 19-29 3-10
EQUISETUM ARVENSE FIELD HORSETAIL Bmw Tw 4,5-7.5 3-25 6-23 0-9
ERAGROSTIS CURVULA VEEPI NG LOVEGRASS Csw Td 4.3 83 3-15 11-25 0-9
FAGUS GRANDIFOLIA AMERICAN BEECH Cw sm 45 6.8 2-13 “-10  3-7
FESTUCA ARUNDINACEA TALL FESCUE 5o S b 3.1 wle .
FOENICULUM VULGARE COMMON FENNEL Cm Tvm 5.7-8,3  3-26  4-27  0-12
FRAGARIA VIRGINIANA VIRGNA Strawberry Bmw Sdm 53 7.5 4-17 5-23 1.9
GENISTA TINCTORIA DYERS GREENWOOD tm h'd 4.5-7.5 7-11  9-17 1-6
GENTIANA LUTEA YELLOW GENTIAN Cmv Wdm 5.8- 6.8 7-11 7-17 1.6
GLYOYRRHIZA GLABRA COMMON LICORICE TroWt 2. %00 53-T 5-19 (-3
HELIANTHUS TUBEROSUS JERUSALEM ART ICHOKE Cmw T 4.5- 85 3-28 7-27 0-12
HORDEUM BULBUSUM BULBOUS BARLEY Cs 5.8-8.2  3-9 7-19  0-5
HYPARRHENIA RUFA JARAGUA GRASS Sdw Tdw 4.5-6.2 840 19-27 4-12
INULA HELENIUM ELECAMPANE Cmw Wdm 4.5-7.5 513 7-19 16
JUGLANS NIGRA BLACK WALNUT CmSm  s5.8-8.3 313 7-19 0-6
JUNI PERUS CO!'MINIS COMMON  JUNIPER Bm Td  4.5- 7.5 411  6-21  0-6
LESPEDEZA STRIATA JAPANESE LESPEDEZA Wdn Sm  s5.0.8.8 517 9-23 3-9
LESQUERELLA GORDONII GORDON BLADDERPOD Wt 73- 78 39 13 -

*For EXplanation see text.

SOURCE: Duke, J. A., “Perennial Weeds as indicators of Annual Climatic Parameters,"Agricultural Meteorology, 16:291-284,
(Amsterdam: Elsevier Scientific Publishing Co., 1976).
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Chemical
Quinaldine

Quinazoline
Quinic acid

Quinidine

Quinine

Quinoline

Raton

Red squill
Red thyme oil
Rescinnamine
Reserpine

Retronecine

Retinol

Genus®

Qinchone
Cinncmomum

Cirsium®
Cissus®
Cistus

Figure 7.— Pertinent Pages From Phytotoxin Tables

Toxins: Their Toxicity and Distribution in Plant Genera

a.b

Tolicity Plant genera
ortratlD,,, 1,230 mg Galipeo
sknrbtLD,, , 1,870 mg
sknmus TDLo, 4,000 mg/YI 'EO Dichroa?

scumusLD,,, 10,000 mg

orlratLD,,, 1,000 mg
orlmusLD,,, S94 mg
wprrat LDLo, 114 mg

iprmusLD,,, 190 mg
ortwmn TDLo, 20 mg

(4-5 Wpreg) TER

orlrbtLDLo, 800 mg
orlgpgLDLo, 300 mg
unk gpg TDLo, 200 mg preg TER

A conitum, Angelica. A rctostaphylos. Cinchona,
Daucus, Eucelvpius, Micium, Linum, Melus,
Medicego, Nicorisne, Pistecia, Prunus, Rosa,
Terminalia. Vaccinium

Cinchona, Cou tarec, Enantic, Remijia, Strvchnos

Cinchona, Cornus. Cuutares. Enantic, Ladenbergia,
Picrolemme, Remijic, Strychnos

orlratLD,,, 460 mg Citrus
iprmus LDLo, 64 mg

skntb1LD,,, 540 mg

scurat TDLo. 31 g/61 WINEO Gliricidia
orlrat LD, ,, 200 mg Scilla

or] ratLD,,, 4,700 mg Thymus

or] musLD,,, 1,420 mg

or] hmn TDLo. 14 ug PSY
ims hmn TDLo, 357 ug PSY
unkrat TDLo, 1.500 ug

(9- 10 D preg) TER

Wnrat LD, ,,.1,311mg
jvnmus LD, ,, 634 mg

Raouwolfia, Tonduzia

A Istonia. A spidosperma. Bleekeria, Excavatic,
Ochrosis. Rewwolfic. Tonduzie, Vollesia, Vinca,
Voaocange

Usually combinec. A msinckia, Brachyglotiis,
Crotoloria, k. chaem, £ milic. Erech tites,
Heliotropium, Petasites, Senecio, Trichodesma,
Tussilego

orl rat TDLo. §S mg Widespread?
TABLE 2 (continued)
Higher Plant Genera and Their Toxins
Family Toxin

Rubiaceae Cinchonidine, cinchonine, quinic acid, gainidine, quinine, s.apc..In

Lauraceae Acetaldehyde, venzoic acid, oomeol, cepioic acid, capiylic a&, car-
vacrol, cassia oil, cineole, cinnamaldehvde, cinnamyl alcohol, citro-
nellol, coumarin. cuminic alcohol, caminic aldehyde, cymene,
decanal, eugenol, eugenol methyl ether, formic acid, furfural,
geraniol, hydrocyanic acid, isobutyric acid, isoeugenol, isovaleraide-
hyde, isovaleric acid, lauric acid, limonene, Wool, mysistic acid,
myristicin, nonlyl alcohol, phellandrene, piperonal, propionic acid,
safrole, salicylaldehyde, salicylic acid, shikimic acid, tannic acid,
terpineo]

Asteraceae Hydrocyanic aci d

Vitaceae Hydrocyanic aci d

Cistaceae Acetophenone, formic aci d

SOURCE: Duke, J.A.,"Phytotoxin Tables,” CRS Critical Reviews in Toxicology 5(3): 189-237, 1977,
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Dse

MALARIA
MALARJA
MALARLA
ALAR1A
MALAR]A
MALARIA
MA L ARIA
MELARTA
MALAR!A
MALAR1A
MALARIA
MALLRIA
MALARIA
MALERIA
MALARIA
MALAR:A
MALARIA
MALARIA
MALARIA
MALARIA
MALARLA
MALAR1A
MALARI1A
MALAR1A
MALARIA
MALARIA
MALAR:A
MSLA171 A
tMALARIA
MALARIA
MALARIA
MALARIA
MALAR:A
MALARIA
MALARIA.
MALARIA.
MALARIA.
MALARIA®
MALARIA®
MALARIA.
MALAR1A®
MALARLA®
MALARIiLY
MALARIA.
MALARLIA.
MLLARIA.
MALARIA.
MALARLA®
MALARIA.
MAL&RIA.
MALAR1A®s
el ARIA*.

Figure 8.—Sample Ethnomed Printout

PLANT

TRACHE LOS PERMUMLUC I DUM

TITICHIL I AHAVANENSI S

TRICHOSANTHES CUCUMERI NA

TRILISAODORATISSIMA

TROP1IDIACUCURLIGIOIOES

TURNERADIFFfUSA
URARIA L2GOPCIQ101 PES
URARIAPRUNELLACSFULIA
URERA BACC | FERA
VERBASCUM THAPSUS
VERBENA CAROL 1 NA
VERZENALITORAL1 S
VERBREMACFF1CINALIS
VERGENAOFFIC INAL I' S
VERNONIA C IHNEREA
VETIVERIA 7! ZANIOIDES
VIBURNUM 0OBOVATUM

VI BURNUS NUDUM

VI CIA HIRSUTA
VINCETOXICUM AT RATUM
VI SCUM AL BUN

VITEX NEGUNDO

VITEX PEDUNCULARIS
XANTHIUM SPINOSUM
XANTHIUMSP! no sum
XANTHIUM SPINOSUM
XANTHIUM SPINOSUM
XANTHIUM ST RUIGART A
XANTHIUM ST RUMAR J UM
XANTHIUM ST RUMAR]I UM
ZANTHOXYLUM Pl PERITUM
ZING | BER M10GA
2INGIBER OF FICINALE
ZING IBEROF FICINALE
AND IRA IN ERM |S
BRUCEA JAVANICA
BUPLEURUNM CHINENSE
BUPLEURUM FALCATUM
CINCHONA OF FICINALIS
DICHROA FEBRI FuGa
DICHROA FE BRIFUGA
Eucalyptus SP
LECHOTIS r/ EPETAEFCLIA
LEONOTISNE PET AEfOL1A
PC) PULUS ALBA

SALIX BABY LONICA
SALIX FRAGILIS
TAMAKIXCHINENSIS
TINOSPORACORCIFOL |A
TRICLISIAGE LLETIi
CINCHOMA LEDCER[AN®
CINCHONA OFFiCiNAtIS

COMMON

NC
NC
Y LANKABAGI
NC
NC
NC

NC

NC

NC

LUNG YATS‘AO
NC

NC

NC

NC

NC

CH‘TAD YAO
Pal WE!
NC

NC

NC

NC

NC

P1T RAK
CLOT WE ED
HSIT ERH
NC

NC

SHU CHIAO
JANG HO

NC
EUCA L 1 PTO
NC

NC

HUR

AL BAKI
NC

NC

NC

BAHOT 07
NC

s

COUNT RY

INDIA
GUATEMALA
TURK EY

us

EL SEWHERE
ME X 1CO
11/D1A (AYURVED 1 C)
E L SEWHE RE
MEXICO
USICOLONIAL)
MEX!1CO
MEXICO
CHINA
MEXICO

E L SEWHE RE
INDIA { SANTAL,)
ELSEWHEKE
us

CH1 M

CHI] NA

EL SEWHE RE
CHINA

EL SEWHERE
EL SEWHERE
INDIA
TURKEY

us

CHINA

E L SEWHE RE
EL SEwHER E
CHINA

CH 1NA

TR IN 10A0
TRINIDAD
MEXICO
CHINA
CH1NA
ELSEWHE RE
EL SEWHERE
CHINA
CHIfA
H&ITI
ELSEWHERE
TRiN1DLD
1RAQ

IRAQ
ELSEWHERE
ELSEWHERE
ELSEWHERE
ZA IRE
MEXICO
MEX | co

'SOURCE

wo1 .10.
STAND LEY. STEYERMARK
STEINMETZ
KROCHMAL
wol .10
STANOLEY
w0l .10
wOol .10
STAND L Ey
KROCHMA L
AL TSCHUL
ALTSCHUL
BLISS
MARTINE2
wop .10
EB24: 244
01 .10
KROCHMAL
BLISS
BLISS

W01 . SYRIA
HUNAN

wO | .10
WOl . SYRIA
wol .11
STEINMET2
UPHOF
BLISS
WO!. SYRIA
WO Il.11
BLis s
BL1SS
WONG
EB30: 114
MARTINEZ
Nas

L1

KEYS

wol 2

NAS

KEYS
LIOGIER
EB3D: 136
wCNnG

AL - RAW ]
AL - RAW]
WOI.SYRIA
KEYS

WO | .10
UPHOF
MART INE2
MART I NEZ

SOURCE: Duke, J. A., and Wain, K. K., “Medicinal Plants of the World,” computer Index with more than 85,000 entries, 3 vols., 1981.
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INSECTICIDE.
INSECTIC]DE,
INSECTIC1DE*
INSECTICIDE*
INSECTICIDE
INSECTICIDE*
INSECTICIDE*
INSECTICIDE*
INSECTICIDE*
INSECTICIDE?
INSECTICIDE’
INSECTICIDE
INSECTICIDE*
IN“ZCTICIDE*
INSECTICIDE’
INSECTICIDE"
INSECTICIDE”
INSECTICIDE
INSECTICIDE®
INSECTICIDE*
INSECTICIOL®
INSECTICIDE®
INSECTICIDE*
INSECTICIDE?
INSECTICIDE*
INSECTICIDE~
INSECTICIDE*
INSECTICIDE"
INSECTICIDE”
INSECTICIDE*
INSECTICIDE
INSECTICIDE*
INSECTICIDE”
INSECTICIDE*
INSECTICIDE*
INSECTICIDE*
INSECTICIDE*

InceCTIicInE ”
INSECTICIDE**
INSECTICIDE+**
INSECTICIDE"*
INSECTICIDE"*
INSECTICIDE'*
INSECTICIDE"*
INSECTICIDE~*#
INSECTICIDE**
INSECTIFUGE:

Figure 9.—Sample of insecticide Subset of ETHNOMED

PLANT

ZANTHOXYLUM ARMATUM
ZANTHOXYLUM NITIDUM
DELPHINIUM BRUNONIANUM
GARLDENIA LyciDaA
ACORUS CALAMUS
ADHATODA VASICA
ARICNA CHERIMOLA
CINCHONA OFFICINALIS
ECLIPTA ALBA
GALIFHIMIA GlLauCA
GYIHOCARDIA ODORATA
MALTIEA AIERICANA

MALMLEA AIMERICANA
MANLEA AMER]I CANA
NERIUM INDICUM
OCIt'UM BASILICUM
OCIVUM SANCTUM
PACHYRRI{IZ2US EROSUS
PHELLODENDRON ANMURENSE
PICHASMA EXCELSA
PLMPINELLA ANISUN
PISCIOIA PISCIPULA
PSEUDOTSUGA MENZIESI]
CQUASSIA aAmnaRrA

RYANIA SPECIOSA
SALVIA CFFICINALIS
SAUSSUREA |apPa
SOFI'ORA TOMENTOSA
SPHAERANTHUS AFRICANUS
SPILANTHES ACMELLA
SPILANTHES OLERACEA
TAGUTES PATULA
TEFIHRCSIA BRACTEQLATA
TEPHROSIA CANDIDA
TEPHROSIA NOCTIFLORA
TEFHROS1A PROCUMBENS
TEPIHROSiA VOGELIJ
TRACHYSPERMUM At

TRIANTREMA PORTULACASTRUM

TRICHODESKA ZEYLAN]ICUM
VERATRUIA VIRIDE
ZAILTHOXYLUM OXYPHYLLUM
DERRIS ELLIPTICA
DERRIS FERRUGINEA
DERRIS MALACCENSIS
DERRIS RCBUSTA
EUCHRESTA HORSFIELDII
HUSA CREPITANS

MAKIEA AIERIC ANA

MELIA TOOSENDAN
SPENGULL ARVENSIS
CARAPA GUIANENSIS

COMMON

NC"
NC
NC
NC
NC
NC
CHERIMOYA
NC
NC
NC
NC
NC
MAMEY
NC
NC
NC
NC
YAMBEAN
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NG
NC
NC

COUNTRY

ELSEWHERE
ELSEWHERE
ELSEWHERE
ELSEWHERE
ELSEWHERE
INDIA

LA
ELSEWHERE
ELSEWHERE
NL

INDIA
ELSEWHERE
LA
TRINIDAD
INDI1A
ELSEWHERE
ELSEWHERE
LA
ELSEWHERE
ELSEWHERE
ELSEWHERE
ELSEWHERE
ELSEWHERE
ELSEWHERE
ELSEWHERE
ELSEWHERE
CHINA
ELSEWHERE
ELSEWHERE
ELSEWHERE
ELSEWHERE
ELSEWHERE
INDIA
INDIA
InDjA
INDIA
INDIA
ELSEWHERE
ELSEWHERE
ELSEWHERE
us
ELSEWHERE
INDIA
INDIA
ELSEWHERE
ELSEWHERE
INDIA
ELSEWHERE
ELSEWHERE
CHINA
ELSEWHERE
ELSEWHERE

SOURCE: Duke, J.A., and Wain, K. K., “Medicinal Plants of the World,” computer Index withmorathsn 85,000 entries, 3 vols., 1981.
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Figure 10.—Pittosporum resiniferum

SOURCE: @Peggy Duke,

logical parameters, germination requirements,
nutrition values, cultural requirements, yields,
wood characteristics, use, and plant pathology. A
sample of the Agroforestry File is given in figure
11. Perhaps the greatest impact of the prototype
was to show that almost no data were available on
most nonconventional economic plants. The Agro-
forestry File is most applicable to Third World
countries.

Pest File: This prototype has only about 2,500 en-
tries. It lists the scientific name of the host plant,
the plant part affected by the disease or the insect,
and the name and type of pest. The scientific name
enables this file to communicate with any other file,
such as the Agroforestry File (fig. 11).

Our ecosystematic file has helped locate herbs im-
portant to nematode taxonomy. Nematodes should

be included in any pest prototype, Several years
ago, Russian workers reported a most unusua nem-
atode from a limited area of Russia on Mentha long-
ifolia. Soon afterwards Dr. Morgan Golden found
a nematode similar to Meloidoderita kirjunovae, the
Russian species, on a polygonum at Beltsville. With-
out Russian specimens or a better description of
M. kirjunovae, it was impossible to make a find
identification of the Beltsville specimen. After test-
ing true Mentha longifolia with this Melodidoder-
ita specimen, Golden found that his nematode did
not attack M. longifolia, the type host for the Rus-
sian nematode. With this information and further
morphological study, Golden proved that the
Beltsville specimen represented an undescribed
Meloidoderita species. Without testing with Men-
tha, the identification and classification of the Mel-
oidoderita would have been much less conclusive.

For years | have campaigned for a program that
would record the ecological amplitudes of pests and
diseases as we have done with economic plants and
weeds, Knowledge of the ecological amplitudes of
crops and their pests could launch a new phase in
biological control of pests “biological evasion” (4).
Where the host tolerates more cold than the pests,
planting in the colder area might be advantageous.
For example, in Chowan County, N. C., near the
northern limits of the cotton plant and the boll
weevil, the cotton grows well but the weevil does
not. This lack of crop and pest overlap may be used
to good advantage by the USDA (2).

Intercropping: Because of our involvement with
the Agroforestry project, we had a greater interest
in intercropping than most conventional farming
units in the USDA. My colleague at USDA, Dr.
Atchley, setup a prototype Intercropping file. Now
on tape but not on-ling, it lists major and minor crop
combinations, all species in pasture mixes, yield
data, yield differentials, cultural variables, etc.
Using the scientific names to link this and other
files, one could find out which crops have been
tried around the world as intercrops. In densely
populated Third World areas, intercropping clear-
ly promises more quality, quantity, and/or variety
of crops per hectare than monocropping.

Limitations

In intermediate ecotypes, the effects of factors
such as slope, soil porosity, soil type, vegetation
cover, cultural conditions, insolation, prevailing
winds, etc. on plant characteristics may be signifi-
cant. Few data are available and we have entered
some of these variables for only a few places. This
is a major limitation of our program.
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EUCALYPTUS CAMALDULENSIS 453046001 SCHLECHT,

EuCALYPTUS CITR]ODORA
EUCALYPTUS GLOBULUS
Eucalyptus GLOBULUS
EUCALYPTUS GLOBULUS
EUCALYPTUS GLOBULUS
EUCALYPTUS GLOBULUS
EUCALYPTUS GLOBULUS

Figure 11 .—Agroforestry Pest File

PLANTS THAT A POTINTT AL FUrL covnces
COMPUTERIZED BY THL £COHOMIC BOTANY LAUMRATORY

ALAN A,

PLCO AUTHOR

453046003 HOOK.

453046004 LABILL.
453046004 LABILL.
453046004 LABILL.
453046004 LABILL.
453046004 LABILL.
453046004 LABILL.

EUCALYPTUS GOMPHOCEPHALA 453046005 OC.

EuCALYPTUS GRANDIS
EUCALYPTUS GRANDIS
EUCALYPTUS MARGINATA
EUCALYPTUS MARGINATA
EUCALYPTUS MARGINATA
EuCALYPTUS MICRCTHECA
Eucalyptus OCCIDENTALS
EUCALYPTUS SP
EUCALYPTUS TERETICORNIS
GLEDITSIA TRIACANTHOS
GLIRICIDIA SEPIUM
GMELINA ARBOREA
GREVILLEA ROBUSTA
GUAZUMA ULMIFOLIA
HALOXYLON PERSICUM
INGA BOURGONI

INGA SP.

INGA URAGUENSIS

1HNGA VERA

LESPEDEZA BICOLOR
LESPEDEZS CAPITATA
LESPEDEZA CUNEATA
LESPLDEZA CYRTOBOTRYA
LESPEOEZA HIRTA
LESPEDEZA HOMOLOBA
LESPEDEZA P LOSA
LESpEOEZA PROCUMBENS
LESPEDEZA REpPENS
LESPEDEZA SP
LESpEDEZA STIPULACEA
LESPEDEZA STRIATA
LEUCAENA LEUCOCEPHALA
LEUCAENA LEUCOCEPHALA
LCUCLENA LEUCOCEPHALA
LEUCLENA LEUCOCEPHALA
LEUCAENA LEUCOCEPHALA
LEUCAENA LEUCOCEPHALA
MELLIA A2EDARACH
MI0oSa SCAaBRELLA
LULTINGIA CALABURA
PHYLLANTHYS EMBLICA
PITMECELLOBIUNM OULCE
PITHECELLOBIUM OULCE
PITHEceLLOpIuM DyLCE

SOURCE:Economic Botany Laboratory.

453046002

453046002

453046010 SM,

45304G0O10 SM.

453046L110 SM.

453046006 F.MUELL.
453046007 ENOL
453046000 Y
453046006 SM.

283110002

283300001 {(JACQ.)STEUD.
533056001 ROX8.
12903000t A. CUNN, N
300026001 L.

150057002 BUNGE Ex BOISS.
283002006 SCOP.
2830020Cy

283002007 HOOK.BARN.
283002003 WILLD. N
203386004

203386005

283386001

282386006

283386013

203386007

203386009

283386014

283286015

283386000

203386002

283306003

283013001 (LAM.) DE WIT
203013001 (LAM.) DE WIT
283013001 (LAM.) DE WIT
283013001 (LAM.) GEWIT
203013001 {(LAM.)DE WIT
283013001 (LAM.) DE wIT
312021001 L.

283015013 BENTH.
371008001 L.

328014002

203007003 {(ROXB.)BENTH,

20:007003 (ROXDB,) BENTH,
203007003 (ROXB.) BENTH,

N
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FR
TW
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114
114
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119
119
119
119
000
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263117
102
102
102
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We need to get soil taxonomic units from a uni-
fied soil classification system for al 20,000 locales
for which we have climatic data. This would re-
qguire a major cooperative venture. Much more of
the world is mapped in the FAO system than in the
USDA Soil Conservation Service's Soil Taxonomy.
The Benchmark program is using the USDA rather
than the FAO system for site management.

There is a tendency of some soil scientists to as-
sert that soil is THE determinant in the distribu-
tion and yield of economic plants, of some clima
tologists to believe the climate is the determinant,
and of some plant ecologists to believe the vegeta
tion type is the determinant. | suspect that all plant
distributions are determined by interaction of all
three and other factors as well, Unfortunately, the
computer cannot identify the most important fac-
tors affecting a given species. For some species,
vegetation will be the most definitive determinant;
for others, soil; for others, climate. We need a ma
jor program to collate the FAO and/or USDA soil
units with the 20,000 climatic data sites, soil pH,
weeds, crops, yields, diseases, insect pests, native
perennials, etc. This should be done for a sufficient-
ly large number of the 20,000 sites to develop eco-
logical (including both climatological and pedolog-
ical data) amplitudes and means and determine op-
timal conditions for al the economic species of the
world and their pests and pathogens. This system,
which could be called the International Plant
Utilization Data Base (IPUD), would answer a mul-
titide of questions and avoid many costly problems.

For example, with this one-time multimillion dol-
lar project, one could prevent many multimillion
dollar mistakes made in introducing the wrong spe-
cies in developing countries. It could help develop-
ing countries develop import substitution programs
which might save them million of dollars. This
might make the country more self-sufficient and
decrease its need for transporting goods.

The perennials growing in remote areas can help
one assess the plants best grown there. The IPUD
could help one map the areas in a country where
aplant introduction is most likely and least likely
to succeed. Ancillary to this should be the develop-
ment of an economic data base (such asis hinted
a in fig. 12), which includes transportation costs,
shelf life, world demand, trends in production, and
current price of a species, Crops that make the most
sense economically then could be chosen from the
many crops ecologically adapted to the remote area
All should be tried experimentally before planted
on a large scale. Experimental data resulting from
trials would be used to select the right species for

that particular area and to augment and refine the
data base.

We have developed several prototype files that
could attack big problems systematically. Current-
ly these files are undersupported; we have not yet
convinced international authorities of the value of
an International Plant Utilization Data Base. Such
a data base could reduce international agricultural
trade while improving internal trade deficits ac-
cordingly. It could reduce the petroleum used in
international transport of agricultural goods. The
IPUD could select species best adapted to a given
climate for whole-plant utilization schemes in
which food, oilseeds, leaf-proteins, chemurgics,
drugs, etc. would be the main products and biomass
would be an energy-producing or commercial fiber
byproduct. Greater plant use becomes more impor-
tant as petroleum supplies become more scarce and
expensive.

Implications

Without funding, our data bases now have a life
expectancy of no more than 3 years. The cost of
maintaining our files online is more than $10,000
a year, even before any programs are run on the
data. Are they worth the cost? Who can use them?
The data bases' contribution to the quest for sor-
ghum tolerant of high alkali soils, a multimillion
dollar problem, already has been cited. Similar
searches for germ plasm suitable to marginal envi-
ronments might be made for any of the hundreds
of economic species and thousands of medicinal
species. USDA is a constant user; daily it consults
the hard copy generated by the EBL data base to
answer questions on agronomy, agroforestry, cli-
mate, ecology, ethnomedicine, nutrition, pathology,
and utilization.

Many other agencies have benefitted from the
files and could reduce future costs by consulting
them, Some examples are given below.

Agency Questions We Can Help Answer File(s)

AID What crops are best adapted to Lesotho? ECOSYSTEMAT
What trees can you recommend for reforest-
ation in Haiti?

USDA, in collaboration with NAS and NIF-
TAL, is setting up some provenance trials.
What species would you suggest?

APHIS Wherein the U.S. is niger seed, an ingre-
dient of birdseed, most likely to become a
weed? ECOSYSTEMAT
Which of the Chinese medicina plants-e.g.,

honeysuckle, kudzu, and perilla-are most ECOSYSTEMAT
liable to become weeds around the various CHINA

AGROFOREST

ECOSYSTEMAT

ports of entry? CLIMATE
CIA Where in South America can Erythroxylum
be grown? CLIMATE
ECOSYSTEMAT
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DOD

DOE

FDA

NAS
NIDA

NIFTAL

NIH

NIOSH

OTA

SBA
VITA

Do the trees in the background behind these
maneuvers indicate that this is a tropical,
temperate, or subarctic area?

What trichothecene-like compounds are pro-
duced by species tolerant of the Laotian cli-
mate?

If our supplies of atropine were cut off, what
would be the best placesin the United States
to grow the various species that contain
atropine?

Give us addresses of seed sources from our
dlies.

Which herbs grown in Teheran are good
sources of vitamin C?

List the edible and medical species of Iran.

What phytomass yields have been reported
from Panama? What species is the highest
biomass producer reported in your file?
What is the standing biomass of the Repub-
lic of Panama?

List the major crops and energy potential of
their residue for 66 developing countries.

What species contain safrole?

We need 100 Ib of comfrey root from dif-
ferent latitudes to check out variability in
carcinogenicity.

What is the nutritional value of the neglected
legume species of the world?

Assuming Bolivia, Colombia, and Peru all
phase out coca, where else in Latin America
can it best be grown? What about Cannabis?
Papaver somniferum? What tree crops can
be grown around Chipiriri, Bolivia, where
cocaine production is being discouraged?
What herbs can be grown in the Golden Tri-
angle where they are phasing out poppy pro-
duction?

What crops can be grown in the peat
swamps of Jamaica, where the ganjais be-
ing grown?

What legumes, other than caesalpinoid
legumes, can you recommend for tropical
moist forest, elfin forest, subtropical thorn
forest, and warm temperate rain forest?

What are the medicinal uses of our 44 ma-
jor nitrogen-fixing species?

Where can we get severa tons of winged
bean?

What are the folk anticancer plants of
China?

What carcinogenic compounds are found in
the herbs and spices processed here in the
United States?

List in order of decreasing protein content
the top 100 leaf-protein producers on a zero-
moisture basis.

Which would do best in the tobacco belt of
the Carolinas?

Which species could give the most leaf pro-
tein per hectare?

What commercia crops can you recom-
mend for the Lake Miragone region of Haiti?
What firewood trees can you recommend
for our site in Ecuador, with a climate iden-
tical with that in Quito?

What natural pesticide species—such as
neem, pyrethrum, and ryania—can you rec-
ommend for the San Jose area of Costa Rica?
What living-fence post trees produce the
best firewood for Columbia?

CLIMATE
ECOSYSTEMAT

CLIMATE

PHYTOTOXIN
ECOSYSTEMAT
CLIMATE
NUTRITION

GEOGRAPHY
UTILIZAT

PHYTOMASS
YIELDS

ECOSYSTEMAT
PHYTOMASS
YIELDS
PHYTOTOXIN
ECOSYSTEMAT

NUTRITION

ECOSYSTEMAT
CLIMATE

ECOSYSTEMAT
CLIMATE

ETHNOMED
ECOSYSTEMAT
ETHNOMED

PHYTOTOXIN

NUTRITION

YIELDS
CLIMATE
ECOSYSTMAT

AGROFOREST
CLIMATE

ETHNOMED
AGROFOREST
CLIMATE

VISTA What esoteric culinary herbs can you recom-

mend for the climate in Oregon? ETHNOMED
WHO List contraceptive plants. List molluscicidal
plants. ETHNOMED
WRAR What are the medicina uses of Polygonum
alpinum? ETHNOMED
What antimalarial species grow in Nigeria? ETHNOMED
AID — Agency for International Development
APHIS — Animal and Plant Health Inspection Service
CIA — Central Intelligence Agency
DOD — Department of Defense
DOE — Department of Energy
FDA —Food and Drug Administration
NAS — National Academy of Sciences

NIDA - National Institute of Drug Abuse

NIFTAL — Nitrogen Fixation By Tropical Agricultural Legumes
NIH — National Institute of Health

NIOSH — National Institute of Occupational Safety and Health

OTA  -Office of Technology Assessment
SBA — Small Business Administration
VITA — Volunteers in Technical Assistance

VISTA — Volunteers in Service to America
WHO - World Health Organization
WRAR - Walter Reed Army Research

There are partial or complete answers to these
guestions in the files of the data base, now off-line.
These are samples representing only a few of the
innumerable possible questions, many of which
have not even been asked, much less answered. The
development and maintenance of an International
Plant Utilization Data Base, an on-line interlocking
system with agronomic, biochemical, climatologi-
cal, ecological, economic, entomological, geograph-
ic, pathological, pedological, and use data on the
thousands of economic plant species, could help an-
swer present and future questions.

Appendix I:
Latin American Localities
Suitable for Date Palm Cultivation

by Alan A. Atchley*

“The date palm must have its feet in water and its head
in fire, ” goes an old Arab saying. The familiar image of
a desert oasis supporting a grove of these palms sur-
rounded by barren dunes seems to fulfill this proverb,
for the trees are “naturally irrigated” by the waters of
the oasis and their crowns are exposed to some of the
hottest weather in the world. But the oasis draws its water
from the natural rainfall over a wide expense, and the
palms are not independent of the rainfall component of
the climate as they would be under artificial irrigation.

Can modern data processing techniques reveal the cli-
matic tolerances of this important palm species and sug-
gest where it might be introduced successfully? The Eco-
nomic Botany Laboratory’s methods were applied to find
sites in Latin America where, based on the computerized
information in AEGIS (Agricultural, Ecological, Geo-
graphic Information System), date palms might grow suc-
cessfully. (AEGIS is handled with the SAS programing

® Research Botanist, USDA, ARS, Economic Botany Laboratory, Beltsville, MD

20705.
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Figure 12.-Sample Page From Botanical Price Lists

Atiecsitericacil. ... ..$ 8.50 - 9.00/1% Citronellel., - - " ' 4,90 - in.on/1~
Lileoite , . LR 102 - 1.19/1% Clove leaf o0il....... .. Ve 1.95 - 4.00/1b
AL -\l isothiccyznate. ... $ 2. 25-  7.80/1b Clove budoil . ... ... ... $19.50 - 28.00/1b
Almeadoil. ..., . .., $ 1.20_ 4.00/1p  floves.,,.......... “" e $5.00-5.10/1b
Aloe . o $ 91 - 1.50/Ib  Coczine h:~f° hlcricde.. . $ -900.00/kilo
Aoin. .. ... § 575 - 6. 00/1b Cozillanz bark.......... $ .40 - 4571
Aryris, C s 9.50/1b Codeize.. ..., S -900.00/%ile
Acethele . . ... . ..........% 2.50/1b Corianderoil.. .. ....... $ 25.00 - 37.00/1b
Arzeliza rooroil. ., ... .$ -800.00/1b Ceriznder szed. . ... ... .. $ .34 - .41/1b
rdpiseoil. . ... ... .. $ 11 @ 50-12.00/1% cenoilee . oL $ 13k .14/1b
Amis2 zeed....... e ¢ 1.40 - 1.60/1b Cottonseed oil.......... $ - .13/1b
Arricet kernel 0|I ...... $ - 2.00/1b Coumzrin................$ - 6.20/1b
Ard=1Ccgum.............. $ .89 - 1.44 /1b Cube root.. ... ... ... ....& - .60/1b
i ace oil- L % 4,00 - 4.85/1b  cCuceze........ S - .23%/1b
Bz 0ile IR £ 10.75 - 12. 50/Ib Cuzin seed.............. $ - 1.03/1b
Bzyb 2rry wax. i ... 8% 2.70- 3. 00/Ib Cyclzoen aldenyde. .. ....$ - 6.00/1b
BellaZdonzna leaf. ... .$ 2.40 - 2.45/1b Digfcowin. ... .. ...... . T’ 2.60 - 3.00/grzm
Beq z allehyd e .. ©$1.26 - 1.28/Ib  Dillweedoil............$ 9.00 - 13.75/1b
Ceffeize. ... ... ........ ¢ - 4.50/1b Iphedrine. e n$ 1.25/02
Czle=useil............. S - 55.09/17?s Ipinedhrize. R .58/gram
S N $ 363- 3.70/15  fuczlyprol.. =*F - 4.00/1%
Cempher oil ... ... .. . ¢ 100 - 225/1b  Eucalyptus Oil.......... $2.00- 3. 1571
lenzagz oil.. ... . ... $ 22.00 - 23.00/1: EUEENOL.. ittt € 3.90 - 4.00/1b
Candelilla wax. , ........ 1. 720 - 2.10/lb  Temnelail. ............. $ - 10.00/1b
Czpsicumoleoresin.. ... .$, 8.40- 16.50/1b Fannel seed ..., .57 - 1.07/1b
Czraway nil W .. ..$29.00 - 30.00/Ib  Foenugreek Seed. .. % - .31/1b
Cerawerseed. ........... $ .55 - 69 /11 Carlic@Gil.............. $ - 35.00/1b
Cerdazon. ...yt “s 3.00 - 4.50/Ib CGeraniol. .............. $s.00- 1200()7/1b
CernavsawaX............ $ ~l~-  2.05/lb ceraniuz oil. ... ... ....$21.50 - 69.75/Ib
d-Carvone....... . % - “8.00/lb  Gimger...... .. ... ...$ 46 - . .88/Ib
1-CaTV X€e o eeeeeeenn =5Q-  975/1p  ginger Sil- L. L L.... $ 24.00 - 40.00/1%
Czsczracagrada... ... .. $ 1. 00/1b Cims=er oleorasim........$ - 22.00/1b
Cessia.. ..., C .67 - 80/1%  irzcezruis oil. L. ... $1.15 - 2.00/1b
Cestor oil T LUh - -68/1% Guaizcol.. ..o ... $ - 2060715
Cestorpozace. . .. ... .. $ - 135.50/ten Guziacwozdceil ... ... .. $ - 2.60/1b
Czzezhol. .. $ 2,96 - T.48/kile CTusz ozus......lla....L. $ .79 - 1.274/1%
Cedarleaf oil.-: - - -~ T 1.90 - 2.10/Ib  feliotropim.........- s 825 - 9.00/1b
Cedarwsodcei | ... ... . ..$2.35 - 3.00/1b  memlock oil. ..* .*.*. *§ - 2.00/1%
Czleryseed. . ... v $ .46 - A7 /1b Eenbzne leaves...*.*. ...§¢ - .55/1»
Celezy seed Sil. | ,.829.50 - 45.35/1b  Incsitol................$ - 24,00/kilo
C';-_a::—_ile flowcrs. ... ... $ 3.35 - 4,94/13 Inezac root . . . . .. LS - L0.00/1b
- 370. 90/b  joj0ka0il. ... ... ... $ 90.00 -100.00/gal
- 11.00/1b Junipaer kerzy oil....... § 55.00 - 65.00/1b
C'=r" kernel oi*.*. . ... $ 1.00 - 1:40/1%  XoravaSu3+............. $ 1.75 -2.00/1:
Cinpazon.....% .. ........ $ .50 - 1.35/1b Kolanuts........¢...... $ .60 - ,6571b
Cinzacon bark eil. . . .. .. $240.00 - 250.00/kile Lazrellezves...........§ .52 -  .8A/1v:
Cinnszon_leaf o, .. ...s 2.90 - 3.00/1%  Lavandinceil ........... $  s.25 - 7.50/1b
Cirrzl, Natural........ v 6.25/1b Lavender flowers........ $ .65 - .715/1b
Citrcmella oil, Ceylon..§ 2.20 - 2.60/Ib  lavender flower oij-++r-g5 11,75 - 15.45/1b
C::r'~"=llaoll,qava ..... & 3.45 4£.75/1% Lemsn oil, Argentina....$ 6.50 - 7.00/15
Cizrozzlla oil, Chirza S - R,75/1% Lezongrass oil. .. ... ... ¢ 8.15/%ilo
Citre ﬁe"la-...... $ 4£.00 - .6.20/1b Licorice zo0t. .. virven s ¢ ® 40 _ .95/1hb

SOURCE: Chemical Marketing Reporter, 1992.
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language on the computer facilities of the Washington
Computer Center.)

First, locations for which date palm has been reported
were retrieved and their climate parameters analyzed.
The result is the range of climates which would be
searched for; only 13 locations report date palm at pres-
ent and the application of statistical methods is only sug-
gestive of the palm’s ecological tolerances and not de-
finitive.

The arithmetic means of several climatic parameters
for our small sample of stations suggest that ecological
optima for date palm are approximately: average annual
precipitation ca. 1,000 mm, average annual temperature
ca. 23 “C. Seasonality of the infrared optimal climate is
not apparent from arithmetic means, but the minimum
values for monthly rainfall and temperature suggest a sus-
tained warm summer (temperature 21°C or higher for
each month) and a coldest month with an average
temperature not less than 8°C. Precipitation peaks in the
spring and autumn and a driest-month average precipita-
tion of 4 mm suggests that a dry period is required, and
appears to coincide with the temperature minima.

To select candidate climates from our climate file
which contains data for more than 18,000 meteorological
stations around the world, several assumptions were
made based on the information above. This illustrates
how AEGIS can be used to approximate the potential
range of a given crop based on some knowledge of the
crop and within the limits of reliability of the data from
the file containing known distributions. First, stations
were selected that had an average June temperature fig-
ure in excess of 20 “C, a January temperature figure not
less than 8°C, a July precipitation figure not less than 6
mm, and a continentality (Conrad’s index) between —8
and 31 mm (the range found for those stations reporting
date palm), This yielded 862 stations, many in Latin
America. As some of these were found to be character-
ized by sustained rainfall throughout the year, additional
constraints were added to improve the seasonality match:
either the February or July precipitation was not to ex-
ceed 10 mm (for Southern and Northern Hemispheres,
respectively), and the annual average precipitation was
not to exceed 1,500 mm. (The minimum reported for date
palm was 140 mm.) This generated a printout of 125 sta-
tions, including the following in Latin America:

Brazil: Araquai. Ecuador: Milagro, San Cristobal, Por-
toviejo. Guatemala: Amatitlan, Castaneda, Guatemala
City. Honduras: Comayagua, Tegucigalpa. Mexico:
Abasolo, Acaponeta, Ahome, Alcozauca, El Burro,
Calaya, Carbo, Carrillo, Cerritos, Chiautla, Cintalapa, Col-
ima, Comonfort, Concordia, Coguimatlan, Cuautla, Cuer-
navaca, Dolores Hidalgo, Ejutla, La Esperanza, Etla, Flor
de Jimulco, Gongorron, Guayamas, Huajuapan, Ixmiquil-
pan, Jonacatepec, Lagos, Lerdo, Manual Doblado, Mez-
cala Isla, Miahuatlan, Monte Puerta, Moroleon, Moto-
zintla, Nazas, Piaxtla, La Providencia, Puente de Ixtla,
Rioverde, El Rodeo, San Bias, S. J. de Guadelupe, San
Marcos, San Carlode de Yautepec, San Miguel Allende,
Santiago Vane, Sierra Mojada, Tamazula Giordano, Tax-
co, Tehuacan, Tlacolula, Toliman, Topolo Bampo, Tuxt-

la Gutierrez, Union de Tula, Ures, Zimapan, Zinapecu-
aro, Ameca, Guadalajara, Leon, Oaxaca, Penjamo, Sal-
vatierra, Zamora. Venezuela: Barquisimeto, Guigue,
Valencia.

If more time were available for this quest, the selec-
tion process could be refined by entry of more data on
the actual occurrence of date palms correlated with
weather stations, and particularly on the yield of the
palms at such places. At present AEGIS has no yield data
at all on date palms, though published reports surely ex-
ist. Such data would help decide whether the palms
would do well, rather than merely survive, at the stations
indicated above. Other refinements, such as better atten-
tion to the reversal of seasonality in the southern hemi-
sphere, could improve this kind of approximating retriev-
al and, in the present case, probably increase the listing
for Brazil.

Appendix Il
Rating American Localities
Suitable for Date Palm

by James Alan Duke

Rather tardily, | am responding to a request to identi-
fy localities in Latin America best adapted to the date
palm.1am passing on some of the data to demonstrate
methodology (with a copy to OTA, which requested that
| prepare a paper on applications and uniqueness of our
data base here in EBL).

First the caveats! | have intentionally devoted less than
4 hours to this question. | have asked Dr. A.A. Atchley
of this lab to devote a similar amount of time but to use
his own devices. | hope that some of our conclusions will
be the same! One should devote 4 months, not 4 hours,
to a feasibility study such as this. What we will both send
you are approaches at climatic analogues, very crude
ones at that,

Once analogous climatic stations are uncovered, soils,
availability of water for irrigation, peculiar atmospheric
conditions (such as the fogs in the Chilean-Peruvian des-
ert), and many other factors must be assessed as well.

Here is a thumbnail sketch of some of the date palm’s
peculiar ecological “whims”:

It is very tolerant of alkali soils and can grow in soils con-
taining 3 to 4 percent white alkali, but to bear well, the
palm’s roots must be in a stratum with less than 1 percent
of akai sits.

Grown ideally where the permanent water table is within
9 to 16 of the soil surface. At least 8 to 9 acre feet of ir-
rigation water per year is necessary for good production
on bearing pams.

Daytime temperatures of 50° C are tolerated. For proper
ripening of fruit, the mean temperature between the period
of flowering and ripening should be above 21.20 C rising
to 26,70 C for at least a month.

Finest date varieties require 3,300 units of heat, a unit be-
ing defined as a degree above a daily mean of 64.40 F be-
tween the flowering, fruit development, and ripening peri-
ods.
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Israelis blame some of their problems on inability to
control flowering time (it takes 6 months for fruits to
ripen). There can be some control by withholding irriga-
tion during fall and winter. There must be no rain dur-
ing flowering time. An average temperature of 30° C is
good for proper ripening. Winter temperatures below
-80 C (ca 170 I_:I) are harmful. )

Any good soil that is not too heavy will do. In clean
soil, a little hard water is acceptable; but a combination
of alkaline soil and salty water is too much. Dates do well
even where there is a crust of salt on the soil surface.
If, in the top 2 to 2.5 m, there is a 30 cm layer or strata
with 1 percent alkalinity, the date roots will “find” the
strata and flare out there.

Indio, Calif., has long been a center for study of Amer-
ican plant introductions of the date palms. The Indio sta-
tion is rumored to be in jeopardy, considered by some
as excess government property, at least in part. Jim Car-
penter (714-347-3414) should be consulted. He is one of
America’s leading experts on date palms. He could prob-
ably point out flaws in this 4-hour document. However,
we are proud of our ability to identify rough climate
analogues, once the specialists tell us what is required.

The following places are reported to produce good date

palms:
ECOSYSTEMATIC ECOSYSTEMATIC

Place Code Place Code
Aswan, Egypt .. ....... 0026  Yuma, Ariz............ 0122
Fayum, Egypt . . .. ... 0021 Beer Sheba, Israel ...,.... 0219
Ciza, Egypt........... 0020 Bagdad, Irag. . .......... 0123
Thermal, Calif. . . .. .... 0123 Basra lraq.,,.......... 0224
Mecca, Cdif. ., ..., ... 0121 Alexandria, Egypt........ 0220
Indio, Cdlif. .. ........ 0123 Tempe Ariz............. 0220

The first two digits of the ecosystematic code corre-
spond to annual precipitation rounded off to the nearest
decimeter. The second two digits correspond to annual
mean temperature rounded off to the nearest °C. Month-
ly totals should also be consulted in a more refined
feasibility study,

One can then look for comparable examples in a Table
of Ecosystematic Values for Mexico and see that Baja,
California, has several localities with identical ecosys-
tematic codes to those for some of the better date pro-
ducing localities-e.g., Comondu is analogous to Bagdad
and Indio, Magdalena to Yuma, etc. Based on annual cli-

matic averages alone, one might consider Comondu or
any other place in Latin America with a ecosystematic
code of 0123 to be a possible target for date palm cultiva-
tion. Several places in Peru (e.g., El Alto, Bededero,
Campo de Marte, Cayalti, Talera, Truijillo, Zorritos, etc.)
have ecosystematic codes similar to some of those listed
above and could be investigated as date palm targets,

This is just a superficial sketch. While | would bet on
the Baja, California, stations, | would be leary of fog in
Peru (unless hand pollination were guaranteed) and in
all cases | would question the availability of irrigation
water equivalent to 2,300 mm/year.
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