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Abstract

Seed macroand micro morphologicalcharacter®f 68 taxawithin the family Amaranthaceawere examinedby using
light and scanningelectron microscopy Generic and keys for speciesalong with detailed seeddescriptionhave been
provided Greatvariation was observedin seedshapeand surfaceat genericand specific levels. The presentstudy will
providean additionaltool to strengtherthe recognitionof taxawithin the family Amaranthacearom PakistanThis datais
furtheranalysechumericallyby clusteing to traceout the phylogenetiaelationshipof Amaranthgaxaat variouslevels.
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Introduction

The families Amaranthaceaeand Chenopodiaceae
previouslyremaineda matterof debatefor manyyearssuch
as, Rendle(1925) treatedboth the families separatelyunder
the former order Centrospermaewhich was followed by
many workers (Takhtajan, 1966; Townsend, 1974
Cronquist, 1981; Heywood, 1993; Freitag et al., 2001).
Recently,the membersof the family Chenopodiaceaare
mergedwithin thefamily Amaranthaceaenthebasisof rcbl
data,chloroplaststructuresand DNA restrictionsites(APG
I, 2009; FrankDe-Carvaltto, et al., 2010).Accordingto
APG Il (2009) the family Amaranthacae (s.l) hasbeen
divided into 10 subfamilies. In Pakistanthe family is
represented by 7 subfamilies viz., Amaranthoideae,
BetoideaeChenopodoidea&;omphrenoidea&alsoloideae,
Selicornioidea@ndSuaedoideae.

The genus Amaranthuswas examinedfor its seed
morphologyby various workers (Jain and Hauptli, 1980;
Irving et al., 1984; Saunders& Becker,1984; Khalid &
Shad,1990).Similarly, Soliman(2006) correlatedthe seed
coatmorphologywith cytologicaldatafor the genusAerva
and concludedthat grarulation on seedsurfaceof Aerva
wasproportionalto thelevel of ploidy in this genus.

Moreover,Khalid & Shad,(1990) studiedthe genera
Achyranthus, Aerva and Celosia and emphasizedthe
importanceof seedmorphologyin dispersaladaptibilty of
seedsin these genera.Sageet al. (2007) examinedthe
evolutionary lineage in species of the family
Amaranthaceaby using Carbonisotopes.Malekloo et al.
(2010) studiedthe seedcoat structure,pollen grains and
stem anatomy of 2 subspeciesof Chenopodiumalbum
using scanning electron microscope and elevated the
subspecie€henopodiunalbumssp.iranicumasa separate
speciesChenopodiumiranicum While, Khalid & Shad
(1990) examined the seed morphology of the genus
Chenopodiumin order to check its seed dispersa and
adaptabilityas a weed. Yao et al. (2010) examinedthe
germination capacity of heteromorphic seeds in
Chenopodiumalbum and its effects on salinity stress,
wherehe concludedthat brown seedsare moreresistanto
saltstresghanblackseeds.

The purpose of the presentresearchis twofold.
Firstly, is to provide detailed information on seed

morphologyof Amaranthstaxa. Secondlyto usethe seed
charactersisanadditionaltool for taxonomicdelimitation
and for tracing phylogenetic relationshipsamorg the
Amaranthgaxaat variouslevelsfrom Pakistan.

Material and Methods

Matureseedof 68 taxaof the family Amaranthaceae
were collected from herbarium specimensand fresh
material was also collected from field. Mostly 10
plants/speciesand 1520 seeds/plant were studied
(dependingon availability of material; Appendix ). The
seedswere examinedfor their morphologicalcharacters
understereomicroscopéSMZ800) and scanningelectron
microscope (JSM6380A). For scanning electron
microscopydry seedswere directly mountedon metallic
stubusingdoubleadhesivetapeand coatedwith gold for
a periodof 6 minutesin sputteringchamberandobserved
under SEM. The terminology usedis in accordanceto
Bergreen (1981) and Stearn (1983) with slight
modifications. Presently different seed charactersviz.,
seedaril, position, number, weight, size, shape,colour,
surfaceandpositionof hilum havebeenobserved.

Numerical analysis Hierarchical clustering was
performedby using Euclideandistanceindex and group

strategywith the computempackaggSPSS18,2012).Each
of the specieswas treatedas operationaltaxonomicunit

(OTU). Characterswere recordedin binary state and
codedas presenceor absencdgl or O respectively).The
averagevalues of the quantitative charactersviz., seed
number weight,lengthandbreadthweredirectly used.

Observationsand Results

General characters of the family Amaranthaceae Single
seedper fruit, horizontalor verticalin position,0.5-3.5x0.3
25 mm, arillate or norarillate, compressedor not
compressedeniform, subreniform, orbicular,suborbicular,
cuneate transverselycuneate,oblong, oblanceolatepvoid,
obovateor elliptic pyriform, radially striate or nonstriate,
cream, light brown, dull brown, golden brown, reddsh
brown, dark brown, chestnut brown, greenishbrown, black
brown, or black, shiny or unshiny, surface smooth or
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centrallysmooth reticulate rugose colliculate, puncticulate,
favulariate, lineate, striate areolate,falsifoveate, undulate,
foveate, granulate, sclariform, punctate, appressedly
tuberculate coveredwith plates, sculpturedwith ruminate
lines, verrucate or lepidote. Hilum conspicuous or
inconspicuous,basal, subbasal, sub central, lateral or
marginal (Tables 1-3; Figs.1-9; Plts.1-9)

It is representethy 7 subfamiliesviz., Amaranthoideae,
Gomphrenoideae, Betoideae, Chenopodioideae,
SalicornioideaeSalsoloideaandSuaedioideae.

General seed characters of the subfamily
Amaranthoideae Seeds0.5-3x0.5-2.5mm, vertical in
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position, non-arillate, compressedor not compressed,
reniform, subreniform, orbicular,obovateor oblong,dark
brown, greenishbrown, chest nut brown, dark brown
black or black, shiny, foveate and lineate, lepidote,
colliculate, colliculate and puncticulate, favularige,
reticulate, reticulate and puncticulate, colliculate and
favulariate, colliculate and reticulate, verrucate or
centrally smoothand reticulate, puncticulateor undulate
at edges. Hilum conspicuousor inconspicuous,sub
central,basal,subbasalor margnal.

Presentlyrepresentetby 6 generaviz., AervaForssk
AmaranthusL., Celosia L., Digera ForsskNothosaerva
Wight andPupaliaJuss.

Key to the genera

1+Seeds greenish brown, surface
-Seedsnb as aboveéééeeéééeéécé
2+Seeds <chest nut
-Seeds dark brown or bl

3t Seeds cuneateééééééeceececéeéeéeeee

4+Seeds reniformorsub e n i

-Seeds orbicular, subarbc ul ar or

AervaForssk.
Seed€.00020.0003gm, 0.5-1.5x 0.5-1mm, reniform

or subreniform,compresseor not compressedjarkbrown
or black and shiny, surface colliculate, colliculate and

| epi dote, hil unDidera
ééé

or obovateéééééééecé

puncticulateor favulariate.Hilum conspicuoussubcentral,
subrbasalor marginal.(Plt. 1 A-F)

Presentlyrepreserted by 3 taxa viz., A. javanica
(Burm.f.) Juss ex.Schultesvar javanica A. javanica
(Burm.f.) Juss ex. schultes var. bovei Webb and
A.sanguinolentdL.) Blume

Key to the species

1+ Seeds compressed, sur face
-Seeds not compressed,
AmaranthusL.

Seeds 0.51.5x0.51mm, orbicular or obovate,
compressear not compresseddark brown or black and
shiny, colliculate and favulariate, colliculate and
puncticulate,reticulate and puncticulate,colliculate and
reticulate, verrucate, lepidote or centrally smooth and
reticulate, puncticulate or undulate at edges. Hilum

sur face

collicul ate or p.é@Aavanic

favul ar i at.eA samdguinolent:

conspicuous,marginal, subcentral or subbasal. ( Plts.
1M-0, 2 A-O,3A-B).

Presentlyrepresentedby 10 taxa viz., Amaranthus
caudatus L., A. graecizans L., ssp. graecizans A.
graecizand.., ssp.Silvestris(Vill) Brenan,A. graecizans
L., ssp.thellungianus(Nevski) Gusev,A. hybridus ssp.
cruentus(L.) Thell., A. hybridus L., ssp. hybridus A.
retroflexusL., A. spinosud.., A.tricolor L. and A.viridus
L.

Key to the species

1+Seeds with marginal hil

-Seeds with sulgentral or sulbasal hilum (except iA. hybridusssp.cruentug é é é é .

,,,,,,

24Seed surface verrucate or undul ateéééééééééécecéé
-Seed surface colliculate, reticulate or puA@tadcizcan
3tSeeds dark brown, surface verrucateééééeéeéeéeeéerdridus
-Seeds bl ack, surface undul ateééééé. ééééééeéeé éhéicélar
4+Seeds withsuc e nt r al hilumééééécéé. 6ééééeéééééeéeé hretboifexut

-Seeds with subbasal hilum (except iA. hybridusssp.cruentug é

54Seed surface reticul ate
-Seed surface collicul ate
6+t Seed surface colliculate
-Seed surface colliculate and retidula o r reti

,,,,,,,,,,,,,,,,,,

at edgeséééééeééeéé.chdpnésa
and favulariate, collic
and favul ariate é. A caudaté
cul ate and punct i c.uAl rykridus
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CelosialL.

Seeds1-1.5 x 1-1.5 mm, orbicularsub orbicular,
compressed, black and shiny, surface foveate and
reticulate Hilum conspieiousandmarginal.(Plt. 4 J-K)

It is representedby a single speciesviz., Celosia
argenteal.

Digera Forssk.

Seeds2.5-3x2-2.5 mm, orbicular and beakedat both
sides,not compressedgreenishbrown and shiny, surface
lepidoteand coveredwith ribbon like appendagedilum
inconspicuousndbasal.(Plt. 6 L-M)

It is representedby a single speciesviz., Digera
muricata(L.) Mart.

Nothosaervawight
Seedd.51x0.30.5 mm, orbicularsuborbicular, not
compressedgchestnut brown and shiny, surfacefaintly
reticulate Hilum inconspicuousindmarginal.(Plt. 8 F-G)
It is representedby a singlespecied.e., Nothosaerva
brachiata(L.) Wight

Pupalia Juss.

Seedsl.5-2x1-1.5mmcuneatenot compressedylack
and shiny, surface centrally depressedand faintly
reticulate Hilum inconspicuousindsub-basal.(PIt. 8 H-I)
It is representedby a singlespeciesviz., P. lappacea(L.)
Juss.

General seed characters of the
Gomphrenoideae

Seeds 1-1.5x0.51.5mm,vertical in position, non
arillate, compresseddr not compressedprbicular, sul>
orbicular, obovate,transverselycuneateor oblong, dull
brown or chest nut brown, surface reticulate and
puncticulate,undulateand rugose,colliculate, favulariate
and rugose or colliculate. Hilum conspicous or
inconspicuousiateral,sub-basalor sub-central.

Representedy 2 generaviz., AlternantheraForssk.
andGomphrend..

subfamily

Key to the genera

-Seeds not

AlternantheraForssk.

Seeds1-1.5 x 0.51mm, orbicular, suborbicular or
obovatewith retuseapex,compressedbrown and shiny,
surfacereticulateand puncticulate, undulateand rugose,

colliculate, favulariateand rugose.Hilumconspicwus or
inconspicwusandlateral.(PIt. 1G-L )

Presently represented by 3 species viz.,
AlternantheraparonychioidesSt. Hil., A. pungenunth
andA.sessiligL.) DC.

Key to the species

1+Seeds orbicularorsubr b i c ul
-Seedo bovateééé.

2+Seedsur f ace

Gomphrenal.
Seedsl-1.5x1-1.5mm,transverselyxuneateor oblong
not compressed,chest nut brown and shiny, surface

aréeecéeécecééececceéececceceéeceecceeeece.
eééééeceééaepiecececcéececceéee.

,,,,,,,

,,,,,,,,,,,,,,,,,

€ é.A. pungen

,,,,,,,

colliculate or reticulate and puncticulate. Hilum
incorspicuousor subcentral.( PIt.7 A-D).

Presently representedby 2 speciesviz., Gomphrena
celosioideMart andG. globosal.

Key to the species

1+Seeds
-Seeds

obl
transversely

ong, surface

General seedcharactersof the subfamily Betoideae
Seeds 1-3x1-2mm, horizontal in position, non
arillate, not compressedreniform or obovate,black and

reti
cuneat e,

cul ate and punct i &Guglobos:

surface col | i cG telosiomes

shiny, surfacereticulate or rugose.Hilum conspicuous,
sub-centralor inconspicuous.

Representedy 2 gener viz., Acroglochin Schrad. Ex
Schult.f. andBetal.

Key to the genera

1+Seeds
- Seeds

reni form,

obovat e, sur face

sur f ac eé éréeétéi écéuél caét ceééeéecéééeée. ééeeéAcroglochin
r ugénéséeb bbb éié & & &E é Beta
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Acroglochin Schrad.ex Schult.f.
Seeds 1-1.5 x 1-1.5mm, reniform, black and shiny,
surface faintly reticulate. Hilum corspicuousand sub
central.(PIt. 3C-D)

Presently representedby a single species viz.,
AcroglochinpersicarioidegPoir.) Mog.

Betal.

Seeds2.5-3x1.5-2mm, obovate,black and shiny, surface

rugose Hilum inconspicuous(PIt. 4 F-G)
Presentlyrepresentedy a single speciesviz., Beta

vulgarisL. ssp.maritima(L.) Archangeli

General seed characters of the
Chenopodioideae
Seeds 0.53.5x0.52.5mm, horizontal or vertical,

arillate or nonarillate, compressedr not compressed,

subfamily
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radially striate or non-striate, obovate,elliptic pyriform,
elliptic pyriform-obovate, orbicular, orbicularobovate,
orbicularobovateto elliptic pyriform, oblanceolatelight
brown, dark brown, dull brown, reddish brown, dark
brownblack, black-brown or black, shiny, dull shiny or
unshiny, surface,smoothor striate,rugose punctatewith
ruminate lines, favulariate, favulariate and rugose,
falsifoveate,lineate, areolate,rugose and tuberculateor
ruminate.Hilum conspicuou®r inconspicuoustnarginal,
basal,subbasalor subcentral.

Representedby 6 generaviz., Atriplex L., AxyrisL.,
Ceratocarpus L.,ChenopodiumL., Kochia Roth and
SpinacialL.

Key to the genera

,,,,,,,,,

1+Seedsobanceol

-Seeds orbicular, obovat e,
24 Seed surface

-Seed surface

3tSeeds with

-Seeds with inconspicuous
Atriplex L.

Seeds 1-2x0.52mm,vertical or horizontal in position,
arillate or nonarillate, compressedor not compressed,
radially non-striate, elliptic pyriform, orbicular, obovate,
or elliptic pyriform-cuneatelight brown,dark brown, dull
brown or black, shiny, surfacelineate, rugoseor striate

rugoseééé éébébebebe & cbebebe 6 &e &é é ¢ .

ateéeééecééééééccécecéeécéeécecééeeéeéeéeé. e

. @&e 8

Striateéeéeeeeeeer.ce.ceeed® ecee e e Axyrs

é éCeratocarpu

conspgiceédecee érRiéléeéde é.é.éé ¢ Atriplex, Chenopodium, Spinac

rugose. Hilum conspicuousor inconspicuous,marginal
basalor subbasal.(Plts 31-0, 4 A-C).

Presently representedby 5 speciesviz., Atriplex
dimorphostegiaKar. And Kir., A. lasiantha Boiss, A.
leucoclada Boiss, A. schugnanicalljin and A.stocksii
Boiss

Key to the species

7 7z oz oz

-Hilum subbasa |
2+Seeds

or

obovate and

-Seeds elliptic pyriform or elliptic pyrifors une at e é é é &.é&&E& e éééééé.

C O NEpéréeeseseetdeeeeeeeeee. eeeeee ¢ é .

,,,,,,,,,,,,,,,,,,,,,

éééeéeée. 3

3t Seed surface |l ineateéééé&&e&aece&ac&k écé. ¢ééeééé A lasianthe
-Seed surface rugoseéééééééeée et ceaceéeéceée. éé4
4+Seeds vertical, hilum maé@gédaée&&d&éé&éde é e &. &ésbocksi

-Seeds horizontal, hilumsidba s al é é é é .
Axyris L.

Seedsl.52x 1-1.5 mm, vertical in position, arillate,
not compressed, radially non-striate, oblanceolate,
centrally black and brown towards the corners, shiny,
surfacestriate.Hilum inconspicuous(Plts 4 D-E)
Presentlyrepresentedby a single speciesviz., Axyris
hybridaL.

Ceratocarpud..
Seeds 3-3.5x1-1.5mm, vertical in position, norn
arillate, not compressed, radially nonstriate,

oblanceolateplack and unshiny, surfacerugose. Hilum
inconspicuas. (Plt. 4 L-M).

It is representedy a single speciesviz., Ceratocarpus
arenariusL.

ChenopodiumL.

Seeds 0.5-2x0.52mm, horizontal or vertical in
position, arillate, compressear not compressedsadially
striate or non striate, orbicular, obovate, orbicular
obovate, oblong or orbicularobovateelliptic pyriform,
reddishbrown, dark brown, black-brown or black, shiny
or unshiny, surface smooth or rugose, favulariate,
favulariate and rugose, lineate, punctate, falsifovedae,
areolaterugoseandtuberculateor sculpturedwith faintly
ruminate lines. Hilum conspicuousor inconspicuous,
marginal or rarely marginalsubcentral. (Plts 4 N-O, 5
A-O, 6 A-K)
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Presently represented by 17 species viz.korshinskyi(Litv.) Minkw, C. litwinowii (Paulsen) Uotila,
Chenopodium album L., C. ambrosioides C. C. muraleL., C. nepalense&olla, C.novopokrovskyanum
atripliciforme Murr, C. badachschanicunTzveley C. (Aellen) Uotila C. pamiricumlljin, C. schralerianum
ficifolium Sm. ssp. blomianum (Aellen) Aellen C.  Schult, C. strictumRothandC. vulvarialL.
foliosumAsch, C. glaucumL., C. karoi(Murr) Aellen, C.

Key to the species

1+Seeds horizontal in position, éeéééééeaaaeadddd . cééte
-Seeds vertical i n positionéé&&é&e EE&&ée & c&e éé aea

2t+Seed surface smooth or faintlég éfédBleléabréiéa téet.6.6.6&63

-Seed surface not as aboveééécééééééeééeécéée. ééé. ¢éééev
3t Seeds radially striateéééeééeecccceececee. ¢666eeé.5
-Seedsradiallynest r i at e. . éééééééééecédececdeécecée. éeécéeé.A
44+Seed surface smoothééééééééééééécéccéeééé. éé..C nepalens
-Seed surface faintly faceeakBEaeeatééécéééseé. éd&épardircum
5+Seeds orlmiular ororbiculalo bovat eé éé éééé.  &a&E&aeéééééeéeéeee. .. ééd
-Seeds obovateéééééééeééé e ébbécééédecé e étééé. ééééeéé. C.abunm

S bl ackéeééééé é cééécécéée. é.ééé.é éé. é é é.é é é. .C. novopokrovskyanu

6+S e e é
s bl ackish

cEEeEceceecececee e ée€ééé. . C. gulars

IO}

-See rowné

o T O

ceéééééépcecéeé. ceee. . €8

N
[0}
[0}
N
N
[¢]
N
N
N

7+Seeds compresse

CEéEEEEEEeeeeée. ééeéeeé. .C.strictun

(]
o

8+tSeeds surface punctuate with appressedl.y E&éambrosividd

d
d
d
-Seeds not compressed
d
d as abovecéceéedéééeec&edcéceéeced. .. éa

=
(@]
—

-Seeds surface

9tSeeds radially striateé. ééé becéecbecédt éécél.6.66 écééed é €10

-Seedsradiallyneet ri at e. éééée&&&e&d&eé € é é C. schraderianum

[N
(¢)
(¢}
()
(¢}
(¢}
()
M

I . s oz o2z

10+Seedsdfrace faintly i nNeat eé@é&@éé@e&ceeecdedééeéé.C karoi

LI 4L LL LL LL AL LL LL L L 14 4L 4L

-Seed surface ot her t han | i néeéné &l EEEEEEESE & & &&&..11

L4 4L 4L LL L 14 1L L

114 Sur f ace favul ar i éaé &éé&éédéd & & &&¢é &¢é é é é é C. badachshanicunC. murale

7

éééeéeé

17 17 1z £ 4 £

Sur face fal fié éf. o baedtéae&&é& ¢é é é

-
-
D

.C. ficifoliumssp blomianun

17 sz o1z 2z

12¢Seed radially striateééé&e&é&déeéed

171z

@eaeea.é.é.é éé C. glaucur
éé.13

z z 7 Lz oz

@&
-Seedradiallynos t ri aeé. éééééeééeée. . ééééééeceecée
éLlEm

N
0N
N
0N
N

13+Seeds orbicular or oboé&.at &eéééheiélé CRERERIECBEEEE .41
-Seeds oblong, hilum i ncdbdhs&dbédcdadbli&e &&EE&EEEE ..C. korshinsky

14+ Seeds orbicul ar, reddi sbhéebeowpééecéééééeéeéé . .C.foliosum

0}

-Seeds obovate, dabkownb | ack éééééée. . é€eeeece€cééééeééeeeeéeéé. 15

154 Sur f ace areol ateé. . éé & é . C. litwinowii

D
()

é

o
D

é

[}
[0
M
o
[N
o
()

éee

o

é

o)

(1}
(1]

é

D
[N

é

D

é

0N
[N

-Surface sparsely punctéatéééé & é .C. atripliciforme

KochiaRoth appressedlytuberculateor covered with plates. Hilum
Seeds0.5-2.5x0.52mm,vertical in position, arillate  inconspicuous(Plts 7 M-O, 8 A-E)

or nonarillate, not compressed,radially non-striate, Presentlyrepresentedby 4 speciesviz., Kochia

obovate,ovoid or elliptic pyriform, creamlight brown, indica Wight, K. iranica Litv. ex Bornm, K. prostrata
dark brown or black and shiny, surface rugose, (L) SchragK. scoparia(L.) Schrad
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Key to the species

////////////////////////////////

,,,,,,,,,,,,,,,,,,,,,,,,,

3+Seeds
-Seeds

Spinacial.

Seeds2-2.5 x 2-2.5mm, vertical in position, arillate,
not compressedyadially nonstriate, elliptic pyriform-
obovate,dark brown and shiny, surfacerugose.Hilum
conspicuousindmarginal.(PIt. 9 A-B)

Presently representedby a single species viz.,
Spinaciaoleraceal.

br owg@&eé.e..veeeeeerieieeennnnnn..

..................................................................... K..scoparia
bl ackééééce&&eadcdéééécééééecéeééééééééééé K prostrata

General seed characters of the
Salicornioideae
Seedd.51x0.31mm, vertical in position, arillate or
non-arillate, not compressedadially non-striate,obovate,
light brown or dull brown, unshiny,surfacecoveredwith
platesandrugoseor striate.Hilum inconspicuous.
Representedy 2 generaviz., ArthrocnemumMog.

andHalostachy<C.A. Mey.

subfamily

Key to the genera

1+4Seed surface covered
-Seed surface
ArthrocnemumMoq.

Seeds 0.51x0.51mm, obovate, light brown and
unshiny, surfacecoveredwith platesand rugose.Hilum
inconspicuous(PIt. 3 G-H)

Presently representedby a single species viz.,
ArthrocnemunmacrostachyuniMoric.) C. Koch

HalostachysC.A. Mey.

Seeds0.51x0.30.6mm, obovate, dull brown and
shiny, surfacestriate.Hilum incongicuous.(PIt. 7 G-H)

It comprises single species viz., Halostachys
belangerangMog.) Botsch

Striateéé é ééeebebiéléiéiété é é é66E&Eé é é é é Halostachy.

General seedcharactersof the subfamily Salsoloideae

Seeds 0.5-3x0.52.5mm, horizontal or vertical in
position, arillate, not compressedradially non-striate,
oblong, elliptic pyriform, orbicular, obovate, orbicular
obovate or ovoid, dull brown, golden brownbrown or
black, shiny or unshiny, surface colliculate, lineate,
reticulateand favulariate,rugose favularigde and rugose,
striate and rugose or rugose and lineate. Hilum
inconspicuou®r basal.

Represented by 5 genera viz., Anabasis L.,
GirgensohniaBunge Halogeton C.A. Mey., Haloxylon
BungeandSalsolaL.

Key to the genera

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

2+Seeds obl ong, surface

7 4 oz oz

éé. ¢

,,,,,,,,,,,,,,,,,,,,,,

| é hehd E&E&EEEEEEEEEE é Girgensohnit

-Seeds elliptic pyriform, surface favulariate and rUGOSE.........cveeeeeiiiriiiiiiiiie e e e Halogetor

3t Seed surface collicul

-Seed surface reticulatend favulariate, striate ugo s e, rugose

4+4Seeds orbicular or

-Seeds orbicular or obovate, surface reticulate and favulariate,-stiggie e

AnabasisL.

Seeds 2-3x2-2.5mm, vertical in position, arillate,
orbicularobovate apically beaked, black and shiny,
surface appressedlycolliculate. Hilum inconspicuous.
(Plt. 3E-F)

Presently representedby a singe species viz.,
AnabasishaussknechtiBungeex Boiss.

at eeeceereeeceeee....e..

v Anabasic

and l i neateéérd

or rugose an.dbaldoli

GirgensohniaBunge

Seeds 1.52x0.51mm, position not prominent,
arillate, oblong, dull brown and shiny, surface faintly
lineate Hilum conspicuousindbasal.(PlIt. 6 N-O).

It comprisesof single speciesviz., Girgensohnia
oppositiflora(Pall.) Fenzl
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HalogetonC.A. Mey.

Seedsl-1.51x0.51mm, vertical in position, arillate,
elliptic pyriform, brown and unshiny, surfacefavulariate
andrugose Hilum inconspicuous(PIt. 7 E-F).

Presently representedby a single species viz.,
HalogetonglomeratugM.Bieb.) C.A.Mey.

Haloxylon Bunge

Seeds 1-2x1-1.5mm, horizontal or vertical in
position, arillate, orbicularor ovoid, goldenbrownbrown
or black and shiny, surface faintly lineate or rugose.
Hilum inconspicupus(PIt. 7 1-L ).

Presentlyrepresentediy 2 speciesviz., Haloxylon
griffithii (Moq.) Boiss, H. salicornicum(Mog.) Bungeex
Boiss

Key to the species

1+Seed
Seedsur f ace
SalsolaL.

Seedd.52x1-2 mm, horizontalin position, arillate,
orbicular or obovatebrown or black and shiny, surface

surface é&éugELeLL ééLééééééééééééééééé H.oriffithi

reticulatefavulariate, appressediylineate and rugose or

striaterugose Hilum inconspicuous(PIt. 8 J-O).
Presently representedby 3 speciesviz., Salsola

drummondiiUlbr., S.nitraria Pall.andS.tragusL.

Key to the species

1+4Seeds orbicul

-Seeds

-Seed suUnce reticulatef av ul ar i

General seedcharactersof the subfamily Suaedioideae

Seeds 0.52x0.42mm, horizontal or vertical in
position, arillate or nonarillate, not compressedradially
nonstriate, reniform or sub reniform, black and shiny,
surface colliculate, reticulate, sclariform or centrally

‘reeeeeede e.

ée. é. .. é. céééééééeeeceéé

. S. tragus

smooth and lineate or reticulate at margins. Hilum
conspicuousmarginalor sub-central.

Representedby 2 generaviz., Bienertia Bunge ex
Boiss.and Suaedé&-orssk.

Key to the genera

1+Seed surface collicul

-Seed surface, reticul

BienertiaBungeex Boiss.

Seedsl.52x1.52mm, horizontalin position,arillate,
reniform, black and shiny, surface colliculate. Hilum
conspicuoussub-central.(Plt. 4 H-I).

It is representedy a single speciesviz., Bienertia
cyclopteraBungeex Boiss

SuaedaForssk.
Seeds 0.51.5 x 0.42 mm, vertical or rarely
horizontalin position, arillate or non-arillate, reniform or

at e,

,,,,,,,,,,,,,,,,,,,

sclariform or | i ne aSuaed:

sub reniform, black and shiny, surface reticulate,
sclariformor centrallysmoothand lineateor reticulateat
margins. Hilum conspicuous,marginal or subcentral
(PIt. 9 C-H).

Presently representedby 4 speciesviz., Suaeda
aegyptiaca (Hasselq.) Zohary, S. arcuata Bunge S.
fruticosaForssk.Ex J.F.Gmelin andS. monoicaForssk.
exJ.F.Gmelin

Key to the species

1+Hilumsubc ent r al éééééeeeée.

-Hi l um marginal éeééécéé.
2+Seel surface reticul ate
-Seed surface smooth

centrally

and | ineate t ®dicost
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Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine

o 5 10 16 20
C. atripliciforme a2 ! ! ! !
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Fig.1.Dendrogram showing the relationships within the taxa of the familgranthaceae.
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Table 2. List of characters, scored for cluster analysi
No. Character description
1 Seed number
2 Length (mm)
3 Breadth (mm)
4 Presence or absence of aril: Absent (0), Present
5 Compressed or netompressed: Nenompresse
(0), Compressed (1)
6 Seed position: Not prominent (0), Horizontal |
Vertical (2), Horizontalvertical (3)
Shape
7 Reniform: Absent (0), Present (1)
8 Subreniform: Absent (0), Present (1)
9 Orbicular: Absent (0), Present (1)
10 Suborbicular: Absen{0), Present (1)
11 Obovate: Absent (0), Present (1)
12 Cuneate: Absent (0), Present (1)
13 Transversely cuneate: Absent (0), Present (1)
14 Oblong: Absent (0), Present (1)
15 Elliptic pyriform: Absent (0), Present (1)
16 Oblanceolate: Absent (0), é¥ent (1)
17 Ovoid: Absent (0), Present (1)
Colour
18 Cream: Absent (0), Present (1)
19 Light brown: Absent (0), Present (1)
20 Dull Brown: Absent (0), Present (1)
21 Dark brown: Absent (0), Present (1)
22 Greenish brown: Absent (0), Present (1)
23 Chestnut brown: Absent (0), Present (1)
24 Reddish brown: Absent (0), Present (1)
25 Golden brown: Absent (0), Present (1)
26 Black: Absent (0), Present (1)
Surface
27 Smooth: Absent (0), Present (1)
28 Lineate: Absent (0), Present (1)
29 Striae: Absent (0), Present (1)
30 Areolate: Absent (0), Present (1)
31 Rugose: Absent (0), Present (1)
32 Favulariate: Absent (0), Present (1)
33 Falsifoveate: Absent (0), Present (1)
34 Reticulate: Absent (0), Present (1)
35 Sclariform: Absent (0), Prest (1)
36 Punctate: Absent (0), Present (1)
37 Tuberculate: Absent (0), Present (1)
38 Colliculate: Absent (0), Present (1)
39 Verrucate: Absent (0), Present (1)
40 Puncticulate: Absent (0), Present (1)
41 Undulate: Absent (0), Present (1)
42 Grandate: Absent (0), Present (1)
43 Foveate: Absent (0), Present (1)
44 Lepidote: Absent (0), Present (1)
45 Hilum visibility: Inconspicuous (0), Conspicuous |
46 Marginal hilum: Absent (0), Present (1)
47 Lateral hilum: Absent (0), Present (1)
48 Subcentral hilum: Absent (0), Present (1)
49 Subbasal hilum: Absent (0), Present (1)
50 Basal hilum: Absent (0), Present (1)
51 Presence of radial striae: : Absent (0), Present (1

DURDANA KANWAL AND RUBINA ABID

Discussion

Dendrogram(Fig. 1) of the family Amaranthaceae
clearlyshows the establishmenof 3 broadgroups.Thefirst
group includes mostly Amaranths genera (former
Amaranthaceaepnd representedby 4 subfamilies viz.,
Amaranthoideae, Betoideae, Gomphrenoideae and
Suaedoidea€This group includes22 taxa with orbicular,
sub orbicular, reniform, sub reniform, rarely obovate or
cuneateseedsThis groupconsistof thosegenerawhich are
usually characterizedby norrhalophytic members with
scalybracts(Townsend1974). The abovegroupis further
separatedinto 2 subgroups The first subgroup is
representedby 11 taxa viz., Acroglochin persicarioides,
AervasanguinolentaAmaranthuscaudatus A. graecizans
ssp thellungianus, A. hybridus ssp. hybridus, A.
retroflexus, A. spinosus, Bienertia cycloptera, Pupalia
lappacea,Suaedaaegyptiacaand S. monoica.This group
may be distinguisheddue to the presencenf seedshaving
subbasal, subcentral and rarely marginal hilum. Within
this group 4 taxaviz., Aerva sanguinolenta Amaranthus
caudatus A. hybridusssp hybridusand Pupalia lappacea
grouped in a common cluster. Among them Pupalia
lappaceaandAervasanguinolentashowcloseaffinity with
eachother by having brown seedswith subbasalhilum.
Similarly Amaranthus caudatus and A. hybridus ssp
hybridusremaincloseby sharingcolliculate seedsWhile
Amaranthusgraecizansssp thellungianus,A. retroflexus
and A. spinosusfall within a samecluster as all having
obovateandblackseedsAmongthemaA. retroflexusandA.
spinosusare more closely related by having reticulate
seedsThe last clusterof the first subgroupincludes4 taxa
viz., Acroglochin persicarioides, Bienertia cycloptera,
Suaedaaegyptiacaand S. monoica and this group is
characterizedoy the presenceof reniform seeds.Among
them Bienertia cyclopterashowscolliculate seedssurface,
while rest of the taxa have reticulate seed surface.
Similarly, the secondsubgroupincludesl1taxaviz., Aerva
javanica var. javanica, A. javanica var. bovej
Alternanthera paronychioides, A.sessilis, Amaranthus
graecizansssp graecians, A. graecizansssp silvestris,
A.hybridus ssp cruentus, A. tricolor, A.viridus, Celosia
argentea and Nothosaervabrachiata and this group is
consideredhs purely Amaranthsgroupasall the taxawere
treatedunderformer Amaranthaceags.str). This subgroup
is characterizedby the presenceof seedsusually with
marginal lateralor sub-centralhilum. Within this groupthe
3 taxa viz., Alternanthera paronychioides, Celosia
argenteaand Nothosaervabrachiata show close affinity
with each other on the basis of orbicularsub orbicular
seedsbut remaindistinct with eachother on the basisof
different seed colour and hilum. While, Amaranthus
graecizans ssp graecizans,A. graecizans
sspsilvestris,A.hybridusssp cruentus, A. tricolor fall
within a sameclusterasall the taxa shareblack seedshut
remain distinct due to different seed surfaces.The last
clusterof this subgrougncludes4 taxaviz., Aervajavanica
var. javanica, A.javanicavar. bovej Alternantherasessilis
and Amaranthus viridus and usually characterizedby
having dark brown seeds.Among them Alternanthera
sessilisremainsdistinguishedby having seedswith lateral
hilum. While Aervajavanicaand Amaranthusviridus have
seedswith marginalor subcentralhilum. Both the above
taxa could be distinguishedwith each other as Aerva
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javanica have colliculate seeds, whereas Amaranthus
viridusis characterizedavith verrucateseeds.

Thesecondmaingroupis characterizetby the presence
of mostly halophytesand rarely glycophytes(Townsend,
1974; Freitag et al., 2001) along with obovate,orbicular,
elliptic pyriform, oblong, oblanceolate,ovoid, cuneate,
transverselycuneate reniform or subreniform seeds.This
group represents31 taxa out of which 4 are Amaranths
(Former Amaranthaceaeand 27 are Chenopods(Former
Chenopodiaceae).he secondgroup is the broadestgroup
and further separatednto 3 subgroupsThe first subgroup
includes 14 taxa viz., Gomphrenacelosioides,G.globosa,
Arthrocnemum macrostachyum, Alternanthera pungens,
Atriplex dimorplostegia, A. lasiantha, Holostachys
belangeranaKochiaindica, K.scoparia,Spinaciaoleracea,
Suaedaarcuata, S.fruticosa,Chenopodiunkorshinskyiand
C.litwinowii. The placementof 3 taxa viz., Gomphrena
celosioides, G.globosa and Chenopodiumkorshinskyi is
supportedby oblongtrarsverselycuneateseedsput having
distinctive seedcolours and surfacepatterns.Furthermore,
ArthrocnemunmmacrostachyumAlternantherapungensand
Holostachydelangerandorm a commonclusterby having
obovateseedsAmongthem Arthrocnemunmacrostachyum
and Holostachysbelangeranaare more closely related by
having seeds with inconspicuous hilum. Whereas,
Alternanthergpungenss characterizedby havingseedswith
lateral hilum. Moreover,the 4 taxaviz., Atriplex lasiantha
Kochiaindica, SuaedaarcuataandS. fruticosaare grouped
within a next clusterby having black seeds Among them
S.fruticosamakesits positiondistinct dueto reniform seeds
with sub-central hilum, while rest of the taxa have elliptic
pyriform or subreriform seeds and can be further
distinguished on the basis of different seed surfaces.
Likewise, the placement of Atriplex dimorphostegia,
K.scopatria,Spinaciaoleraceaand Chenopodiumitwinowii
is strongly supportedby the presenceof obovateor elliptic
pyriform-obovate seeds. Among them  Atriplex
dimorphostegia and Spinacia oleracea showing more
affinity with eachother on the basisof rugoseseedswith
different colours. The remaining 8 taxa viz., Atriplex
leucoclada, A.schugnanica, A.stocksii, Girgensolmia
oppositifiora,  Halogeton  glomeratus,  Haloxylon
salicornicum,Salsolanitraria andS.tragusncludein second
subgroupwhich may be distinguishedby the presenceof
succulentchenopods(Freitag et al., 2001) with rugose,
favulariate striate,or lineateseedsurface Amongthemthe 3
taxa viz., Girgensohnia oppositifiora, Halogeton
salicornicumandSalsolatragusfall within a sameclusterby
having lineate or rugoselineate surface. While, Atriplex
leucocladaA.stocksiandHalogetonglomeratusshowclose
affinity by having elliptic pyriform seeds. Atriplex
leucocladacan be further separatedy having dark brown
seeds,while black seedsare observedin A.stocksiiand
Halogetonglomeratus The taxa Atriplex schugnhanicaand
Salsolanitraria showstrongaffinity asboth shareorbicular
seeds.

Moreover, the third subgroupis delimited by having
rugose,striate, reticulatefavulariate,tuberculateor lepidote
seeds. This group comprises 9 taxa viz., Anabasis
haussknechtiiAxyris hybrida, Beta vulgaris, Ceraocarpus
arenarius, Digera muricata, Haloxylon griffithii, Kochia
iranica, K.prostrata and Salsola drummondii Within the
first cluster Haloxylon griffithii, Salsola drummondiiand
Axyris hybrida show close affinity with each other by

sharingblackseedsWhile restof thetaxaof this clusterviz.,

Kochia iranica and Digera muricata are characterizedvith

cream, light brown or greenish brown seeds. Digera

muricata and Salsola drummondii arise from a common
point asboth sharerbicular seedsut remainsdistinct due
to reticulatefoveate seedsin Salsola drummondij while

Digera muricatahavelepidoteseedsWithin the nextcluster
Anabasishaussknechtiiemainsdistinct and doesnot shows
affinity with othertaxaby havingcolliculateseedsWhereas,
rest of the 2 taxa viz., Beta vulgaris and Ceratocarpus
arenariusremaincloseasbothsharerugoseseedsHowever,
Kochia prostrataappeardo be more closeto Betavulgaris
by sharingsimilar seedshapeandsurface.

The third main group shows terminal position in the
dendrogram and considered as advance group. The
advancemenof this group is supportedby having smaller
seedsThis groupis delimited by havingorbicular,obovate
or elliptic seeds.It includes 14 speciesof the genus
Chenopodium viz.,, C.album, C. ambrosioides, C.
badachshanicumC.ficifolium ssp blomianum,C. foliosum,
C. glaucum, C. karoi, C. murale, C.nepalensis,
C.novopokrovskyanaZ. pamiricum, C. schraderianum(C.
strictumandC. vulvaria. This groupis further separateéh 3
subgroup. The first subgroup comprises 3 taxa C.
schraderianum, C. nepalense and C. foliosum and
characterizedvith rugoseor rugoseand tuberculateseeds.
AmongthemC. schraderianumand C. foliosumarisefrom
the commonpoint by sharingcommonseedsurface While
C. nepalenseshowsmore affinity with C. foliosumasboth
sharesameseedcolour but remaindistinguishedby having
rugose seedsin C.foliosum whereasC.nepalenseshows
psilate seeds. Likewise in the second subgroup
C.badachshanicunand C.murale have common point of
origin dueto the presencef orbicularseedsThelastcluster
and third subgroupof dendrogramis differentiatedon the
basisof smooth lineate,falsifoveate ruminateor punctuate
ruminate seeds.This group is representedy 9 taxa viz.,
C.anbrosioides, C.atripliciforme, C.karoi, C.album,
C.glaucum, Cficifolium ssp blomianum, C.strictum,
C.vulvaria and C.novopokrovskyanurdmong them 3 taxa
viz., C.ambrosioides,C.karoi and C.album fall within a
common cluster by sharing obovateobovate or obovate
seeds,while rest of the taxa have orbicular and rarely
obovateseeds.The 2 taxa C.glaucumand C.ficifolium ssp
blomianum show similarity in seed surface, but remain
separated on the basis of seed colour. Likewise,
C.atripliciforme, C.vulvaria and C.novopokrovskyanurare
closely related as they sharealmost smooth seeds.While
C.strictumremaindistinctwith ruminateseeds.

Thusit is concludedthat the family Amaranthaceaes
moreor lessstenospermousmily asmostof the specief
different genera showing same seed morphological
characterswith slight differentiationand thesefindings are
also supportedwith the palynologicalfindings (Perveen&
Qaiser2002,2012).
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Table 3. Data matrix ofAmaranthaceae scored for 51 characters present in table 2.
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Fig.2. Bar diagram showing variation in average seed length within different taxa of the family Amaranthaceae.
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Fig.3. Bar diagram showing variation in average seed breadth within diffarendt the family Amaranthaceae.
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Fig.4. Bar diagram showing variation in presence of aril withinFig.7. Bar diagram showing variation in seed shape within the
the family Amaranthaceae. family Amaranthaceae.
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PIt. 1. Scanning electron micrograplerva javanicavar. javanica A, seed; B, surfacel.javanicavar. bove: C, seed; D, surface.
A.sanguinolentakE, seed; F, surfac@lternanthea paronychioidesG, seed; H, surfacé. pungensl, seed; J, surfacé. sessilisk,
seed; L, surfaceAmaranthus caudatusv, seed; N, surfaceA. graecizansssp.graecizans O, seed. (Scale bars: G,K,M,0=200;
A,C,E,|1=100; J=20; B,D,F,H,L,N=10).
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PIt. 2. Scanning electron micrograplds.graecizanssp.graecizansA, surface A. graecizanssp.silvestris B, seed; C, surfacé.
graecizanssp.thellungianus D, seed; E, surfacé. hybridussspcruentus F, seed; G, surfacé. hybridusssp.hybridus H, seed; I,
surface. A. retroflexus J, seed; K, surfaceA. spinosus L, seed; M, surfaceA.tricolor: N, seed; O, surface. (Scale bars:
B,D,F,H,J,N=200; L=100; A,C,I=50; E,G=20; K,M,0=10).
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PlIt. 3. Scanning electron micrographfsyviridus: A, seed;B, surface.Acroglochin persicarioides C, seed; D, surfacéAnabasis
haussknechtiiE, seed; F, surfacArthrocnemum macrostachyu@, seed; H, surfacétriplex dimorphostegial, seed; J, surfacé.
lasiantha K, seed; L, surfacéA. leucocladaM, seed; N, surfaceA. schugnanicaO, seed. (Scale bars: E=500; A,C,G,l,K,M,0=200;
B,F=50; D,H=20; L,N=10; J=5).
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PIt. 4. Scanning electron micrograpls.schugnanicaA, surface A. stocksii B, seed; C, surfacéxyris hybrida D, seed; E, surface.
Bet vulgaris F, seed; G, surfac®&ienertia cyclopteraH, seed; |, surfaceCelosia argentead, seed; K, surface&eratocarpus
arenarius L, seed; M, surfaceChenopodium albumN, seed; O, surface. (Scale bars: B,D,F,H,L=500; J,N=200; G,I,K,M=50;
A,C=20;E,0=10).
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PIt. 5. Scanning electron micrograpi@s. ambrosioidesA, seed; B, surfaceC. ficifolium ssp.blomianum C, seed; D, surface.
foliosum E, seed; F, surfac€. glaucum G, seed; H, surfac€. badachschanicuni, seed; J, surfac€. kara: K, seed; L, surface.

C. korshinskyi M, seed; N, surfaceC. litwinowii: O, seed. (Scale bars: I=500; C,E,G,K,M,0=200; A=100; J=50; D,F,H=20;
B,L,N=10).
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PIt. 6. Scanning electron micrograplds. murale A, surface.C. nepalenseB, seed; C, surfac€. novopokrovskyanunD, seedC.
pamiricum E, seed; F, surfac€. schraderianumG, seed; H, surfac€. strictum |, seed; J, surfac€. vulvaria K, seedDigera
muricata L, seed; M, surfac&irgensohnia oppositifloraN, seed; O, surface. (Scaler&alL=500; D,E,K,N=200; B,G,|,M=100;
AF,J,0=20; H=10; C=5).
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PIt. 7. Scanning electron micrograpldomphrena celosioide®A, seed; B, surfaceG. globosa C, seed; D, surfacedalogeton
glomeratus E, seed; F, surfacedalostachys belangeranaG, seed;H, surface.Haloxylon griffithii. |, seed; J, surfaceH.
selicornicum K, seed; L, surfaceKochia indica M, seed; N, surfaceK. iranica: O, seed; B, surface. (Scale bars: O=500;

A,C,E,G,|,K,M=200; L=50;B,N=20; D,F,H,J=10).
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Plt. 8. Scanning electromicrographsK. iranica A, surface.K. prostrata B, seed; C, surfac&. scoparia D, seed; E, surface.
Nothosaerva brachiateF, seed; G, surfacBupalia lappaceaH, seed; |, surfac&alsola drummondiiJ, seed; K, surfac&. nitraria
L, seed; MsurfaceS. tragusN, seed; O, surface. (Scale bars: B,H,N=500; D,J,L=200; F=100; A E,I=50; C,0=20; G,K,M=10).



