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. \{hen the Internarionat Board for plan! c€tre.ic Resou¡ces (rBpCR) decíded itsprio¡ities for action on cropE, it ¡ras ag¡eed rhar further study $as required for
::r::1,I::: I i.:::l:, in.re76, :he TspGR co¡¡dissíoned Ú," náy"i rioii""r rn"tit"t"
::^:l:,.:::::1-"". (Rrr) Lo produce a consutcor,s reporr on vegetaute eeh¡prasm !,-i Ehro those srown in rhe tropics. The repo¡t l.rcrr,rrrCñ7t7,,zr¡ 

"u"published in 197;, rt included u ""*ury "i in¡ornation' avai i ar i" Á-e"""ti. uro"io"and the prioriry !éqúirenelts for colleccion and conservation "¡ e.irpi*,,
i,hen the IBPGR discussed the reporr, it conehded rha¿ nore infornation vaslequi¡ed; ther.eafter a! expert eonsurtation was convetre¡r 2,, _ ii ja"ái 1e79 at theNational veeetable Resea¡ch Starion (N1rRS), wellesboüme, u.<. ¡! irri"'r"".:"g C".AGPE:18?cR/79l3), rropical leal veeetable ;Daranth,." ó-p.""¿ l"-r-ii""t prloiityveeetabLe because of its ecano¡lic ir¡porrance, the high;ur;i¡ional vatue ad rheloa presenr r.vel of Lnosledse, fte risk of overalt ienetic ",."i." i; amaránths wssconsrdered :¡ be ]üN, since only a s¡0a11 Durüer of corüúercial culiiwars had beendeveloped,. The IAPGR agreed in principle ¡rith rhese considerations and requested theRo:.'al T¡opical Institure (RTI) ro fcmllare a globat plan of actioa reporr for leafyana¡anchs táki¡t: into accou:l!:

the conpilarioIl of dára on ealanth gerúp1asm;
thé- r:ve¡jng of an ád hoc reeEing durine rbe Secon.l Aúalanrh Conference hetd:n !eDEeúrre¡ -t9l9 ac KurzEoE:r. usAl
possii,r! collaboration for collecrion and conservation I'irh rhe Narionalllorticúltural Resea!.h rnsrii:u¿e (NTHORT) in rbadan, Nigeria ."a i""iirr.¡""in lDdia (Narional Blreau of ?lant cenetic Resourcei, ¡¡á, o"rri,"J i".ir
Nadu Unive¡siry, Coi¡rbato¡e) ;

and fin¿rly to presenr a iepor:r to the IBpCR which shoul.t embody lhe proposed globalplan of acrion. Dr. c.J.tt. crubben, senio¡ agronoDist .t .r," iri, 
"1" .nurg"á "itr,lhis assismenr.

(i)
(ir )

(iii)

- A repo¡¿ ai Ehe ad hoc meecing on analan¿h geneiic ¡esoúrces, convened:econd A¡alan¡h Confererce, 13 and t4 Seprer0ber 1979 aL Kürzrom, USA, vasthe IePGR (AGP:IBpcR/79/62) ard inporranr párrs have been includ;d iú-this

duri¡g the

- .D'. .,..Denlor o; \tpoRl parriripa.ed in Lne meeLi"g on arar¿nLt gernptasm ano
Pro\rJed rr¡ofl.ácion o. che lJigerian 8.rDp1asm cottecEio¡ an¿ conservation programe.
NrIioRT agreed ro ccoperare in an internarional nervark fo¡ the genetic resou¡ces of

nre National Bure¿u of plan¡ een€Eic Resources (NBpcR, New De1hi, India) ard theTanil Nadu Univérsity (coiftba¡ore, rndia), we¡e visited dú;ine 
"o".,iá, 

iseo u"¿ .sumary of rhe discussions is inco¡porated in ¡his repolt.
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1. SU}'MARY AXD CONCLUSIONS

The SecoDd AEaranth Confere¡cé oas orgaíized by Rodale ?ress co., ¡¡¡¡naus, p¿., USA,
,13-14 septeróer 1e79, at thé orgaDic carde;ins 

""¿ 
í,J,e-n"".,_"i-ólnter toe¡nc),

fllÍ,"ff:^-il".l.l1on particip€nr' rrob the üÉa, *,"," ,"i. ;;;;;il;; rron r,lexico,re¡u) I\rger1a, bveden and a reDresentarive ot the IBpcR, An ad hoc meetine vas con;neadt¡rins the conrerence ¡o discuss internatiorcl "".p"'.ri.. i.i"""":" .r'iI."." ", collections
:19 .h: ::"'" of anaranrh gerqLasm. Most of the concrusio¡r* ."i'-,"I.i*"¿r.¡.""" 

"¡Luls neerrng üere lncoroofared :nLo the dr¿fL olan ot actio¡ reporE of rhe RTt. Thefinal conc-l-wions of rhe report !¡ere endorsed ¡y .r," r¡pér-..-ilJ'".i!".n fl"".r,l, i"Roñe, 4-7 Íarch 1980. rhe najo¡ conclusions ar; ourlined ¡"r""i- -- -"

(l) IL was decided to creac rhe srain and vesetabLe
of sEUd/ and ro include r\e;6nus c,lo;r;-i--n evde"criptio¡ of any saBple wil derernine rne us;
vegetáble, srain, o¡ both.

The oc¡Rc-has builr up ¿ wlde workiñs collecrion of anaranths (ca. ó50 ac-ce"sions in t980). rhe coltecrioñ i¡ @l r-minrained 
""á i"eLi**..-Duplicares are deposired fo¡ Lons-tern conse¡varion i" .¡" ¡á.io""i i..oStorase Labo¡arory, Forr co11ins, colorado, USA. rn ád.lirion lr," i".."aAMranrh conference recosnized other idportant collections "t ",..."i¡" r"India, Niee¡ia and raiÍan.

High_priority should be siwen to collecrins nissions in rndia, Nepa1,Bansladesh and Afxica. elso matefil reédá ro be collected i" ¡r.ii¡'¡r."i.",central.Arerica (eúarecla), rhe Atrdes, sourheasr Asia <".e, r;"ii;;d;"dIndonesia - in pa¡ricular rrian Jaya) and china.

evaluated aÍd loainrained in rhe

aDaranths aE a single subject
action p1an, Adequáte
of the saflple üíerher for a

(4)

(3)

(2)

Amaranth ge¡nplasn should be srored.
fou¡ ce¡t¡es: follosing

(i) The National Seed S¿oreFe

-global netrüork. For evaluation of Ehis collecEion, ..""iri-irr"tit"t." t"rhe USA rqi11 cooperate. rhe sassested procedures io ¡. ioir.""¿ 
"i.r,rega¡d ro rhe g1oba1 base coLlection ol aroa¡anrh are ourLineit it\ pata j.Z,

(ii) The Nat otral Bu¡eau of p1¿

na.eiia1, as soon as long-rerm s¿oraee faciliries are functlonat;
(iii) Tbe Narional tro¡¿iculrurál

nate¡ia1, as soon as lons-tern storase faciliries .* ."riiá¡-r";
tt') 

*., 
".rru¡naterial, as soon as lons-tern srorase facilities aie availabte.

(5) A provisional lisr of .tescriprors had been prepared by Dr. S,K. Jaín, Agrononyand Range Scien€ Deparrnenr, University o¡'C"1ito_"ta, uSe, 
"po"-.r,. ,"qu*.of rhe TBpcR. rhe au¡hors of thiE repoit have revised'and ii"lii,"a tri"desciptor tist in consultarion vit¡ irr. Jain. rhe ";;;r;-;;-;;. N.R. Bhasár

319 "l: 
*:. 

""9"I. 
*ghideen are axearly áppreciared 

""¿ ¡,,. i."" io"..p...."0
¡ nro cne I rnal I j sr (Appendix I).
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(6) A taxononúc key for lhe identification of culti.veted glain and vegetsble
;liliil'61'Ii'aqc,s ¿nd Celaa¿a has been published in lhe PtoceedinSs of the
Second AnÁranth Conie¡énce. PerÍris8ion has been granted to include this key
(Appendix II) in thie !epo!t. It is lecomoended for use in ordet to clerify
cu!!ent confusion,

Figuae 1. Raised bed ner-]1od of cu1livation of veAetable
@
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2. iJOIi']i'1IC A:\D NUTRITIONAI IIÍPORTANCE

Table 1.

Non-1eafy vegetables: Toral

?u¡lpkiD, eggpLanr, etc.

Leafyveser¿bles: Torát

Atatanthus cruenttus

CeLoe'i.a .r"gente.t

Corchorus alít aríu6
v.,rnania anvgdati.m
S olcnlt-r aethi.apícun
Basell,a, Ialinr.tn, co!.pea, erc.

z

64.9

24.8

\4.I
13.3

10.3

2.4

56.9

18.8

15.4

10.8

6.8

100

38

22

20

t6

100

33

27

19

I2
5

1/ Source: verneulen H. 1974. Lá comerciatisarion des l6gunes aú Daho@y. RoyalTropical Instirute, Amste¡dan.

CONSL'¡1PTION IE¡/ELS

2,1 Vegerable anaranth

Atnranthus is one of the nái¡ sDecies of rhe laree and ralonoDically diverse groupof tropieal leaf veaetables. rn rh; rBpcR report "riopicar v.g"iJi""-."¿ their ceneticResources" the daily inráke of teafy veserabl;s p", neaa, laset 
"" á.i. ,.., nurritionalesrlnared as 5 g for Larin Anerica, 15 g toi sourheast .lsia ana 2r g tor

CeLosial aryentea r,, is another species of the Anaranrhaceae $hieh is as inpor¿anras AnatantkB sp. in Ce¡r¡a1 ánd {esr Africa. Ir is extrenely popurar in Nige;ia whereir is knot^'n ¿s sokoyoloto. crovrh habiE, curtivation p;;;;i;á":-:;;-;h" diseases andlesrs áre wery siniLar ro xhase at A,.na.anthu'. As a resutr, ap7ós.a sp. shoutd becoLlected and described togerhe¡ víLh A,nat(Lntrus sp. The sane lisr of descripto¡s naybe used as far as p¡acricable.

since leafv vegetables are nostlv ¡ecorded in p¡oducrion statisrics and trurri¿ionalsurveys si¿hour any furrher disrinction, and since the vegerables are nainly groü¡ as anorcom*cial crop for hone consunpeion, 1itr1e det¿iLed infornation can be obtaineii.sóm- oárá abour the márkeL producLion oI teafy leAerablps for Lhe ciLy porLo_Novo:n
¡enii (80,000 i¡¡abirants) illustrati¡s the populáritv ar A',ü.anttu; '^na c.n"¿o ¡,, w""tAf¡ica a¡e preseoted in Table t.
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Au¿ranths sre excell€nt vegetables fo! the fol1oüíng reasonB:

(i) they aÍe very Eas! glolting croPs itith an extr€nely high yi€ld Poténti¿l; in hot
c1i;ates the'yie1d;f reavee ¡'lv ar¡ount to 30 tons of ftesh nálter ot 4'5 tons
of dry Batte1' pel ha in 4 weeks from direct sosíngi

(ii) analeÍths sre less susceptible to 6oi1-borne diseáses than ¡rost othel vegetebles,
they ale rnoreover easy-ao-cultívale and appropliate to both hor¡egaldening and

connercial cultivátion;

(iii) they ate suitable for crop rotation f{ith anv othé! vegetable crop;

(iv) to coÍ¡pensate for the high minerál úPtale, r'hlch is inhe¡ent-to s high vield' ' 
and a iood nuttitíonal cómposítion, ána¡anths react favourable.to fertilizets
and to-o¡ganic $Ánure; !h;v PerfotE l¡e1L oÍ land ferrilized n'ith fresh o! psrtlv
decoEposed to¡rn refuse.

Inf lorescence of s okoyokoto (C ela s¿a qrg eq4g)Fisure 2.
I-ir wesa África
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Because of 10!¡ lroduc¡ion cosrs _aÍd hish yie1d, amaránrh is one of rhe cheapesrdark-sreetr leary wepeiables in r.".ical.na;reis ."á r" .iiá";";;;.; ." a poor Gn,sliil.llll:--1; nuLrtionar.%rue .r.tr,i" .r,."p ;;;;;""i;'*;;ii;;i1"0"""*" .r r,"mrcro_rur rieflrs. AMranLh leaves ¿re a Aood source oIcarotene (or Lse aqainsE xeroDhchsrni¿), of iron rof *" 
"s"i".t ";;;;"), of catcium,vica'in c, roric acid and othlr nricro_nár,i";i". r, 

" 
i;-";:;. i"'ri""'ll ,.*., . 

"",.,1_bution ¿o che dieE vhen pr:orein inrake is ú¿rsina1. rnr! i" iir""rr.il¿ in rables 2aand 2b.

Ar¡aranlh leaves have nitra¿e and oxalaEe Levers sinilar to o¿her sreer teaf veg-etables (spinach, spinach beer ard Baseltar. ea,*"" ""..i.i"".i-Ji¡!""" ,r" "o. .o ¡"feared wirh a consr:nption of 100 ro 200 grames per day.

Table 2a. ContenL of essenLiat nürr.ie¡ts per 100 grames of eaibte orooucr of
producrion in Ks/ra, based op 8ó ron!1ha or=Aiñe pñ¿ucL-ter vear

content Kg/ha Content Kgliia

6,5 E 52AO

0.5 ng 0.4
0.6 úg 0.5

10r€8
26 úE 2\
1.0 s 800

4,9 g 3920

0.5 r,s 0.4
13 ne 10

16 Ds 13

0.8 e 640

16.0 g 12800

5.7 o'e 4.6
8.9 re 1-L

410 ng 330

64 ng 51

4.6 e 3680

Table 2b. ot consuqers vhose nurrienr requi¡enerts conr¡ibuted
vege¡abLg part of rhe dier nay be satTJFied-wiih ore
hectáre ol leseL¿ple cropo:¡¿ dulr18 oae yea-

FAo/h'ro 2/ Nuróe¡ of consuoers/

pe¡ day pe¡ year tonato cucuróer anáran¡h

1,5 ns 0.5 g

9 rg 3.3g
500 ng 183 a

30 ¡ng 11.0 s
31 z 13.5 kg

0.5 g

1.1 c

61" 0 g

11.0 A

2.7 kE

800 100 9200

290 240 4180

130 160 5410

1910 1180 4640

300 240 1360

1/ FAO 1968. Food

2/ Refererce nan 65

conposition Table

kg.

for Use in Africa.
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2.2

11re seed of Arnardrltlrus sp. vas once an i¡portant lood for the inhabitants of the
A¡¡elicas in pre_coloobian tines. since then, it has declined to the state of a úinor
c¡op. Receniry thé high nütritional value of the seed has been recoenized, and lhis has

led lo a rerereil in¡erest in grain anaranths (a1so ca11ed cereal anaranrhs) in the USA'

Mexico and elseithexe in ceotral and Sou¿h Anerica, Grain arnalanth is also a ninÓr crop
of increasins inportance :n Asia, esPeciallv in Nepal and in rcuntainous areas of No¡th
and South In¡ia, Pale-seeded types of several knú'anthus species are cultivaled in
miled croppines fo¡ che ha est of the seed, irhile voung Plants of the sane rvpe are
used as a leafy veAetable.

The largest const¡ain! in handring ¿úaranths is the súá1] size of the seed: the 1000-
seed weisht Is only about 0.6 sra¡Eles (¡anee 0.3-1.0). In rhe hill ateas of Soúth India,
grain amaranth is 1ike1y to gain ir Popula¡itv, since lhe fa¡úers are úsed ro soa1l

irains, tneir.ai"..'".r cróps arr being sú¿11-sized ce¡ea1s e'e' PdspaLu"n' Setaria'
l¿n¡:¡¡¡n ao¿, Eleusine. aoÍsrÉrci-ar cultiv¿tiofl in nonocul!úre fiel¿s i¡¡ soútheast Asia
and Lalin Anerica wirl increase if the crop will give a higher plofi¡ than the
t¡adition¿L cereals.

In nonocú1tu¡e, Srain amranth @y prodúce 2-3 tons of seed pei hectare in ¿

cropping pe¡iod of 3-4 non¡hs The ove¡411 conEent of nútrients (carories, proteins,

'lturi"i,-.i"...r"1 
in aúaranth seed is within the hish ¡ange of these nuttients in

ce¡ea1s such as vhear. The protein conterit is 15-16 Percent, Ihe speciá1 vá1ue of
SraiÉ ana¡anth, apar. f¡on the good báking and orgaüole?ric qualitv' is the favourable
ánino-acid.orpo"ition. The lysine leve1 scores hish (5.0 percent) and so do súllhur-
containing anino-aci¿s (4'4 Percent). Leücine is the Limirlns aniro-acidi the protein
score of ánatanth seed is 67. Aúa¡a¡th p¡oteins coD?le¡¡ent orher cereals in lvsine
content, !'hi1e these ce¡eals conpLe@nt anaranth in leucíne. A conbination of ana¡anih
seed ¡ri¿h other srains gives an excellent protein.
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3.

3.1

CULTIVATION ?RACTICES

Typical vegetáble amaranrhs e.g. A. t!¿calar atd A, dubius are charactelized by ásuccurenr spinach-1ike nacu¡e: vóung planrs háve short rende, sr;ns 
"n¿ 

¡ro"¿ ru"rr."uírh a hish moisrure contenr. n" Lir.*""""*" .,; ,;i;;t;";;-:;,"ii. u"o u. i" .¡"seed.production (200-s00 kslha). A- btitun and some orher "..Jr "0".1;" "u"h *.cultivated as leafy veserabtes and a¡e populat i" r"ai., ¡"," ;;";i-i;;"." and a srlonsbranchine habi¡. The habir of Ce1,osia árgentea i" ""ry'"i,ir". ."-¿,'á*¿"".
Typical s¡ain ana¡anrhs e.g, A, hApacharntu¿acus, A. ct-¿entus anA A. ceudat Lts atemore stu¡dy plants wirh e¡ecr habit, ae1l developed nrain srems and tarse rernínalinflorescences. rhe Leaf/sten ¡a¿io is eene¡¿t1i ",urr". r¡u, i.. ".sá."11. .yp.",the d¡y matter conrent i6 hishe¡ and rhe seed production "t r".". ti"i ti*" as^r,i!l(2000-3c00 kg/ha). Tvpicar s¡ain lvpes are p"re o' vhite seeded, ;rr;oush bráckseededtypes.do occur. yoúng pLants of all rhese g¡ain types... o""¿ á" a leary vegetable.I¡ slite of its sr¿in habir, A. cl,uentL,; is-popular'as . *g.i"oi" á*....r.r. il e¡.i"..crain anaranrhs are nor culrivated in c¡is conri¡enr, "-".pi p..¡¿iy-".," cultiwarionof A. caud¿ius in Erhiopia and come cutrivarioa óf r., c"uentu; ana t. hlpochartui,acusb! Ina:¿r lmíErdnr" in E¿sr Afri. ¿.

 _l&werins pLárr óf an
or A¡anc:iE1fii tú-al6l

¡igu¡e 3.
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3,2 Cultivation of vegeleble áñáranth

The ñÁin culLivation netho¿ts óf vegetable aharsnchs are:

(1) direct sóring, in ¡ovs:
(i) one sinele harvest by up¡ooting or cuttins at sround level;

(ii) 2-4 successive harveÉre by cutting (raroonins).

(2) direct sowins, broa¿cast:
(i) one sinele harvest by up¡ootLng o¡ cutting at ground leveL;

(ii) 2-3 successive harvests by selective uprooting;
(iii) 2-8 ha¡vests by ¡epeated cuttings (the first harvest being thinning

out by uprooting),

(3) t¡anspla¡1ting:
(i) one sinsle harvest by upiooting o¡ cutting at s¡ound level (PLanting

'^'ith a narrow spacing of 10 x 10 c¡r);

(ii) 2-j harvests by releated cuttinss (vide sp¿cing of 20 x 20 cm)'

The advaútages of t!ánsplanting over direct sowing are the sfrall anoúnt of Beed

¡eqúired, the sho¡t occu!átion of the vhole fie1d, a very úniforn croP and no compe-
tition fron weeds. Nonetheless t¡anspla¡ring is less Practised th¿n direct 6oqi¡g since
it is very labo¡ious.

'.8.r -. ReB!o"Lq or añ ¿náranEh plor rAnaf¿-l h,s '/%e..¿^s) aftér cucLiñg
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0n fertí1e soi.l, virh sufficienr !'arer and a high lighr intensity, the firsr harveErof yo'rng plants.r¡á.y be carried out 3 weeks af-er tránsptánting o! f.;; veek6 afrer so'ins.
A yleld ot 2 kg/ü4 vtth a leaf/sren ratio of I to 1.3 is considered reason¿ble. If the -
harvest is deláyed one-r$o weeks, rhe yield iril1 be hisher and lhe ploducr less reúer.l,ater harvesting is plactiEed in India and Bangtadesh ií order to obtain a larger pro_portion of steros. These are uÉed for cuuy.

Anaranth is a hot-season vegetable in the sub-r.opical zones and ir is eutrivared
throughoot the year i¡ the tropics. Since no serious soil-borne diseases are knotr'ñ, no
crop rotalion is necessary. continuous crop¡ing of amaranth nay give up ro 12 harvesrs/
year, yielding 300 tons of greenÉ/ha.

3.3 cultivation of s¡ain amaraflr!

Crain ana¡anth is mosrly culrivared as a eecondary crop in r0ixed croppiags nith maize,
solghuE, !!i1let, cástor, hyacinth bean, eggplanr, hor peppers or orher food c?ops. Iris repoited fron Mexicó ae a nnin crop \rith pulses ot cucurbits as secondary c¡op€, The
most popula¡ conbination is naize-amaranlh. In úost areas, farners spread the seed in
betveen the olhe¡ crop and spa¡e rhe desired nuróe¡ of plants duling rhe first veeding,
In other a¡eas, s¡ra11 ?1af,ts are p¡ieked our berveen the food cro?.

¡4¡. I,1, Kade¡ Móhideeñ ¡esearcher at Taoil Nadu A

,I
¡isu¡e 5.

ng sith hyacinrh bean
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only 1-2 kg of seed/ha is required for a pure crop, sivins a grain yield of abour
1.5 tons (naxiúud 3 !ons). Rodale organic cárdening and Faming Research Cente¡ ifl USA
is workine out inproved cultiwation pracrices for nechanized cultivarion in rhe USA.
Bigh density pLantins, of 60,000 to 120,000 plants/há , sives the adwanrage of a lao¡e
uniforn ripenine of all inllo¡escences because of the supp¡ession of larerat shoors.
With a dense planting, the plant habit is short and lodging and seed shat¡erina occu¡s
less, Both nechanized soving in 1lne, and hand or úechani¿ed planring a¡e possible (see
the ¡ecent publica¡ions neniioaed in Appendix Mor Dore derailed ins¿ructions, es-
pecially Rodale Research Report 80-1 of April 1980. This report describes also rhe
mechanized hatvesting, rhreshing and eleaning of the seed.)

3.4 Pests a¡d diseases

The nain diseases and pests of vegelable and grain anaranths a!e:

(1) PA thíuÍt aphanidelmat n (Ed.) Éirzp. c¿úsins depins-off. Soúe lypes/species
are more suscePti¡1e lhan oEhe¡s.

(2)

(3)

(6)

(7)

Chodnt phtta cucurbitanñ (Berk. et Lav.) Tháxter causing wet-rot. The nost
t¡oubLesore disease of ánara¡th in Africa. Sore cúLtivars shoe partial
¡esistance. A. c? entus is no¡é susceptlble than othe! species.

Albugo blítí (Biv.) Kuntze causing whlte rust is a serious disease in Soulheast
Asia- A. tricolot especially is very súsceptible.

(4\ HAnenía recuroalis F. and other caterli]1a¡s are serious pests of ana¡anths.
Differences in susceptibility áre ¡ot know, CoMerelal groFers use pesticides
fo¡ cont¡ol.

(5) Lit:us tr.uncatulus F. á steúóoler, is a troublesone pest in Af¡ica and Asia tor
veeetable c¡ols ha¡vested by re?eated cúttings ánd for g¡ain anaranrh.

CLetus sp.,kpdúia sp. añd ,!¡g¡rs L¿neaLalus danage to the Leáves.
fley are serious pests for grain aMranths causing abortion of the seed. So@
tyles, notably lhe African A. ctüentus shoF partiá1 resistance,

MeLoidagAne íncognita Chítñood- Root-knot nenatodes are a serious pesr of
Celosid, bnt rcst At aldnt\ü.t$ species are not or only stightly affected.
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q:Nl¡$ 9r-qI9tI_3IS_!l 3ql.:r
The o¡igin of rhe várious soecies of culrivared ana¡anths is nor easy ro rrace

:".:j::,.::: :llo,*:.:::::" ar..panüopical 
""",op.ritu" ,"iá".'a,,ii.i,íw" 

"pt_""",:. ;ii:;ii:" "1\" i. 1i_"_.,-::,:1'l ¡ypical t¡opical rypes, a. yet"oflesus, t. ¡:ir'¿dte" 
.

ano a. 4?de.¿?aÍs ere no¡e tenDe¡ate hór_season veeds. probably all rheg¡ain anaranrhs originared fron Centrat aná South Anerica, ,rr..""" tfr.'rui" ,r"g..utf"ttpe, 
-a. 

ti.ícaLar, orieinated sonevhere in sourh o¡ sourháasf ¡"i..-'il"* rhenr severalseconda¡y cenrres or dive¡siry havé developed in the nain p,.d;;;i"" ii""". ,""y,ira¿úáranchs, ofrén knom as pis{eed, a." corr..te¿ ior use ;s p.;;;;;;;o are soneridescuLtivared lsee ¡iA. 6).

-b

¡igure 6. Centrés of dive¡sity of anaraoths lA¡\d".rnttrus and. CeLóEí.t)

' ois r t,¿ve o-ígi.á"eo ; ildiá -, d h¿ve . pr^dd .o naiBnboLr,nC,o!11-ies ór lr-d-r". BL,dh:sL monis énd I,o. -. ivJ"F.-. LurLi\ars .ror 1oon"c:¿rook sinilar ro rhose or re¡nore areas ia rndia. rhe r;;;"";i;;;" ii, "*.."","bayan', could be de¡ived rron ',r-h"ii,,, ,¡r.i, ."""""e,""""--i;;;";;"::.. Also sourhchina could be rhe orisin. parric¿1¿r culrivars wi;h r_g "r""á.i i.."." _ ,ir._."ripec rea.." o..ur :n ¡.ára\.i¿. _":s.n, ,¡do_,hi¡;. ;;-; i..r-),..';;:.,ern .hioa.
/. "o 5 .ho!" ai\e -irr :a c.a -ál Aiefi.¿ ,dhere i- . ig,. b5,. ..i8i*,-01, i.Indonesia, India and ro a rimite¿ exrent in Af¡iLa. ¡. Jir¿¿r" "".*'i. háve bden apo?ula¡ veserable in sourhern and central Eu¡opé, rr is relate.i ,á-Á,' tL¿t . .t i"¡
:.:J:i':.::"::1.:l+1 i1,.1!t... rhe Af¡ican rear'vegetabie i:-;;;;";;""i. a s¡a1n typewnrcn Fas p¡óbabry rnrioduced fron cenr¡al Anerica centu¡ies aso. Celosia-atge,ntLáis very popular in Niseriá; its órisin mishr have ¡"." r" in.-fii"¿""iál .."..., .r,.r"the senus C¿¿,rsia shors nuch diversicy.
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The nost iEportant grain species A. c1?uentus originates froú Cenrral America,
p¡obably fro¡ú Guatenala, nhe¡e lt is cultivated as a cereal and as a vegerable in the
lo$1ands. Ir has spread to South Ane¡ica, Éo Africa as a vegerable, and to South and
Southeást Asia as a grain crop - A. hApochoná.yiacus i-e a g¡ain aoara¡th frolo soúrh
Arerica (Argentina, Peru) which is now cúltiv¿ted in the ltinalayas and ltr South India,
A. ca:udatus has sonevhat differetrt ecolosical reqúireoeats, I! is a short-day plant
and nore adapted to cold conditions than the othe¡ species. It is cultivated in Nepal
to an altitude of 3000 n. I! oight have originated fron the high Atrdes and spread io
East Africa and the Himalayas as a erain a@ranth, Ornanent¿1 t}?es are popular in
teDperaEe and subtropical areas. fte Elndustani subcontinent has becone ao iroortanr
secondary centre of diversity fo! the grain aoaranths.
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5. G¡IilfpLAsM cotL¡cTIONS, BREIqING AID R¡SEAIiCH

There are p¡esentty rh¡ee fo.l
and ¡esearch. '--a1 points for arnaranrh ge¡¡op1ású collecrion, breeding

11) USA: Rod¿te orFanic car.\-.i.,"t-;;;" ¿:;;:;""il::;"lS;:,"::i'¿::,i;::,¡;;.:llii.:,f:.",.*,",.,,"
(2) rndia: Narional ¡urear of prént cenecic Resources, NeF Delhi and Taail NadúAgr_.ut rur¿I UniversiLy,

,r, 
H:::i:, 

National Horticultu¡al Resea¡ch rnsrirúte and orher institúrions at

5.r ll!4

.".,*i':'53i:"":fi::l':s"::Í.í':yi9 *s:a:ch 9.enre. (ocFRC) or Rodale press ar
rndians, in rérl.--irá;i;;;:.:i,**" ana¡anth, a ftadirional food of the Ane¡ican
Arur¿1.n confere-.e. ,":;;: i;i;l::"1: l;g::."3,"1;?;::::::Í:::".:,-:::"lli "
vegeEab-le types of ama¡anths were ¡t-rjn Aneri-ár 

"","..i":;;;."',""f""",.0 
th'ouso rriós ro Mexico, LUaLétura ¿na oLher

,ese¿r"n l¡. o"',.-o.o"i"',-t)i,'ii'i:,-f''":*i" sLudenrs were given grarr. ror

i:i:::";:a; ';';":".ü.";:;í":J";:ii:;::':l:;: iii.;15;i!t:l N';::i:.,;,:::" ,
Ihe Rodale coLlecríon comrise!

". r";;"; i; 
';Jíi":;, 

*'c"rea' Lvoes (rairr\ ¿' '10 ')'!'oc,s and
o. cor te¡Lion ..:n" o, .'..i"i.,:i"::'l . l.;,.: s¡aLes ¿nd i" c..L."i á,o souLh Arc¡jcd
!/. \áDh-n, "... :"i." 

"; i;i;;i:" or Lhe Rod.re -laran.r- prosr¿me ,",". ;"ñii;-
o- rhe Ie"r rvpé< o,re ."0 i, ill,ii."I 

Dr'.s'K I¿i') L arso incrudps dupli.aLes
,¡ 'n" ac.i".,.u"-t .l ",.ri, :i"*l " ¿r AvR¡c ' r'e A rican leat Lype" used by G-Lbben

i:i diy:,tue -;,;" si,"i"'.":"li;::""?::,l'::::;i:Hj;,:1.";:"i.::l;,1;::j:;;í.""
¡ouce a_Lhou.ne re-d rór jso,arioo ,.ave ¡.." *_t""'i.i i;;;;ü.,;;.

Breeding vork wirh rhis ¡ateriá
ear ¡ ma.utiry. DoLenL a.l, , 

'", 
,t" :'",'l: roJrow:ns.obje'r:ves: s10-r prá-L habiL.

se'a "na"cering *i ""ii^ "".'i..*""i:;";",";::""" 
ro in"ects. Lerdencv Lo dry do'"., no

.,.'.:,iT:;",.;,:"::::,';,3;:."i:". ár li"r-d in codar. ResearLh ReporL 80-2 Dv
.",r-¿ ,." "^.i*,:"""." L"1,,,?"y.i.uou acceq"ion". r'r" ¡¡osr prom:sine,2

qL¿nri íc" oí r¿ny o,ner .;"".;;;;.'::- 
-. rLrPIed.'or vider disrribuLio.. seed

cn.,ep ác ¿ p,¡;.; ":."i"1. '*";;. :': rTLed.. se-d sampré. ¿.e di.rriDU,eo rree of
-eq e"r ic rl'. " "0. i;i" ,"".,::;=;: 'Í no-¡¿'rv libireo to Le. 'a-rpres, u-ress rhe

;";':i,:": .i,:*;;:"'.'r ,i:";::il,::;"::fl:,;:::'::"';:"i,l"iil.'ll;, ;¡lei,j^i:.,.'
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"'"'"',r:-i:*ri*'-+:#+:lt-Hffi;*s41eJ#:ffi ñ**{'-1"

5"2 lndiá

In I dia, vhe¡e ¡oth grain and vegerable aaaranths a¡e of g¡e¿r ir,porrancer a 1a¡ge
aru¡¿nth collectior. has beef, garhe¡ed b] rhe Narioral lureau of pt¿r.r eenetic Resou¡cás(N3?CR). Tre collecrio¡ is kelr at rhe hitl staiion ar Simla ia No¡rhero India and atAkola. It comprises abour 1400 accessio¡s, 450 of \,-hieii afe veSerable anaranrhs. The
N¡?cR inteads ro co¡pl¿te rhe Indian coltection in co1láborario; oith the 24 ag¡icut-tural universities, as pa¡t of the a1t-India progranne. Dr. N.R. Bhagac (Nati;nal
Eurea! of ?1ant Cenetic ResolrcesJ I.qiI, New Delhi rt0012, India) has been designateil
as coorCitrat.lr and conr¿cr pe¡soú ió! natiooal cotlecrións and international re;earch,

0v.¡ the p¡st rwenry years, a nü¡üer cf pubticarions on resea¡ch into b¡eedioeand culaivarion nethods lor vegetable ana¡anrh h¿ve appeared iron the lar¡i1 llaau igri-cultlral Uoi-lersity, Coinbatoxe, India, l,loductive culrivá¡s Í.¡e s¿lecred fron loca1ma.erial, viz. có. L (Anosartbts dúbiua) aútl co. 2 lA. t!¿col,ó!), which a.e oovcultivated a¡d co rc¡cially availabre in So!th rndia. A new culriv¿r, h. 3(A- t?¿cota!)will be released soon, rhich is speciatly ruiEabt¿ for tacoooiou. Thr presenr ¡esearchprosiame includes inte¡variet¿l hybridizáti"n, mutarior breediis s.d p;typloidy ¿f,,]cul¡ivation of g¡ain anaranths. Researcbe¡s i¡volved in rhe anaia¡th p,.grr*. 
"r" u.

Kader Mohideen (assiEtant professc¡), D!, K"c. Shánmugavelu, head of the Departnent ofOleric!1rure, ard Dr, C,R. Muthukrish¡án, Dean ot the ¡acutty of Ho¡tic¡rtrüre,



A large workfng collec|lon (450, ñostIy loce1, acce€sions) i
NBPCR. P¿rr of Ehfs mareriel is already included tn the Rod61e c;
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to Dr. C.R, Murhuktishnen. Feculiy of Horricutture, Tardl
Coiftbetore ó41003, faml1 Nádu, rndia.

spo¡dence ehould be directed
Nadu Agricultural. U¡iverslty,

á":"\
ls "."*.^.'.i." 

?

ai,{if j
k',4::ü-"4 h

: Corre-

rigure 8. ,1.. M. <é991 Mó'ideen, wirn oreed;ne linpc oj veaeL¿5.e ¿m¿ranlds@

5.3 Niseria

The most inportanr centre for ,ro¡k on veger¿b1e áMran¡hs in Africe is the NationalHorticultural Reseaich Instirure, rbadan, Niéeria, S.r" *""*"r, r.,."-.lso been unde!_t¿ken\at the Lniversicy oI.Ife,at rhe InLernsEionat tnsrituLe for trop..c¿t AgricultJre(lllA) and at Moor planEaEion, Cottecrion rríps by Dr. prem (\arh tgAó) ¿no Dr. L¿nreDenron produced about 60 1oca1 culrivars of hntanthus and Celasía, A mediun_rern
storage roo¡0 is uflder consrruction ¡o e6iablish a geñebank fo¡ rocar Nige¡ian vegerables.fhe nost urgent research topic is b¡eeding fo¡ resistance ro wer-rot ca;6ed by
C hnanephola cucut b ¿tan¿m.
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5.4 other countrleB

In addition to the sbove focal points fo! aDaratrth gerDplasd collection, breeding
and reseá¡ch, research activities have also been reported i¡ Brazil, Kenya, Ghada,
Indonesia, ?uerto Rico, TaiÍaf,, Thailand, the Netherladds, UgaDda, United KinsdoE and
zambia, Most of the lesearchers have súal1 workifle eol1ec¿ions of rocat varieties.
Seed sadples úay also be o¡dered flom come¡cia1 seed coDp¿nies, In Appendix III, a
list is provided of institules ¡,¡iih r,¡orkins collections of ar¡aranths and suppliels of
comercial seed. Fúr:¡her details of existing collections \til1 be published at a 1átet
dále when rhe IBPGR produees a Directorf of vegetable Gen¡p1asn Collections.

Research aork on anaranth is sti11 relatively scarce. Dúring 1978 the Abstracts on
Tropical Agricú1ture noted only 3 publlcations on vegetable anaranth, poblished in the
Nethe¡1and6, lhe USA and India. Ia conparlson in the sane year, 75 publications i,tere
noted on tooato and 24 on onion cúltivation iÍ the tropics. It is re1átively easy for
nev researche¡s to gain access to the literalüre on amaranth by neans of the abstracting
jou¡nals, literature revie\rs and recent públications listed in Appendix IV, In addition
an alphabe¿ica1 list of researchers rho have published on a¡raranlh o¡ have shom interest
ir anaranlh sernplasn is supplied in Appendix V.



..-.Jn".go ¡g. reeting on anar..Lh serrpláso" (u.ztot¡n. lSA. re,ogn;zed cñaE :t Eou]o beo;tl:::1,.:::,'.To:::l::l,i: 
":",:,." ei"i, ),"-".,, ,*,;;;"" r-;;;s".aD.e aDár¿nLhs.

i:";H:,;':::;";";:::Hl"ó":"::".i:Tit":;,:l;{:':i.:::ü:, ",' ":i:i";I.i:.H:t"
inportant ce¡eal a¡naraath. .4. dtb¡:.us ¿na A-. llicalay *Á ,"rqi." *Á"."¡re types, burexchanse cf eenes bv inre¡soecifj. c¡ossine i" "t¡¡i" ,.".¡.--ir,i *i3ii.,g a""ia.a .r.,u.g¡ain and vegetable ana¡anth shoul¿ be cotlecred as one entity and rhe mir use {it1áppea¡ f¡om Ehé descriprion. rn addiiion the ¡oeerins ..""Á.i_¿"i-r¡.-..rtecrion and¡--criprion ot có .sit "p. ror:rher d.th A^d-a, ." :p. i;;-;;;";lir'
_ Gaps in rhe acruá1 eollectio¡s j{e¡e nored for Norrh Mexico, Central Arerica(cuatanalá), the Andes, fo¡ Eas! and tiést Aflica, ¡.p.r, i"Jrá, 

- 

ur"eiuo. 
"r, 

, cuo",hdones:- ,e"pecrr y irián J¿l¿! én1 Tt,3i and.

Daneer of e¡osion was Eerrioned for the Ar¡erican grain types, in rhe r¡ádirionálsrowins areás of cenrrar an¿ sóuih Anerica. M,". ¿d;ii',;il;;;; ;;"* variabiliryor 1oca1 g¡ain tvpes !'¡hich are also used as e¡eens in cúaren.ru, u"¿ i.rn¿.¿ ."t tr,.danser or loss or ihese o1d landráces. D."c;. .; .;;"i;;-;;;-;:r;;;il rypes is presenrin asián counr¡ies (rndia, china etc.) vher! .o*.rci"t ;";-";-i;;; eurriwars isbeconlng popular.

A_.oñLS¡ .o -i'mdi¿-e d¿a,"- 4 gén,Li. e-o-ioo ua" -eóorLed, e¡cepL tor Lneqmé'ic.¡ g-¿:n Lypes ¿no tre ;",u, 
""g"r."," rvpl.. cotte.Lirg vorrr sno..d De prorcLédIor rhe suDo / of tur.ri¡r ,ñ ñr-, brepd-rs 

""á -.r.,."r"." i"u,o."r"g.,-o _"",rcultiva¡s fo¡ fuEuté use. e piior_Lty ri". r.. -n."li"g-i" "¡"*,"r.-i*r" :. erresrinate or a co¡npréte coueciion "r'";;;;";r," ;;;;;;;':;";;;i"i'gi..tic,.,iarnitywould be 4000-6000 accessions.
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6, PRIORITIES FOR COLi,ECT]NG

fálr] e '¡

India, Nepa1, Báng1adésh

¡ast and ],rest Af¡i.a

grain a¡d vegetable

vegetable tnes in-
clúdia1 CeLos¿a sp.

central ADericá (cüáreDala) g¡ain & vegetable types

Indonesia (rrian Jaya)

china

Thaila¡d

veaerable types

veSerable tyPes



7. ]dS¡ AilD ACTTI,B COLI-ECTION CENTRES

7.1 Báse cóllection centres

Ana¡anth gelIoplasn should be stoied, evaluated énd nainlained in the follovine

(i) The National Seed Stcrage Laboratory (NSS],), Fort Co11lns, colorado' USA

1'11e NSSL has agreed with the IBPGR to hold a g1oba1 base collection for
anaranths. ¡or evaluatior and mintenaDce of this cotlection, severaL institútes
in the USA vi1l cooperate (fo¡ piocedures see para 7.2);

(ii) !!9 {eti.".1 8..."" of P1¿ntceneticnesou
Th;-NBPGR;i1i ba l"nir.a ¡itle lbpea ao hold a báse co11écrion of Asian
o¿te¡ia1, as soon as a Long-te¡ú storage facil.ity is func¿iora1!

(iil) &9 I9tio"ul É..ti."it" Cg+e
NIioRT;i11 be iirii€d by the IBPGR to hold a base ccllecEion of ¿,:!ican
aalerial, as soon ás LonS-te¡D s€ora8a facilities are availabre;

(iv) Instituto Nacional de l.vesrieacio¿es Asricolas (rNTA), Me¡ico
INTA vilabe iDwiled by the IBPGR to hoLd 3 base collection of Ne¡t World
Mterial, as sooo as 1on8-terB storage faciliries are avái1e5lé.

7.2 Procedures for the globa1 co11eclion of ar¡aranth

The folloring recor¡roe¡dations ¡esulted f¡o¡¡r discussions ttith Dr" G.A. i¡hite, USDA

P1¿nt lnt¡oduclion officer aDd D¡. I'i.M. 'o¡¡err conpúter Specialist, USDA, Beltsville
Agricultu¡41 Researcb Cenler:

/i) seed froD each accessi.on sbo!]d be sen. to Bellswille so th¿'r a Plant Intro-
duction ñúnber c¿n be sssj.sned:

Plant GerDplasú Qúarantiñe Center
Buildiúg 520, BARC - nast
Beltsvi1le, ¡'!ary1aúd 20705
USA

Attn: li.R. Éa.es

(ii) the seed nould then be se¡t to lhe Re8ional Planr lntroduetion Station, Anes,
Ioqa, for ne¿iun-lern storage, aultiplication atr¿ preli¡Dinaty evaluation;

(iii) seed (mininun of 10,00n seeds, or 3-9 srames per aecession) sould be forwarded
ró NSSL, ¡or! Colrins fo¡ long-tern storage;

(iv) gernplasn shouLd áLso be mintaíoed at other stations (Rodale Collection, India'
Nigeria, uexico) to back_úp the Ares collectioa and lo help retaln the o¡iginal
genotyPes;

(v) a conputer storage and re¡r:ieva1 systen shoü1d be set uP according to the
guidelines used ¿t 3e1tsvi11e;

(vi) i¡ is advisable to catalogue lhe introduc¡ions, ¿o keeP the Rodá1e Press
collection up-to-date for imediate eachange and to facilita¿e the ¡ask Óf
USDA by sending the¡n nerq áccessions with ¿ naxiúum ol infornarior,.
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7,3 Inte¡natignal conract persons for ana¡anth lasn collectíons
Thé súggesred internarionat conlact perso¡s f or ADaranth germptasD collections

for North, Cenrral and Soúth A¡ne¡ica:

::;,::I:.i",:.Asrm;úy & 
-Rénsa 

science Depr., JriversiLy ofuarrto¡nra, D¿vis, CA 95616, USA

1.. l. 99"t.", National riorEicultúral Research rns¡irú¡e,P.'{.8. 5¿ 12, Tdi-I,hin, lbádán. ,igeri¿

D¡. Ñ:R: Bhaaar, Narional Bureau of ptánr ceneric Resources,IARI, Ner Delhi 110012, Tndia

for general infomatiotr:
1¡. D.H. van Sloten, cenetic Resoúrces Officer, Sec¡era¡iar ol rheIntematio¡a1 Board for pLanr ceneric nesources, r¡0, via ¿eiieTerne di Caracalla, Rone 00100, Ira1y.
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¡isure 9. cha!acterization ánd evaluation of am?anth



8. DESCRIPTORS

ffi ffi ili;lfl :d{;ñffi *u*:*Ln iffi .'
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!i;o¡e 111. N¡s, Lau¡ie leine-Dudley duing her taxónoñic study



9. TAXONOMIC CLASSIFICATION AI']D DESCRIPTION

The taxonomy of the sEaranths is sti11 confused. synonordy is a basic probled.
A provisional key for edible species of the senera Anarantla, arlá CeLosü based on a
study of plants grom at 0G¡11c, and inforlnation cor¡piled fron flolas and ¡oonoeraphs,
has been vorked out by Mrs. ],aulie B. Feine-Dudley and her colleasues. Thi€ !¡ork makes
no attenp! to rewise the Eenerra. Armranthw ot CeLosía but instead is a cdpilation of
infonEtion that is difficult to find.

This key, 'ith tbe list of lelevant floras ánd nonog¡áphs, as \,re11 as rhe detailed
descriptiorÉ of the species, has been appended with the perúission of the author
(Appendix II),

The bot¿nical drarrings of so¡ne lnajor species, nade by Miss E,C,D. Zewald and
Miss E.M. Gi11ot of lhe L¿borato?y for Plant Taxono!¡y and Ceography, Aglicultural
Unive¡sity, Wageninsen, the Netherlande and originatly published in "Ttre Cultivation
of A¡¡aranth as a Tlopical Leaf Vegetable", Cormünicátion 67, Departdent of Aaricultural
Research, RTI, An¡ste¡dao, are used to illustrate the texa and to facilitate the
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traits thoughr désirable
recordins a linired nürúber of
by a consensus of users of rhe

A?PENDIX T

A]'{A¡ANTIi DESCRIPTOR I,IST

The I¡ICR now uses the folloúi¡g definitions in genetic ¡esour:ces docuaenration.

(i) q3-!9l!_llg!e (accession identifiers and info¡@tio¡ recorded by
collecrors) i

(ii) characterization (consisrs of recorilins rhose characte¡s vhich are
hiAhly heritable, can be easily seen by rhe eye and a¡e expressed inall environmenrs ) l

(iii) prelioinary evaluation (¿onsists of

Characterizalion and prelini¡ary evalua.ion ri1l be rhe responsibitity of rhe
cutaEors, .shile_ furlhe¡ evaluation, Fhich ófren requires designeá er?erine;rs, should

out by ltant breede¡s and orhe¡ users of the mterial. The dara fron furthe¡evalu¿tion should be senr ro rhé curárors vho,i11 naintain dara fi1es.

Ma¡y descrilto¡s vhich are continuously va¡iable are ¡eco¡iied on a 1-9 scal.e. The
áúthors of rhis tist have soaetines descr:ibeit orly a selection of rhe states, e,g. 3,5 and 7 fo¡ such descriprors. I,there this has occu¡red the fu11 range of co¡tes is
avaílab1e for usc by extensió¡ of rhe codes given or by interpolati;n berween rhen _e.s.Le3l_!!!:f.ll!g (4.1,11) could also be códed as 1 Dxrreoely tow or 5 Tnrernediáre.
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AIPENDIX I
lc";ti',-*a)

PASSPORT DATA

1. ACCESSION DATA

1.1 ACCESSION NII4EER

rhis number unique identilier for accessions and is assie¡ed by
the curá¡o¡ vhen an accession is entered into his collection. once assignéd
rhis nuúbe¡ shoú1d newer be reassigned to ánother acce.sioú io th: collec¿-ion.
Even !.hen an accession is lost, its assigned núnbe¡ is stil1 nót availabie
for re-use. Letters occu! befo¡e the lueber to identify the genrbank,

I.2 SCIENTI¡IC NA]'IE

1.2.1 cenus

1.2.2 Species

1.3 DONOR NA}ÍE

Naúe of donating institute o¡ persor

1.4 DONOR NAfBER

Nunber given by the donor ¡o the accession ineluding pedigree infcroaiio¡

1.5 ANY OTI1ER NAIAS OR NUMBERS ASSOCL{TED NTITH TIIE ACCE5SION

e,g. USDA P1á¡t Introdúction nunber, comon nane eEc. (Iot collecrion
r-.m|er see 2.2)

2. COLLECTIOI] DATA

2.1 COT-LECTTNG INSTITUTE

rnstitúte or le¡son collec¿ing ¡he o¡iginal san!1e

2.2 ORIG]NAL NTI}I3ER ASSIGNED BY CO1I¡CTOR OF TH¿ SAY?LE

2.3 DATE O! COLLECTION OF ORIG]NAL S¡]YP],E

l¡pressed as daylnonth/year, e.s, 15 March 1981 as 150381

2.4 COT,\TRY OF COLLECTION

Use the three letter abbreviations supported by rhe Statlstical offic¿
of the Unired Nations. co?ies of lhese abbreviations aré available ir.-
the IBPGR Seerel:ariat

2.5 LATITUDE OF CO],LECTION SITE

Degreés and ninutes suffixed by N or S, e,g. 1235 N
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2.6 LONGITUDE OF COLIICTION SITE

Degrees and ninures suffixed by d o¡ Wr

2.7 LOCATION OE COLLECTION SITE

Numbe¡ of kilorietres and di¡ection fron¡eferencé po_int

APPENDIX I
1c";af*d)

e.A, 174A E

learest torn, village or nap

2.8 AI,TITLDE OF COLLECTION SITE

Elevation above sea 1evel, in ne!¡es

2.9 SOURCE OF COLTECTION

The place üheae rhe orieinal collection vas mde

1 Roadside, wild vegerarion
2 Sni fr ing cutriva¡ioñ
I t,ármta.d
4 Backyard
5 Market
6 Farn store
7 AAricultu¡al ins riture
8 Seed conpany
9 orhe¡ (specify)

2. LO POIJLA, TO\ SIRI'-LRI

1 Continuous
2 sübdivided

2.11 DENSITY OF THE STA]ID

3 Sparse
/ De¡se

2.12 A¡¡A OF TIi¡ STAID

1 sM11 . iO.?
2 r"Oiu o 10--00 n2
¡ .árse - JOA nr

2.L3 STATUS OF SA¡I¡LE

I r1ri1d
2 Weedy
3 priúitive cultivar
4 Advaoced culrivar

2.I4 LOCAL CULTIVAR NA}E

Rona¡ized tocat nane of rhe cutrivar used by the peopte of the region vhe¡ethe sa¡¡p1e ras cotlected



A??ENDIX I

2.15 PRrl4ARl USE i6;ti'-;ed-t

1 Vegerable
2 Grain
3 ornadental
4 lfedicinal
5 othel (sPecifY)

2,16 SECONDARY USE

I vegetable
2 Grain
3 Orneúenlal
4 !4edicinal
5 oüe¡ (sPecifY)

2.I1 OTHXR ]IOTES FRO}I COLLECTOR

Some colLeclors ti11 recotd ecological and soil inforoátion' whethd a

""i.r""i.¿ 
crop was irrisated, seison ot sooi"g' Eoposraphv of land'

ássoci¿led croPs o¡ Irild planrs' etc'

CHARACTERIZATION AND ?RELI¡'I]NARY EVAIUATION

J- GENERAL

3.1 SITE OF CIiARACTERIZATION AND PREIIMINARY EVAIUAT1ON

3.2 YEAR OF C11AMCTERIZATION AND ?RELIM]NARY EVALUAT]ON

J.3 EVALUATOR(S) NA}E AND ADDRESS

3.4 DATE OF SOI,ITNG

Ex?¡esseit as davlnonlh/vear, e's' 7 April 1981 as 07048r

4. CIIAMCTERIZAT ION

4.1 PI.\NT J STEI4' LEAT A]{D ROOT CHARACTERS

4.1.1 Growth habit

1 Erect
2 Prostia¿e

4,1.2 ?1ant height at fLoúerina, in cú

4.1,3 Branchitrg index (score if erecr srovth habit)

1 No branches
2 Fev branches, all neár the base of the steld

3 Many branches, al1 near the base of the ste¡1

4 Branches all aLong the steú
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4.\.4

4.1.5

4,1.6 Sten púbescénce

0 None
3 Low
7 Conspicuous

4.1.7 Stem pig¡entarion

I Green
2 púrp1e or pi¡k

4.1.8 spines in leaf axils

0 Absenr
+ P¡esent

4,1.9 Leaf le¡grh

Measured in cD on 6th o¡ 8th leaf

4.1.10 Leaf ¡ridth

Measured in cm on 6th or 8rh leaf

4.1.11 Leaf pubescence

0 None
3 Lov
7 Conspicuous

4.1.12 Leáf pi8nenrarión

I Ln(ire I¿[ila DUrpte or pil]r
2 aesal area pignented
3 Central spor
4 T'o st.ipes (V-shaped)
5 O¡e srripe (V-shapédj
6 drrgin ¿no rein pigmenred
/ One pate greén or chlo¡oric stripe8 Nomal sraen9 Dark g¡een

10 orher (specify)

4,1.13 Leaf- shape (see tig.11)

I Lanceolare
2 Elliprical
3 Cúneate
4 Obovare
5 Ovarainare

/ Oval
8 orher (specify)

AIPENDIX ]
Ic.-;r i 

"-GA)

on no¡na1 green
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2, E11ip¡icaL

7. OvÁL

A?PENDIX 1
(co-ntinued)

¡igure 11. Leaf shale

4.1.14 Leáf ¡nárein (see lis. 12)

1 Entire
2 Ctenate
3 lrdulate
4 othér (sPecifY)

l. Entire

!i€s!9,1¿. r-e¿f narsin

3. Undulate
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4.1.15 Proninence of leaf veins

4.2 -t

4.2 -2

4-2-1

4.2.4 Te¡ninal inflo¡esceÍce arrirude

2 Drooping

4.2.5

0 Absenr
+ Present

4.2,6 Leneth of axi11ary inflo¡escence,

4.2. 7 Se¡ type

I Monoecioús
2 Dloecious
3 Polyganous

4.2.8 Inflorescence densiry index

3 Lax

APPENDIX I
(c"-"t r.-""d )

1 Smoth
2 Rusose (veins proninent)

4,1.16 periote pigpentation

1 G¡een
2 Da¡k green
3 Purple
4 Dark púIpte

4, 1.17 Root rype

1 Tap root
2 ¡leshy roo¿

4.2 IN¡I,ORESCENCE CTIA¡ACTERS

Terninal inflorescence Late¡a1s lengrh, in c¡r

Terdinal inf 1o¡escencé shañé

1 Spike (dense)
2 Panicte vith shorr b¡anches
3 Panicle rith lons b¡áaches
4 Club-shaped ar t ips
5 0the¡ (specify)
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APPENDIX I
re."ti""ed)

4,2.9 hflorescence co1óu¡

4.3.1 Seed colour

5. ?RELIMINARY EVALUATION

1 Ye1lov
Z G]reer
3 Piúk
4 Red
5 orher (sPecifY)

4.3 SEED CI'ARACTERS

1 PaLe Yellov
2 Pink
3 Red
4 Brom
5 Black

r+-3.2 Seed co¿t tYPe

1 Traflslucent
2 oP¿qúe

4.3.3 Seed shaPe

1 Roúnd
2 ElliPsoid or owoi¿

5.1 GERMIIATION BATE

1 RaPid (<2 daYs)
2 slo{ (2 - 7 daYs)
3 very s Lo¡r (>7 days)
4 lrregular

5.2 DAYS TO FLOIdERING

Nur¡be¡ of davs fron sowing !i11 ap?earance of 502 Planls rith
inflolescerce

5,3 SEED SHATTER]NG IN THE FIELD

(' -02)
2 Inreñ¡e¿iale (10 - 502)
3 nigh ( >502)

FURTIIER EVAI-UATION

6. ¡URTHER AGRONOI4IC EVALUATION

6"1 SEEDLING CROI'ITH BATE

Esiina¿ed bv bionass oulpÚt at 4_teek age' using plants giom a!
i\ " zs "^ 

- 
spacing. The averase weisht of 10 seedlinss in gramres
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APPENDIX I
lootrtinñ)

6.2 LIA¡ YIELD

I¡¡ sram¡e/planr át sLx weeks afrer sovi¡g

6.3 LEA¡ DRY MATTER PERCENTAGE

6.4 LEAF/STEI4 YIELD RATIO

6.5 REGRoI\]A¡i

Aftex firsr ha¡vesr by cúrting ar rro inrernodes (fo¡ vegetable rypes)

3 Poor
5 Mode¡áre
7 cood

6.6 S¡¡D YIELD pER pl,Ali¡T in grarnne

6.7 1000 - SEED WEIGHT in grame

Ó.8 LODGING AT IIATIRITY

0 None
3 Low
5 Moderare
7 High

b.9 PERCENTAGE OUTCROSSINGS

6. 10 IHOTOPERIOD SENSIT1VITY

i Shorr-day
2 Day-neutral

6.11 POP?ING ABII,ITY OF SEED

¡siimated by perceor popped seed and ¡elaliwe inc¡ease in vo1ure

3 Poor
i Me¿iun
7 cood

6.12 IIRCENTAGE PROTEIN CONTENT OF SEED

6.1] PERCENTAGE ].{INE¡AL CONTENT O¡ DRY IEAF I,IATTER

6.111 ITRCENTAE¡ OXALATI CONITENT OF DRY IEAI T{ATTER

6.15 NUTRITIONAL VALUE OF LEA\,'ES

A separate desc¡ipror is needed for carotene, vira¡Lin C, iron, calciun,folic acid, protein etc.
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7. STRXSS DESCRIPTORS

These are all expressed on a 1-9 scale i¡he¡e:

A?PENDIX I

-(conrinued)

1 Very resis tant
3 Resistant
5 In¡ernediale
7 Susceplib1e
9 Very suseeptible

7.1 REACTION TO DISEASES

A sepa¡ate ¿escripror is needed fo¡ each disease (e'8. stern rot, wi1t,
PAthiLn datupíflg-off, leaf rust' Choaneplr.la wet rot, etc.)

7.2 BEACTTON TO ]NSECT PESTS

A sepa¡a¿e descriptor is needed fo¡ each insec! pest (e.9. bugs, cater-
pilrárs, leafhoppe¡, stalkbore¡, aphids' c¡rcúDber beetle, etc.)

7.3 REACTION TO NEIIATODES

A sepatale descriptor is needed fo¡ each neMtode

7.4 RXACTION TO DROUG}IT

J.5 REACTION TO SALINITY

7.6 R'ACT]ON TO I,OI¿ TEMPEIATURE
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A PROVISIONAL KlY TO SO}f¡ EDIBLE SPEC]ES O¡ THE FATIILY AIfA¡ANTT]ACEA¡

l,¿u¡ie ¡, reine-oud1ey'

APPENDIX I1

A ¡loFers únisexual

3 Tepals 3

C Tepals shorter tha¡ ut¡ic1e; utricle indehiscent.

D Ut¡ic1e súooth . . . . . . , . . . . , . 2. A. bl'ítun,
D Ut¡icle ¡ugose . .. . . ,.. . .,. . 3. A. riLid¿E-

I Tepals 5

E Tepals approxiMtely equá1 in length ánd incúNed against utricle
! ?1ants a¡ned; inflorescencé vith ulper cynes stani.ale and 1o\"er c)@s

p is¡il]ate 4, A. spí.t1uE.

F Plan.s unarned; cynes rith inirial florer staninate and ¡enainder
pistillate 5. A. d bius.

E Inner tepals shorter than oute¡, tepals straight o¡ recúrved fton út¡icle
C Bracts exceeding style braÍches; irflo¡escence eithe¡ sho¡t and thick or

¡noderately developed; aLtays d¿rk seede¿

It Tepals lo¡ger lhar utricle, iraer tepals !¡ith ápex ob¿úse or
emrginate; ulricle ¡ot fotning tower; infLótescence shoit ¿nd
rhick ,............. ..6, A. vetvofLerus.

E Telals shorter lhan u¿licle, inner tepals ¡tith ape¡ acute; utricle

:::::::::.:::: ::l:: ::.::::: :::T:::::":"5:'ff;1,ff;:'"*
c B¡acts .oi e¡ceeding style branches; inflo¡escence f"rry Oeveropea,

enorúus (domesticated slecies); seeds úsúalIy 1ight, sonetires da¡k.

f Bracts eqúal1ing s¡y1e b¡anches; infloresceice stiff; style braaches

:::T::: :i::: :i: :: ::. :::: : . ::::i:.:: :\ .:', 8: ";: |,;fi:;;;;;;;;:
I Sracts sho¡ter than style b¡anches; ln¡forescence fax

J Utricle nar¡owing into towe¡ at apexi style branches erect;
tepals vith apex acute 9. A. clltentus.

J Utriclé no! forning tover; style branches spreading, oeeting in
saddle ar basei ¡epa1s broad, often overlapping, inner tepá]s
{ith a!er. obtuse IA. A. cau!1atus.

A llorers perfect
K F1o¡rers b¡oadering into crest át ápex, resenbling a cockrs conb

1t. celosia cxistata.

C Tepals equal io o¡ lonBe¡ than urricle; utricLe ci¡cunscissile
1. An¡ava".ths t"i.có'o".

K rlowe¡s fo¡¡¡¡ins sitr¡p1e spikes 12. C. argentea.

1/ 426 Marlborough St.,Apt.,3, loston, Massachusetts 02115, USA
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# \y' \ü

ff. e" o"
Figute 13, A,.naÍantlas ty¿coLo1. L.

2. Mre f 1orüer (4 x);
vith dehiscing cap (6
6, seed, lateral viev

1. branch vith flowe¡s (2/3 x);
3. fenale flover (4 x); 4. f¡uir
x); 5. f¡uit withou. cáp (6 x);
(6 x); 7. schere of elooerules

AP?EN'DIX 1I
Ic.;iiñié?I

VM
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l. La,"a :.s 
^¡; 

-ó o. L. Sp. pt. 989. t7.3.
( see ! r¡. rl.)

iL¡.if,entlala nelanchot í.:us L, Sp. pl, 989. 1753.'..'.. Sp. pt.98q. l7)_,A a . t ga. a s L. ,err. t. t2. 17.,.
*nar'dnth: s gangetiaE 1,. Syst. Veg. ed. X. 1268. 1759.

AP?ENDIX II
Tiontin@At

c!e.L a-ausl oran"heo, Lo I.c m Lé- L.!pá,eq exrreFt) v¿r :ábIe. bro¿o_o!éL-, e.llipr:c. de,roid,
apex .. ub ina-é. ácuLFi rótrse! or .ound"a,

Da<p acLre, rrur.aLer or c neáte, tn! .*.."""" ,"ri-r.-
l:,,:l:1 ,1r.":." a^i rar ¡rusrer, r...;;;t;;,';;i;:.'
usuaLry rcd. pd- o.as_on¿Jry velL ¿e.e ope¿. e.."i"
:"",.:?':i". d., rons ¿s o"ri¿ rrn or ..ig ri, .r,orr"r. rep".si. oDrong or l¿n.eoLate, aDex acuni
L, ¿n ur,i ,e. Lric " ;i ;^-',-"iij,l;-"ll:j ll..l,,?'-1"'
::l,11i;*r:. inco Lowc-. oLy,e brdnchós rong -na -.""- o.rer rexe'1, Seeds dark.

cultivated as wegérablé o¡ as an ornanenral.

2, Aúit1xd11thus bLitLat L. sp, p1. 990. 1753, (witd)

A.naxdnt:hu$ bLitar L. rax- ole"aceus (L.) J,D, Hóoke¡Flora Brir. rr!áía 4,72t. 1885. (culrivátect)

Amran'Lrs LLnídus L- sp. p1. 990. 1751.

, llecuhbcnr o¡ asce¡ding branched annuat herb to 75 cn,
l.i)i^'i :::j".ová!(. ob o¡p- omboio. or;;;;".;. ;;;oDrusó. ó¡o-g árór o m . ror atc. b-: cúne¿re, ¿.Lre. o.)tto,, .¡p-.e L. dt v , -xiL,¿ry gto¡pr -e.,
l-!l i"': 'f . - ou¡Fd .e,oi ,i' "p:r,". a,""¡" nJ.h " oner
-l:-,:: 1" '' 

1LP"r' . o ¿rL-oD o¡' o. ob¡.sa. "pei¿.u rnaré. ttl - 2/1,, ó.! ¡- rr.i.,e, -rjc,a .róo¡r or.r,8h, wrin, .. . indé ; . -.. ó_ ."his e_r ";it "i",i ",ii"b¡á¡ches. Seeds dark.

L¡eed and cultivated for¡rs.
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APPEI1¡ü II
]am¡i@

fitdré -r:. ;..!.:..:2s i:r-bíus MaxL, ex Thel1. f. inrlcrescence (1/3 ¡);
2. ¿cuLt leaf (2/3 x); 3. derail of inflorescence, periole
e:cised (2/3 x);4. glonerule (6 x);4A. schene of glonerules;
;. -le ilo-re¡ (6 a); 6. fenale floRer (6 ¡); 7. frúit rith
¿e¡::.::::¿: (ó r)r t. frlit vithoút 4rp (6 r); 9, seed,
iaié¡a: :i.; .a \l
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A?PINDIX II
{co-ñiñat

3. Ara.dnihr.s üí!¿di.s L. Sp. p1. ed. 2. L405. \763-
A,itduantius gt.lci:t¿s Dest. rab1. Bot. 43. 1804.

. qn¡u¿ harb ro 90.r. é.pcL or ¿r.erdi_er b-¿rc\ine-roF b¡ce or h:sher. Leav-c varr¿Dre, oelL;.;'L;;;.Jt:_j ounded. eDrrg:ndre.trLlcale or <ub<.Lr-. in¡ sma,t _,cidersDr¡e,, Lp-njn"t rp:k. orrpr rorning oo," pa.:-.".. ,r....m. lure. TeDá-s 1. ;¡-.r. ob10.8. ro ...."i". .p"* --' '
i" ..i.." .r "¡orrer -t_¿n .1.¡.1., LrLri.r"
;::il'""".''s'rorgL) 'usos'' sLJ e ór¿-!nés "-.'..- i""¿"

Weed sonerimes cülr ivared,

4, Atvlan¿t.s sp.ínasus L, Sp. p1. 991. 1753.

- Armed an¡ua1 herb, erecr o¡ aw rn p¿, réa .óin". ar ..o-c .".""- i"'di's' ,o t.: -,

:"1' i' :' -' ""*-.-;';;i:,' :;.;'"'iiil. " illil;.'li'"-re"L.-. La.p. neáLe or orr.u"", _"r.;.,". i"¡,"."...*"
l1^ t:l "...d":.uppór pur, o. qr¿m'1-¡e. r*"; 

".;1i..pr't. láter é\:_d.y: t'óre.¡ér.e p:.it,:".". '¡i""i.
l:-":.'"'". olen cp:qp. ,ir.. uq ,.ri.g ., "1i.,,i, "'
:":.::- lr"" |.."", .. -o"r: ., 66¡6n..ou","..:q;;r ."
,'"9'r. i""" .iráLp. io.urvpd agai-". ,r,i.,u.u¡-r.te 'nd-hi..é-r or burj-r19 irreg, tárty, S-"". 

"".r...

5. Ana?anthus .lub.;us Mart. e¡ Thettuna F1. Adv_ron"D--r;er 10.. ,qir. , .-. :;.-ii, ' ^""

f."" Lo h. or,e. br¿n.hed. Lp¿\esFU.h t¿-Be. ir " ¡¡¡u, "o rh-1b-edv fo-_r.. o-L.oio,. orb¡ rcvare Lo ,¿n.eo,¿,F, "ppy ob.Lcc 
"- _,¡";.] ¡","

l)".:.:,.' -oundód. r.f oré-.é... of .ons. 
"t"-".., ""¿.'a^ sp ke. o"tpr .:rt_ a.v J.c.r.ó . torprs.Br-ccs.shor.pr .dn r"p.L-, o!a.a ,i.n . ."¿". ,ii:i¡, 

.

exEendrns beyond taDinas in Doinrs.rer3".. -.6¡¡-¡ , *-""i ll-í.""j " 
1'D"rs r. eq,ál i,

li: ",. ":.,". ",.",,., "pi..-'-".:".1',"iijllii: "illl5 
"rlrcuhscass!1€. narrowin" irro rowe,

-.a ons. ;;;"" ;";:."' -D': . sLvrc

üeed or culiivared forn6.
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A. AtEranthlls hapochariLiacu1 L. sp.

.tr.e?anthus J'¿a¡¿¿s L. Syst. Nat.
7759 -

AñdtantltuE Lalcocar9ue s. \'iats.
1AtiL1 - ,r815,

A?PEI{DIX -
lc;¡in"eé:

6. Anardntltus rettoíLet:us L. sp. Pl 991. 1753.

!¡ect to ascending aanual herbr usualLv nuch
branched, solde.ines sinPle, to 1.5 n. Leaves broad_
ovate to elliptic' apex acúte or aPicúlate, base cuneate.
Inflorescence sriff, thick, and erect, of short panicles
or spikes. Bracts twice as long as caLvx' vi¿h heaE'
mid¡ibs and points e).tendins 'e11 bevond 1¿ninas,

siving the irflo¡esceoce a plickly look and feel' Tepars
5, Ionger than and recú¡wed fron utricle, oblong o¡
oúr.".ior"t., a?ez truncate, obtúse, or emaraiúate, inner
tepals shorte¡ thar oúter' Utxiclé circunscissile, úore
ox Less rugulose on uPpe! ha1f. SEvle b¡anches erect o¡
only srighily recurved, lorfling shalr'v cleft at thick
bases, Seeds dark.

l. And?anthu.É hAbrtl$ L. SP. Pl' 99c. 1753.

Erec! annual herb, usúa]1v branched, tó 2 a Leaves

wariable, broadlf ovate, lanceolate, e1liptic, ováte,
oblong, or rhodboid, ape¡ acute, acunin¿te or obtÚse'
base broad Inflorescence moderátelv develoPed,
1ax ¡e¡niná1 panicle vith mnv lateral spikes B¡acls twice
as long as ¡epa1s, exceedlng stvle b¡anches, vith nid¡ib
extendins bey;nd 1áninas. Tepals 5, shorter ¡han út¡ic1e
and sliehtLy recúlved lnner tepals sho¡ter than ouler'
sriehrlv obov¿r". apé1 acure. our.f t'PaIs oblong' apex
acuie. urri"te ircum."i si- ¿-"o"i,g i t to¡e ¿t

apex, slightly rúgose. S¿v1e rnches erect 'tir: i_
shárlow cleft at base. Seeds dark.

P1.991. 1753.

ed. Lo- 2t L269

?roc. Aner. Aead,

Variable annual herb, simPle ot b¡anched' to 3 n'
l-eaves elliptic or ovate-oblong, apex acute or acuninate'
base cúneate or acute. Inflo¡es of ter¡mnaL
and lateral panicles or spikes, thick asd elect, prickly
and stiff. Bracts large, as long ás stvle branches' long-
poinred, siwing the inflorescence a p¡icklv look and feel'
ienars 5. slier.lv recu'vcd, loneer rn¿n cepáls ol oLher

e.!:".pá"i."1 .pi."" ",u"in"r", 
iñne¡ reP¿ls srorier Lh¿n

oucer. Utric-e (i.cLr".j.'ilé üiLn Iáree cép. stv_ó
branches recurved, meeline ir a shary cleft al thick bases'
Seed€ shi¡eJ go1d, brom, or black. Light coloured seed

nost cofñonly used for g!áin.

Cultivsted fo¡ grain and as an otnaneÍial'



'' !xí:""t::'"x':l\,' svst vés. ed. 10. 126e

?#Tnthus 
panícu'atus ¡. sp. p1. ed. 2. 2:1406.

.,," ,c":"'annu¿..herD ro / m hi8h, 8-oer¿, r sbr¿1rer;::;"; "íífi.1:.,,;:i,:;_:jt::" ". " *""* ""¡i"...
i::i":::::;::';J;i;1 "::;i":::, :::i";j;::::'";";"..".lff , ::'";:f ,;:i:::,:.llif"i::..-*".;i;i":;,;¡i:: i:-'.-;";::.":. :; 9";:";:,"i l;:.:i;ir,:*..:npq é,ceedi.e,e,¿,".

;:;:;"t;:"; ;,:,::l: i;;;".:. "::.",: :ii;;ii. :;;;," t";"
:::t:, ;':i;": :::;;:.:;":,1;l:;.:;1.;r :;.. "jll:"3::"

..".,":ili]"'*t ror srai¡' as a veserabre, a¡d as an

t0. Analanthus cú:¡)i.ldtjÉ L. Sp. pl, 990. 1753 (see Fis. 16)

i21;I:I'." i,1¿11' 
*'?idras pas s er ini, rnd. sem. Hor r.

Axara|thus edu¡is Speiazzini, physis 3:163. 1917.

",,".i::": ii;iil.":::::':;:".,:."",eq. o 2 n. Lé¿\es

:i::i::':; 
-" .'" 

;;,",j",,ii"i¡¡, 
j,;j"j::,il::T:¡j ,

rr' ;" ::iji,::i",i' :;i1;:"I,i]: ]:::l T:fi :il":::
I :i, "i,.i i"ft . :" ¡ii;¡; 3i;,. ;,;; j:i{, ;;i;: :t:: :
;:;;"ii::'.H:';a;;'" j"";'.-:;i:. ;J:.: :,:,:' ;;::"

A?PEND]X IIlñünG?t

culrivared fo¡ grain or as an o¡na¡rentat.



APPE\D]X II
I6;tri-ú¡At

:::-::: ii. :-.?...a12s .1.¿er'.]s L. 1, infrorescence (2,/l ¡); ?. bi:
re:i (2/3 ¡): 3. braDch Rith a¡ilia (2/3 x)i 4. @ie f1ótse¡,
.:: ¡é?ai re4oved (7 x)j i, fe¡laie f1oler viih deiisciag
:= (7:)i 6. glone¡u1e (7 x);6A. scheE oÍ sloaeruiesi ;.
:::a, 1¿ie¡al viév (7 x)i 8. anthe! (7 a)

ffi

nV,

ynk
.óa
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Anlra thús c.tudatüE L. 1. branch wirh inflorescence
(2/3 ,.) | 2. detail, axilla (2/3 N); 3. front vie, of
¡ro slone¡ules (4 x); 34. schene of slonerules; 4. adult
fenaLe froBer vith dehiscenr cap (8 ¡); 4A. cap virh
three stisñata (8 x); 5. Mle flove¡ (8 x); 5¡.. ánther
(8 x); 6. seed, late¡al vieÍ (6 x)

APPE\'DIX I1
1co-;¡ñG¡t

ü
6

Fisu¡e 16.



Figuré 17. Celosia argeT¿te.t L.
(2/3 x)t 3. flovex
cap (8 x); 6. seed,

(2/3 t)t 2. detail, alil1a
x); 5. f¡úit virh dehiscinE
7. adult reaf (2/3 x)

1. flooe¡ing brarch
(1.5 x); 4. aathe¡ (9
lateral vier (10 x);

APIENDIX ]I
I.ñil;ue¡'

ffi.

NY
3Y Á

frrr)
5
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11. Cel,os¿a c!ístata L. Sp. pl. 2A5, 7153,

Celas¿¿t aygentea L. eat. c?istata (L.) Kunrze,
Reviso cenerun planrarún 2:541. 1891.

Erect annual herb, sinple or b¡anched. ro 90 cn.
Le¿vee ovaLe, oololg, or o\¿Le-'dn.eoLaLp. apéy ¿.uré oracuminate, base ¡ounded, r¡uncare, or euneare. rnrtor_
esceúce of sho¡rly leduneled spikes, broadening intocrest resenü1íng á cockrs conb. Bracrs oblong:lanceolater
apex acúie, half as to¡ls as perianrh. rlover; perfecr.
Tepals 5, oware o¡ ováte-obtong, apex acure o¡ acuninate.
Stamens 5. unired i".o -hor! .1p. Ov¡r. gLobo:e, úirh
sr rrle ong.sryré a-d cáp:.ár- "rign". CaD.. te

d"r< .".a. per dD. Jtó.

culrivaréd as á¡ orneenral.

12. Celosia axgeniea t. Sp. p1. 205. 1753 (see {is. 17)

_ Ann-d, erecL Lé,b, ofa ..ed. ro " a. Lp¿ve"ér¡rrL¡., 1¿1-Foidre, ovdLe, Iinéar-tán(eo aLe, rhor;c,
apex acute or acuninate, base cuneate. Inflorescence olseveral sii0ple spikes. B¡acts ovare-ob1ong, apex acúle,shorter than tepals. ¡lorers perfecr. Tépa1s 5, ovate orowate-oblong, often longer rhan style bra¡r¡hes. Sramensunlted rnro rynbranos cup. Ova¡y gtobose, style si.gle¿.d clons¿Led wi.n ,aoi.are . i"ra. cap.. L" .1.","."i."ir..'Ivo or mo¡e dá¡k seeds p.t..¡.,it".

weed or culrivated forns_
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B¡NIN -

CIIINA _

CHINA -

CH]NA -

CITINA .

¡RANCE _

GllANA -

HONGKONG -

INDIA -

I¡,DIA -

IND]A -

INDIA.

INDIA -

IND]A _

IND]A -

IND]A *

JAIAN .

NETHERL{NDS

W
Cent¡e de ¡o¡mtion Ho¡ricote er Nutritionnetle, B.p. 13, Ouando. porco_
Novo (corerci¿. 6eed 2 aráránrh ¿nd 2 celosi¿.""1. --'

¡sid- \eoór¿br! Re"-rrcn s_0e!eloorenL Cen_er, p,O. Box L), S.anhLa, Tsj\.ran/41 rienebank -1 !91 :cessims. tocal & int¡oduced; duplicared in oc¡Rcand pa¡try rn NTHoRT),

Hsing Nong Seed Co., 188 sec. 4 Chung Hsin Road, p.O. Box San ChunA no. 2San ihung) T¿ipéi. Iaitral ,several compr.iai cvs.l.

Taipei Dist¡ict AgriculturaL Inprovenenr Srarion, Chin Chun, T¿ipei,
rairan (workins collection).

raírán Seed Service, shin-Shieh, Taichuns, TaiFan (several corerci¿]

Insiitur National dé Recherches Agrononiques, tetit-Bou¡A, cuadeLoúpe
(borkins collection locá1 cvs, ).

DepartÍFnr of Horricultu¡e, Universiry Science and Technology, Kunasi(voikin! collecrió¡) -

Wons Yukhop seed co., 20 pei to Street, shumhúipo, Kowloon (2 comercía1

Pochars Seeds, p.o, Bo:55, poona 411001 Maiarasht¡a (3 comercial cvs.),

9i:j.:.ron of veserabte c¡ops and Florieultu¡e, rndian Aeric. Res. rnstiture(IARI), Ne' Dethi 110012 (vo¡kins corlecrioni

Natio¡a1_ Bu¡€atr of plant ceoetic Resources, IARI Canpusr New Delhi 110012{seneb¿nk 1400 ¿ccessions).

Di,i-;o¡ o. VeSer-bLe.rop.. t,.,jr.Le or lror!i-L,Lu-á- Résearcr. 22ruDper "a/¿ c Orch¿-d.. Bángalore (uor<: .s co¡lecLion).

Ke¡a1a Agriculrural Uniwersiry, College of Eo¡¡icultdre, p.O. Vellanikkara680651, T¡ichur Kelala ('orking collection).
Faculty of ltor¡icul¡úre, Tamil Nadu A8ric. Universiry, Coinbatore 641003,India (aorkins collection; 3 inp¡oved cvs.).
National Botanical cardens, Luckno{, Up. (vorki.s collection).
Suttons Seeds, p.O. Box 9010, Calcurta-16, (a comercial cws.).

T. Satata, cpo Bo. yokohana 11, yokohana, Japar z2O_91 (1 comercial cv,).
Dept..Tropical C¡op€, Agriculru¡al Universiry, Ritzema Bosveg 32,vaseninsen (¡roxkins collection + 20 accessi;s).
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NIGERL{ - Inte¡national fnstirure fo¡ T¡opical Agricultúre (IITA), ?.M,B. 5320,
Ibadan (vorkins collectioo anaranEh and cé1os-ia a 60 aceessions: TLVS =
new cv celosia froro Benin).

NIGERIA - Plant Science Dept., University of Ife, rle-rfe (vorking collecrion).

NICERIA - Nalional Eorriculr¡rra1 Resea¡ch Insriture, p.M.B, 5432, Ibadan (genebaat
for vegetables; in 1979 138 acc. viz. aÉ¡anth 48 1oc¿1 .r:: 2 :::::_
types via FAO, 4 India, 78 AIEIC Collectioni 6 e:-.:::..

TIIAII,¿.N.D - Chia Tai Seeds & Agriculrural Co., Ltd., 295-303 So¡gsasai r.-,
Ban8kók (2 come¡ciar cvs. ).

USA - Tsáng & l4a International, P.O. Box 294, 3e1rcnt CA 94002 (1 c.=:::::
cv. ).

USA - cernpLasÍ¡ Resources Laborarory, Be1lsville AB!:.:--:-:l
Beltsville U! 20705 (genebarü, plant introducrion for long-!e!: ::_-:-:

USA - Tho!0pson & l4orsan, ?.0. Box 100, Fárúhgdale, N,y. 07727 (1 coEe::ia:
cv; tlinn choy).

USA - Buryee Co., Philadelphia 47, PA (1 cor¡¡¡ercial cv; Ta¡pala).

USA - Rodale ?ress, O¡garic cardening & ¡amirg Resea¡ch Cenrer, Rd 1, ?.0.
Box 323, Kutztovm PA 19530 (+ 650 accessions cereal + vegerabLe + wild
species).

USA - ?ark Seed Co., P.o. Box 31, c¡ee¡¡rood Sc 29647, (1 comercial cv;
lar¡pa1a).

ZAU¡IA - C.op Science Departunenr, Universiry of Za¡nbia, Lusaka (collection 100
local cvs, Indlan cereal & vegerable types flon ranil Nadu).
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!IBLIOGX-{PIIIES AND RXCENT ?U!I,ICATIONS

4!:jI3gl9!ge1=4 ¡ ib I iosra?hies

ABSTRACTS 0N TRO?ICAL AGRICULTUR¡. Deparrrent of Agriculrural Resea¡ch, Royá1 TropicalInstitute, Anste¡dan, The Nerherlánds.

HORTICULTURAL ABSTIACTS. Comonweatrh Bureau of florriculru¡e án¿l planrarion C¡ops, last
Malling Research Srarion, ¡faids¡one, lngland,

SELECTID AIIA&ANTII BIBLIOCRA¡1Iy (144 lirtes). Rodale press, (urzrom: 9 p.

Revievs of cu¡rent reseár.h

ANoN, 197 7, Proceedines of the lirst A¡raranrh Senin¿¡, held at Kútzroú.n, USA, July 29,
1977. Rodale Press, Emus: r32 p. (10 papers, review of research in
USA 1975-1977 nainly on cereal anaranths).

,!\o\, 1979, Proeéediogs of the Secord Anaranrh Conférerce, held at Kurztom, USA,
Seprenber 13-14,1979. Rodá1e p¡ess Inc., E¡maus, USAr 184 p. (pape¡s on¡ut¡ition, culrivation, assembly aod hárdling of gernplasn).

COLE, J.N. 1979. ¡&aranrh from rhe pasr fo¡ the furu¡e. Rcdate press, !maús,
UsA: 311 p. (Inc1úding bibliosraphy of 120 pubticalions).

¡IINE, L.B. , LúRWOOD, R.R. , tt{UF¡ftAN, c. S. anJ SENTT, J,t. IC79. Amranrh:
genrle giant of the last and rhe fúrrre. In, Rirchie c.A. (Ed.), New
4€g!49:e1_!4!9, i,restviev p¡ess, Boulder, colorado, usA. AAAS 

-Selected Syftposiun 38: 41-63 (hcluding 79 references).

GRUBBIñ, G..1.1i. 1976. rhe culrivarion óf anaranth aÉ a rropicat leaf vegetabte, virh
speciat ¡efe¡ence td South-Dahooey. Conmúnication 67, Depart¡:¡enr of
Agricullu¡al Rese¿¡ch, Royal Tropical InstitLte, Amterdan: 207 p.(Includins 197 referencés).

r!\RTfx", F. and TEEEL TltL¡K. 1979. Anaranth a¡d Celosia. pa¡t 6 of Vegerables fo¡
the hór, hunid r¡opics. SEA-USDA, Neu orleáns: 21 p. (rraludins 15
refere¡ces).

¡9!e!l_¿!41celi.lr
ACUILAII,J. and ALATORRE,G. 1978. Moooe¡afia,te 1a llgILra de ta aleg¡íL Menoria 1978,

L/. Do oó j L. t o" AF;_;;-;:-] ,. , . o 
j 

¿0 .

DEtuUARDNROSIAN, A.H. er a1., 1980. Nirrate and oxá1a¡e conrenr of vegerable amranrh.
Rodale Research Réport, 80-4 : 25 p.

EDl,lAl])S, A. 1980. crai¡ anaranth: charácte¡isiícs and culrúre. Rodale Résear.h Reñorr
80 :2?p.

HAUPTLI,]I. and JAIN,S.K. 1980. céneric lolymorphisús and yield conpo¡enrs in a
lopulation óf ariaranrh. J. Hered., 1I | 290-292

JAI¡I,S.K. ¿nd ll{l,TTLI, tl. 1980. claiD anaranrh: a né$ c¡op for California" Agronomy
lrogress Relo¡r, Agricú1tura1 Expe¡inenr Starion, Universiry of
California, Daris; No, 107 : 3 p.
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¡aAUFFllAN, Ch. S. and HlAS,p. 1980. RodaLe ama¡an¿h gerúplasn coltectior. Rodale
Research Reporr 80-2 : 45 p,

OIIVEIRA DE ?AM, W. 1978. Anarantaceas I Nova opcáo de espinafres t¡opicais paia
a Ar¡az6nia. Acra Anazonica, 8 : 357-363

OLUFOLAJT, A,O. and TAYO, T.O. 1980. crosrh developDent and ninela1 contents of
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oMU¡TI, O. 1980. ¡ffécts of age on eetosia cúlrivars. E¡pL, Ag¡ic., 16:2j9-2A6

MJAGOPAL, A., WTHUKiISIINAN, C.R., KA.DER MOIIIDEEN, M. ¿nd SynD, S. 1977. Co 2
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102-105

SANCIiEZ-MARROQUIN, A, 1980. porencialidad aa¡o-industrlat del ana¡anro. Cenrro de
Estúdios Econónicos y Sociates de1 Tercer l.Iundo, Mexico

SENFT, J.P. 1980. p¡orein qualiry of amaranrh grain. Rodale Research Repor! 80-3 ;
14 p.

!iII,SON, C.F. and cLrRFS, H.P. f976. Cost of production and esri@red ineone f¡oD
ceLosj,a (Celosl:.a argented L.) unde¡ rro producrion system. Vegerables
for rhe Eot, Humid Tropics Nevsletter (Mayaguez) L ; 35-37
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AJAYI, S.O.

ALEMNDER, ¡,I.M.

ARO¡,A, R. K.

BASSIR, O.

BIUTI,¡R, J.A.

BTL{GAT, N. R.

BRONSON, J.

caxPBEI,L, T.A.
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CHEEKE, P.R,

CHo!D11URY,3.

cooNs, u.!,

DA¡OZ, Ch,

DENTON, L.

DE¡!]'fA¡¡EROSI¡N, A. 11.

(topíc of study is provided in brackers)

Ler0baaa penelitian ¡{orrikúlrura, Lénbatrg, rndonesia (cultivarion)
crupo de Esrudios ADbienE¿Ies- CEs¿n Je-ónimo Lrdr.;.-;;,;;';ó LirsrcM' coronel Porfirio DÍaz 50,

Dept. Chemisr¡y, Unive¡sity rbadanr Tbadan, Nise¡ia (witanin c)

?i::ái;; ::i::li'*al officer P.o. Box 1035, r,¡undanvi. Kenya

;tl;;";;,"'",,". -'iili,5;;;;¡; ii":*::;."g1,¡;11'", *"
siochenisrry Del2r., Ainádu Be11o Univ., Zariá, Nise¡ia (pro¿ein)
Phil¿delphiá Co1léee of !hah:.v js'o'.,s^,-""-i.i,;i" "l lii;"::',T'enc:'¡Phitáderphi¿, PA

il:ii:"ii,3ii:"i":i."i;::d:::;':,\::fi ce% 
rrARr) 

canpu, Nei¡

Dept. Animl Scie¡ce, Oreso. sr"F-
oo o¡,,,. ji¡ i,--¿;;.:;i:i:.;:;,. :;i.i;,1;.,..'- t'..
Cerrp,¿"r RFqo ¡.e. L¿bora¡ory. Betrov:t.e Ag.j,ulruraj Researc.¡e' rer, 8élfc iLe MD 20l0 . ,.a ,o."r. ¡nrrocrcrtort

Siii;"J¡3;,t"t"t"tosv, Fack, s-220 07, Lünd, sveden (srain

QCFRC Rodate p¡ess, [rorar¡s, p¡\ 18049, USA (nirrate and oxalare)
Dept. Aniúal Science, oreson SrareJ. ,. j',. s¡ ,re.a:,e rri¿,", ,.,r1".;:';":í;:;'*, t,,

i:.;:l:i :..::i,i:: i":';:; :"e,;¿?j:"t"jij";"j:iiiJ l:ri;i;1,*,
¡airchild Tropical c¿rden, 10901 otr.o.io" ,,' ,.. . r^ i..^..,"1 u d ( utI'r Road. r¡ianj,

J:f i::i:"::iT.::li;¿"i'.""' univerÉitv, rrhaca. N.y.,4850,

NétionJl rlorricutrural Research Insrb¿ca,. Niserja,e"-; ;;.'.;,,":;r:1.,;;:"1Í,;j""". D.f1.B. \4r2,

;l',iffi:1:^"?i::5:";'.:l:ili'" and science, phi,adelphia



DEUTSC¡tj J.A.

DIVADAS, R.P.

EDEII{, A.A,O.

EDI,IA¡DS, A.

FA¡LrfSo, M.

¡EIN'E, L. B.

FLoR!S, 11.

GAISTON J A'I"I'

GILBERT, L.

GRUBBEN, G.J.I1,

i.IAAS, P.

ilAN I1UA¡IC

IIARI (RISI{NA SAIJU

riARI,looD, R,R.

T]ARYADI, S.

rüLTPTLI, H.
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m"""!!P##
Dept. PlanE Breeding aod Bionetry, 252 E¡re¡son }la11,
Ithaca, N.Y. 14853, USA (breedine)

S-i Avina5hilingam frose CoI-tege for liomen, Coiúb¿rore o/1011,
India (iron and carorene avail¿bility to childrea)

DepL. PL"at Science, Univer"iry lte. , te-tfe. NiCeria
(anaranch & celosiá cul tivári.n r

Rodale oGFRC, Road 1, l.O. Box 323, Kúrzroün pA 19530, USA(cultivation ptactices, nainly cereal ma¡an¿hs)

Dept. Biochemistry, Uniwersity lbadan, Tbadan, Nigeria (food
technology, coaposition, vitanin C, anaranrh, celosia)

426 Márlborough St., Apt. 3, Bosron, ¡,táss. 02115, USA (ge¡np1asn,

Dept. Blology, YaLe University, Nev lia1,en, Conn. 06520r USA
(physioloey, tissue cú1ture)

Dept, Bío1ogy, Yale Universiry, Ner Haven, Conn. 06520, USA
(phys iology, tissue cultu¡e)

OGFRC Rodale ?re6sr EIlMús pA 18049, USA (áúaranth foods)

Royal lropieal Insrirute, Dep¡. A8ric. Resear:ch, ¡Iau¡irskade 63,
Atnste¡dan, The Netherlands

D5 Kaniék Apts., li. Su. Pullnan WA

Dept. Eorticulturer National TáiFan
raivan 107 (¿enperatr¡re)

Depl. Medicinal Plants, ThápaEha1i,
a¡úatanth gernplasn)

99163, UsA (sernplas¡o)

Unive¡sity, Taipei,

Kathnandu, Nepal (cereal

HIRSCH, A,

É0, L.

rFoN, E.T.

JAIN, S.K.

Rodale 0GFRC, Rd 1, P.O. Box 323, turzto¡m pA 19530, USA(cnltivátion p¡acrices, b¡eedins)

Iac, Agricul¡ure, Dept, Agronony, Bogor Agric. University,
Bogor, Indonesiá (nutriríon, cultiv¿rion)

Aa¡onoDry & Range Science Dept. Universiry of Californiá,
Davis cA 95616, USA (genetics, se¡D?tasn e¡ploration c. & S.

OGrRC Rodale ?¡ess, Efftraús pA 18049, USA (anaranEh foodÉ)

AvRDc, P,o. Box 42, Shanhua, Taiüan 741, china (geraptasn

Biochenislry Dept. Ahnad! Berlo Univ., zaria, Nigeria (p¡orein)

AAr:onomy & Range Science Depr. University of California, Davis
cA 95616, UsA (senerics, evolulion)



Josttl, B.D.

KADER }IOH]DEEN, M,

KAUIFMAI{, Ch. S,

KHOSHoo, T.N.

KRIEDEMANN, P. E.

LfN CIL{O-ESIÚNC

LUTZ, R.L.

¡IADHUSOODANAT\r K. J.

MARTIN, F.W.

¡!{TEAI, ?.J.

¡iCELROY,.l,ll.

MIINGER, It, ¡1.

14USTA¡4, F.

MUTHUKNISINA]iI, C.R.

NA¡E{N, G.

NEY, T.

NIATIGA¡0, O.

NOIMAN, J.C.
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,¡!349]{_r-(contrnued)
National Bu¡eaú óf planr cenetic Resources, Sirnla, India(I4dian grain anaxamhs)

DeDr. ol ri.r ,r"r., Ta ', \-o. 
^cri.. 

ü,1i\e."iry, c.¡rb¿Lore
61l00j. ndia (gé1ecic-, curr:v¿.:on)

Rodále OGFRC, Rd 1, P.O. Bo:.323, Kutztov¡ pA 19530r USA
(breeding cereal amaranrhs, eerúp1as!0)

National Botanic Cardens, l,ucknoo, 22600I, up, India (cyto-
genetics, hybridization)

Di!. norLicLlrüral Re"earch, CSTRo. tta.b, .. \:c. )505,
Aust¡a1ia (ecolosical conditions)

Dep!. Tr:opical Ho¡riculru¡e, tengsha$ Tropicat Horriculrural
Experinent Station, Agricú1tura1 Research Insriture, ¡engshav,
(¿ohsiung, Taiwan, China (cultivarion, vá¡iely resii¡g)
Dept, Ag¡ónony & Range Science, Udiversiry of California, D¡wis,
CA 95616, USA (gernplasu erplorarion C. & S. Ane¡ica)

National ¡otanic cardens, Lucknow, 22ó001, Urrar ?radesh, India
(sene!ics)

MayaBuez Insrirúré of Tropical Agriculrure, Mayaguez, fuerto
Rico 00708 (borany, cultivarion)

Crop S.ience Dept., University Zambia, Lusaka, Zaabia (cultivation,

Dept. Plant Exeeding & Biomerry, Cornell Universi¿y, Irhacar
N.Y. 14853, USA (breedins, raxoncúy)

410 Bradfield Ha11, Cohé11 Universiry, I¡haca, N.y. 14853, USA
(b¡eeding)

Universitgt fiohenheia, hsritúr fur Tropenpftanze¡bau,
Kichnersrrasse 5,7000 Srúrbgarr 70, West cerna¡y (cúltural

¡ac, Horticulture, Tanil Nadu ABric. Univetsity, Coinbatore
641003, Iadia (cúttivatio¡, breedins)

Meals for Millions Foundarion, 715 North park Avenue, Tocson,
A¡izona 85719, USA (sernplasn)

OG¡RC Ro¿aLe Press, [¡náús ?A 18049, USA (ana¡anth foods)

A,c.c,T, Reseaux drEchange e¡ coopération Scientifique, Abidján,
Ivory Coast (amaranrh collecrioa)

Dept. Horticú1ture, University Science al1d Technology, Kúi¡asi,
Chana (culrivation)
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oDEBUNlll-oSrKAtl¡,u, K.

ODERINDE, S.I.

oKE, O.

oKlGBO, B.N.

oLUroLAJr, A.O.

oMUETI, O.

oNI!.l1E¡rE, t.c.

OSI BANJO, O.

PAHLEN, A. von de¡

?AI-CHI 1IUANG

?ArvA, I,i.c. de

PAL, M.

PF¡NDNER, W.

PRE}{ NATH

BAJAGOPAL, A.

¡altAcItANDRAN, C,
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ffiHH*,
Taúil Nadú Aaric' Universitv, coinbarore 641003' India
(bacterial iooculants)

Inslitute of Asticultural Rese¿rch and Training, P'M'B' 5029'
Móor P1án¡aÉio;. Ibadan, Niseria (diseases)

Dept. Chenist¡y, Uniwersirv lbadan, Ibadar' Nigeria (viraúin c)

Chenistry Dep!., universiiv lfe, I1e_Ife, Nigeria (nutritional

rIlA, P,¡I.8. 5320, Ibadan, Nigeria (farning svsEer¡s)

Dept. Agricultural Biologv, Uniw. lbadan, Ibadar' Nigeria
(cultivalioo, nine¡31 ccnlert)

Institute of Agricultural Research and Traiñing, Universitv Ife'
?,¡1.8, 5029' rbadan, Niee¡ia (celosia cultivation)

DeDt. Plant Science, Universirv lle_Ife, Nieeria (teúpelature

"ties" a'a¡a"t¡ and celosia)

Dept. Chenisil-y, üniv' of lbadan' Nigeria (vi!a¡!in c)

Divisáo de cianciás Asrona¡1icas, Inslituto Nacional de

Pesauisas de ¡naz6nia (IN?A), caixa ?osla 478, 09000 Maraus -
aM 

j Brazil (cultivation)

Tai?ei. Dislrict Agricultur¿1 Iúproveúent S¡ation, Tai\'¡an

(va¡iety testirs)

InslituEo Nacional de ?esquiías ¿a Anaz6¡ia, IanaÚs, A@zonas'

Brazil (vá¡iety testing anaranth, celosia)

NáEionaL ]brricultúrai Research lostitúte! l'ucknov, rndia
(eene!ícs)

Philadelphia collese of Phamacv and Science, PhlladelPhia
PA 19104, usA (nitrate' oxalate)

National Eorticultural Research lnstitute/FAO_UNDP ?roject NIR/

72/OO1' P.¡:1,8. 5¿32, abadaí' Nigeiia (gemPlasú)

DeDr. Ae-or^ú1 , fáf,i' Nad- Ag_:c ljriversiLv' coimbaLore
h4i0o i- lndia (cultivation, Dréedins)

DeDt. O1ericu1r.re, Col lese ot horriculrJre. hér¿la Agric'
i^l""'.1.v, P.o. vel lanikkára 680b5I' Trichu"' kr¿la' l ldLa

(horticuliure, huÍid lropic vege¡ab1es)

¡fayaguez InstiEute of Tropical Agriculture' Mavasuez r ?ue¡to
Rico 00708 (botany' coúPosltron)

Ceorro rtuaios:cononicos Sociarer dP lo'cer vJ.co. Porlifio
tir,-so' s"" Jeronino Lidice, Mexico (composition oI leaves and

RUBERTE, R.M.

SANCIIEZ-UASROQUIN, A.
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SAROJA,3.

tiHH*,
sri Avínashilinga¡o Hone seie¡ce college for Wonen,
coinbaiore 641011, India (i¡on snd calotene availabililv

AaronoEy Dept, colnell Universily, Ilháca, N.Y' 14850, USA

(nutritional varue)

Rodale lress OGFRC, Rd 1, P.O. Box 323, Kutztonn PA 19530'
USA (nilrate and oxalate st'rdies, prolein qualitv)

De?t. Olericü1rúre, TaÍi1 Nadu Agric, Univetsitv, coiúbatore
641003, Indla (b¡eeding)

Division Vegetable crops & Floricultúre' I¡RI, Nev Delhi 110012

India (variety tes!ing)

Bargladesh AB¡icu1t¡]ral University, Myrnensingh' 3a¡g1¿desh
(cúltivation)

Depl. Éo¡tieultúre, TaniL Nadu Agric. Universitv' Coi¡rbatore
641003, India (cultivalion, breedine)

Dept. Agricúltural Biology, Univ. Ibadan, Ibadal' NiSeria
(cultivation, nineral contenr)

Mayagüez Inslituie of Tropical Agricullure, ¡'lavaguez! ?úerto
Rico 00708 (botany, conposition)

Dept. tlorticulture, University Science & Technologv, Kúnasl,
ch¿na (cultivation amranth, celosia)

Iang Eórticultural Etperineat Slation, FanS' Chiang l4ai,
Thailancl (collection vesetable anaránths)

Dept, Agronoñy & Range Science, Universitv of califorria' Davis
cA 95616, USA (genetics )

120 P.G, Hoslel, Tanil Nadu Ag¡ic. Uaiversitv' Coiróátore
641003, ranil Nadu, India (cultivation, coúPosition)

Depi, Entonology, Universily Agric. Sciences' Hebbal,
Bansalore, lndia (P1úLe11a calerPillars)

ocERc Rodale Press, Emaús ?A 18049, USA (Popülation dersilv'
srain amranth)

OG¡RC Rodale ?ress, Elrmus PA 18049, ÜSA (nillate' oxalate)

1ITA, P,)r.8, 5320, Ibadan, Niseria (ctltivation)

Aaronoúy & Range Science Dept., Universily of Calilornia,
Dawis cA 95616 (senelics)

OG¡RC Rodale ?ress, Emaus ?A 18049, USA (ni¿¡ate, oxalate)

SCH¡{IDT, D.R.
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SHANMUGA\¡TLU, K.G.
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SI'ED, S.

TAYo, T.O.

TELEK, L.

TTIPO, G1, ¡1.

TONGUTHAISRI, T.

VAIDYA, K.R.

VIJAYAI<UMAR, M.

vrstL{KANTAT-4rl, M.

vol¿K, B,

IEINSTEGER, E.

WILSON, G.I.

tiu, L.
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