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538 (D) Cucurbitaceae Marah) Cuscutaceae (Cuscuta)

M. faba.ceUS (Naudin) E. Greene (p. 543) CALIFORNIA MAN-ROOT

lierhage gen not glaucous. FL: corolla rotate, yellowish green.
cream-colored or (esp inland) white. FR 4-5 cm. ± round; prickles
sparse to dense. < 12 mm, ± stiff, unhooked. SEEDS 2-4, 18-24
mm, ovate to oblong. ± flat on sides or not. 2n=32. Streamsides.
washes, shrubby and open areas; < 1600 m. CA-FP (cxc n NW, n

M. horridus (Congdon) Dunn (p. 543) Herbage not glaucous.

CaR). Highly variable: pit outside SnFrB and CCo are assignable

to var. agreslis (E. Greene) K.M. Stocking (ft prickles flexible. <5

mm; with the pis considered var.f.: diore study needed. DRN:
7,8_10,14_24;INV.

M. nwcrocarpUs (E. Greene) E. Greene (p. 543) Herbage not

FL: corolla deeply cup-shaped. white. FR 9-20 cm, oblong,
rounded at both ends; prickles dense, stiff. SEEDS gen 6-16(24),
26-32 mm, oblong or ovate, very flat at I end. Shrubby and open
areas; < 1000 m. c&s SNF. Teh.

3' Mature Ir arid ary uhiong or ovate. gen not tapered to a beak, not striped green. prickles ± dense, stiff;

glaucous. FL: corolla shallowly cup-shaped. white. FR 5-12 cm,
oblong, gen rounded at both ends (sometimes with sharp beak);
prickles ± dense, stiff. SEEDS gen 4-12(24). 13-33 mm, ± round,

in; seeds gen 2-3, not flat on sides), which intergrades ± com-

4. Corolla deeply cup-shaped; seeds very flat at 1 end; c&S SNF l'eh ............................ M. hod us

4' Corolla shallowly cup-shaped seeds not very flat at either end; SW, DSon .................
M. macrocarPUs

5. Staminate fls 8-13 mm wide; seeds 15-20 mm; mainland ........................... 
5' Staminate fis 14-30mm wide; seeds 20-33 mm; Chi .....................................var. 

major

cceds gets > 6, mate Or oblong, sometimes flat at 1 end; SNF. SW, D

oblong, or ovate, angled at tip or not. 2n--32,64. Washes, shrubby
or open areas; <900 m, SW. DSon; Baja CA.

M. oregaflUs (Torrey & A. Gray) Howell (p. 543) COAST MAI4

20 mm. Habitats of sp. SW mainland. DSon; Baja CA.

wide. SEED 20-33 mm. Habitats of sp. CM. Larger, but much
like var. macrocarpus more study warranted.

ROOT 
Herbage not glaucous. FL: corolla deeply cup-shaped,

M. watSOflü (Cogn.) E. Greene (p. 543) Herbage glaucous. FL:

white. FR 4-8 cm, ovate, tapered to a beak, gets striped dark green;
prickles sparse to dense (gen 0 at tip), flexible. SEEDS gen 3-6.

forest edges; < 1800 in. NW, SnFrB; to B.C.
16-22 mm, disc-shaped. ± flat. 2n=32. Shrubby or open areas,

corolla deeply cup-shaped, white. FR 2-3.5 cm, ± round, often
striped dark green; prickles ± 0 to dense, flexible, often hooked.
SEEDS 1-4, 11-14 mm, ± round. Thrubh:. ar-r. freci <
1200 m. NCoRI. CaRP, n SNF. Sc"

var. macroCarPus FL: staminate 8-13 mm wide. SEED 13-

var. major (Dunn) K.M. Stocking FL: staminate 14-30 mm

.var. macrocarpUt

CUSCUTACEAE DODt)ER FAMILY

(
	

Tania Beliz

Ann, parasitic vine. ST twining, ± thread-like, yellow-green to bright orange, gen glabrous. LVS 0 or scale-like, ± 2mm, 
gn

triangular to lanceolate. INFL: cyme or cluster (rarely fls solitary), gen head- or spike-like, axillary, sometimes bracted. 11.
bisexual, radial; calyx gen persistent, lobes gen 4-5, gen overlapped; corolla gen deciduous, <6 mm, mostly white, tube
apendaged opposite stamens, lobes 4-5; stamens 4-5, alternate corolla lobes; ovary superiors chambers 2(3). 2-ovulcd,
styles gets 2, stigma gets 1 per style, gen ± head-like. FR: capsule (circumSCissile or irregularly dehiscent) or berry-like.

genus, ± 150 spp.: esp Am top; some crop pests. Sometimes mci in ConvoivuaCeae.
	 -

CUSCUTA DODDER

C. califorr

I. Corolla appenddges	 mm	 .......................................... 

2. Ovary and fr conlc, top acute .................................var. 
aPiCUi

2' Ovaryand frobovoid, top depressed
3. Perianth papillate ...........................

..... .
papi1

3' Perianth not papillate
4. Corolla bulged out between stamens ......................................var. 

brev

4' Corolla not bulged out between stamens ..................................var. 
califor:

1' Corolla appendages 0.7-2.5 mm C. approxifn

s. Stigma cylindric .................................. 
5' Stigma ± head-like	

.

6. Corolla shallowly bell- to urn-shaped. tube ± shorter than wide
.....	 C. dentiCt.

7. Corolla appendage divisions gen 0-few, knob-like .......................... 
7' Corolla appendage divisions few-many, finger-like
8. Ovary and fr top unthickened ...........................................

C. penWg°

	8' Ovary and.fr top thickened	
...........................................

9. Pedicel and calyx not papillate .....................................
	

ar.v
....var. jfle

9' Pedicel and calyx ± papillate .......................................
	 neuoPej

6. Corolla funnel- or bell-Shaped, tube longer than wide
10. Anthers sessile; corolla lobes <tube ....................................

C. .suhjflCI

10' Anthers oufu1amen corolla lobes <to> tube
11. Perianth parts obtuse, gland-dotted. not papillate: corolla appendage divisions few, scattered, finger-like;

	

near streams, rivers, lakes	 ..............
..................

C. cePha1

The only genus (Arabic: ancient name)
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C

Ag

ii ' Peri;iiuh parts acute, sometimes papillate and gland-dotted; corolla appendage divisions many, finger-
or knob-like; salty marshes, flats, or ponds, vernal pools

12. Corolla appendages 0.7-1.2 mm. divisions finger-like; vernal pools .....................
C.
... . C. sa1in

howelliana

12' Corolla appendages 1.2-1.5 mm, divisions knob_) ike; salty marshes, flats, ponds .......... 

. Perianth papillate; fl ± 3 mm ...................................var. 
papi1a

i' Perianth not papillate; fl 2-4.5 mm var. major
Fl 3-4_5 mm; coastal salt marshes	 .................................. 

14' Fl 2-3 mm; inland salt flats ....................................var. 
sauna

bes 4-5, sometimes spreading, 1-1.5 mm, triangular, acute to
uminate, appendages many, 0.7-1.2 mm, divisions finger-like;
laments 0.1-0.5 mm. anthers 0.6-1.1 mm; ovary 0.5-1 mm, ± ob-
void, top depressed, thickening inconspicuous. UNCOMMON.

on Eryngiunl in vernal pools; < 100 m. NCoRI, CaRE n SNF.
;v.

indecora Choisy (p. 543) INFL spike- or panicle-like; pedi-
els 0-4.4 mm. FL 3-5 mm; calyx 1-2 mm, lo bes 5, not over-
apped. ± 112 corolla tube, acute: corolla gen persistent, 3-4.5 mm,
hallowly bell-shaped, tube gen shorter than wide. lobes S. < tube,
riangular, erect, tips incurved, appendages 1.5-2.5 mm. divisions
many , finger-like ovary 2- 3 mm, ovoid-spheric, top with thicken-
ing, styles 3-4 mm. FR sometimes gland-dot-lined; top as ovary.
Common. On herbs, often in moist fields, roadsides; probably <
1500 m. NCO, NCoR, SN, GV, D; to c&se US. Mex; also Carib-
bean, S.Am.

var. indecora 1NFL: pedicel and calyx not papillate. n=lS.

Habitats and range of sp. [C. jepsonii Yuncker C. suaveolens Ser.

misapplied)

var. neuropetala (Engelm.) Hitchc. INFL: pedicel and calyx
± papillate. Common. Habitats of sp. SNE GV, D.

C. pentagofla Engelm. (p. 543) INFL: pedicels 0.8-i mm. FL:
calyx ± 1-2 mm, lobes 4-5. 0.6-1.3 mm, ovate to round, gland-
dotted; corolla ± 2-3 mm, shallowly bell-shaped, tube gen wider
than long, lobes 4-5. erect, 0.9-1.3 mm, tips incurved to reflexed,
acute often papillate outside, appendages ± 1-2 mm, curved over
ovary, divisions few-many, finger-like; filaments 0.3-0.8 mm, an-
thers 0.3-0.6 mm; ovary 1-1.6 nun, ± spheric, unthickened, top
depressed. styles 0.4-05 mm. FR 1-3.6 mm, ± spheric; top as
ovary. Common. On herbs and shrubs on roadsides; <500 m.
NCO, SNF. GV, CCo. SCo; to Se US, Caribbean, n Mex. [C. cam-

pesiris Yuncker]

C. sauna Engelm. (p. 543) INFL spike-like pedicels 0-2.5 mm.
FL 2-45 mm; perianth parts ± acute, glanddotted; calyx 1.3-2.7
mm, lobes 5, erect to spreading, triangular-lanceolate. corolla 3-5
mm, bell-shaped, tube longer than wide, lobes 5, erect to spreading,
lanceolate, appendages 1.2-1.5 rena, divisions many, knob-like fil-
anients 0.1-0.7 mm. anthers 0.4-0.7 mm; ovary 1-3 mm, gland-
dotted, thickening at top more conspicuous in fr. styles 0.4-i turn.
Common. On herbs in salty marshes, flats, ponds; gets ci 100 m.
NCO, KR, GV, CCO 3 SnFrB, SCo; to 

B_ 
C., UT, AZ, Baja CA.

var. major Yuncker FL 3-4.5 mm; perianth not papillate.
Gen on Salicornia in salt marshes; gen <± 100 m. NCO, CCo, SCo;
to B.C.

var. papilata Yuncker FL ±3 mm; perianth (and sometimes
ovary) papillate. Uncommon. Salt flats, saline ponds gets < 100 m -
NCO-, to UT. A7

var. salina FL 2-3 mm; perianth not papillate. inland salt
flats; gen <± 100 m. Range of sp. (cxc coast).

C. szbinclu.sa Durand & Hug. [NFL spike- or head-like; pedi-
eels 0-1 mm. FL: calyx persistent. 2-3.4 mm, lobes (4)5. ± 1.5-2.5
mm, lanceolate, acute to acuminate; corolla ± 4.5-53 mm, funnel-
shaped.. tube longer than wide, lobes spreading. 1-1.5 man, < tube,
triangular, tip often papillate outside, appendages 1.6-2 1 mm.,
spoon-shaped, divisions short, knob- to finger-like; anthers sessile.
± 1-2 mm: ovary I-IS nuts, obcwoid to elliptic_ top thickened.
styles 1.1-13 mm. Common. Gen on shrubs, an forests near
streams. rivets; < 1600 in. NCoR, SN, GV, SnFrB, SCoR, SNE

C	 Bab. (p . 543) INFL head-lice; pedicels 0-0.5 	 Ic

mi FL; c.ilyx gen 2-2.5 mm, lobes gen 4, 1-1.5 mm; corolla 2-4 	 ai
mm. h;il1i)WIY belt shaped (urn-like in fr), lobes 5, spreading to 	 III
3scendflS. each with a fleshy keel, appendages 1.5-2 mm, divi- 	 o
5ons gen knob-like; filaments 0.3-0.7 mm. anthers ± 0.5 man; 	 E

ovary l-l. mm . obovoid. top depressed. style ± 0 	 C.4 mm, stigma

c'Iindru'	 14. Uncommon . On alfalfa, other crops; gen < 1500
NCoR. G'. MP; to UT; native to Old World. C. epithy-

M.
rnu' Murray var. urceOlala (Kunze) Yuncker misapplied] 	 c

C. ca1iforltC' Hook. & Ar INFL spike-like. FL 2.6- 4 mm;

Ivx per" ictent. lobes S. spreading to recurved, lanceolate, acute to
a:IjmiflritC. 0.5-I x corolla tube; corolla persiStent, shallowly bell-
ciped, gland-dotted, lobes 5, ± 3-6 mm, reflexe4 to spreading.
-riceolate, acute, appendages 0-0.1 mm; filaments 0.7- 1.4 mm.
athei c 0 .2- 1 -1 mm; ovary 1-2 mm, gen obovoid, gland-dotted top
gm depressed< styles 0.7-3 mm. FR 1.5-2 mm, enveloped by per-
ianth, gen obo'oid top gen depressed. On herbs and shrubs on
roadsides, chaparral, grassland, yellow-pi ne forest; gen <2.500 m.
CA-F?. DSon; to WA. Colorado, Mex.

var. apiculala Engelm. FL: corolla not papillate; ovary (and
fr) coniC, top acute. On herbs; probably < 500 m. e DSon (near
Colorado River).

var. bret'iJlOra E.ngelm. FL: corolla bulged out between sta-
mens, not papillate ovary (and fr) obovoid, depressed. On herbs,
habitats of sp. CA-F?; to WA. Colorado, Mex. [C. brachycalyX

(Yuncker) Yuncker mci var. apodanihera (Yuncker) Yuncker. C.

occidentalis Millsp.; C. suksdorfii Yuncker mci var. .cubpediceUaia

Yricked

var. californica (p. 543) FL: corolla not bulged between sla-
n i vns, not papillate; ovary (and fr) obovoid, depressed. Habitats of
sp. CA-F?; to WA, NV, Baja CA.

var. papillosa Yuncker FL: perianth (and pedicel, receptacle)
pipillate; ovary (and fr) obovoid, depressed. n=14. On herbs and
Shrubs in chaparral; < 1500 m. SN?, GV, SCoRO, SCo.

C. cephalanihi Engelm. (p. 543) INK bead- or spike-like;
pedicels 0-1.2 mm nu. FL 3-4 mm; perianth parts obtuse, gland-
dotted, not papillate; calyx appressed. lobes 3-5. gen free, 1-2 n,
unequal, margins irregular corolla sometimes persistent 2-4 mm,
tunnel-shaped, tube longer than wide, lobes 3-4, spreading to erect..
0.6-1.3 mm, unequal, appendages 1.3-2 mm, divisions few. scat-
tered. ftnger .like; filaments 0.2-0.6 mm, anthers 0.4-0.7 mm; ovary
0.9-2 mm, ± spheric to ovoid, top depressed or not, thickened or

• not. FR sometimes asymmetric; top as ovary. 2n=60. Uncommon.
On herbs, near streams, rivers, lakes; probably < 3000 M. MCaR.

Win; to WA, e US, Mex.

C. denticuloja Engelm. INFL loose, spike-like, few-fld; pedi'-
S0-3.3mm FL 2-4 mm; calyx persistent. lobes 5,03-1.5 mm,

filly toothed, acute (0 obtuse; corolla gen persistent. 2-3 mm,
Snailowly bell- to urn-shaped, tube gen shorter than wide, lobes 5.
becorning	 tube, widely ovate, obtuse, appendages 0.7-1.4

div isions 0-few, knob-like; ovary ± 1-2 mm. conic, top acute.
us or esp shrubs in creosote-bush scrub, Joshua-tree wood-

bad ;  C 1300 m. D; to UT, AZ, Baja CA. Pis with acute calyx
lobes have been called C. veatchii Brandcgee.

-	 Utaflit Rubtzoff ROOGS LAM DODDER LNFL spike- or

U-.-3bead-like' Pedicels; gen 0. FL: penanth parts papillate, acute; calyx
1:4 	

lobes 4-5, not overlapped, loose around corolla tube, I-
•	 .	 .n	 divided, triangular, tips spreading, acute to,	 acuiTli-

-	 ••	
, corolla gen persistent, funnel-shaped, tube longer than wide.



808 (D) Orobanchaceae (OrobaflChe) - Oxalidaceae (Oxalis)

ssp. parishii P115-26 cm. INFL 5-14 cm. FL: calyx lobes
10-16 mm; corolla 20-25 mm, lips 6-8 mm, spreading; anthers
glabrous or hairy; stigma lobes wide, spreading. 2n ' -48. Uncom-
mon. Openings in chaparral, scrub. gen on shrubs; < 2800 m-
s SNH, Tell, SW, W&I, DMtns; Baja CA. (0. californiCa var. p.
Jepsoni Separation from 0. ludoviciana Nun, vat. arenosa

(Suksd.) Cronq. blurred in GB.
0. pinorum Hook. (p. 813) Fl 10-30 cm, glandularPUberUleflt
aboveground. ST slender above; base gen enlarged, with many over-
lapping bracts; root attachment roundish. coral-like. INFL at first
dense, gen becoming open; lower pedicels 2-6 mm, upper 0. FL:
calyx 54 mm, lobes ± = tube, triangular-acuminate: corolla 12-20,
yellowish, hairy in a ring at stamen bases, lips erect, lobes tinged
pale purple; anthers glabrous or sparsely hairy; stigma lobes 2, re-
curved. 2n=48. Uncommon. Rocky, open forest slopes, on lob-

discus spp. (not known on conifers); <2100 m. NW, CaR.H. SnFrB;
to WA, ID.NM.
0. ramosa L. Fl 10-60 cm, yellowish. glandular-puberulent.
ST: branches many from near base, slender. 1NFL open lower ped-
icels short, upper 0. FL: calyx divided more deeply on top, lobes
gen 4; corolla 10-15 mm, tube w1i,tish, throat and lobes pale blue
or lilac; anthers gen glabrous; stigma 2-lobed. 2n=24. Near fields;
<50 m. n SnJV. SnFrB, SCoR.1, SC0; native of Eur. NOXIOUS
(controlled) weed on tomatoes; may persist.
0. uniflora L. (p. 813) NAKED BROOM-RAPE ST 0.5-5 cm.
INFL: gen raceme; us gen 1-3; bracts gen <6, gen glabrous; pedi-
cels 3-12 cm, scapose; bractlets 0. FL: calyx lobes gen 4-8 mm,
> tube, narrowly triangular; corolla 12-35 mm, ± horizontal, pur-
plish to yellowish, lobes gen rounded, finely ciliate; anthers gen
hairy; stigma lobes 2, margins recurved. 2js=36.48,±70. Gen moist
places, on herbs, esp Sediun, Saxilragaceae. Asteraceae <3100 m.
NW, CaR, SN, ScV (Sutter Buttes). CW, SCo, n Clii, Wrn; to Yu-
kon, e N.Am. (var. minuSa (Suksd.) D.B. Achey; var. sedi (Suksd)
D.B. Achey; SSp. occiden.taliS (P. Greene) Ferris) Variable. PIS
<20 cm, with deep violet corollas 25-35 mm. of n&c CA to Can
have been called var. purpurea (A.A. Heller) D.B. Achey.

0. valida Jepson P1 6-35 cm, dark pur
ent. ST gen I; branches (if any) slender it
not. [NFL 2-3 cm wide. FL: calyx 5-11 m.
ear-triangular; corolla 12-18 mm, lips 3-5 tiin
thers glabrous or hairy; stigma bowl-sliaped"5.-
Rocky soils in chaparral, on shrubs: < 21Yx
SnGb.

ssp. howellii Heckard & L.T. Collins n
P1 6-20 cm; glandular hair stalks 0.2-0.4
slender, gen enlarged at base. FL: corolla 	 19 1
outside at sinuses, hairs 0.4-0.7 mm; folds of low.4  ,.
ent; filament base and anther hairy. 2n-48 l:-,t
nic and serpentine slopes, open chaparral. tell

1700 m. s NCoRH, c&s NCoRI.	 .

ssp. valid-a (p. 813) ROCK CREEK BROOMP
glandular hair stalks ± 0.1 mm. gen 2-celled. c
larged at base. FL: corolla 12-14 mm, spars:
sinuses, hairs ± 0.1 mm; folds of lower throa:
base and anther glabrous. 2jt48. RARE. Dec
various chaparral shrubs; 1250-2000 m. c WI .:
SnGb.	 ..
0. vailicola (Jepson) Heckard (p.8 I3) Fl 8-
ish. glandularpube1'Ule n5. ST stout; base gen . .
branched at base and above. INFL > 4 cm, . '- V

from base into raceme-like units: bracts narrn .'...... .
3-5. inconspicuous-, pedicels short. FL: calN,.. .
pinkish; corolla 17-30 mm, yellowish to pLnklstl. Iip'.
per lobes triangular with pointed tip, veins gen reddi :
brous to hairy; stigma 2-lobed, margins recur ved. 2',

forest openings.mon. Woodlands, 	 gen on S.irrJc.;
NCoR, CaRF, GV, CW. SCo (Los Angeles ('
vars. californica & clare,nontenSis Munz misailiiriI.
separate from 0. californica ssp. jepsonii.	 -.

(-V

OXALIDACEAE OXALIS FAMILY

Robert Ornduff

Ann to tree. LVS compound (palmate, pinnate, or Iflet 1), alternate, often ± basal in rosettes or in clusters at 
-.1 oi-

tips, 
gen petioled; stipules gen CL Iflets gen sessile. INFL: cyme, sometimes umbel- or raceme-like, or fis solith

axils; peduncle bracted. FL gen bisexual, radial; sepals 5, free or fused at base; petals 5, free or fused above '.e; st
or 15, fused below, of 2 lengths; pistil 1, ovary superior, chambers 3-5, placentas axile, styles 1-5, gen ± free. l'Ri
sule, loculicidal. SEEDS gen with aril. 8 genera, 575 spp.: esp temp. Often heterostylous.

OXALIS

Ann, per,
shrub; roots fibrous or woody; bulbs, tubers, or rhizomeSOftefl present. ST sometimes 0 or very short LF pt

stipules 0 or small; lflets 3, gen ± obcordate in CA, gen entire, gen green. FL: petals clawed; stamens 10; ovary

styles 5, free, erect or curved. FR c'lindric to spheric, explosively dehiscent- SEEDS flat, often ridged; aid tran

± 480 spp.: esp temp. (Greek: sour) tEiten 1963 Amer Midi Nat 69:257-309; Lourleig 1975 Phytologia 42:57-197
heterostylOuS many (esp aliens in CA cxc 0. 1,1,1) Fi ne orti: sonic nOXiOUS 'ccds. contained oxalates may be tO\iC_

stock.	
.

1. Petals yellow
2. Ann; fr<5mm	 ......................................
2' Per; fr> 6 mm or 03. Bulbs present; lvs in loose, ± basal rosette .....................................

0. pes-

3' Bulbs 0; lvs cauline
4. Petals> 12 mm; NCO ........................................

0. Su,

4' Petals < 12 mm; NCO and elsewhere; St rooting at nodes; taproot ± fleshy; disturbed urban places .............. 0. corni
5. Petals gen < 8 mm 
5' Petals gen 87

12 mm; st not rooting at nodes; taproot ± woody; native of ± undisturbed places .... 0. al-b
SSP. califo

6. St hairs 0 or gen curled 	 .......................................... 
6' St hairs slightly curved	 ........................................

I' Petals white to pink, red, or purple
7. Bulbs 



Ft

.--

o_ cr
CD
— (1.

= a
C

2 •

—C
0
cr

0
C."
CI

Cm

C'0
0

C

0
C.
4)

• 0.C)-
'C

0

C-
tL
C'

4-
P
C
0-

0-C.

0

C.4'

p
4.'
0
-I

0
p

DC

0

taB
P.

• C—CD
B4'Q, —.4

rl
0

C)
C

I'.)4-

g

o•
'0'	 2.

p(
C; ) 

o_C) 4)gjn CD CD
0. ----a

CIO 0

0.. .,-
0
rL 2.

rL

9

a

p

CD 0

2CD

P

2
"0

PCDp.

--CD 0 CD '< ;::-'•-:;
CD a

—.	 2
(	 -a

o

CD

o

C'	 --	 CL 0	 .

•	 CD4)

0	 D	 CD,-1

-'	 '10	 0

1.f1C	 -,CDO-i
gc.o	 0.0 6

0	 (DC	 —D	 'Ci'
—	 3•

	0' 0	 C;

o-,	 1I

r crQ-o
D,

r
C/)

o C)
oc	 m	 et ••

CD I- -	 rt	 ;	 CD
'l

tC) EpC
2

>	 p —	 ,-'-o
8 rj

	

(C CD	 — C	 0-	 -

p-0

	

p 5- 	" CD
_l

-	 C)

	

a —z	 2• 3g p	 -'. -

	

• 9 '	 CD •	 •r •"

	t:. 	 CDPpEi

2r,

	

CL
0	 -

p _.1 ;.:•
P 0 Qq

o i9o0

	

.—.	
C)9•.'V

0 0.m 	 CD

	

CD	 _IOl	 9 '•	
-.

P	 'd -	 c-8.	 I

	

'-4	
-0 0.C)j

00

-:
	 CO CL

CL W
2...;2 g*r1
U •' CL

4) U-4	 4)C)
10•. P0 	 0'-O

	P 	 CD-.	 p 0
CL a

CD	
0

aq

-

P__C'	 4)•••

	

•	
•••

-	 2-L
0	 CD,

2 59

	

- CD	 CD

- -	 9- fr - p.•CCD-4•'

i,.?'

8 0	=

4)

C..CDHcr CD

- -CL

	

2	 -
CD 4T	 P -

: 00.- -
p

o-2 — .9 9

	

CD.	 P0—P
- B uq-9 5 • --

-	 g-	 99
S E..— pop_la
(C' '0 CD

.-'—DD	 P'< P On
_PP

?P
C- ' 	 C'-.	 C;.p

aC)- pV(
"C 	 iCD	 -i

o	 '-:c	 '0C-

4-

rl

0

C

('1

C)

(IC
0

LI'
'CD 0

•
• E2 i

2

cr

CD C)
2

	 ct

OR
, 3

S0 0,-8°-•

sm

.=-•	 C)	 0

-• P- •• ' '(tn
2	 e--C)

> -.

	

CD  0	 (1)

CA

U- -

-flflap	 4P
t%jz1-
c 4)	 8 E-8.

9-

	

oo	 "c,qo

V.	 pCbpC

'•' ( 4)	 ._. to

2 -8._Ct	 r*	 0p	 .) '•i
c,0	 c--9<

p
fn^ CL

.ri	 D..0

o c

C'
0Y 4;3-

-1	 OC)
_.0-_0.

r'-p	 acI4

p<
-

8 0.9 0

p

CA3 CD P	 (;q C—.	 '1
)ccq

0	 CD CD
—C

o-
> P

•	 9 Y
• 0<C	 P-CD.

CD	

I.
Cp - 

j 

—CL

a• 2
0

rLrL3S''CDr;,	 ,..4)p0OCD
0(

CD

ct

CD	 p

•
CD p 4''- 0 0

o
(I)	 C

ii U!tpp
o 94

CD

5 7 P P 7

CD

CL 0
Cpdn

_	 0CDWp

	

(C'-	 pCD)

C
C_Cl r o 0 p

Elm
'c:c . • ' 0.004)
CD 92 9 9.2
O CD 0

2 go	 I

	

0	 CD(C'0'l	 0
1	 ::i

o1C' a

0
CD

SCD
2. CD 0

	

CD' C)C)	 0 " 2
S 5r) Oq

9 5- 2- 5'.a 2
0	 0- C'0

	

9 c a."	 5-
Pcor2.

•	 C
5pi 5-0-$Q

Ct 0 4-

0-

_•.0p
P.O -p3 t

8-CFQ :3•

gc3SC
0,0

-1 9 0.
-io	 C

•_cj•
O

	

.—C	 CD
p . - iC' 0

0 °. 0-0..
S.

PC'
CD

gqq
° 95SCl

cr

cm

o

2 —

0.
'CD 0.P0

p C 0 —
cr

5_ 5-
-. 

C)
r

224'
C. C.

	

0	 4'	
CD C. B

9: N

p0

	

CL	 C'OOQ.i0-	
-'

OCDC'

•-	 -1- 

• C. 9-

	

•	
4'

	• 	 C 0
rL

• 0•

C

	

•	 (DC)

-:
= cn•C

12

--
C-'



-';

Di • E 0 0-0
Di	 'Di

--.iCID	 .-1CL
CD Co

crq

o

	

-•-.	 Di.

	CD-p DiCf	 - ci-.
i-	 CD

'-c

	

.	 -.

ci Q..Di

•1

	

CD	 Di CD 0

to
	Dic 	

Di

P Di a

-1

.E-

	

-.
 
	

" Di

00CD	 O

	

ia.
P	 o

CD	 " CD WQ
0	 -.-	 •-

Cm a
CD'

- riq 0 
0Di

-0.Di 'o
CL CDci

Di0CD
	 It CD

1 ,... CD	 1 0
CD Di o a-.

CL w CD

Iri

1. irc/

rL

0
0

tT
Di

C-:
C.-4
'-C

r1

0 c-.

•0
CD

C-,

4-
Di

Di
0-.
CD
CD
0
Di

0
4

CD
C.,

0-.

CD

N

(7,

C)

Di

0

	

r	

Iid

4	 -,	 -	 . 	 •-	 _	
-.•	

.

,

	

•'• • • . ,i	 *

	

, 	 ••.i.ii-.iD'.
-	 i 	 --.'-.L

''1

(4'

0

CL Di
Di

N

Di

0
Di

CD
0

CD

Di

0-.
Di

0

44

4-

0

0

4 k4'

-

CD

2

0 CD

Di	 CD

?	
'ol 0 CD

9
-	 o-:L	 Di

0

QDC	 Di••
g0

o
Di

DiCD	 Di	 ci
-

;

CD

	P0	 CD
- -71 0 0	 -.	 0

ri.-..,.. OCD
'CD0..0y',Di_00-1

Di	 p

Di 0
Di	 oCDcD	 Di

Di

ODIOCDCD
Di	 Di CD0'	

CD CD0Di'
0-i

Di " 
Di	 0	 0 0--

0-.

C:
D fl CD 0DiDi O O .
,	 ••'

ci
OCD

Di 0 •'

I
-	 -	

—1..----

CD 0-.—. CD- . i
p1
	 "CD 	 Di DI-.

0.-..iDiCDCD 

CDDi	 CD
Di0'i 	•Di .2.

.	 •Di.	 ' 9.J2.Di
CD	

'

(Ii:l Di	 2 Di 0 CD
0	 Di

CDCDDi

_., 0-.Di CD	 CD

Di0	 CD_4
,.,	 '-1<-I

o-.a	 ICL
Di	 OPi

-	 01

CD	 03 CD -
	 0

(L CA	 - CD
P

:- 9 o	 o- 0•-i CD	 DI
p 10ga

CD

Di

;6)	 Di —
(ID Di DiCDPCD

•Di 0-. t , 	 DiDi

Di 2. o — -
< - 0 Di ' 

CD

13. CLP	 '
CD	 0.pPi
Di	 010	 CD

1CD
.	

0
- 8 . 	- p .;1	

.

2.	
0

CD-. 0

§-.-.-.-.	
g.

Di

p..

61

CD

Di	
.-. 0-. < CD

rt

•'	
CD

c, "	OrD,p

Di cl..rxQ..y'

tD	

CV,
S	 CD	 CL	 DO

CD

t'3	
-i

000
Di CD a-.

- L-4--.	
'. 0

0	 Di
0 

Di

CD

CD

0

dO CD<	 j.'Di__•

CP	,

CD Di

.()

PD C"	 ()	 DI .-.-

o

-

5.: R. CD C	

CD a

P

•-.:	 -n	 CL

CCDCDD0 'P.
Di

0	 •.. CD'•- 0 T

0-.
-4
0

x

C

t-.

0

\0



.	 If

77$ Orobanche]	 113 0R0BANCHACAE	 379

Sez. I. KÔPSIA (DTLJM., 1822).

2 Fusto norrnalm. ranioso (ma anche semplice nelle piante meno avi-
•	 luppate).	 .

— Fusto normaim. semplice. 	 53 Fusto munito di squame piccolo, ovali, ottuse. Pianta brevem. glandu
.	 loso-pelosa. (3-40 cm.). Brattee e bratteole uguaglianti ii catice, rr. piii

brevi. Corolla curvata, ristretta nel mezzo bilabiata, a labbro super. a
2 lobi per lo piix rotondato-acuti, cigliati. Stami 4, un p0' polosi alla
base o glabri; anere glabre o brevem. cigliate alta base. Cassula 1-loon-

•	 lare, a 2 valve che rimangono aderenti alta base ed alt'apice. 0. Par as
sita sit diverse piante colt. e spont.; 2-4. Prim.-Est. [Eur. As. occ. sino

.	 Himal. Afr. bor. Ahiss., nat. India Kashmir Afr. mer. Am. bor.]. -
Kopsia Dam. (1822) - Phelipaea C. A. Mey. (1831). - Voig. Succiamele
ramoso.	 1 0. ramosa L. (1753) 2996

A Corolla lunga 7-17 mm., a lobi del labbro infer. interi od ondulati, rr. den-
ticolati.

Spiga lassa e moltiflora, alla fine allungata. Danti del calice triangolari_acn.
minati, piü brevi del tubo. Corolla azzurra (rr. bianca). Fusto generaim.

.	 ramoso. - Istria, Pen ed isole. - Phe)ipaea proboscistyla Bianca ex Caruel
(1885) = 0. probosc. Beck (1890) Kopsia ramosa f. proboac. Beg. (1902)
(f. cleistogama).	

TYPICA
• ( Spiga generalm. abbreviata. Denti del calice lesiniformi, lunghi come ii
.	 tubo. Corolla intensam. violaceo-azzuri-a, a lobi piu acuti. Fusto semplice,

gracile (1-8 dm.). - Istria, Firenze, Roma, Amalfi, Sic., Sard. e C'ors.
[Eur. mer. ed or. As. 0cc. Mad.]. - Phelipaea ram. v. simplex Vie. (1847)

Pb. nana Rclib. f. (1862) 	 Kopsia nana Freyn (1888).
SP NANA (Non, 1847)B Corolla lunga 15-22 mm., a lobi ± crenulato-dentatj od inerespati, a fauce

pi-a ampia ed a pieghe piu sporgenti che net tipo. - Denti del calice c. s.
5	 Spiga e fusto come nel tipo. Corolla azzizr,i, carnicina o riolacea (rr. bianco-
• paglierina). - Specio.lm. suite rd. dells (Jomposte: Istria, Pen., Sic., Malta,

Lainped., Pantell, Sard., Cors., Montecrj go e Püznosa. [Eur. medi.t. As. occ.
Himal. Afr. bor. Abiss., nat. (Japo]. - Phelipaea .Reut. (1847) - Ph. rule-5	 scene Gris. (1844) = Phel. Beuteri Mona (1858-59) = Orob. ruf. Nym.

•	 (1854-55) (f. robustior pilosior for. violaceis) - Kopsia Big. (1902).
MUTELI (F. SCHULTZ., 1835) 2996'

()to mttnito di squame lauceolato-acuminate.	 4
Corolla lunga 20-37 mm., poco curvata o quasi diritta. Antere abbon-

O	 dan.tem. poloso-lanose. Fusto ± ramoso o rr. semplice (1-5 din.). Spiga
moltiflora, alla fine lassa. Calico a donti lanceolato-le gjujformj, subegnali
at tnbo. Corolla azzurra, a lobi largam. rotondati. 11 resto c. s. Q. Sic. pr.

• ( lersno sidle pendici sell. del M. Gallo; 2. Magg. [Eur. or.-mer. As.
• 0cc. Egi&]. - Phelip. elongata Lojac. (1883), non Koch = 0. aegyt. v.

trinacria Beck (1890) = 0. trinacr. Beck (1890) (f corolla minor circ.
20 mm. longa) - Phelipaea WaIp. (1844-45) - Kopsia Camel (1885).

2 0. aegyptiaca Pers. (1807) 2997

S

S

1
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- 
Corolla lunga 17-22 turn., molto curvata. Antere egliatogla00s.

Pusto gracile, 
peloso_gl8fl b0 b050 

seinp]iCO o con brevi rami (2-6 dm.).
lico c. s. Corolla intensam.

Spiga coi fi. alla fine quasi orizzontali. Ca 
azzurra tranne Is base ch'b bianchiCcia): a lobi rotondati ed a pieghe

prominent: con VillosiU6 bianca o gialla. 0. ParasS. su diverse piante e

Lig., M. ArgenlarO, Giglio, Basil. a Muro,
.cp ialm. PsoraZea Mzz., 
Sic., Malta, Linosa, Cors. C probabiltil.

 Sard.; 2. Apr._Magg. [Beg. medit.

Can.]. - 
Phelip. F. Schultz (1847), Rout. (1847) - Kopsia Caruel (1885).

3 0. 1ava.ndfllaG Rcbb. (1829) 2998

5 (2) Tubo del calice bianco-mculbranscCO Ira i denti e parcalfl. ncr-

voso. Fusto grac.ile, 
abbondantem. squamOSO, peloso_g1aud1i050 (1-6 dm.).

bratteole on p0' piü
Brattee lanceolate, uguaglianti I denti del caiice 
strette e piü brevi. Cal.ice fortern: glandulO50P6l07 a denti lineari-Ia
ceolati, senipre piii lunghi del tubo. Corolla 

Ufl p0 curvata in basso, az-

zurra. Antere spessO lanose. 0. ParasS. su diverse piante 2. Apr.-GiU.

[Ear. iner. As. occ. Aft. bar. Abiss.]. - Kopsia Beg. (1902).

4 0. ScbUltZLt Mutel (1835) 2999

acuti. Spiga per lo piü piramidata - 
Non anC,Ora segfla

A Lobi dolls corolla a

lata per l'lt.
B 

Lobi della corolla per lo piü acumiflati. Spiga per lo piii lungain- cilindrica,

piü strettft e piii lassa. - Su. 
Ferula nodillora, Bubia peregrifla ecc.: Sic.,

is. Salina, 8ard. e vicine isole deUa Madd*1a, Caprera e TavO7.'5'° [Alger.

India?].	 0. caerulea Mori
(182'l), non Viii. - Phelipae& ReUt. (1847) -

STR1C (MORiS. 1844)

Kopsia Caruel (1885). 	 ondati. Spiga cilindrica, breve. - 
Su Rumex

C Lobi dolls corolla ottusi o rot 
ed ATte7nZSZaP: Sic. (Spa . G-rec. Cipro As. OCC. Afr. Sot. Abiss.). —0. c&OSIO

CrusS. (1832), non Rchb. - Phelip. rufescefls Lojac. (18113)1non Gris. -
Ph. Gussoneafla Lojac. (1883) - Kopsia Gusson. Loj ac. (1887).

T GUSSONn" n. comb.

- TubO del calice non biaucO_mem8hb0so 
fm i denti, percorsO da molti

uervi. FustO robustO.	
orolla ellittici, acuti od acumtjlatl. Antere

6

Lobi del labbrO infer. dolls c 
per Ia piii glabre. 

Pianta glaudnl080.10sa1 a fusto Con che squame
ccett, is base), spesso porporinO (15-60 cm.). Spiga cilindrica. BrattoC

lanCeOlatO, piii brevi del calice bratteolO piü strEttte. Calice ta.lora con

L
in quinto dente rudimefltale. Corolla curvatS, lungs 18

.30 turn. Q Parass.

su Compost (specialin. Achillea ed Artemlsia) e Sn 
piamte di aUre fain.;

2-4?. Magg.LugL [Ear. As. 0CC. 
sino India Sib.]. - 0. enemIeS Viii.

psia ener. Dum. (1822) 	
Phelip. caer. C. A. Mey. (1531)

(1787) - KO	

-

.	 . (1902).	 5 0. purpUrea. Jacq. (1762) 3000
Kopsia purp Beg 

A 
Lobi del labbro infer. dolls corolla acumiflati.

a 
Denti del calice spesso quasi triangolalu, piü brevi del tubo. Corolla 

V10

laces colla base j5flCO _gia astra (rr. tutta biancogjal stra). - Qua e

ncU'It. super., Tosc., Piceno sal M. Vet2ore, Camp., Capri, Pugli, BasiL,a TYPICA

rmi verso l'apice), lungbiCal., is. Sauna, Cots. e Capraia.

b 
Denti del calico lesinuformi (quasi filifo	

come ii

tubo. Corolla spesso put intensarn. colora - 
Ischia. 1Ena1. 

—2 0. caer.

I
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il

v. Millcfolij Rchb. (1830) - Phelip. caer. 'v. Miflefol. Guss. (1854) - Kopsin
purp. v. Spitzelii Beg. (1902).	 P SPITZELII BaCK (1890) (Bzcrc, 1890)

B L,obi del Iabbro infer. della corolla acuti. - Denti del calico acuti, piii brevi
del tubo. Corolla porporina verso Ia fauce. - Aipi Cozie. [Boemiaj. - Phelip.
Celak. (1874) - Kopsia purp. v. bohern. Beg. (1902).

T BOHEMICA (CELAK., 1874)

- Lobi del labbro infer. della corolla rotondati, ottusi. Antere vilioso-la-
nate. Fusto abboudantem. squamoso (2-5 dm.). Brattee lunghe circa come
ii calico. Calice a denti lanceolato-acuti, uguaglianti o piC rr. superanti
ii tubo. Corolla azzurra (rr. intensam. violacea). Ii resto c. s. 0. Parass.
guile Artemisie, pii rr. su altre plants: Riva di Trento, Alto Adige,
Pavese, P1cm., Aipi Mar. e Firene all Cascine; 3-5. Magg.-Lugl. [Eur.
centr. e met. As. mm. Aft.]. - 0. levis L. p. p. (1753) - Kopsia aren.
Dum. (1822)— 0. comosa WalIr. (1822)— 0. Borkhausenii Andr. (1832)
- Phelip. aren. Waip. (1844) - Kopsia Borkhanseoi Camel (1885).

6 0. arenaria Borkh. (1797) 3001

Sez, II. EUOROBANCHE FIORL (1926).

(1) Corolla motto allargata sotto I'inserzione degli stami, net mezzo
ristretta e fortem. curvata, in alto un po' rigonfla. Stami inseriti
circa all meth del tube corollino (fig. 1 e 2). 	 A) Infiatae 8

- Corolla ristretta sotto 1' inserzione degli stami, spesso ollindrica, sopra
inolto allargata oppui'e rigonflo-ventricosa. Stami inseriti at disotto
dclla metà del tubo corotlino (fig. 3 a 28). 	 B) Angustatas 9

A) Infiatas Beck (1890).

8 Brattee ovati. Corolla lunga 12-15 mm., atl'esterno P000 glandolosa a
glabra. Pianta generaim. robusta, ± glandoloso-lanosa (4 din.). Spiga
densa, cilindrica. Pezzi del calico liberi o rr. brevem. connati, ovali-lan-
ceolati, interi o con 2 denti acuminati, assai pili brevi del tubo corol-
lino. Corolla azzurro-ametista. Stami glabri o poco pelosi in basso e
presso le antere, che sono glabre o promo le suture peloso- .lanose. Stigma
biancastro. Cassula eguale al calico o put lunga. 0. Parass. guile Corn-
posts e iS'olanacee, rr. su spec. di altre Jam.: Alto Adige a Merano, Basil.
a Muro, Sic., Eolie (is. Panaria, Vulcano e Sauna), Malta e Cots.;
2. Apr.-Giu. [Beg. medit. gino India Austral]. - 0. cumana Gum. (1834)
- 0. gallica Gren. (1838) - 0. hispanica Boise. (1889-45) - 0. bicolor
Bert. (1844), non C.. A. Mey. - 0. Grenieri F. Schultz (1845).

7 0. cernua Loefl. (1758) 3002
- Brattee lanceolate. Corolla lunga 10-23 mm., all'esterno fortem. pe -

losa 0 lanosa. Scapo robueto, giallastro, fortem. ragnateloso-lanoso in
alto (14 dm.). Pezzi del calico liberi, ovaji od oblungo-lanceolati, nel-
l'apice o piii di mado fino alla metà 2-dentati, a denti lanceolati o lesi-
niformi, nguali al tubo corollino o piC brevi. Corolla di un azzurro sla-
vato o quasi arnetistino. Stami no po' pelosi in basso soltanto. Stigma
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jfl0_g1allas tT0. Cassola cthndrlca, 2- o rr. _valve. 
Q. Parass. su

Artemisia campe2tr is neZ Fri (Brtilflati ex Fir.), ma sec. Beck loc.

assai dubbia e sec. 
Gortalli da escludeTSi, Cal. ad Anoia (F. Pasquale).

.lfczgY. 
Giu. Ausfr. Germ. Russ. mer.-Or. Sib. iner. Turkest. Cina Giapp.1.

8 0. caerUleSCeUs Steph. (1801) 5003

w

4

V/f//Lf

Fig. 	
OrobaflhC cernua. 2. 0. cru1eSCefl. - S. 0.

	
- 4. 0. TeICr

acili. - • 0. vri89t —8. 0. songUflea. - 9. 0. abG. - 10. 0. rei

S. 0. 

B. Angustatae Beck (1890).

O (7) Fl. piccoli, luughi 10-20 mm. Corolla augustam. tubulosa, tipicain.

biancastra,	 uco.gia astra o giallastra, nel labbtO super. 0 luflg°

i ner'vi spesso rosso.Vi0 	
o porporifla, a lobi seulpre glabri mel mar-

ginO. 
Stigma rosso, vio1aC60P0rP0roO od anehe 

giallO.	 g) MinOTeS

Fl. grandi, di solito plu lunghi. Corolla per lo 
piL ainPiam. c&WP

nulata, div	 a alla base, nel mezzo dirittaersain. colorata.	 0

10

11) 
Linea dorsale delta corolla curvat 
quasi, oppure (sez. Galeatac) concava (rr. an po' curvata), nel labbro
super. fortem. cuTY&t& od appiaflata. 	

11

- Linea dors 
C
a	

± fortem. cur	 (rr. quasi diritt.&
le della corolla

nella. 8'6z-. 
ruenta ) dalla base at tn	 13bbrO super. o tab01ta. 

qul Wi

p0' 8ianata.
ii Corolla glabreSeCfltO 0.

p g1a1 a a peli non colOr5ti fleI0SO	 0l05& m

inseriti	 n piccolo tnberOOlO., sopra u	

12

Corolla 
piosogl&1ub0l03 a peli colorati e per to PHI 

jnseritl 5OP

Un piccolo tuberc.0I0 
Stigma rosso_PorPo rmno. Pe 	 del calice per lo p'

liberi fino atla base, inter1 o rr. 2defltati.
	 c) GiandUb03	 20

12 Corolla tipicarn. foscOTlill ma, COUC&Y& net dorSO 6 gefl0rm. pr0



iDl Orobanchaceae (Boschniakia - (Drobanche) 805

• nfl glabrous: bracts widely ovate to ohovate (width ± = length), densely overlapping; corolla with ring of
hairs at base of stamens	 ...........................................................BOSCFINIAKIA
Intl hairy: bracts ± lanceolate (width << length). little or not overlapping; corolla gen lacking ring of hairs
at base of stamens	 .................. .............................................. 	 OROBANCHE

BOSCHNIAKIA GROUND-CONE

Per. glabrous. STS gen simple. ann. I-many from corm-like thickening surrounding host root. [NFL spike-like: bracts
densely overlapping. ± ovate: pedicels gen <2mm; bractlets on pedicelO-3. narrow. FL: calyx cup-shaped. teeth 0-5 (vari-
able on a p1), tip acute or tapered: corolla with ring of hairs in upper tube at base of stamens, upper lip entire or indented,
lower lip 3-lobed: upper filament and anther hairy. FR 2-4-valved; placenta 1 per valve. 3 spp.: nw NA. tie Asia. Boschnia-
ki. Russian botanist) [Gilkey 1945 OR State Monogr Bot 91

- Intl < 3 cm diam: largest bracts gen acute. << 10 mm at widest point; corolla 10-15 mm ...... ....... B. hookeri
I' Infi> 3 cm diam: largest bracts gen obtuse to rounded.> 10 mm at widest point: corolla 15-20 mm . B. strobilacea

8. hookeri Waip. (p. 807) SMALL GROUND-CONE P1 7-12 cm.
lr'FL 3-6 cm. < 3 cm diam. purplish to pale yellow: lower bracts
10-12 mm. ovate to narrowly obovate. tip obtuse to acute. FL: ca-
lyx cup 2-3 mm, teeth 2-4 mm, deltate: corolla 10-15 mm, gen
pale, lips erect. 3-4 mm (upper > lower). SEED ± 1.5 mm. RARE
in CA. Open woods, shrubby places, gen on Gaultheria shallon:
< 500 m. NCoRO (I site, Humboldt Co.). SnFrB (Mount Tamal-
pais. Mann Co.): to B.C. CA pls are among the most distinct from
B strohilacea in their small size and pale color.

B. strobilacea A. Gray (p. 807) CALIR5R.NIA GROUND-CONE P1
10-30 cm. INFL gen 7-18 cm, 3-6 cm diam, gen reddish brown to
dark purplish; lower bracts 15--20 mm. ovate to widely obovate.
margin gen pale, tip obtuse to rounded. FL: calyx cup 2-4 mm,
teeth 3-7 mm, narrowly deltate; corolla 15-20 mm, gen purplish
(lobe margins pale), lips 5-6 mm, ± equal, lower lip gen spreading.
SEED ± 2mm. Open woods, chaparral. on Arczosraphvlos or ,4rbu
tus; < 3000 m. CA-F1' (cxc s SW); s OR: widely scattered, most
common NW. TR .

S
S

S
S
S
S
S
S
S
S
S

S
S

S

S

OROBANCHE BROOM-RAPE

Ann. per, gen glandular-puberulent above: root attachment sometimes tuber-like. ST simple or branched. [NFL gen ± spike-
like (lower fis often shorl-pedicelled or on short branches), gen dense; (is gen > 20; bracts gen lanceolate to deltate (wider on
peduncle): bractlets 0 or 2. FL: calyx lobes gen 4-5; corolla glandular-puberulent (hairs short and tack-shaped or lun g -
stalked), gen lacking ring of hairs at stamen bases, upper lip erect to reflexed, gen 2-lobed, lower lip 3-lobed, spreading,
yellow-lined: anthers glabrous to hairy: stigma lobes 2, spreading or peltate. FR 2-valved; placentas gen 2 or 4, often lobed.
SEED <0.7 mm. 14)) spp.: worldwide, esp Medit. (Greek: vetch strangler, from parasitic habit) [Heckard 1973 Madrono
22:41-70]

- As 1-20: peclicels long, scapose: hractlets on pedicel 0 (sect. Gyinnocaulis)
Fls gen 5-20: st (peduncle + intl axis) > 5 cm; bracts> 6; upper pedicels < st: corolla lobes glabrous to
soft-hairy, hairs colorless 	 ........................................................... 0. fa.sciczs Into

2' FIs gen 1-3; st (peduncle + infl axis) gen < 5 cm; bracts gen < 6i upper pedicels > st; corolla lobes
minutely ciliate, hairs violet ............................................................ 0. anif7ora

I' Hs gen > 20: pedicels 0 or short, not scapose; bractlets on pedicel 2
3. Branches at st base many, slender, yellow: infi open, fis becoming well separated: calyx gen 4-lobed, cut

deepest on upper side: agricultural weed (sect. Trionychon) ....................................0. ramo.sa
.' Branches at st base few, stout: intl dense, gen remaining so; calyx 5-lobed, cut ± equally or deepest on

lower side; native (sect. Nothaphi'Ilon)
4. Intl and fis ± dark purple (lighter in 0. pinorum); calyx gen 5-I1 mm (-12 mm in 0. cooperi)

5. Calyx divided to base on lower side; hairs of intl and corolla papillate, not glandular; root attachment
rounded, coral-like: gen on Adenostontafascicula:urn ........ ............................. ...- bulbosa

5' Calyx divided ± equally; most hairs of irifi and corolla glandular. not papillate: root attachment not
rounded and coral-like (cxc 0 pinorurn, sometimes 0. cooperi); on various shrubs and herbs

6. Intl and corolla pale purple-tinged: corolla with a ring of hairs at base of filaments; root attachment
rounded, coral-like	 ................................................................ 0. pinorum

.' Intl and corolla dark purple: corolla lacking ring of hairs; root attachment branched (rarely rounded,
coral-like in 0. cooperi)

7. Intl 4-5 cmwide: corolla 18-32 mm. lips 5-10 mm: on herbs of Asteraceae; D ................ 0 cooperi
7' Intl 2-3 cm wide; corolla 12-18 mm. lips 3-5 mm: on shrubs, gen in chaparral ................. 0. valida

8. Corolla 14-18 mm, hairy outside, densely so at sinuses, hairs 0.4-0.7 mm; filament base and anther
hairy........................................................................ ssp. howellii

8' Corolla 12-14 mm, puberulent outside, weakly so to glabrous at sinus, hairs ± 0.1 mm; filament
base and anther glabrous	 .......................... ........ ......................p. va/ida

4' Intl and fis gen huff to pinkish, corolla lips white to pink or lavender-,kith darker veins I purple in
0. californica SSp. C.); calyx gen 10-20 mm

9. Corolla 15-30 mm. lips 4-10 mm, upper erect, lower spreadine
10. Intl 3-4 cm, branched, forming a convex or ± fiat-topped cluster: anthers densel y hairs throughoui:

GB, adjacent CaR. SNH, n DMtns ................................................. 0. corymbosa
10' Intl >4 cm, of long, gen unbranched. ± raceme-like units: anthers glabrous or hairy along dehisced margin

II - Upper corolla lobes acute, tips mostly pointed; bracts lanceolate. veins 3-5, inconspicuous; tls
hort-pedice)led throu ghout: CA-FP (exc c-&s SW)	 ............................. ....... 0. vallicola



4 Li Onagraceae tJerc;a. -- Orobanchaceae

I ipert, g in sandy, gen urban disturbed places: gin < 5O to. L.

SW. [)Mot: native to e US. widely naturalired, but occurrences
scattered. Self-pollinated. PT-H.
0. Iongissirn.a Rydb. Bien, rosetted, minutely st.ri gose: hairs
3150 gen long, spreading, with red, bristle-like bases, sometimes
some glandular. ST erect. 6-30 din. LVS: cauline 5-22 cm, narrow-
ly oblanceolate to ± elliptic. subentire to dentate. [NFL: spike. FL:
hvpanihium 60-135 men: sepals 23-47 mm. free tips in bud 2-6
torn: petals 28-65 mm, yellow fading reddish orange. FR 25-55
mm, 4-9 mm wide, narrowly lanceolate. ± straight. SEEDS 1-2
mm. angled, irregularly pitted. 2n=14. Seasonally moist places in
.-reosote-bush scrub. pinyortijuniper woodland; 1000-1700 M.

e DMtns (New York Muss): to Colorado, AZ. Issp. clu(ei (Nelson)
Munz] Gen cross-pollinated. *TRY.

0. primiveris A. Gray Ann. rosened. minutely strigose. in intl
gen glandular hairs also coarse, with red, blister-like bases or not.
ST gen 0 (sometimes erect or ascending. < 3.5 din). LF 4-28 cm,
oblanceolate. wavy-dentate to 1-2-pinnately lobed. [NFL: (is in
stills. FL: hypanthium 20-72 mm; sepals 7-30 mm. free tips in bud
0; petals 6-40 mm, yellow fading reddish orange to purple. FR tO-
(sO mm. 4-8 mm wide, lanceolate to ovate, straight. curved, or
S-shaped. SEED 3-3.5 mm. irregularly obovate to oblanceolate,
papillate. I side coarsely wrinkled in distal 112, other side with
thick. U-shaped area forming groove and small cavity at tip.
2n= 14. Sandy flats, low hills, dune margins. arroyos; 30-1400 m.
D: ± sw US. ii Met. Self- or cross-pollinated. 2 intergrading sspp.

ssp. bufonis (M.E. Jones) Munz (p. 807) LF grayish green.
FL: petals (22)29-40 mm. Habitats of sp. D: to UT. w AZ. nw
Met. Gen cross-pollinated. *TRY.

tsp. primieriS LF gen green. FL: petals 6-25(28) mm. Un-
common. Habitats of sp. D; to TX. nw Mex. [ssp. caulescens
Munz) Mona) Self-pollinated. *TRY.
0. pubescens Sprenget (p. 807) Ann. bien, msetted. minutely
strigose: hairs also long, spreading. and gen some glandular. ST
decumbent to erect, 0.5-8 din. LVS: cauline 2-8 cm. narrow-oblan-
ceolate to lanceolate or elliptic, pinnately lobed to subentire. 1NFL:
Os in upper axils: buds nodding. FL: hypanthium 15-50 mm; sepals
5-25 mm, free tips in bud 0.1-1 mm: petals 5-35 mm, yellow fad-
ing orange. FR 20-45 mm. 2-4 mm wide, cylindric. SEED 1-1.5
mm, subspheric. pitted. 2n'14. Open places: ± 600 m. c DMoj
(Newberry Springs. San Bernardino Co.): to NM, SAm. [0. lad-

ria,a Hill ssp. p. (Sprengel) Munzl VTFI. CA pls possibly
introduced from AZ.
0. rosea L'Hér. (p. 807) Per. rosetted when young, minutely and
sometimes densel y snigose (lower St sometimes also long-hairy).
ST decumbent to ascending, 1-5(10) dm. LVS: cauline 1.5-4 cm,
oblsnceolate to elliptic, gen subentire to wavy-dentate. [NFL: fit in
upper axils. FL: hypanthium 44 mm; sepals 5-8 mm, free tips in
bud 1 mm: petals 5-10 mm. rose to rose Purple. FR much wider
toward tip: body 8-10 mm, 3-4 mm wide; valves each with median
rib: stalk-like base 5-20 mm, ribbed, tapered. SEEDS clustered in
each chamber. 0.5-0.8 mm. obliquely oblanceolate, finely granular-
papillate. 2n=14. Disturbed places: gen < 500 iii. WTR: native to
TX. Mex, SAm. Self-pollinated. PTH.

o speciosa NutL (p. 807) Per, rosetted when young, forming
large patches from woody caudices and rhizomes. minutely strigose
some hairs also longer). ST weakly ascending to erect. 1-5 dm.

1_Vs i casiiite	 s-:	 rn. chIancclate to ±
wavy-lobed. NFL: fis in upper axils: ct tip 	 di fi
thium 10-23 mm; sepals 15-30 mm, free tips 1;
alt 25-40 mm. white fading pink or rose-purpi.
widening upward (to 3-5 mm). 8-ribbed: stalk
mm. 1.5­2 mm wide. c y lindric. SEEDS clustered
1-1.5 mm, obliquely oblanceolate. finely granu.
14.28.42. Disturbed places: gen < 500 m. W: ...
c US. c Met. [var. childsii (L. Bailey) Mun.zl
Cross-pollinated.
0. stricta Link ssp. stricta Ann, bien. rose­,:
gose: hairs also long. spreading. some glandular
cumbent). 2.5-10 dm. LVS: cauline 6-10 cm, -.
tic-lanceolate, gen slightly wavy, serrate. [NFL
buds erect. FL: hypanthium 20-45 mm: sepals
15-25 mm, yellow fading reddish orange. base,
spot. FR 30-40 mm. 3-4 trim wide, ± cylindo
toward tip). SEED 1.4-1.8 mm, widely elliptic
Uncommon. Gen moist., disturbed places: gen .-l.'.ts
native to Chile. PTH.	 .
0. tillosa T1iunb. ssp. strigosa (Rydb.) W. Li

807) Bien, rosetted, minutely strigose, esp in
hairs also long, spreading, gen with red, blister- l: 
5-20 den. LVS: cauline 10-30 cm, lanceolate
minutely dentate. [NFL: spike. open. few-fld: 1:::
> fr. FL: hypanthium 25-40 mm; sepals 9-I8
reddish, free tips in bud 0.5-2.5 mm: petals 7-21: rm,______
ing duller to pale orange. FR 20-35 mm. 4-7 torts 
lanceolate, ± straight. SEED 1-2 mm. angled, rrrrg)
2n=14. Moist openings in forests: esp 500-20(X)
(Tehanla Co.), CaRH (Plumas Co.), We to sw Can..
(Rydb.) Mackenzie & Bush: 0. biennis L. and 0 hooker

A. Gray misapplied) M. *TRY.
0. wolfli (Munz) Raven, W. Dietr. & W. Stubbe (p . 807
EvEJflNG PRiMROSE Bien. rosetted. densely nunutrL s -

many hairs also with red, blister-like bases, some .i,1

erect, 5-10 den. LVS: cauline 5-18 cm, narrowly lanc': .1cc
tic, wavy-dentate, upper dentate. INFL: spike. FL:
30-46 mm: sepals 17-28 mm, free tips in bud erect. -
alt 13-23 mm, yellow fading reddish orange. FR 31
mm wide, narrowly lanceolate, ± straight. SEED 1-2
irregularly pitted. 2,s=14. RARE. Coastal sand. mc) duni,s.
roadsides, gen moist places (perhaps also inland): 'z 1(X) in:
w KR (Del Norte, Humboldt cos.). e KR (Carrville. ± 800 nit,,
Co.); OR. [0. hookeri Torrey & A. Gray ssp. w. Munzl
cult.
0. xylocarpa Cov. (p. 807) Per, rosetted,grayish grei,
short (on ft long, coarse), erect; taproot fleshy. ST 0. LF mat
ment ± round to oblanceolate, 26-62 mm: lobes few, Ii
INFL: fit in axils. FL: hypanthium 27-45(55) mm; sip
mm, tips not free in bud; petals 25-38 mm. yellow frs:.,.
salmon-red. FR 35-90 mm, 7-I1 mm wide, narrowly I:
curved, twisted, wrinkled. SEEDS in I row (or near
per chamber. 2.4-3.2 mm, obovate: tip gen truncate,
wrinkled. papillate: I side with 2 small ridges. 2,i=14. (irav
pumice meadows. Jeffrey-pine or lodgepole-pine/fir forests
31()) in. c&s SNH: w NV. Gen cross-pollinated. Locally co,
*TRY; DFCLT.

OROBANCHACEAE BROOM-RAPE FAMILY

Lawrence R. Heckard

Ann, per. non-green root parasites: roots modified into absorptive structures: p1 an erect, fleshy, mostly underground
duncle) with terminal infi. LF: true Ivs 0. INFL: spike. raceme. or panicle; bracts alternate, scale-like. FL bisexual.
cylindric or cup-shaped. lobes 0-5. persistent: corolla ± 2-lipped, lobes gen 5; stamens 4. epipetalous in 2 pairs (sometil
5th vestigial); ovary superior, chamber I. placentas gen 2-4, parietal, simple or lobed, stigma gen 2-4-lobed, gen bosS -
funnel-shaped. FR: capsule, loculicidal; valves 2-4. SEEDS many. small, angled: surface netted. 14 gen. 200 spp..
temp Sometimes placed in ScrophulariaCeae. [Thieret 1971 1 Arnold Arbor 52.404-432]



805 (D) Orobanchaceae (Orobarich)

Upper corolla lobes obtuse, tips rounded o blunt. bract ± k y. aLe. cis - 5, Lunspicuous; ow,
fis pedicelled; SW, D	 •

2. Corolla 15-24 mm. lips 4-6 mm; calyx lobes gen 7-10 mm; CCo. SCo, Chi .............
12' Corolla 20-25 mm, lips 6-8 mm; calyx lobes 10-16 mm: TR, PR, DMoj

9' Corolla 20-50 mm. lips 10-14 mm, widely flaring (see also 0. corvrnbosa for pls of SNH, 0Th
13. Corolla lips gen purple; calyx lobes, pedicels, and bracts purplish, drying dark purple: coastal durt

and hills. NCo. n&c CCo	 .......................................................
13' Corolla lips buff to yellowish to pinkish or purple-tinged: calyx lobes, pedicels, and bracts pals-

pink-tinged, drying brown; CA-FP. inland (exc ssp. grandis)
14. Corolla tube ± stout. >4mm wide at constriction, abruptly expanded to form hump-back thrui

lips moderately recurved - s SNH. Teh, TR. PR. s SNE ...........................
14' Corolla tube slender below. <4 mm at constriction, gradually expanded; lips widely recurveti
IS. Corolla 35-50 mm, lower lobes narrowly ovate,> 5 mm wide ............................
IS' Corolla 20-35 mm, lower lobes narrowly triangular to oblong. < 5 mm wide

IS. Fl 4-10 cm: st below infi < 5 cm: infi ± flat- or convex-topped cluster < 5 cm; moist or vernal
places......................................................................

16' P110-35 cm; st below infi gen >6cm; inn elongate, 5-20 cm; dry places ..............
0. hulbosa G. Beck (p. 807) P1 8-30 cm, dark purplish above-
g round, white-papillate. not glandular. ST arising from round, cor-
al-like root attachment, stout, thickened at base, bulb-like, with
overlapping scales. INFL sometimes pyramid-shaped. FL: calyx
5-10 mm, tube cut nearly to base on lower side, lobes narrowly
uiangular, gen <or = tube; corolla 10-18 mm, yellowish to pur-
plish. lobes 2-4 mm. obtuse to acute: anthers glabrous to sparsely
hairy: stigma 2-lobed, margins recurved. 2si-48. Openings in
chaparral, gen on Adenosfomafascicu!aw.in; < 1700 m. s NCoRO,
NCoRI, SNE (Eldorado Co. s). SCoRO, SW; Baja CA.
0. californwa Cham. & SchidI. P1 4-35 cm, pale to dark purple
aboveground, glandular-puberulent. STS I or clustered, slender to
Stout, branched below or throughout. [NFL long or branched and
± flat- to convex-topped; pedicels 0-4 cm, shorter upward. FL: ca-
lyx 12-20 mm, gen pale to pinkish, lobes Linear-triangular, >> tube;
corolla 20-50 mm, purplish or white to rose with darker veins,
moderately glandular-pubenilent. lips 10-14 mm, gen widely flar-
ing: upper lip obtuse to rounded; anthers woolly; placentas 4. stig-
ma lobes 2, triangular, margins recurved. Gen dry, ± rocky soils, on
herbs. gen Asteraceac: <2500 m. CA-FP to B.C.. Baja CA. (0.
gra yana G. Beck misapplied) Sspp. highly variable. intergrading.

SSp. californica Pt 5-27 cm. gen (dark) purple aboveground.
ST gen branched. INFL <8 cm. ± head-like or round-topped. FL:
corolla 22-45 mm, throat abruptly wider than tube. 8-10 mm wide,
lips purplish, paler. 2n=48. Uncommon. Sandy or heavy soils of
coastal bluffs. gen on Grindelia; < 150 m. NCo, n&c CCo. [0.
grmana G. Beck vats. nei.conii Munz & vio1aca (Eastw.) Munz]
lntergrades with srp. grandis in Monterey and San Luis Obispo cos.

ssp.feudgei (Munz) Heckard (p. 807) P110-30cm. ST gen
branched above, stout. INFL ± flat- or round-topped; branches gen
.c 9 cm. FL: corolla 25-35 mm, tube ± stout, abruptly expanded
above sinus, > 4 mm wide at constriction, forming ± hump-back
throat 8-10 mm wide, lips moderately recurved, whitish to yellow-
ish, purple-tinged and veined. 2zr=48. Dry washes, mtn slopes,
flats, on Arremrsia tridenxaza; 700-2500 m. s SNH, Teh, TR. PR,

SNE; Baja CA. [0. grayana G. Beck var. f. Munz)
ssp. grandis Heckard Pt 8-30 cm. ST gen branched above,

stout. INFL gen < 5 cm, round-topped or not. FL: corolla 35-50
mm, pinkish or pale brownish red, veins dark, tube <4 mm wide at
constriction, throat 9-10 mm wide, lips widely recurved, lower
lobes narrowly ovate. Uncommon. s CCo, s SCoRO (Santa Bar-
bara Co.), c SCo (Los Angeles Co), n Ch1 (Santa Rosa Island).

SSp. gravana (0. Beck) Heckard P14-10 cm. ST branched or
nor. I-5 cm. NFL <5 cm, convex to ± flat-topped, few-fld. FL:
corolla 20-30 mm, tube gradually widening to 54 mm, lips whit-
ish to yellowish to pale purplish with lavender veins. 2n=48. Un-
common. Moderately moist meadows, stream margins, gen on Er-
tgeron. Aster-, gen 1200-1800 m. NCoRH, n&c SN1-{. SnFrB Is
Sonoma Co, ± 60 m). MP; to WA. [0. grayaiza G. Beck var. g.]

ssp. jepsonii (Munz) Heckard P1 10-35 cm. ST gen
branched. > 6 cm. [NFL 5-20 cm. FL: corolla 25-40 cm, whitish
or pinkish to pale yellowish brown, tube gradually widened to 54
mm, veins gen purplish. 2n=48. Uncommon. Gen dry fiats,
slopes, gen on herbs and shrubs of Asteraceae: < 2200 m. KR,
NCoR. CaRH. SNF. GV, SnFrB. SCoR. [0 gravana var.. Munz]

Pls< 12 cm with flat- to round-topped infi on Net ror,
SC0RO have been called ssp. condensa HeckardS
s CCo, s SCoRO, c SCo, n Chi that key here are an irn'
0. cooperi (A. Gray) A.A. Heller ( p. 813) P110
dark purplish aboveground., glandular-puberulent; ,,I,
sometimes a coral-like thickening. STS simple or hr,
forming large clumps, stout, little enlarged at base. IN
wide: lower pedicels <5 cm. upper 0. FL: calyx s-.
a. tube, triangular, acuminate; corolla 18-32 mm, urn
long-stalked, gen glandular, cube lacking ring of
mm, upper lobes 6-10 mm, >lower, obtuse; anther'
ma lobes 2. thin, recurved. 2,r=24,48,72. Sandy ft.:.
Asteraceac (gen Ambrosia, Hymenoclea. Encelia
toes. DSon. in 1960's); <500 m. D; to UT, A7,
ludoviciana vats. c. (A. Gray) G. Beck & latiloba
described form (probably best a sap.), 2n=96, with
lobed corolla and pckate, & bowl-shaped stigma
hosts, over range of sp.
0. corymbosa (Rydb.) Ferris (p. 813) Pt 3-17 cc.
pie-tinged aboveground, glandular- puberu lent. ST: hranc
tered, stout, gen thickened at base. INFL 3-4 cm. hran
round-topped, few-fld. lower pedicels 5-30 mm below.0
FL: calyx 12-18 mm, lobes> tube, linear-triangular; corol4
mm, sparsely short-glandular, lips 5-S mm, purplish to pin
darker, upper lobes rounded: anthers woolly; stigma 2-166
rate. 2n-48,96. Openings in sagebrush scrub, gen on Al
tridenzatu; 1200-2800 m. n CaR. SNH. GB, n DMtns
Mtns); to B.C., MT. UT. [0. californica var. Co. (RydU.
Closely related to 0. californica, esp ssp. feudgei.
0. fasciculata Nuts. (p. 813) cr.us-reann BROOM-RAIl

or clustered, 5-20 cm, branched or not. [NFL; raccir.
topped, gen 5-20-nd. bracts > 6, glandular-puberulent; cc.i'

Jn M

15 cm. shorter upwards: bractlets 0. FL: calyx lobes 3-7 rcn
tube, deltaic, gen ± acuminate; corolla 15-30 mm, curved,
mg erect, yellow to purple-tinged, lobes rounded to narrowl
anthems gen hairy; stigma 2-lobed. recurved. 2n=48. Dry
bare places, gen on shrubs (esp Artemisin, Eriodicryon.
nwn): < 3300 m. CA-PP. GB, DMtns; to Yukon. c N.Am,
I var.franctscana D.B. Achey: var. lutea (C. Parry) D.B. Ach
intermediate to 0. uniJ7ora, gen on Galiwn, are scattered in
(esp w WM. SNF, NCoR), s OR.
0. parishü (Jepson) 1-leckard P15-26cm, ±yellowish w
gen simple, stout. glandular-puberulent. INFL: bracts n
ovate, with> 5 conspicuous, parallel veins. FL: calyx 10-20 ifl

± narrowly triangular, pale; corolla 15-25 mm. buff to pinkish. lJ

4-8 mm. lobes rounded, veins reddish: anthers glabrous to hai
Bare, sandy to rocky soils, gen on shrubs: <2800 m. SNH. TO
CCo, SW, W&I. DMtns; Baja CA. 10. californica Chant. & Schi -
vat. p. Jepson]

sap. brachyloba Heckard (p. 813) SHORT-LOBED BROOM ' s--
P1 5-18 cm. [NFL 3-8 cm. FL: calyx lobes 7-10 mm; corolla I
24 mm. lips 4-6 mm, erect or slightly spreading: anthers ge: ZIJ

brous; stigma lobes gen narrow, recurved. 2n=96. RARE. 53.c(],
soil near ocean, on shrubs such as l.cccma Mei:tcsu. '
CCO3 SCo. ChI; Baja CA.



538 (D) Cucurbitaceae (Mar&1) - Cuscutacene (Cri5CU1O

3' Mature fr and ovary oblong or ovate, gen not tapered to a beak, not striped green, prickles ± dense, stiff;

seeds gen > 6, ovate or oblong, sometimes flat at I end; SNF, SW. D
4. Corolla deeply cup-shaped: seeds very flat at I end; C&S SNF, Teh .............................At. liorridus

4' Corolla shallowly cup-shaped-seed s not very flat at either end; SW. DSon ................. M. nacrocarpus

5. Staminate fis 8-13 mm wide; seeds 15-20 mm; mainland ............................var. 
rnacrocarpu.s

5' Staminate Os 14-30 mm wide; seeds 20-33 mm; ChI .....................................var. 
major

M. fabaceus (Naudm) E. Greene (p. 543) CALLFOR!'ltA MAr1.ROOT

Herbage gets not glaucous. FL: corolla rotate, yellowish green,
cream-colored or (esp inland) white. FR 4-5 cm, ± round: prickles
sparse to dense. < 12 mm, ± stiff, unhooked. SEEDS 2-4. 18-24
mm, ovate to oblong. ± flat on sides or not. 2n=32. Streamsides.
washes, hrubby and open areas; < 1600 rn CA-FP (exc n NW, n
CaR). Highly variable; pis outside SnFiB and CCo are assignable
to var. agrestis (E. Greene) KM. Stocking (fr prickles flexible. <5
mm; seeds ge-n 2-3, not flat on sides), which intergrades ± com-
pletely with the pis considered var.!.; more study needed. *DRN:
7,8_l0.14_24;INV.

M. horridus (Congdon) Dunn (p. 543) Herbage not glaucous.
FL: corolla deeply cup-shaped. white. FR 9-20 cm, oblong,
rounded at both ends; prickles dense, stiff. SEEDS gen 6-16(24),
26-32 mm, oblong or ovate, very flat at I end. Shrubby and open
areas; < 1000 m. c&s SNF, Teh.

M. macroCarPUS (F. Greene) E. Greene (p. 543) Herbage not
glaucous. FL: corolla shallowly cup-shaped. white. FR 5-12 cm,
oblong, ge-n rounded at both ends (sometimes with sharp beak).
prickles ± dense, stiff. SEEDS gen 4-12(24). 13-33 mm. ± round,

CL] SCUTACEAE DODDER FAMILY

Tania Be-liz

C,	 Ann, parasitic vine. ST twining, ± thread-like, yellow-green to bright orange. ge-n glabrous. LVS 0 or scale-like, ± 2 mm
triangular to lanceolate. ]NFL: cyme or cluster (rarely Os solitary), ge-n he-ad- or spike-like, axillary, sometimes bracted. F
bisexual, radial; calyx ge-n persistent, lobes ge-n 4-5, ge-n overlapped; corolla ge-n deciduous, 

< 6 mm. mostly white, tube

appendage-d opposite stamens, lobes 4-5; stamens 4-5, alternate corolla lobes; ovary superior, chambers 2(3). 2-os ub
styles ge-n 2. stigma ge-n 1 per style, ge-n ± he-ad-like. FR: capsule- (circurnSciSSile or irregularly dehiscent) or berry-like.,

genus. ± 150 spp.: e-sp Am top; some crop pests. Sometimes incl i n Convolvulaceac.

CUSCUTA DODDER

C. cahforni
1. Corolla appendages 0.1 min 
2. ovary and fr conic, top acute ...........................................var. 

apIcul

2' Ovary and fr obovoid, top depressed
3. Perianth papillate .... . ...................................................

var.paJnhI

3' Perianth not papillate
4. Corolla bulged out between stamens ...........................

..................var. breJ7
.	 .	 v

4' Corolla not bulged out between stamens ......................................ar. 
cahierfl ,

1' Corolla appendages 0.7-2.5 mm
5. Stigma cylindric ...........................................
5' Stigma ± he-ad-like

6. Corolla shallowly bell- 10 urn-shaped, tube ± shorter than wide .... . C. d
7. Corolla appendage divisions ge-n 0—few, knob-like ................................ 
7' Corolla appendage divisions few—many, finger-like
8. Ovary and ft top unthickened ...........................................

.. . Cp
C.

8' Ovary and ft top thickened	 ...............................................
9. Fe-died and calyx not papillate 	 ............................................ var. ne

var.

9' Pedicel and calyx ± papillate ............................................. 
lnnce-r than wide....................C.s

- -:rr'lla lobes < to> tube-

-	 :	
' ot'tuse. gland-dotted, not papillatc; corolla appendage divisions few, scattered, fingei-lik
i 

'rear streams, rivers, lakes 	 .............................................
C. cep

oblong, or ovate, angled at tip or not. 2n=32.64. Washes, shrubby
or open areas: <900 to. SW. DSon; Baja CA.

var. ,nacrocarpUs FL: staminate 8-13 mm wide. SEED 13-
20 mm. Habitats of sp. SW mainland, DSon; Baja CA.

var. major (Dunn) K.M. Stocking FL: staminate 14-30 mm -

wide. SEED 20-33 mm. Habitats of sp. Chi. Larger, but much
like var. ,nacrocarpus. more study warranted.

M. oregCflUS Torrey & A. Gray) Howell (p. 543) (OAS tt.'

soar Herbage not glaucous. FL: corolla deeply cup shaped,
white. FR 4-8 cm, ovate, tapered to a beak, gen striped dark green;
prickles sparse to dense (gen 0 at tip), flexible. SEEDS ge-n 3-6,
16-22 mm, disc-shaped, ± flat. 2n='32. Shrubby or open areas,
forest edges: < 1800 m. NW. SnPrB; to B.C.

M. waisoflii (Cogn.) F. Greene (p. 543) Herbage glaucous. FL:.
corolla deeply cup-shaped, white. FR 2-3.5 cm, ± round. ofre3,
striped dark green: prickles ± 0 to dense, flexible, often hooked.:
SEEDS 1-4, 11-14 mm. ± round. Shrubby area-c, forest edges;
12M) or. ,NCr,RI. CaRP. II SNF, Sc'L

The only genus (Arabic: ancient name)



119. ASTERACEAE (ComposIae)

Pasui.aks ', 0)025 abieros sobre
.soeks prckrcnrcmenre bdsicos, enure
1001000 m Poco Irecuenre. Sierra
None cordobesa. Suhbtica
cordobesa, GrraIenu.
Dislribucidn general. W de Ia Region
Medirei tines,

V

'\ \

1. Chondrillajuncea L., Sp. P1. 796 (1753)

TalIos de 40-80 cm, generalmcnte rami-
ficados desde la base, giabros o con pelos
rigidos en la parte inferior. Hojas basales
oblanceoladas, pinnatffidas; las caulinares
lineares, erneras o dentadas, semejantes a
]as hrácteas. Involucro generalmente con
indumento farinoso. Brcteas externas ova-
das, de 6-8 veces ms cortas que las inter-
nas; las internas linear-lanceoladas. LIgulas
con tubo de 3-5 mm y limbo de 5,5-8 mm.
Brazos estilares amarillos. Anteras de 3,5-
4,2 mm, amarillas. Aquenios de 6-9,5 mm,
con pico de 2,5-5 mm. Vilano de 5-6 mm.
2n = 15, 30. FloreceyJruct:jica dejunfo a
Agosto (Septiembre-Noviembre).

() Por S. Liiavera

Borde5 de ominos, ampos incukos,
genrealmenLe sobre sucios bsicou.
Muy coendn Todu d Lerri!Orjo.
Disiribucion general C y S de
Europa, NW de Africa, W y SW de
A.ci]

3. Tragopogon crocifolius L., Syst. Nat., ed.
10 2: 1191 (1759)

T. castellanus Levier in Leresche & Le-
vier, Deux Excurs. Bot. 26 (1881)

T stenop/yllum Jordan, Obs. P1. Crit.
7: 42 (1849)

Anuales o bienales, con raIz gruesa fusifor-
me. Tallos de 30-60 cm, simples o ramifi-
cados. ilojas lineares, ligeramente ensan-
chadas en la base, glabras; las caulinares de
6-10 mm de anchura en la base. Pedüncu-
los ligeramente engrosados en Ia zona api-
cal. Involucro con 5-7 brácteas. Brácteas in-
volucrales 1,5-2 veces ms largas que las
ilgulas. Ligulas purpüreas. Brazos estilares
amarillos. Aquenios de 3640 mm, muricados
Iongitudinalmente, con pico de 17-26 mm,
etrgono y marcadamente ensanchado en

la parte superior. Vilano de 23-30 mm, plu-
moso. 2n= 12. Florece en Mayo.

68. Chondrilla L., Sp. P1. 796 (1753) (Gen. P1., ed. 5: 348, 17541 (')

Hierbas bienaics o perennes, cautescentes. Flojas alternas, de enteras
a pinriatIfidas. CapItulos generalinente sentados, formando una panI-
cula espiciforine. Involucro cilindrico, con 2 filas de bráctcas. Brác-
teas involucrales exiernas mucho más cortas que las internas. Recep-
tculo piano, glabro, sin brcteas interseniinales. LIgulas amarillas.
Aquenios con numerosas costillas y con pico muricado en la parte su-
perior y con una corona de 5 escamas entre ci cucrpo del aquenio
y ci pico. Vilano formado por pelos simples.
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Ic,	 II.. \I.II. • I	 j' (i,,, I I I w I , 1. M>., &	 . IiI	 L.	 Ia(t'iis is Ik.I,,, L. vIwtIi%a S i r). : M,Iai.cIi-,,,,i, all.cun, (Miller) Gait k.;: M. 1.,Lrise (R;,l,, RI	 M	 , Nrl,u,n (S..i l'ri., Si TR aiIm

	

H.	 (IiiI&t.	 j	 liaij,.,•. ri,ji M,iIiI. ,	 Britt(,,,: S. I'' L ' II (RI. G.alrn,, '
\,ntrn, lal,,,.. \V. Us rutri & 1. Rails (.'(ls). Willdc,,o%ia 12 (Op( iota l.caf 1 127): 189 (1982).
Dip/md iii 2n = 24)11,, Bit, C,. Fr, Ga, Cr, (;r. 11,,, I(, Ju, Po): Fl. Ear.; V. Sota, Attn .Acad Sie,ti. Fenn. A IV 58 9 (1962);i. Skaliii"ka i's at..Arta hint. (: ' ;'­) v ­ N u t Rail. 9: 37 (lYhsi); NI jnvsk t't at. 1970 a: 17 (all thur. as il-!e/nnd,jun, album)' ;\. Findlay 	 J . NieNrill, ] 'axu,i 22: 281. (1973i (as .StIr,,r alha(; '1.W.J. Gacleila, Proc. K. Nrdrrl. Akad Wcti'iisd, , sr. C 7&l973 Si. KOIII,II.,V & AX. Putrova, laxon 23: 377 (1974) (as. a/ha); B. Kieft & J.C. van Loon, '[axon 27: 524 (1978);1:. van Loo iu & h KicIt, l'axon 29. 538 (1980) (both as S. a/ha snbsp. a/ba); G. Nata raja n, Taxoi 13 0:  698 (1981 );t Strid & R.I ,,,,zn, 'l'axnn 30. 833 (1981) (both as S. a/ba); tjotjla & PrlIj,ien 1985: 10.

Al, Au, [Az), Be, Br, Bu, Co, Cz., Da, Fe, Ga, Cc, Cr, 'Hb, He, Ho, Hs. Hu, It,Ju, Lu, No, Po. Rm, Rs(N, B, C, W, K,
Sa. Si, Sit. " Widespread" (Ft. Eur.). Presence in Sa doubtful, according to Pignatti Fl. 1982: 252, and W. Greuter & T. Raus

k), Willdenowia 14 (Optima Leaf]. 110): 47 (1984). Not 'napped separately.
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Sdene noctiflora I.. - Ma1, 1182-
t.liaiitIir tinctillota A--j RLII)r. Nt,t4nd,wiii itoctillor iiiii (U) tries

Dipimd with 211=24(C4, S it ) : Ft. lui.; Májovsk	 al 1970 a: 17; L Fiy, Fragm. Flor. (Jrubot. 17: 252 (1971) (both as

i frlandrwrn nodzjloruin).
Vn1es. Cr and Hs omitted (given in Fl. Eur.): W. Urcuter, Nico l . Soc. Biot. 24: 155 (1974). Cr added (not given in Fl. Eur.).

Only as a casual in Is ([Is] in Fl. Eur.). Not native in 1s(N) (given as native in Fl. Eur.).
Total range 

MJW 1965: 140c; Ilultén Alaska 1968: 444; A. Zajc, Origin Archaeoph. Poland, p. 32 (Krakow 1980).

Silene latifotia Poiret - Map 1183.
lcIink alba MilLer; L. aivensis P. Gaertner, B Meyer & Scherb.; L. divaricata Reichenb.; L. nsacrocarpa Hoiss. & Reuter; L. pratensis Rafn,

1.es 1 ,ertiiia Sin.; Melandriurn album (Miller) Garcke: M. balansac Boiss.; M. boissieri Scbischkin; M. diokum atict. pro parte, non Lychnis
dioica L., NI divaricatuni (ReicIriih ) Fcnzl; M. eriocalvciiium Boiss.: M. latifoliuni Poiret) Nfaire; M. macrocarpum (Boisa) Wilik.;

NI. marizianum Gand; M. pratcnsr (Rain) Rohling; M. vesper
 (Sm.) Fries: Siletse alba (Miller) E.H.L. Krause, non Muhl. ex Britton;

S. pratetisis (Rain) Godrun & Gren. - Excl . Nlelandrium astracharsicurn Pacz. and M. gluninosum Rouy

Generic dthmilation. J . McNeill, Canad. Jour. Bot. 56: 297-308 (1978).
\omenclatu,e. J . McNeill & H.C. Prentice, Taxon 30: 27-32 (1981).
Taxononir. Concerning iiiftaspeciutc differentiation (pollen morphology), see H. C. Prentice et a1., Canad.Jour. Bot. 62: 1259-

l7 (1984).Vat,,. [Azi added (not given it, Fl. Eur.): A. Hansen, Anuário Soc. Brot. 41:46 (1975). Cromitted (indirectly given in FL. Eur.):

W. Greuter, Mem. Six:. Biot. 24: 139 (1974).

/,j/ 

rang. Flegi 1979: 1134.

Silene noctiflora



378	 112 SCROPUULARIACEAE	 [7 Pedicularis

(1887)	 P. Kerueri X tuberosa Chenev. (1910). - C. Tic. (4. Ribbia, V. Tre-
mola, M. Generoso) e V. d'Ossola in V. Forrnazza.

P. centhia X tuberosa = P. Rouyana F. 0. Wolf (1902). - V. cL'Aosta at Bronillot
di C'ogne.

P. cenLcia X r/Laetica = P. Mantzzi Bonati (1912). - V. d'Aosta in V. di Cogne.
P. cenisia x rostrata — P. Vaccarii Wilcz. (1903). -. V. d'Aosta a Valnonie?,.
P. cenisia >< verticillata = P. Mailleferii L. Vacc. et JVilcz. (1903). - V. d'Ao.ja

a Valnonley.
P. rhaetica > con jsja = P. Mcxrfel/jj Bonct.z (1911). - Mpi piern. at M. Cenjsio e

fra CancThre e la Coloinbara.
P. tuberosa >< gyro /texa Beg. (1902) = P. Verlati et P. gyrotl. )< tuber. Arv. -T.

(1873). - Trento a M. Gazzo, C. Tic. at M. Generoso.
P. yyroflexa X tuberosa Penzig (1883) = P. tuberosaX fasciculata Bell. (1857)

P. incarnata >< tuber. Caruel (1885) 	 P. Penzigi Stein. (1887). - C. Tic.
at M. Generoso e S. Gotiardo, Aosla a Gressone, ..41pi Mar. at Pizzo d'O'-mea.

P. gyro/lexa >( leptostachya Beg. (1902) P. Kerneri et P. gyroflexa >( elongata
fluter (1873). - Bellun. sui M. &rva e Pavione, Trent. in V. di Nan ml
M. Roen.

P. lepto.stacitya >< gyicifiexa n. comb. = P. veneta et P. elongata X gyroflexa
Fluter (1873). - Bettun. sul Al. Serva.

P. gyro flexa >< cenisia	 F. pedernontana F. 0. Wolf (1903). - V. d'Aosta in
V. di Cogne sul M. Brunillat a 2200 rn.

P. recutiia>< tuberosa = P. Huieri Kern. (1870) = P. murithiana et P. tuber. X recu-
tita Arv.-T. (1880).— Trent. a Cainpagnazza di S. Pellegrino, Or. S. Bernardo.

P. rosea X rostrato-capEata .Bonali (1918) = P. Hausmanni et P. rosea X rostrata
fluter (1883). - Fr

i
u
li ccc. sul M. Boscada (m. Garofala) Ira Cinzoi.ais ed Eric.

FAIL OxIir. OROBANCLIACEAE.

(Gen. 11, spec. 150 circa, per Ia massilna parte deli' Eur., Air. bor., As. extra.
trop. ed Am. bor. e mer., poche fra I Trop.)

Proprietà ed usi. - Fianno proprieta astringeuti ed amare, ma ora non si
usano pici. Alcune spec. sono assai dannose alle piante colt. sulle cui rd. civono
parassite.

Wave del generi,

	

1 Rz. nullo. Corolla a Jabbro super. 2-lobo o 2-fido.	 778 Orobanche
Rz. ramoso. Corolla a labbro super. intero o sniarginato. 	 779 Latkraea

Gen. 778. Orobànc].ie L. (1735) (1).
(Spec. 120, delle Reg. temp. e calde bor., 1 del Chile ed Austral. occ., 3 nat.

I i'. fl .-.	 !. Sp.).

Calice 4- piü rr. 5-dentate. Sez. I. K0PSIA 2
lic.' di 2 pezzi distin.ti o brevem. saldati, bildi,

u. uuteri.	 Sez. II. EuoRoBAiCaE 7

.	 . ;L'...u[atam. elaborato, nella Flora Anal., dal Béguinot aulla
H.cl.: Monographie d Gait. 0robancie, in • Bibi. Bat. • n. 19, Cassel 1890

'01 non subisce modificazioni sostanziali, ali'infuori delta riunione del
•	 ' r Orobanche,
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2$8 ViscitnJ	
37 LORANTHA(EF	

389Ii 
Fg. larghe 5-15 mm., quasi lineari, speseo falcate. Bacca gia1JogoIa (ri-.bianca) a maturità, ovoidea Same come neila v. Abjetjs. - ParaTsita g jPinus slves€j-, Larjcio e Pi
Oxycedrusas€e-, piü rr. su Pkea exceiLsa e Juniperu.gFriuli, Veron., Trent-, Bresc., V. d'Aosta, Nizz., Cal., Etna eCor,. (Eur.). - V. 

austrjacum Wiesb. (1883) - V. album v. lypospbae-o..	sperm. 1. angL1stfolj	 R. Kell. (1905). 	 T L4XUM (Boiss. at Ru-i-., 1842)Gen. 284. Arceuthôbj	 M. B. (1819).
(Spec. 10 circa delI'Emjsf bor. e speciaJm. Am. bor. e Messico).

Arbusto ramosisBjmo, articoiato, dall'aspetto di una SaZicor,ja di

	

al pi,i. Fg. ridotte a squ	 I din.awe triangolari , saldate in breve guaina. Fl, dioici:
i masch. 1-3, giallognojj aessili nelle ultirne articolazjonj a perigonjo 

2-5-par.tito, con un'antera ssile sopra ogni lacinift, deiscento per una fessura; ifetnm. t
erminali, pedicellati, a perigouio minutno. 2-partito e stiinma quasi

sessile. Bacca ovoidea (2 per 1 mm.), maturante nella prithavera succeasivaazzurra, aula fine deiscente elasticam. e lanciante a distauza II same avvolth
da uno strato vischjoso che Jo ía aderjre aj ramj Vjcjflj. e. Parasgita sulJuniperus.. Istria e Cors.?; 2. G!enn_Lugl Sett. [Eur. mer. Cauc. As. 

0Cc.e cen(r. Afr. bor. Am. bor.J. - 
Viscurn DC. (1805;.

A. Oxyceciri M. B. (1819) 940

Fsj 
XXXVIII BALANOPJ1ORACEAE

(Gen. 14, spec. 85 circa, Ia maggior parte delle Foreste trop., poche dell'Afr.
met., I della N. Zelanda e la nostrale).

Proprieta ad usi. II Cynomorjur,j Coccjnni era antjcam. usato come asttjngente nelie diarree.

Gen. 285. Cynomôrjum L. (1735).
(Spec. unica).

Rz. ramogo e squamogo, da cal nascono dei grossi fust j earnogj (1-2 din.),f'oSco_rossa8trj o porporino_nerastri put coperti di squame ovate ed appres.
sate. Fl. poligam, in spiga simile ad uno spadice, densa, obIungo_cJavalungs 6-12 cm., formate da piccole cime contratte accompagna cia bratteee br

atteole; porigonlo a 4-6 (rr. 18) pezzi, lineari_clavati Stains unico, con
rudjinet0 d'ovarjo nej II. masob. Ovario infero o semlinfero,
ailnogato, seanaJa, con stimma	 l-ovnlato ; stilo

troncat.ott030 Aohenio a pericarplo corja-ceo, con perigonjo e stilo persistenj. c. Spiaggie arenose, parassita sulle rd.di saris piane: Basil, or., Sic., Malta, Lamped Sard. ed alcune piccole
hole; 2. Apr,.jjagg [Spa. Ui-eta Palest. Arab. Pers. Son garia Afr. 

bor .1. -VoIg. Fung0 di Malta.C. 
cocceum L. (1753) 941

FAM. XXXIX. CYT11'CEAE
(Gas. 7, Spec. 22 circa defl'Ew.. met., Afr., Am. temp. e trop. ed As. trop.)
Proprje ed nsf. - Ii suco spremut,o dal Cytinus Hypochf,4 è stato inPassato usato come tonico ad astringente.

0
0
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Var. pinnatifida Coss. Cal. Tun. 50.
Hab. : Oraa. Saida. prairie rocheuse alt. ca . 9t.) m. 10 mai
15.

DIPLOTAXIS DC.
D. v-irgata DC. S,si. U. 631.
Forwe inter 1. brachycarpa, saliaieuszs et	 q1s2qua Coss.

(Jnp. II. U.5.	 tercnedi.
Hab. Oran. Debel Ab.sa, daus rafla. au-dl du iarapbe

optique. au . Ca. 1I.i in. 2 juin (U. 5S) id. steppe dalfa au pied
du Djehei Morgbad aft c& 20) in. 24 wai Iu 42';.

U/is. - Noire piaore ne re.ssecnble guere o aucune des foiwes
que iious a'ons vues dans les heibiers. saul aux speciwens
récoités au Maroc par Balausa. Elie réuuit l e , caractères de plu-
seurs des formes admises par Coson. ec pour qunn pukse .s'eii
concaincre. oous loaiquerons auelques caractres pris sur un zzeul
Pt Wéwe eempIaire.

Haute haute. tameuse. pourvue de feutes radicales et auli-
nares: siIique d- ion gueur trés rariahe E pdamt ic ndicelle ou
(4ttIe 1oi- piii	 ongue que IM: va!ves par;ois trt COnV.Xe.

parfois ± anpiabszyie lineaive ou ov. 'iari cc derciier c.as
sOU v ent sewii,itére ci caréne.

Par contre. noire plante it des ieuiiles uus values ouaucun des
autres exeniplaire vus uar iiou.

Var. Aissaa Hochr.. vat. no r . - Piaoa aenua. buwiU vet
pauio elata. ramoa v€! sirnrilex. Caulis 5-17 CO. l onvus. narce
hrr zutus vel birsutissimus. inf'rue %-.l USGUe an med i um. ci ura.
(otiatus. Folia deu ce viflosa basi '?xauricu!ata. ft:-a:c-pinnai-
seca. sevmends pwoaci-partit!s ret-deoa:is. Flore	 uiei atiice
ratnotuw coit gesu: D€duuculj -5 mm. Iooi: peduocuti fructiferi
ad 7 wrn. longi. SUi q ue watur	 lineares. crassa. 11 M.M.
lon g ci 2 mm. iat usque ad 9 mm. lou	 et 1.5 mm. la.
roscro ± conico. sewinifero 1-2 mm. 000.

Hab. : O ran. Djebet AIssa. rocaiUes prés du tiéraphe opticue.
alt. ca 1600 in. 2 juin u. 575): Oran. Col de Merbah. Djebd
Morciad. rocailies, alt. ca 00 M. 24 wai o. 4751.

01o. - Cette plante uous semble trés caractrisciuue et se
'iistrogue au premier coup dceil de touces !e5 autres formes duD	 rgaia; en pP.rccu1ier l e S tuillc trés découpes es sitiqucs

.tt.

- -a
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EDINB. J. BOr. 51(I)

C

CRUC(FERAE

J)'plütj kohluulltll s i s A. Miller & J. Nybgg p. nuv. (ei CUuJL(Jrp U ,, I DC.).
I) /,ru ( uisk.) tt,L, b "" d Mud lictha Irii,ii	 ItIr t te I ) lEes ttt,i	 1U1iIWiISlU Sit (e(lit It)iiiO(C cI((fq.jc e:icl;IJIle( linigionl,1	 icced.elii g j,tI IIc(I (H	 IifIjl)I	

(t'tIal,i,i C. ccpitit	 ifie	
iiiatty .tfiSIii	 111)111 aw*y ti,l k icm:c. Ii4Iiitg 'i IutuIg 2-5O( —Am ))tti blip 1 11 ticit hiajiclied Iu y.\JJIuJy lkliy . eII(PWhtI Ill l)Itit	 &1lcLtiit	 pinkish tliti'ij tHU (IIC lnjdrli) utd hci,ti1willi age, (IV,t(c lit uiIllIIlig.iivale	 -b) x W l hittii Amm at the up. tlIc Ittargili IJ1)CVC11IV \CIii(WIUI	 PIiS itt (cdli tii .tiuitc (tiCrilIle. tile Itd if it

	

iit	 -	
ate itto tit ItluIe:	 kave sljidIe,lnJ!.,, ( i r,i,e tlCie;tle a.sce;1J,, Iii	 UIHVtlif,s	 with (tic Iittwrr\ci i ' ) f i h I ,,t	 [tic t u tu:,	 lii hiiiii la'k ,iiHf L l ' u( itiIilL	 I,.	 Ui,1- l(JiUC!\	 I I)-	 ilInni(dL t	 l' - 	 uuhjiui	 JuIiiii hmg. cTCtii;Wy hi;tiuy l,;t(tk-i,iii Iv at (lie iti	 t(Rl	 ih	 niutijihiIitit1 sepals 2 !.Su1111 Wink( StuiIiewtc(i ;ir it 111 V hase. .hithiIy iii ttII at !Ile Ii .I S- 2ii,i hii,,l rite ha- till(	 dt.tiuiif	 I it(t at 11 'r- tip.	 hi/t clear ydlu, hrii.idjyu)lHi t (C aii it;tiinwu1 beluw tutu a Itite	 .law	 4 -iuttii tile	 'oui,dJ NccrrctjI,iitJ I )i utIIliie g It tI the l"l;o'c of flic. hula., •lhiiiCh,	 Utj,	 laL'rou.s Shnly tiputatc:SJitIIa huI,l,j (Je(JSd,, l(j j !fl .	 /- I ltu,l hltilt. i;itciJ siaJI,e,i 	 5. S --7,11111 astthtçtill Cleo &u( Ii	 huii;	 (ii Ith'c,l-uhl11,eeiI 	

ill tw
	 hlatleited	 I S--4(j x 2.2 -.S,, , 111 wilt, thei V(iW,	 Ihiiii	 lIht(,u	 t)d(uuhIuhuIL. rClIt)Wl'ji	 hHL sehIcs	 I	 - 2ii	 lila.\IIL'tll,( hit1 Iuuil 	 I	 '	 UlhI	 I . .iIe ..e (.11 lhuthuttu,, 	 l';IIv iuju i (	 lit, (Wit	 I I,LlIiiiI	 I	 it	 hhtl(i(	 withui.i,i lultullulutdlIl	 it!!uh!u,,,,	 lii tk(I,itii.,,15	 Iii WOMIX. tH g.1)I	 l:ui,	 tub Yri,i i ,	 Ai,ui,tu itt KipJi(iiu	

''u.uiI	 ad. 'iii liIt(t-\(n,)c eI	 E tulKiI,1	 lliii	 (t II p 19i..1 Ii	 StuI/r ,	 j '; j,.,,	
I Sj

f I
	I 	 itt ,u,,I :.aluul\h( uic t, 11 1k. 2 i ii 
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I Ili -is I IIIHr(:lilos (jilt' pitts . iiLa ('Sla es)(cic ticIi.i 0 (IC

its i's(i 1 iIilas, sii tuitly seluur'IalILes a los tie S. S11111PS11 1 I l tO SC d ikutrictit
tic tsia 14)I SCI olili p sos, iCtl0ut(1ta110S. IIII(1IttaS 911(' ell S. Spl/MS(l  soil
ItliS ' cii luititi tie gancito dj r181t1 0s itacia al)a;()

S.

z. Sida rhombifolia L.
Figure 3$

I.1IIIIN), C. • (JOlt. Cliff. 083-, 	 p. 31(,, iii la prrsi'iilc •iir;i cIicriIie
pero CII eta t1,oca alit, WI se IiaI,;i ir.II!IaIIL;IcIt) la	 I,iiiiIia. El
tataicrial ctttthaiIti coiltrilk tot, e  Iitohpo. - W.	 lj'. ru. 185.3 I, p. 1184
it Sula foliis i,i,tcct,I,tto-,itthoolibituI Jcitti(it tt. - I(i,ri, ia iii, N. L., ('two j,rtljti
(1768). p. i/il). - I)c Ca,iiIulIc, A. I'., (p. cit. (182!I), I). fit. - Satitl iii-
lalrtu, A. tic, op. cit. (18a7i, p. 177. - Presi, C. It.. lklij. 1I,i.'ui.. Ii ( i83j ),
p . ioS. - (;ritIjacii, A. It. II., op. cit. ( i8l), p.-,It .	 Plurit. Lwttt.

p. 43	 up. cit. (187q), 11. li/i. - StIutittautut, U., ill Mal-hits, op.
cit., \IP (i8)), pug. 338, hut,. 113. - Arcuivav;uicjt;u, .1., op. cit. (LpuI
p. i aG - Spcgazziuui, C., I'!. Puo,'. Us. A. j iqo5), p. i I 3. - l(.alrigo, A.
I'., Esju'cies tie SiI/tt ( I ii3),	 . 33. UIH. A	 ,	 "

[s,i,,tb,e., u,tiiJ(res	 i\lLa , utiata-al Lii Ii, escoha dtiti, I iuIu;i-giiazi'u ( i\Ia-
Iruso), itialvavisco falso (II 'ieuoutuiutis).

Plaiiia 1 tereuiiir, ca,m'IiLa, CrgluitIti, stiluitbitsiuva , de fo-() ciii iii: utittlIrt
4:011 raiceS nniy profuiiidas, Iefosas y iesisleittes. •J I los sti hitiiosos, I uicvtes,
tatitilicaclos, cilindricos cii la patte inicruor y aiiguiusos o 1 iolIedriCoS, a 'CCCS

III ", ( : 1 d:iiiaulos, (It las iaiiias .s ti I)eii o Ics ; Citi)iP.IIOS por lilt iiittu iiitltiuiteiuhti lor-
iiitIu) itui pilittis ('ShlL'lPil4II)S. I11 ins rauiia.s iIukri(tres IllS lallos soil gluibros
y esliiatltts. Esli1itilas alezimntluis, atigostas, casi lililoitnes, di igliuli Co I1I1II)r

liugu) titIe Ins iiecioios, do 5-8 111111 tIe loligitilil. . i)elnijn tie ins es I iiiiilas a
\('C(5 Iiiiy dos P('tl''°1t05 LtIi)etCiul0S en lotina de gaucho. I lojas coilati tell te

con pccioios triaiigtilaies, pinitos en in palte sliliculor atticii-
lobs y geiiictilados en ha iiiilad ; ,iiideii 3-6 itiiii de largo. Ltiiiuia oval-
101I1l)0i(ICO, 16111 inca o E()nillolailceola(la, iiu;.s 0 H0'ltIiS aiiclia o alaug;oia
segilil ins vaujeilades, Coil In base cuuuicaula y ti ;1111Ce ibt,usii o ;IgIIflti. Las
tli iiicnsioiies cal acterizan a ins vaiicdade.s, llnctiia 10 lo en tie 3
argo por 0.3-2 cm (IC audio. Las liojas Liciucul 3-i. iorvaul Ii las hasa 'Cs

	P IOIffl hlC ilLCS CII In sti1tetIicie inferior . Ainlas S111)ClhC1CS	 ntcieii set- (115-
colores o Ito, se-0 1 ,111 las varietiades. El l)orde loitar es tleuilado cii In nit-
la(I I) Cii his 2/3 siiperioies. luilioresceticias Sol ilarias coil j)('tilliiciulos largos,
9 tie alenuizaui in loiigitiid (IC Ins liojas y colt fiecuicircia In so jielail ; Ins
titliotescencias son axilaucs y a veces vaui acoin1ianadas de unlititas acceso-
ruts (like I levati itti inerosas liojas cada ii un de Ins ciia ics con sit courcs1ion-
dicitte inlioresceticia, lorunatido corinibos. Pedituicitbos cilinduicos, aulicu-
inlo.; ciiLie In ititiad y ci leucto siupcuor ; ibesde In ailicitbaeit,,t basin ci cu1iz,
li)S iiCuhi1tlChuhuiS SOIl entoIl iculados, ex pa lilt ieuu(lose cada ciesta y COtitilutilli-

S
S
S
S
S
S
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(loSe Coil ins nervadiiiaS ceiiLialcs y los 111111105 cli' Ins sepalos. La iI)rlgiLII(I

de calla 11C(IIIOCUI0 vara cnlie t y 1, cm. (Iiz piralial -caIllpauliIlaItO,

1iiegado atites de (a antesis, COO flit liiiO ill(iiilUClIL() CeiiiCiilt0 cii In pane

e1ciiO1 y	 iBl)IO cii Cl interior,	 m, lo	 isiflotitlecii ci horde, ci coal es (iso.
Lulnilos de Jos S()alos roinho-Inia ugu lanes, acumni irados, rnriy agiidos, con
ci horde prom ucute y la nervadri ra central 1)1,01111 uCialla coil irccIICTicia

La base del cfriiz Cs color airaiaiiiado, rlcstacbidosc dcl vcide-cciiicicnto dcl
re.sto superior de los srpaios. I)tiiaiitc In airiesis Cl cMiz rnide (Ic 7-8 mm do

(lianilciro pot 6-7 mm dc alto ra. Comb cobot cienril coillas iicrvaduias
arnanib las y ci cciitro rojo-obscirro petains asi inelricos, Coil dos lolniloS
anCliOs, obtusos, uno rniiciio tuas gmancie, y con ci horde superior de anihos
todearlo de linos pelos papdosos ; los spaios iniden do 10-! 7 Inin de altrira

p0r till anCliO mnirfl0 de lo mm cii (a panic sri 1ientor. 1111)0 eslaintrial

corlo, de 3-4 mm (IC altitra. 6iriecco l0l)OSO-C6IliC0 aplanrado, Coil 10-1 11
In

carpelos cuyas aristas forrnan min peiliic i'in p10011 ileulcia cii in cr'ispidc dcl
cono. Carpelos maduros reticiilados, uneirihiniiaccos, iiigouo-a1daiiados
interairnente, color castaiio ciaio, 0 aiTtaIlliciltOs, rinas \PCCS iitilcliiseuiteS
coil dos aristas mdi rnentanias untinlas o mcii ilciiisceistes coil dos aristas de

mm de largo que lievan lieli LOS estiel lados los carpelOs miden 3 mni do
al Lo (sin las nnisias) pot 2.8 111111 d e profillidi(lad y 1.8 111111 de audio CII Cl

( lo t-so. Semilias castailo-obsciuro, negrui.C8S, glabmas, coil relutos l)11111C0S

bnillauttcs rodeando ci hilio ; iiiiden 1.8 mni (IC di,iiiciio.
] 'Specie sit mamciite polimorla, (P lC presenia diversas variedirdes do las

conies tres do ellas están representadas en ci pais, sterido las sigitientes
n) var. lypica K. Schum., b) var. ca,iarzensis K. Scinu in, y c) vat' . rlwm-

In.)t(lca (Roxb.) Mast., las quo piieden di Icrenciarse cutre Si por cstos caine-
tenes

A. Plantas con dos peque(ios Liilurciilos cii to base de las liojas. Litniuia loliar rout-
bo-lnccolada con ci Ipice sut)agrIcio u obhtisu y to Isaac olitiusa, aticita, y ci
diimetro longitudinal dos vcecs ci transversal 	 de 17-30 min tic largo por 5-15
mm do ancho.	 var. ,I,o,pil,eideii.

II. Plantas sin tnrI,ércnilos en Ia base tic Jos liojas. I.nmiiia loliar nnetarnneiitc r,',iicbica a
roinbo-lanceolada.

• llojaa rómhicas, con ci ipicc aciInflhIIa'I') a agnulo y to ( 'sac citircanla. Super-
licies rara Yea diacoloros. Ilojas granules. do 3.5 .6 CIII tielargo, con ci
dir'tmetro longitudinal 2.1-2.8 acceS ci transversal. I'e,h,lnrcnnlos Ilorales dC

cnn do largo. Carpelos innleliisccntes conaristas oldicizs, unnicias tie o.5- i
1 ,	I ' I a (a pla in ta predorni ira ci ml laj c .	 van, lyp ice -

	

r'I	 ',o obtntso y to base elitneatla. Stijnerficies
tit tit! ian-gti, ,Iii,tnctro lanigitrinlinral 3.3-!

tIn 1-2 ,:n,l de Iargtn. ( arpehc,s inflilni-
,(,, a,js1,,s s,.r(jaies M ires tic a iincin tie largo. En tunis

Itiwirtait las 11ores. 	 var. e,n,IrnlcHsis.

I



typica k.

SiI,i,i,u;.iii ' . (.,	 ii. \lirIui,	 ,,. .i1.. \I(' i	 . . p	 -

•ip. i:ii. (1(11)1),	 Ii.	 i	 Ii. -	 k..	 I... oj.	 f.	 ii iii, I.IN
op. rtl. (.P.ch.iiit	 ,	 .

1 Ijns tic1nuiittLe ruiiihic;is.	 tiI-t;ilaiLc. CUll CI	 j)iLX ii

aglld() y la I),ISC clililida,	 IaII(IPs, tIc 3.5-6 CIII Ili!	 MICIlas Cliii	 I

tli,ictiu IwIgitlItlillal	 - .M cCcS el 1iaiiscISaI . I'eduiictitos liciales Iai
dc .$-Li cm. Cnqmha IlladlilOs Cliii I;kS Ili-Uls casi iiCIiIiC iiiiida, Ciii t:i-
(ito 0,5-1 lUDI tic largu) Cult itceucitcia iiitLiiscciite.

.lIatciuil eslluluLrlU

iiiGi(NA. — .Iiijuy : .Jujtiy, E. L. lIi>Iiiihcug	 XIi-1jo3	 I\I.I.).
Grande, ScitreiLer 232, 11- i I (UL). - VOICUI Cs1iIIuii 1 7 M I -

1 927
Salta	 El Maiizaiiu, Rosario de I..cruii. Z;thaI;i ho, 11- iii I (1,11'.

- ltt,Saiiii tic Ia Iiuitteii, E. Ituhill_loIg, (Ii,), M-1901)
EIIIbaICaCUII , RIO lIcriiicjo, SCIticilel	 !)' 111-i	 (LI L.

Cat iiiaica : (raCiuI, A. t_astciiaiios, 1-1900 BA,)
I....i itioja : (e1cu, A. tjiaC()I1ICIII, I-i ijut (BAR.).
liiciiiiiaii : Rio Ciiicti, Li CIei,i, I... Moiicth 150;, \I . I 91.1 (Lii...).

- L.it (..oci,a. E. liilcI,ti n4C 111-1919 (LIL.). — S;iiIIa Aii;i, E. U;Ii-

letti ij39, 1\-it (IIl.). - Escava, E. BaileRi 1699, \iI-iqi3
(LIE...). - Siaiiilc ' ii, A. Caslellatios, 1-1935 (BA.) ; Id., Sciteilci l;7,
X.1-3 (LII...). —Tali (lcl \'alie, Vcittui'i .iGfi, 11-1911) (Lii., 4I.).
— Valle de Tall, S. ROth, siii Iccita, (LP.). - I3IIILtiyaCII, E. Baud-
Li t 2 5n, I- i g W ( LEL. )	 Id., ['CiraitO 9079, IX-i93,. (LII...). - Lea-
los, ['Ioiida, L. MoiteLli 23!1, V1-i t 3 (LIL.). - Cuiz Alta, Bait-
iiiiii.i, It,. I,iilctti, i' hJ, \T t4j 17 (LIL.). - Satiiiiciitiis I_iilo

IX-190!) (Iii...). - Miuiiccas, Sclireitcr 230, XI-,9z7 (LIL.). — Que-
brach t ie C s 1 iiiicliaiigo. 1110 770, 11-1903 (LIL.). - SaIaila dci Tiiii-
ho, lloliiihcrg, (11)., X11- I 900

Formosa Iti;icliu Iuiiiiusa, liclilier, 1I/IV- 1911 t(BA.). 	 Las Lu-
-initas. M. VOlt iiuh(lV, it" 1), 11- I i)!13 (LP.).

Cliacu Colortia Rio de Ott,, ii" 29, I V-a 3u (SI.). - Culortia Ueiii-
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P. Ilodrign, 47, 111-1930 (LP.). - 25 de Mayo, Viveto NicionaI, 11.
Castro, I V-i 93!, (BA IL). - s de .IuiI io, I ),es. Biraten 80, 111-1938
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- Paysandcu, Itosengiirtt 33/6, El E-t q./jo (LP.). - Salto, C. Osicit
511011, 111-1910 ($I.). - I'11iiareIlII, Paso Qiiiriiio, I). Lcgriinil
iSGo, 1-19/,0 (LP.).
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Quantitative aspects of Orobanche crenata infestation
in faba beans as affected by abiotic factors
and parasite soil seedbank
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Summary

The Interactions between the root parasitic weed Orobancite crenata Forsk. and its host plant
Liha bean ([iciaJ'aha L.) were quantified under controlled and field conditions at ICARDA'S
]cl lladya research station. In the field experiments conducted in 1993-94 and 1994-95 faba
hc,ns were sown on two dates, in plots with 0 50, 200 and 600 0. crenwa seeds kg soil, under
bib limited and sufficient moisture suppl y . The effects of temperature on the duration of the
.trly developmental stages of 0. crenata were investi gated in a growth chamber. The extent of
). cretiala infestation was closely related to the number of parasite seeds in the soil. The seed-

density treatment with 600 seeds kg 1 soil resulted in complete crop failure. Furthermore,
0 crenofa infestation was higher under sufficient than under limiting water supply conditions,
rrespecti\e of sowing date. Only in the moderately infested plots, did shifting of the planting
true of faha bean result in a si g nificant decrease in parasite dry weight and an increase in crop
cd yield. The Limin g of germination, attachment and further developmental stages of 0. crenata

wa s not related to faha bean erowth stage and was affected primarily by soil temperature. The
F;ration of 0. crenata developmental sta ges was estimated using the thermal time concept. The

relationship between total number of parasite attachments at the harvest of the faba bean crop
and 0. crenala seed density was dependent on maximum faba bean root-length density
measured by the start of pod-filling in each treatment combination of sowing date and moisture

rpply. The results are discussed with reference to implications for the development of a
d nunuic simulation model for the prediction of faba bean yield losses caused by 0. crenala.
Ke ywords: Viciafaba, Orohanche cretlaic,, irrigation, sowing date, root-length density, thermal time
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Introduction
root parasitic weed Orobanc/ie crenata Forsk. is one of the economically most important

',ubwiche species (Orohanchaceae). Its distribution is restricted mainly to the Mediterranean

:elon, but it extends eastwards through the Middle East into Iran. Orohwiche crenata causes

:ast damage in the cool-season food legumes fiha bean Vicia faba L.), lentil (Lens cu/mans

\1cdc.), chickpea (Cicer arieiinu .n L.) and pea (Pisurn sativwn L.). Other host crops are

croundnut, carrot, celery, lettuce, sunflower, safflower, melon and tomato (Riches & Parker,

li). Reported faba bean yield losses caused by 0. crenata infestation range from 5% to

..mplete crop failure (Sauerborn, 1991a).
In general, owing to the complex relationship that exists between the parasite and its host

plant, the development of effective control strate gies for parasitic weeds is very difficult. Possible

riethods for 0. crenara control include hand-weeding, soil solarization, spraying of herbicides,

iufting the planting time of the crop, use of tolerant faba bean cultivars and biological control

kv insects (Mesa-Garcia & Garcia-Torres, 1986; Sauerborn ci al., 1989; Linke ci al., 1990;

iarcia-Torres ci al., 1991; Sauerborn, 1991b). However, at present, none of the economically

.asible control measures is by itself able to reduce the parasite infestation satisfactorily. An

riegration of several control methods (tolerant cultivars, delayed planting date. application of
lirbieides) appears to be more effective (Linke & Saxena, 1991a; Pieterse ci al., 1994; Saxena

a/., 1994). More quantitative insight into the mechanisms of the host:parasite system would

Vi!p to: (i) predict more realistically the expected faba bean yields and yield losses under various

.ivironmental conditions, mana gement options and parasite control measures; and (ii) develop

.:id evaluate integrated 0. crenata control strategies.

It is well known that the level of 0. crenaia infestation depends mainly on the parasite

cdbank in the soil and on climatic conditions, i.e. temperature and soil moisture during the
owing season (ter Borg, 1986: ter Borg & an Ast, 1991; Linke ci al.. 1991a: Sauerhorn.

1 I h). According to the few available quantitative studies, the yield of infected laha beans is

i.catively correlated with the 0. crenata soil seedhank or with the number of emerged parasite

hoots (Linke et al.. 1991a, Zaitoun ci al., 1991) About 200 parasite seeds kg soil lead to 50%

Jd loss in several crops (Linke ci al.. 1991a; Bernhard ci al., 1998) and at parasite seed

Laisities of more than 400 seeds kg soil the faba bean y ields drop to zero (Linke ci al.. 199 Ia).

I )pending on the climatic conditions during the crowing season, an infestation level of 11

I inke ci al., 19911L) to 4.0 (Mesa-Garcia & Garcia-Torres, 1984) emerged Ocrenain shoots per

ean at harvest caused, approximately, a 50% reduction in crop yield.

given 0. crenain seed density, the root-length density (RLD, cm roots cm soil) of tiba

n the upper soil layers has been found to determine the probability of 0. cretiotu infestation

\alders & Pieers, 1986; ter Bor g & van Ast. 1991; Manschadi ci al., 1997). Under

l.diterranean conditions, soil moisture is the major factor affecting the RLD and rooting

::oh of faba beans (Manschadi ci al., 1998h). However, the interactions among 0. crenula soil

dbank, laba bean RLD and number of parasite attachments under different climatic

uditions have not yet been studied quantitatively.
The objectives of this study were to quantify the effects of 0. crenata seed density in the soil,

temperature and soil moisture regimes on: (1) the occurrence and duration of various

.:velopmental stages of 0. crenala; (2) the number and dry weight of 0. crenara plants; (3) the

rHationship between (aba bean RLt) and number of 0. crenala attachments; and (4) faba bean

d yield.
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Materials and methods
Fe..-!ci eKperirrients

I 'vo field experiments were earned out in 1993-94 and 1994-95 at the principal research station
the International Centre for Agricultural Research in the Dry Areas (ICARDA) at Tel Hadya

36 3 N, 37E, 284 m above sea-level) in north-west S y ria. The trials were designed as split-split-
11)15 with moisture supply as main plot, sowing date as subplot and 0. crenata seed load as
oibsubplot, and replicated four times (Table 1).

Irrigation treatments. plant sampling procedures and standard measurements have previously
In described in detail (Manschadi ci al., 1998a). Brietly, in both seasons a large-seeded faba
Iu:in genotype (I LB 1814: Syrian T.and Race. Orohane/ie-susceptible) was sown by hand on two
LilIes at 22 seeds m . The crops in the moisture supply treatment NISI were grown mainly under
riinlJ coriditiiii. Only one supplemental irri g ation was applied at the beginning 01' the grosing
period in each season. In MS2, plots were irrigated with 180 and 265 mm water in 1993-94 and

1 1 04-95 respectively. The total water input (rainfall plus irrigation) in this treatment amounted
to 538 mm in 1993 94 and 585 mm in 1994-95.

The experimental field was naturally infested with 0. crenata seeds. Therefore, in order to
create control plots (without parasite seeds) as well as plots with controlled differentiation in
) creriata seed densities, the experimental area was first solarized during the hot weather period

IF, July and Au g ust by eoerin g soil pre-irrioated with 50 mm of water with clear polyethylene
heets (0.18 mm thick) for 40 d. This duration otsolarization is reported to give more than 90%

cinirol of Orahanelie (Satierborn ci al.. [989). One week before sowing l'aba bean, different
0 erenata seed densities were created artificially , by spreading 0. crc'nata seeds mixed with 50 g

ad uniforml y over each plot. The seeds were then mixed with the top 15 cm soil using a rake in
tic 1993-94 and a rotavator in the 1994-95 season. OrohanJre crenala seeds had been collected
iii 1991 from a !'aha bean field at IC'ARDA. The amount of parasite seeds needed for each plot
\\:iS calculated according to the viability of the seeds, the 1000-seed weight of 0. crenaw (4 mg)
and the wei g ht of the top IS cm soil layer using a bulk density of 1.1 g cit. The viability of
0. rrenatcz seeds was determined by the 2,15-triphenyl tetrazoliuni chloride (TIC) test (Lirike &
Saxena, 1991h).

Sequential samples were taken during faha bean growth, be g innin g 4 weeks after emergence
.ind ending at physiological maturity. Plants from five adjacent positions were collected at each

impling date and separated into stems, leaves, inflorescences, pod walls and seeds. Numbers
and dry weights of these organs were measured. Leaf areas were determined with a calibrated
l.ieor Leaf' Area Meter (model LJ-3 100. L.1-COR. USA),

Level--	 Description

MSL	 Limited moisture supply
MS2	 Sufficient moisture supply

SD1	 Nov. 10 11993-941: Nov. 7 1994-951
502	 Dec. 20 1993-94), Dec. 12 (1994-95)

;re.iara scsi Iosd	 050	 Without C) crenata seeds
I,--)S1	 50 viable 0. crenata seeds kg Soil (0-15 cm)
)S2	 200 viable 0 crenara seeds kg' soil 0-15 cm)
:Sa	 COO viable 0 crenata seeds kcc' So) 0-15 cm)

'.5 ..i	 '-r,ii.i	 .i.	 iti R	 41	 t I

- -

table I Summarj of the	 Factor
priniental factors in the growing

993 -94 and 1994-95
	

Moisture supply

.DwIn9 dale
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The root-length density (RLD and root dr weight ol two adjacent plants- out at the five

collected for dissection - were measured in two plots of each factor combination. Three soil

'.aiuples were taken around each plant with an auger (diameter II cm). The first sample was

aken as a core centring around the plant (C 51 ) and the two others as adjacent leit,"right cores

). The soil samples were collected from the soil depths 15. 15-30, 35, and 45-60 cm.
he methods of root sampling and root-length measurement have previously been described in

.:tail (Manschadi et ci.. 1998b). For each soil sample, the number of 0. erenata plants that were

tached to faba bean roots was determined and the parasites were classified into the following
with or without crown roots; (h) buds, (c)

.velopmental stages: (a) visible tubercles > 1 mm wi 
inderground shoots; and (d) emerged plants, according to the key described by Linke 

et al.

'9l. Thereafter, the parasites were separated from the faba bean roots and their dry weight

.ietermined.
\ physiological maturity, an area of I m 2 from the centre of each plot was harvested. From

Y,rvested sample, the numbers and dry weights of 1ba bean stems, pods, and seeds werea 
:ctcrmined Afterwards, the emerged 0. crenata shoots and the underground attachments (down

IS cm soil depth) were collected and counted. The dry weights of above- and below-grotind

parasites were determined separately.
continuously in 5, 15 and 25 cm soil depths using

The soil temperature was recorded 
temperature sensors connected to a data logger (Delta-T Devices. UK).

Growth chamber experiments

The effects of temperature on the duration of the early developmental stages of 
0. crcnulu weie

investigated under optimal water supply conditions and with high 0. crenata seed denslt\ in the

soil. Three experiments were conducted successively in a growth chamber (Model E7 Cvii tron.

Canada) in 1995.
A 1:1 mixture of steam-sterilized soil and sand was used for each experiment. The tenlizc

soil was artificially infested with 20 mg of 0. crenata seeds (approximately 5000 seeds) kg so!

Plastic pots (9 cm diameter, 0.8 L volume) were filled with the infested soil, irrigated and storc.

for 7 d at room temperature to pre-condition the parasite seeds. Orohanche crcnala seeds hal

been collected in 1993 from a ('aba bean field at ICARDA and stored in plastic containers a

room temperature. The viability of 0. crenata seeds was about 80% at the beginning of 1995, -

determined by the 2,3,5-triphenyl tetrazoliuni chloride (ITC) test (Linke & Saxena, 1991h). Aim:

the conditioning period, one pre-germina ted seed offaba bean genotype ILB 1814 was planted i:

each pot. Thereafter, in each experiment. 27 pots were put in the growth chamber at 12
, 12 a

dark'light and alternating (12 h) temperature. In the first experiment (CCI) the nigh01
temperatures were set to 37 °C, for the second to 618 °C (GC2) and for the last to I 2.26 (

j6('3). The selected temperatures for the experiments 0C3, GC2 and 
GC  corresponded to

long-term maximum and minimum temperatures at Tel Hadya in October, November an!

1)ecemher-January respectively.
Pots were irrigated as required to avoid drought stress. At weekly intervals, beginning

veek'after ('aba bean emergence, three randomly chosen pots were taken from the groo
chamber. The roots of mba beans were carefully washed free of soil and the undergroUl

developmental stages of 0. ere?wUI on ('aba bean roots (appresSoria. tubercles, and buds)

observed under the dissecting microscope At the final sampling, about 2 months after ('aba beau

emergence. i\ p0t5 \vel - e taken.

i IaLr1 Weed Resercii Socioy iS'e.'d Ree.r,	 ui 41.
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Calculations
The thermal time approach (Ritchie & NeSmith, 1991) was used to estimate the dates of

occurrence of various developmental stages of 0. crenala. Thermal time (d C'. day-degrees) was

calculated as the summation of daily mean soil temperature at tO cm depth above a base

temperature, TBASES, below which the developmental rate equals zero.

Statistical analysis

Analysis of variance was carried out using the GLM (General Linear Model) procedure of the
SAS statistical package (SAS Institute, 1991). Prior to analysis of variance, a test was carried out

to check whether the data followed the normal distribution Using the UNI VARIATE procedure

SAS (Dufner et at., 
1992) significant differences in the mean values were determined using the

Ii i K F'Icst (Tukcv's honest sign i ficant difference .) at a significance level of 0.05. Regression

autlysis md ctmrc hutumu were 0htained	 ith S i gmaPlot (CfslOfl 2 01	 J.mndel Scieniitic

Sc>it\varc)_

Results
III the field experiments,the labi 

bean crop iii control plots (OSO) were almost totally free from

0. crenaw i
nfection. Only two parasite shoots were observed in a control plot of earlier sown

Lu/ps iii 1994-95 This j i
djcte5 that soil solarization had provided a very good control ot

( mrcnula 
because the experimental field was naturally infested with parasite seeds. The

c\perimental data obtained from the control plots describing the effects of temperature and soil

moisture on taha bean root and shoot growth have been reported elsewhere (Manschadi ci al.,

I ')9a.h) In this paper, we present the results of 
C). crenattl inbested plots.

In the 1993-94 season, the 0 crcnLl(° infection In artificiallY infested plots (OS I, 0S2, 0S3)

is very low and much delayed. The few observed parasite attachments had a bulb-shaped

imitlerground shoot directly below the soil surface, indicating that the 0. crenata seeds were

a uated in the upper 6.
-7 cm soil layer. This was most probably caused by the use of a rake,

fitch failed in mixing the parasite seeds with the top 15 cm soil. Therefore, this study shows only

he results of the field experiment in 1994-95 when the parasite seeds were thorou
g hly mixed with

the top 15 cm of soil using a rotavator.

Phasic development of 0. crenata

Few 0. crenala 
appressoria were formed in the first growth chamber experiment (GC) with

7 C night/day temperatures. No 0 crc/Iota tubercles or buds were observed at the final

mpling (about 61) d after faba bean emergence, DAE). In GC2 and 
GC3 as well as under field

cuiditions, 0. crenafa 
development rate was positively correlated with the soil temperature. The

riiernml duration of various 0. crcnC4la developmental stages is shown in Fig. I. A base

loiiperature (TRASES) of 4 °C was assumed for the phase from faha bean emergence to

i.rmation of 0. crenata 
appresSoriUm because some appressofla were formed at 5 °C in Gd. A

1 BASES of 6 O
C was used to calculate the thermal time from appressorium to formation of

I iherele. as no 
t ubercles were observed in the first growth chamber experiment conducted at 5 C

l-r tic liii her (ic\ elupiaci t \I.tL ul ()	
a 1 RASES It	 e the best fit to the dut.

:

I.

- •	 l4F	 h/A
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i ppressoriUfli, tubercle, bud and emergence of 0. cre?iatU respecliseLy; GC -)and GC3 aje for groth eh,unher

experiments and SDI -and SD2 represent first and second sowing date in the field experiment; GH is lor a

greenhouse experiment iMinschadl ci of., 1996)

The occurrence of 0, crr'ncsta 
developmental stages was not related to faba bean phenology. In

Ole heavily Infested plots (0S3), the formation of parasite buds coincided with the onset of

,lowering in faba beans.

OrobanChe crenata infestation

The total number of 0. crenata attachments, i.e. tubercles, buds, underground and emerged

shoots, counted at faba bean harvest was closely related to the parasite seed density in the soil.
Averaged over all water and sowing date treatments, the highest attachment number (482.7

pi rasiteS m) was observed in plots with 600 (0S3) 0. crc/iota seeds kg soil (Table 2). In

comparison to 0S3, the total numbers of parasites in plots with 200 (0S2) and 50 (OS I) seeds
soil were reduced by 46 and 86 respectively. When faha bean crops were grown with

3
ufficient moisture supply (MS2, delaying of sowing did not significantly affect the number of

0 crenuta 
attachments. However, with limited moisture, the number of parasites in 0S2 and

( )S3 treatments of later sown crops were reduced by about 50%. The lowest 
0 crsnala

.lLIJsnlent was observed in the later sown crops (SID-2
), grown under limited moisture supply-

lhe number of emerged parasite shoots increased ith i ncreased parasite seed density in tile

 2). Only the difference between 0S2 and 053 of earlier sown crops in NISI was
t,isiically not significant. The number of emerged parasites was not affected h soiisg 

tl,11C

number of emerged 0. crenaw in MS2 plots iis greater t"'111

\\ ith the exception of OS I, the 

European Weed Reereh Socicl II ,i Rc'.'- 20° 41
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rable 2 I..	 1ln'r a	 ii	 on lab:, bean in the 994-95 season

0 cranaa 'seed density kg - ' sot
stare scpI	 Sowing date	 50 (QSt(	 200 (0S2)	 600 (0S3)

	

7(SD1)	 51.9)50)	 3002(21.1)	 528.6(72C:

	

12 (SD21	 353 (92)	 152.2 (20.8)	 2770(22 C

	

- 7 (SD))	 91.3 8.01	 2903 (32.8)	 538.9 (31 7

	

:.: 12 502)	 81.463)	 292003 U	 5861 62:
650	 2587	 4827

saItjs in parentheses represent standard errors; the LSD 05 values for comparing two means are: 105.5 for (iS
'tos in a ross. 114.6 (or SD means at 1he same combination of MS and OS; W1 for MS means at [lie same

I	 io.J ((5

500

400 -J f•50U,

C
C

300
U,

4
0) 200

HiE
CL
5) e

lao-I

Ca 0I--
5001

U,

'	 E 	 LSD,CD 0

E
—J200

2
C)

100
C

051 0S2 OS)	 055 OSO OS)	 OS1 0S2 053	 OSI 052 053

SDI	 SD2	 SDI	 S02

I i. 2 Number	 croci ned shoots and under g round attachments of o. c;'Pnnl(a on faba bean gct1ntpo 1 Ii
rrrssn under limited 1NISI ) and sufficient (M52) moisture supply. OS). 0S2 and 0S3 indicate 50, 2011 and 601)

i retinue seeds kg 1 soil respectively SD! and SD2 are for the first and second sowing date respectivel y . Vertical
(os marked with letters represent [SD for comparin g OS means within the same SD as sell as SD means at
be arnc cornb,ntion of MS and OS a). and MS means at the same combination of MS and OS (Ia) Vertical
Lr	 rtr'IIC:nIe	 S I

ti MS I plots. On aserage, Ilie lowest numbers of underground attachments (i.e. tubercles,
'uds, underground shoots) were found in OS I. In 0S2 and 0S3 of earlier sown crops grown
wider limited moisture suppl y , around 67% and 76 of the parasites were found below the soil
'.urfacc (Fi g . 2). When crops were full y irri gated, only about 50% of parasites 'sere counted is
I i:i j er or rttii:j:i r:iobntc-nt s

I!"........aol 41 	 I I I
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Dry vveight of faba bean and 0. crenata

318	 A N1 Manschadi er al.

Compared with uninfected plants. 0. crenata infestation reduced the total dry weight of faba

bean crops on average by 24%. 48% and 625% in OSI. 0S2 and 0S3 respectively (Fig. 3).

Delayed sowin g resulted in a significant reduction of dry weights in uninfected and highly

infected (0S3) crops only. With the exceptions of 0S3 and earlier-sown crops of 0S2, crops

vrrsn under full irrigation produced significantly more dry matter.

The greatest dry weights of 0. crenala were observed in earlier-sown crops under full

irrigation in 082 and 0S3. Although the total number of 0. crenata attachments in 0S2 was

significantly lower than that in 0S3, the dry weights of the parasites were similar in both seed-

density treatments (Fig. 3). Delay of sowing date onl y caused a significant reduction in 0. crenaw

dr y weights in 0S2 and 0S3.
In general. 0. crenaia infestation reduced the grain yield of laba bean (Fig. 4). Under severe

0. crenaxa infestation (0S3) in both moisture supply treatments. no pods were observed in the
eat her-sown crops and grain yields of later-sown faba beans were negligible. lii 0S2, the seed

elds of earlier-sown crops were very low and did not differ significantly from those in 0S3.

II wever, in contrast to 0S3, delay of sowing increased the faba bean yield substantially. In both

()S2 and 0S3 treatments, full irrigation did not improve the seed y ield of infected faba beans.

Under relatively low 0. crenata infestation (OS 1). delaying of sowing did not affect taba bean

seed yield. The highest faba bean seed yield (284 g nn -2 ) in OSl was obtained in later-sown Crops

crown under sufficient moisture supply.
In the earlier-sown crops of both moisture supply treatments. there were no differences

Netween the uninfected and infected faba beans for total dry matter partitioned into both faba

bean fruits (pod husk ± seed) and 0. crenafa (Fig. 4). When crops were sown later, a similar

pattern of dry matter partitioning was observed between OSO. OS 1 and 0S2 treatments.

I lowever, in 0S3. the combined dry weight of laha bean fruits and 0.crcnaia was significantly

lower than those in other treatments, irrespective of moisture supply.
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Hg. 3 I )rs eilit of taha bean genotype: ILR 1814 and 0. crenala under liutied (NISI) and sufficient N1S2i

rn ure supply in 1994-95: OSO, OSI. 0S2 and 0S3 indicate 0. 50, 200 and 600 0. crt'nata seeds kg respcctieIy
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for comparing OS means \Oiliin the same SD (a) 
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SD means at the same combination of MS and OS (h). and MS

nears at the same combination of SD and OS (c)
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comparing OS means within the same SI) (a). St) means at the same combination ot MS and OS tb) and MS

means at the same combination of SD and OS (c) (Legends see Fig. 3).

Orthtinlie irr'FiaOa dr y einlit trieaureU in fully irrigated plots with 50 parasite seeds k g_I soil

(OS I ) were used to calculate the potential growth rate of an 0. erenizta plant ( PGORO as

'unction of temperature sum DTTSU M ) (Fi g . 5). We assume that in this treatment Iii)

intraspecific competition between 0 crenata attachments occurred because more than 8u of the
7.	 parasites emerged and completed their life cycles successfully. DTTSUM was determined usin g air

temperature sum (d 'C) accumulated from (aba bean emergence Itsing a base tempera t urc of II

Faba bean root-length density and number of 0. crenata attachments

The relationship between the total number of parasite attachments at l'aba bean h;jr, eat

(TORNO) and 0. crenata seed density (ORSD) was dependent on maximum Faba bean R LI) in

the top 15 cm soil measured by the start of pod-tilling in each treatment combination of sowila

date and moisture supply (Fig. 6).
\\'lien the RLDs were greater than 2 cm cm 3, the differences between TORNOs in cite!]

ORSD treatment were not significant, and TORNO seemed to be dependent on ORSD only. [it

this case, the relationship between TORNO and ORSD was best described b y a monomolecuLir

uation (Thornle\ & Johnson, 1990:

s-1	 :1	 !'\1ii10RNO=6	 HIi

For RLI)	 eta ciii , the relationship between TORNO and RLD was assumed to follow a

near model. The dependency oLTORNO on ORSD in this domain seemed to be the same as tr

lien values of R LI) described by eqn 1 (see Fi g , t'. Jaled lnc ( 1 herdore. (or I (

Rl.II)	 ? cii eta	 . tie	 verall (tincilil was:

t:e! \U	 Ii'.:
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Jig. 5 Relationship between
potential growth rate of an
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S
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Fig 7 Prdited and observed
nuntber ot u. crenuia aitachmerus
TURNO on Faha bean genotype
ILB IS 4 at np tiurvet iii 1994 95.
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In all treatments, TOR NO at the harvest oh taha bean crops as predicted reaIistiealI\ ionic

I mu 7 (FIlL 7).

Discussion
The elkcis of 0. ic/iota 'iou seeuihank, temperature and soil moisture on [he parasite untestaiion

le el in faha beans were quantified in this study. The phitsiC development of 0. crenata was

elosety related to soil temperature and not to ('aba bean phenologv. A similar finding from field
experiments with other faha bean cultivars was reported by ter Borg (1987). Prediction of

occurrence and duration of 0. crenatO developmental stages based oil thermal time concept

has been reported by Kropff & Schippers (1986) and ter Borg (1987). however, these authors

issuined a base temperature of 0 °C for the calculation of thermal duration of 0. creatEd

developmental stages from germination to maturity. Our results and those of Sauerhorn (1989)

hiov that 0. crenala attachments do not reach the tubercle stage at temperatures lower than

Therefore, use of different TBASILS more accurately predicts 0. creatEd development

lii agreement ith previous reports (Mesa-Garcia & Garcia-Torres. 1986; Linke ci al., 1991a).

the extent of 0. creatEd infestation in our study was closely related to the number of parasue

-.eeds in the soil. The seed-density treatment with 600 seeds kg 1 soil (0S3) resulted in complete

eros failure. A similar finding was reported by Linke ci at. ( 1991a).

Although a dela y in crop sowing consistently decreases crop yield compared with early

Wing, it has been reported to be an effective method to reduce the parasite infestation and

increase faha bean seed yield (Mesa-Garcia & Garcia-Torres, 1986; Arjona-Berral el at., 1987:

an I lezewijk em al., 1987; Sauerhorn, 199 lh). I lowever, our results revealed that the effect of

dela yed sowing oil creluz(a infestation was dependent on the parasite seedbank in the soil

I:iItine 111C pluntine time of Cllha bean onl y resulted in a decrease in parasite dry wei g ht mud an

:•...._
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US!	 :11.]	 ighcr (1)53) in " ILI t I (I [I esels. crop y ields scre nit i ] II pro\ed. .i!thuuc!t deLnved
r.s in L, did reduce the dry weight of parasites.

In our study, 0. creizata infestation was higher under sufficient (MS2) than under limiting
I\ISI) water suppl y conditions, Irrespective of sowine date. The positive effect of supplemental
nrriLration on the numbers and dry wei g hts of parasites can be attributed to a better development

the faha bean root system and a better crop vigour, which are both known to increase the
chance of infection and to enhance the development of parasites (Aaklers & Pieters, 1986; ter
Org & van Ast, 1991; Mansehadi ci al., 1997). Sufficient water supply only increased the seed

lde of infected t'aba beans in plots with the lowest parasite seed density (OS I). However, in the
lon g term, supplemental irrigation should not be recommended as a measure to improve the seed

cid of infected faha bean plants because it increases both dry weight and numbers of emerged
parasites. This leads to a higher seed production and, consequently. an increase in the 0. (rena(nz
ecdbank in the soil ( Linke ci al., 1991 b).

the combined dry weichts of 0. crenal'a and faha bean fruits (Fig. 4) confirm previous
observations (ter Borg, 1986; Manschadi et al., 1996; Manschadi ci al., 1997) that 0. crenata acts
ni an additional sink in the host:parasite system without influencin g host metabolism. The
combined dry weights of parasite and faba bean fruits were only reduced in the later-sown crops
ol the heavily infested plots (0S3). This was mainly because of an 0. creiiata-iiiduced
aceleratioii of faba bean senescence, as in these treatments the host plants died about 2 weeks
eat icr than the control plants.

\Vhen the bud stage of 0. crenata coincided with the onset of flowerin g in l'aha beans (C)S3),
ito seed-containing pods were observed on host plants. This is in agreement with the results of a
greenhouse experiment reported by Manschadi ci al. (1996), indicatin g that the sink strength of
0. crc/Win in the bud stage is comparable with that of [aba bean seeds in the rapid seed-filling
phase. As soon as 0. cre,wta starts growing an underground shoot, all assimilates are
partitioned into the parasite, unless the faba bean is in the stage of rapid seed-filling of a pod.
The pods, at this stage, will continue to develop and produce seeds but subsequent pods will
alt receive any assimilates. Therefore, the dry matter partitioning between 0. crei-saia, as an
additional sink, and faba bean organs is closely related to the developmental stages of both
parasite and host plant.

There have been no quantitative studies on the effects of 0. crenata soil seedbank and faba
bean root-length density on the number of parasite attachments. The relationships presented in
this study (eqns 1 and 2) should be considered as a preliminary attempt to address this issue
and need to be evaluated and improved with data sets from other faha bean cuttivars and
locations. Of particular importance is the fact that these equations are only valid for
Orobwze/ie-susceptible faba bean cultivars, as it has been reported that in Orohanclze-tolerant
[aba beans the number of 0. crenata attachments is not related to [aba bean root-len g th density
Manschadi et al., 1997).

In conclusion, the above findings provide useful quantitative information for modelling the
Interactions between the parasitic weed 0. creiiaia and its host plant Vicia John. The occurrence
and duration of 0. crenata developmental stages can be easily estimated on the basis of thermal
time. As 0. ire/lain acts only as an additional sink for photosyntliates, dry matter partitioning
into parasites may be modelled based on the potential growth rate of an individual 0. crenata
plant and the total number of parasite attachments that can he calculated from the faba bean
toot-length density and parasite soil seedbank. More knowled ge about the faba bean senescence
ia Ic in relation to 0. (re/hOa infestation level appears to be necessary.
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A SURVEY OF SURFACE CHARACTERISTICS OF SEEDS
SCROPHULARIACEAE AND OROBANCHACEAE USING

SCANNING ELECTRON MICROSCOPY,

mTON J . MUSSELMAN & WILLIAM F. MANN, JR,	 fasc-
J)opartmeot of Biological Sciences, Old Dominion Univerity Norfolk, Virginia. 23508, U.S.A

A
Southern Forest Experinwat Station, Pineville, Louisiana 71360, U.S.A.

Abstract

Seed surface characteristics of 23 species in 11 genera of the
Scrophula.naceae and two species in two genera of the Orobanchaceae
from the southeastern United States were examined using scanning

( electron microscopy. All species exhibit a form of reticulation, and
three general types- are recognized: deeply reticulate, shallowly
reticulate, and obscurely reticulate. The internal surface and the
ridges of a reticulum may be ornamented or unorriamented by either
wax, deposits or cell outgrowths. In those genera with several
species, seed surface characteristics have systematic value.

This study -is part of a research effort Chuang & 1-leckard (1972) published
on the biology of root parasites of the the first paper on the structure of seeds
southeastern United States to determine of a parasitic angiosperm using SEM.
their potential danger as pathogens of They worked on Cordylar.Thus, a root
commercial forest trees.- It sought to parasite of the Scropliulai-iaceae closely
characterize the morphology of seeds of allied with some of the genera included
25 species of Scrophulariaceae and in this study. Other work on the seeds
Oiobanchaceae by scanning electron of parasitic Scrophulariaceae is well
microscopy. The seeds are small, ranging summarized by Kuijt (1969) who also
from 440 to 309,000 per gram, which presents detailed drawings of seeds of
makes them ideal for SEM study. Such thiz alliance.
information is useful in the identification	 Unfortunately, the terminology needed
of the parasites and has systematic to adequately describe seed surface cha-
value.	 racters has not yet bçen evolved. There-

Twenty-three of the 25 species of fore the general terminology used by
Serophulariacene investigated are bemi . Chuang & Heckard (1972) is employed
parasites. The Orobanchaceae, closely here.
related to the Scrophulariaceae, are re-
presented by two genera of holoparasites.	 Material and Methods

The value of SEM studies in pollen
is well known, but little work has been	 Seeds were collected from variou
done on seed surfaces (Tomb, 1974). populations throughout the southeastern

1. Received for publication! June 21, 1976.
The authors thank Gary W. Smith, Dr Floyd G. Manwilkr, and Charles M. Stangle for

paring e(6 and taking scanning electron micrographs.
570
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TABLE 1— COLLECTION DATA FOR SPECIES USED FOR SEM STUDY

COLLaCTOR

SCROPHULARTACaA.&

Agalinis aØyua (Nutt.) Rat.	 Savana, near junction of U.S. 31 and 	 Rich, 226
Ala. 47, Baldwin County, Alabama

A. fascscuiefa (Eli.) Rat.	 Dry oak site, Phillips County. Arkansas 	 No voucher

A. ltnifolio (Nutt,) Britt.	 Roadside ditch, ca. 4 milea. north of	 Rich, 230
Calhoun County limo, Jackson County,
Florida

A. oIitutfoIia Rat.

A. prr'ura (L.) Penn.

A. s1acøa (J . W. Ginolin.) Ref.

A. Unelia Penn.

A. ieiiusfolw (Vahi.) Rat.

A. virga.ta Rat.

Aureol4,id fiava (L.) Farw,

A. Ia8vigaIa Rat.

A. pedcularia (L.) Ra.f.

A. virginica (L.) Penn.

B%chnera auiuicaira L.'

Crufulcjs cocanca (L.) Spreng.

.Z$1sComa rnacrophylla (Nutt.)

. Ref.

M'acrarJhera Jlamncra Bartr.

MeJatn/yum Iinea,-e Deer.

Pedicularsr eanadensir L

Pine forest at Pine Belt Airport, Jones
County, Mississippi

Pine Plantation ca. 4 mIme west of
Raleigh, Mistisaippi

Intersection 1-20 and U.S. 1, .Aiken
County. South Carolina

Pine plantation near intersection 1-20
and U.S. 1, Aiken County, South'
Carolina

Pine plantation 5 miles north of Samp-
son County line, Rankin County.
Mississippi

Sandhill north of Aiken, Aiken County,
South Carolina

Stream bank, 2 miles ncrth of Torreya
State Park. Liberty County, Florida

Forest opening, Mountain Lake Bio-
logical Station. Giles County, Virginia

Sandhill, ca 5 miles west of Darlington
County line. Chesterfield County,
South Carolina

Oak forest, Crumps Bottom, Summers
County, West Vlrlginia

Roadside, Fla. Hwy. 9 at Okhlawa
Canal, Putnum County, Florida

Meadow, 3 miles west of junction U.S.
211 and Va. 8, Floyd County, Virginia

Stream bottom, Junction c'f Tenn. Hwy.
96 and 140, Dickson County, Ten-
nessee

Margin of swamp, just south of Angie
on Hwy. 21 Washington Parish,
Louisiana

Rock outcropping, Wind Rook Over-
look, Blue Ridge Parkway, Avery
County, North Carolina. (By permit)

Deciduous forest; fire, tower near
Mountain Lake Geological Station,
Cues County, Virginia

Rich, 206

Rich. 203

Rich, 312

Rich, 313

Rich, 202

Rich, 311

Rich, 256

No voucher

Museetman and Rich,
4869

Museelman, 4892

Mueselman, 4692

Muaselman, 4864

Rich, 199

Rich, 209

No 'voucher

Muaeelman, 4865



TABLE t (Coned)

LOCALITY
	 Cou.ecto p

Savanna, junction of S.C. Hwys. 41
and 99, Berkeley County, South
Carolina

Sandy flat woods oil, stand of ycung
pines with no overstory. Gulf County.
Florida

Mus1man and Rich.
4686

No voucher

Sandy scrub, Mill Darn Recreation area. No voucher
Ocala National Forest, Marion
County, Florida

Devitalized seeds provided by U.S.D.A.
Witchweed Laboratory, Whitevllle,
North Carolina

Deciduous forest. Crumps Bottom.
Summers County. West Virginia

Roadwise, Great Dismal Swamp. City
of Suflolk, Virginia

No voucher

Musselman. 4866

Musselman, 4904

search Corporation 900 scanning electron
microscope was used to examine the
seeds. A working distance of 12 mm
was used. Photographs were taken with
an Oscilloscope camera, series 12$, f 1.4,
1: 1 magnification.

Observations

AGALINIS - It Is the largest genus
included in this study. Nine species
were examined. Relative to seed surface
characteristics, these fall into two groups
illustrated by A. kn4;a (Fig. 1E, F)
and A. aplsylla (Fig. IG, J) . In the
former, the surface of the reticulum is
not ornamented (Fig. IF) although shal-
low papillae are present, perhaps a result
of underlying cells. 'In A. aphylla and

I
S -. . - 	-.. - ------ -	 -	 - ---

372-	 FHYTOMORPIIOL.OGY	 December

.	
-

I
Ns

S	 ECROPHUR1C5Aa

S Schwaihea a,ierfcona L.
S

Seyunria cassio4de3 (Walter)I.	 8iakc

S
S. pethnata Purah

S	 S(rga asialica (L) Kuutz
(S. haea Lout.)

5	 OROSANCHACEAE

5	 C,wpho!ir asericana (L.)
WalIr.

Ejifagus virglniasa (L.) Bait.

.

United States and immediately sent to
the laboratory where they were stored
at 5C in sealed containers until ready
for examination. Representative popu-
lations and voucher specimens are noted
in Table 1. Voucher specimens are
deposited in the Old Dominion Univer-
sity (ODU) herbarium. Nomenclature
of Radford et al. (1968) has been fol-
lowed. Seeds were selected for uni-
formity from. populations using a
hinoctilar microscope.

Seeds were mounted on pin-type stubs
using double-stick tape or conductive
silver paint, coated with 200 angstroms
palladium gold (40%-60%) in a Denton
vacuum evaporator, model DV 502 and
recoated to eliminate charging of the
specimens. An Advanced Metals Re-

F114. IA-K - A. Awvolaria p'dicularia, seed in surface view. x 101 B. Auveolaria dfH'
lana. detail of reticula showing ornamentation of surface. x 520. CL Aur'laria flora, note deeP

S	 honeyoornbing. Each reticulum is asymmetrical. x 45. D. A. virginica, crest on margin of eec.l
.

	

	 reticula have a faint ornamentation. x 32. E. AgaJisii In4l4. geed. x 235. P. Agalinis Isvild.
individual reticula lack ornamentation (cf., Fig. G and J), although outlines of underlying cells

S
are evident. x 1275. G. Agahni.s al'hylla, reticola are shallow with distinct ornamentation. x 98.
IL Becheera amerwana, entire seed. x 171. 1. Caslilleja cocinna, surface of retictila are broken.
X 110. S. Agalin,s fasciculala showing flue network in ea:li reticulum. x 525. K. .Bchn'rn
arsenicaeo, reticulum consists of cellular outgrowths. > 1070,

S
S

S
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A. fasciculaia a prominent network of
thickenings is evident on the surface
of the reticulum (Fig. 1G. j). This was
noted previously by Kuijt (1969). These
thickenings are similar to those illus-
trated by Chuang & Heckard (1972) for
Cody1an(hcc !axif/orus. The first group,
lacking thickenings within the reticula,
includes A. linfolia, A. obiusifolia, A.
sectacea. A. tenuifolia. A. virgaia and
A. lendla. The second group includes
only A. ap/&ylla, A. fasciculala, and
A. pur/,urea.

A UREOLA RIA - The four species in this
small genus showed considerable variation
in the surface structure of seeds. All
four species possess what appears to be
papillate wax (Fig.' IB) as described
by Chuang & Heckard (1972). Aurcolaria

edtcuids'ia (Fig. 1A), A. ldevigaia, and
,4. Jiava (Fig.. IC) have deep reticula.
The deeply reticulate seed coat of A.
edcu'a,ia (=Gerardia pedicularia) appa-

rently arises by the collapse of the
integument (Arekal, 1964). The reticula
of A. t'irginica are shallower (Fig. 1D).

BUCHNERA AMERICANA -Seeds of
this species have shallow, elon&ate reticula
(Fig. I H). The surface of the ridges
and, to a lesser extent, the surface of
the reticula, are covered by knob-like
projections (Fig. 11K).

CASTILLEJA GOCCINEA - The surface
of the reticulum ruptures, perhaps as a
result of differential growth rates, giving
the appearance of shattered, glass (Fig.
II). At first it was thought this was
an artifact but careful examination of
fresh material with the light microscope
confirmed the presence of ruptures. This
phenomenon was also observed in some

reticula of Macva nhera flammea, and
Aureolavia virginica, but never to the
extent of C. coccinea.

CONOPHOL IS A MERICA NA - The sur-
face of the seed is almost psilate, except
where it comes into contact with another
seed in the developing fruit (Fig. ZA).
The ridges and surface of the rcticu]a
are smooth (Fig. 2B). Tiagi (1965) has
shown that the testa of C. americassa'
is' the scierified epidermis of the thick,
single integument.

DASJSTOMA MACJWPHYLLA -The
seed is irregularly crested (Fig. 2C) With
shallow reticula. The surface of the
reticula appears to possess wax deposits
similar to those of Aureol.aria.

EPIFAQUS VIRGINIA NA - Very
regular, rectangular reticula characterize
the surface of the seeds (Fig. 2D). Reticula
have angled walls and prominent, narrow
ridges on the tops (Fig. 2E).

MACRANTHERA FLAMMEA - The
seeds are among the largest included in
this study and have a prominent, deeply
reticular crest (Fig. 2F) resembling the
crests of Aureolarsz and Daü stoma.
Unlike the latter, however, no wax is
evident on the surface of the reticuia.

MET.AMPYRUM LINEARE - This is
the smoothest of all seeds examined
(Fig. 2G). The surface and ridges of
the rticula lack any ornamentation
(Fig. 2H). According to Arekal (1963)

2. Remarkably. Tiagi records Co,wpholu
americaa as growing on Quercus pefraz, one of
the white oaks, in the University potanical
(3rJen In Copenhagen. In nature, it been
noted repeatedly as being entirely restricted to
members of the red oak group of the genus
Quercv$

Fl g. 2A-K - A B. Conoj,hoiis americana. A. Roughened portion of seed Indicates point of
contact with another seed in developing fruit, x 93, B. Wrinkled surface represents scierified
epidermis of integument. x 1010. C. Dasiaonia marropM'IIa, seed has a curved, winged testa
with shallow reticula and fine network of wax depositions within each reticulum. x 48. 1), E.
EptJagus virginiana. D. Seed in surface view. x 210. B. Outer cells of integument bec-uie
thickened in the middle, leaving a narrcw ridge on top of cell.. x 1050. P. Macrankerafjasimce,
note prominent, honeycombed crest, remaining part of testa is irregularly strlatex 41. C. H.
Metampvvnm lineare. G. Entire seed. x 32. H. Individual reticula represent scierifled outer
layer of integ'tnpent. x 682. I. Pedicularis ca,iadensis. seed in surface view x 52. J. Sayrnena
cassiv44es, distinutbed by uniform reticula and a well-developed pattern of thickening, within
them x 175. K. Sysiisia ca.ssioid4; detail of reticulum thickening.. x 1140.



376
	 PH YTOMORPHOLOGY

	 [Docembel'	 ' 19761

the surface layer of the testa develops
by the thickening of the radial and
longitudinal walls of the cells of the
epidermis of the ir.tegumnt followed
by a collapse of these same cells.

PEDJC(JLAR!S CANADENSJS - The
Eeechi are round in cross section and uni-
formly reticulate (Fig. 21). The reticula
are relatively small and quite shallow.
Under higher magnification (not illus-
trated) the surface of the reticula is
finely rugose.

SCRWALBEA AMERICANA - The
testa, is an elongate and loose-fitting
structure with a very simple uniformly
reticulate surface (Fig. 3C, D).

SE YMERIA —S. I)ectiflaia (Fig. 3B) and
S. csriaides (Fig. 2J) are very different.
in shape and ornamentation. S. pectinata
has a pronimnent crest on its margin
and large, deep, reticula with only weak
surface thickenings (Fig. 3B), whereas
5, casioides- lacks a conspicuous crest,
has shallow reticula (Fig. 2J) and a
prominent network of thickenings on.
the reticula (Fig. 2K).

STRIGA ASJATICA The surface of
the seed is covered with uniform, elongate
reticula which slightly spiral around
the body of the seed (Fig. 3A). Super-
ficially, the details of the reticula in
this species resemble those of Bucirnera
americana (ci.. Figs. 3E and 1K). How-
ever, the papillae of the reticulá ridges
and surfaces are different. Those of
Siriga are more 'angular whereas those of
Buchnera are rounde*L

Discussion

All the species studied have reticulate
seed coats. The characteristics of the
rebcula may be classed into three some-
what artificial categories following, in
pail:, the sugge-4tions of C.htiang & Heckard
(1972). These are: deeply reticulate,
shilo'wly teticulate, and obscurelyreti-
culate. The boundary between each cate-
gory is not well defined and applies
only to the surface (not the crest) of the
seed. Deeply reticulate seeds would
include only Aurcolaria pedicularia (Fig.
IA), A. flava (Fig. IC). A. ldevigaia, and
Seymcria Jeclinata (Fig. 313). Obscurely
reticulate seeds include Cone pholis amri-

rena (Fig. 2A) and Me1amyrum jincare
(Fig. D-T) in which the walls of the outer
layer of the integument become excep-
tionally thick and Da-sis.toina macrophyUa
(Fig. 2C) with very shallow reticula and
narrow, 'wavy ridges. The surfaces of
the reticula may lack ornamentation
(e.g., Schwa.Thea anwrca$a, Fig. 3C; and
Epifa , is virginiana, Fig. 2D)' or have
a network composed of either wax depo-
sits (Aureotaila pedicularia. Fig. 113) or
actual Wall outgrowths (Buchnera ameri-
cana, Fig. 1K; and Siriga asia.tsca, Fig.
3E). Species with well-developed crests
may have deep (e.g., Aureolaria f/ave.
Fig. 1 C; and Macranthera flammea. Fig.
2F) Or shallow (e.g, Dasisksna macro-

pkvlla; Fig. 2C, and Seymeria pectinata.
Fig. 3B) reticulations on the. crest.

In their studies of the species of Cerdy-
lanthus, Chuang & Heckard (1972) showed.
that the surface pattern is due to enlarged
epidermal cells of the integument. No
doubt tuany of the species included in
this study exhibit a similar pattern of
reticulum development, but this must be
substantiated by anatomical work. Like-
wise, the surface feature of the reticula
cannot be correctly interpreted without
developmental studies. In some species,
these thickenings appear to be wax
depositions (species of 4ureolari4; see
also Chuang & Hecktrd. 1972). In
Buchnera americana and St viga asiatic-a,

- the thickenings are actual cell outgrowths
as revealed by anatomical studies (Rich &
Mms(lman, unpublished).

Chuang & Heckard (1972) found seed
surface characteristics to be of systematic
value in the genus' Cordylanlhus. Whih
the present study did not include in-dept
survey of any one genus, some (eatui-
of systematic value were found T1(.,
species of Agalinis with thickenings on
'the surface of the jeticula (Fig. IG, U
are restricted to the section Purpureae
(Pemiell. 1935). Likewise, this study
indicates morphological dissimilarity bet-
ween the seeds of Seymeria pectineJa
(Fig. 113) and S. cassioides (Fig. 2J).
The fo,rmer has a prominent crest on
the' seed and is deeply reticulate unlike
S. cassioides. Pennell (1935) places these
two species in different sections. Lastly.
A ur dine pediculania (section Panct eriis; D.

00
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Pennell, 1935) and the three Species in lngful interpretation of the adaptive
the section Aureolaria differ in both the value of seed ornamentation in this
amount and the morphology of wax group. Almost all of the species of
deposition (Fig. IA, B, C).	 parasitic Scrophulariaceae have sti& erect

We the surface features of seeds fruiting stalks which shake seeds from
may provide information of systematicthe capsule. Likewise, the habitat of
value, it is very dicult, at present, many of these root parasites (Aureolaria
to interpret the adaptive value for the pedicuiaria Seymeria cassioide) on dry,
various patterns revealed in this and coarse sand would seem to preclude any
other studies. In general, Pennell (1935) movement by water over a long distance.
has suggested that the smaller seeds The situation in ConoJwlis of the
with their honeycombed testae are adap- Orobanchaceae has already been referred
ted for wind dispersal and the larger, to; the seeds of Eifagus alone are
heavier seeds (Mel*zmyr'um Imeare and dispersed by water. The fruit forms
Fed icutarss canadensis) are transported a sort of" splash cup" where a drop of
by animal vectors. It will be noted water will spillthe extremely small,
that the latter two species as well as light seeds (309.000 per gram; Mann &
Cono1so1is americana (Fig. 3A)have Mussehnan, unpublished).
relatively smooth surfaces. In Coto- A true understanding of the role of
pholis, however, the unit of diaspore is the seed coat in seedling biology must
almost certainly the fleshy fruit. As to take into account that all of these species
the reticulate seeds, Kuijt (1969) has are, as far as is known, obligate root
suggested that the reticula are adap- parasites. Perhaps the small seed size
tations for water dispersal, by trapping ran adaptation to filtering through
air and aiding in buoyancy. The almost vegetation and litter so as to be
total lack of information on how these positioned as close as; possible to a
seeds behave in nature limits any mean- host.

VAI
M

Depart

Litetature Cited

AaW.L, G. D. 1963. Embryological etudLft In
Canadian representatives of the tribe
Rhinantheas. Scrophularlacea& Can. 3 . Sot.
41: 267-303.

- 1964. Contribution to the embryo
l
ogy of

Gerardo pedicalaria L. (Scrophulislacese).

J . 1tn bot. Soc. 43 409423.
CxuANG 1. I. & HEcK.AsD, L. R. 1971 Seed

coat mcrphology in Cordylai.i/IuJ (Scro-
phuIariaieae) and its taxonomic significance.
Am. J. Bot. 59 : 258-265.

KviJT, J. 1969. The Biology of Parau&tic
Flowering Plants. Berkeley, U.S.A.

PizaLt, F. W. 1935. The Scrophularis.ces.e

of Eastern Temperate North America.
Acadesnyof Natural Sciences of Pbiladelpbia.
Monograph No. 1 1-650.

R.&n1oiX, A. E.; Antai, H. E. at Bu.. C. B.
1968. Manual of the Vascular Flora of the
Cs.roUnaL Chapel Hill, U.S.A.

TIAGI. B. 1965. Studies In the family Oio-
banchacese. VI. Development of the seed
in Conophohz americana (Li) Walk. , Acta
bat. Hung. 111 253-162.

Toms, A. S. 1974. SEM studies of small seeds:
376-380: 638. In Joharl, Om, & Cor'vim, I.
(eds. Seventh Annual SEM Sytapolium.
Part -Il. Chicago, U.S.A.

se!
M;

I

with



Introduction	 pendant 1 h a temperature ambianre et inclus dana I'Epon a
technique de Luft (1961). Lea coupes ultra-fines out & 4 coot

L'Arceuthobzu,n, com.munément appele gin nain est UflC par i'acétate d'uranyl et Ic citrate de plomb scion Reynolds :
Viscacée hétnipaxasite qui pousse sur les rameaux des co-
nifères.

Au cours d'un travail pnicédent (Sadik et al. 1986), nous
( ons &udié les caractères cytologiques et cytochimiques des

différents cordons et sucoiis qui forinent le système endo-
)rytique.

Le but du present article eat de completer lea i-ésultats
obtenus par une étude plus prcisc, au niveau ukrastructural,
des zones de contact entre les tissus de l'hôte et ceux du para-
site, zones particulièrement importantes puisqu'elles sont le
lieu des Iransferts de substance entre lea deux partenaires.

Localisation ultrastructurale 4 'acivités enzymatiques
La misc en evidence de J'activitC ATP-asiquc a etC effectoé

technique de Wachstcin et Meisel (1957) seion Ic protocole dé
Marx ci al. (1982); [a localisation des phosphatases acid.o
&udiCe par la technique de Oomori (1956) selors le protccok
par Coulomb (1971).

Rdsultats

Etude de la zone de contact
Lea zones de contact entre l'hôte et le parasite no

même aspect scion lea différentes parties du systèn
phyuque et les diffdients tissus du rameau de
qu'elles traversent.

Les cordons de 1'A. oxycedri, qu'ils soient longirud
circulaires, sont toujours disposes a I'interieur du
secondaire du rameau parasite (Sadik et al. 1986). L
cordons n'entrainent aucun bouleversement notai
l'or-ganisation de cc tissu et leurs cellu.les aux parrs
sont au contact direct des celluies phloèmiennea. En
les gros cordons sont entourés, en raison mên'
ddveloppement, d'une zone d'écrasement confuso
here qui les separe plus ou mains du tissu envirorulan!

Lea suçoirs primaires qui s'enfoncent profondeme:
cylindre central de l'hote et se prolongeat vets l'ec...

une tige aCrienne, traversent de cc fait plusieurs
La pointe d'un sucoir prirnaire eat toujours cor.sts

itiles de type cellulosique caractCrisécs par u.ne p

Materiel

Lea échantillons d'Arceuthobiwn oxycedri (DC.) M. Bieb. que
aous avons utilisés proviennent de la region de Manosque (Alpes de
Haute-Provence, France) oil us ont &é récoltés sur le genCvrier
oxycèdrc (Juniperus oxycedrus L.). Pour none étude cytologique et
cytoenzymoiogique, plusieurs dizail)es de blocs soot découpés a des
emplacements divers dana lea rameaux parasites.

Mét.hodes

Preparation des Cchantillons pour I 'étude en microscopic elect ronique
Le materiel a etC fixC au glutaraldéhyde a 2% dana un tampon phos-

phate oji cacodylate 0,1 M (pH 7,3) pendant 2 h a temperature
ambiante, puis au tCrroxyde d'osrniurn a 1% dana le m&nc tampon

t Auteur 'a qui faire parvenir toute correspondence.

.

•

Le système endophytique d'Arceuthobium oxycedri. LI. Aspects ultrastructurau x des•	 zones de contact entre les tissus de l'höte et du parasite

A. SADIK, 1 L. Rtx ti S. RE?AUDU1

Laboraroire de Cytopaihotgie vdgétale, UniversitE de Nantes, 2, rue de ii, Hou.ssinière. 44072 Ni-.:r CHEX

Reçu le 21 novembre 1955

SADIK, A., L. REY et S. RENAtJD1N, 1986. Le système endophytique d'Arceuthobui'r c.rycedn II, Aspects 1trsSn.ctUr11

des zones de contact entre lea tissus de l'hôte et du parasite. Can. J. Bot. 64 2778-2784.
L'étude ultrastructurale des zones de contact entre le système endophytique d'Arceuthobium oxycedri et lea tissus de 5cr:

hôte, Ic genvrier oxycèdre. montre qu'autour des plus gros cordons et stir Lea flancs des sucoirs prirnaircs existe souvenL aL.

niveau du phloème secoodaire de l'hôte, une zone d'crasement qui paralt peu favorable aux transferts de substances Er:

revanche, la presence, au nivesu du xylèmc secondaire, de demi-ponctu.ations areolees au contact direct des celluks d,--s
sucoirs primaires et surtout secoridaires eat certainernent de nature a faciliter lea 6changes. A la pointe des sucoirs, lea cell uIr

du parasite, au cotirs de leur progression, endomanagent lea cellules de l'hóte et font parfois irruption dana La Luinière de cc;

trachides. Une forte activité phosphatasique acide ci ATP-a.sique eat misc en evidence en microscopic electronique au nivecu

des plasmalemincs, des plasmodesmes ainsi que de certaines petites v6sicutes d'endocytosc ou d'exocytose dana lea sucoirs
pritnaires et secondaires. Elie témoigne de l'intensité des phCnomènes de transport actif dana ces parties du système erido-
phytiquc. Dans La region des zones de contact, tine convergence d'aspect apparait entre lea cellules tie type cellulosique du
parasite et de l'hôte.

SADIK, A., L. Ray , and S. RENAUDIN. 1986. Lc système endophytique d'Arceuthobium o.rycedri. 11. Aspects tiltrastnrcturatix
des zones de contact entre lea ussus de l'hôte et du parasite. Can. J. Bot. 64: 2778-2784.

Ultrastructural study of the contact areas between the endophytic system of Arceuthobiwn oxycedri and the tissues of its

host, Juniperus oxycedrus. shows that a crushed zone often occurs around the large cortical strands and along the primaiy
sinkers in the secondary phloem of the host; such a structure seems rather unfavourable to the transfer of substances. On the
other hand, the presence in the secondary xylem of half-bordered pits in direct contact with the cells of the primary and espe-
cially secondary sinkers certainly makes it easier for exchanges to take place. At the tip of the sinkers, the cells of the parasite,
in the course of their growth, damage the cells of the host and sometimes penetrate into the lumen of its uacheids. Electron
microscopy shows important acid phosphatase and ATPase activities at the level of the plasmalemma, piasmodesmata, and
also some small endo- or exo-cytotic vesicles in the primary and secondary sinkers. Such activities are a sign of intense active
transfer processes in these parts of the endophytic system. Around the contact zones, the parenchymatous cells of the host
become very similar in aspect to those of the parasite.
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'dici-,de nombreux chioroplastes, d'abondantes inclusions
es; on y observe aussi souvent des accumulations de

çfits de r&iculum endoplasmique. A leur contact imrnddiat,
trachides du xylème secondaire du genévrier, ma.lgré

:-aisseur de leur paroi lignifide, apparaissent fr&luemment
t.mmages (fig. 2). Ala faveurd'une déchirure, unecellule

Ia pointe du sucoir peut parfois faire directement irruption
L, lurnière d'une de ces trachéides.
les flanes du sucoir, au niveau du xylème secondaire du
rier, les cellu.les cellulosiques ou les trachéides du para-

sout étroitement accolées aux trachéides de l'hôte mais cc
::act direct ne donne lieu a aucune particularité notable.

Jcadant, des coupes semi-fines tangentielles a un sucoir
-,tent qu'autour de celui-ci les trachéides du genévrier peu-

former une sorte d'enveloppe concentrique en s'orieutant
-odicu1airement a leur direction habituelle (fig. 3).
1us vers l'extérieur, au niveau du cambium et surtout du

secondaire du genévrier, on observe souvent autour
. si.çoir primaire la presence d'une zone d'écrasement con-

f;:, plus ou mo ins épaisse, formée de divers debris cellulaires
ari lesquels on reconnait çà et th quelques fibres libCriennes

. 4). Au delà de cette zone, Ic tissu phIomien appaxait
bment modiflé alors que dans les rameaux sains, le

iême secondaire se présente sous forme de petites ceflules
Eèrement alignées, fortement vacuolisées et pauvres en
xusions (fig. 6), dans les rameaux parasites, ces cellules

plus grandes, possèdent un cytoplasme plus abondant et
i.1out des inclusions arnyliThres et lipidiques beaucoup plus

itnbreuses (fig. 5). B est a noter que ces modifications
observent également autour des .sucoirs secondaires et a un

deri moindre autour des cordons, si bien que dans une paitic
rameau oi sucoirs et cordons sont nombreux, c'est
smble du phloème secondaire de l'hôte qui apparait ainsi

T3foIm6. Dc méme que les cellules phloèmiennes, Ics
flaIes cambiales s'enrichissent en cytoplasme au contact des

Au niveau du parenchyme cortical de l'hôte, autour de la
ae de jonction riche en vaisseaux lignifiés qui relient un

ir piimaire a tine tige aérienne, les cellules se chargent
cent de tanins et contiennent des chromoplastes (fig. 7) que
cs n'avons pas retrouvés clans les cellules correspondantes
rameau sam.

Ls suçoirs secondaires s'enfoncent Cgalement profondC-
ai dans le xylème secondaire de l'hôte. Plus minces que les
coirs primaires, us sont constitués de cellules de type cdii-

ue et de trachéides disposCes saris ordre apparent (Sadik
1 1986). Cette organisation a deux consequences

Ipparait jamais de zone d'écrasement autour des suçoirs
oodaircs, ni au niveau du xylème secondaire de I'hâte, iii au
reau du phioeme secondaire; par ail.leurs, ce sont soit des
Wes cellulosiques, soit des trach6ides qui se trouvent au
ilact des tissus de l'hôte.
Aiapointe du sucoir, l'aspect des cellules cehulosiques avec

peroi très épaisse et leurs abondantes inclusions lipidiques
1e même que dans le cas d'un suçoir primaire et Pon peut
rver de nombreuses figures de progression de ces cellules

inthieur du rayon médullaire envahi (fig. 8).
en effet clairement au niveau des rayons rnédullaires

les suçoirs secondaires s'enfoncent dans les tissus de I'hôte
ien que sur leurs flancs on observe des trachéides a

6i-ponctuations aréolées, ponctuations qui a l'origine assu-
tine communication avec les cellules du rayon ligneux.

i cellules ayant etC rtmnplacées par des cellules de suçoir

seconcIajre d'Arceuthobium, ii existe donc de nombreux
endrojts ol la paroi des Cléments de xylème de l'hôte est
arnincie au contact du parasite (fig. 9).

Lorsqu'un rayon m&lullaire est envahi par un sucoir secon-
claire et que, sur tine coupe, on pcut observer côte a cOte Ies
cellules du parasite et les cellules du rayon méduflaire qui sub-
sistent (fig, 10), on constate que les deux categories de celluies
se ressemblent beaucoup par la densité de leur cytoplasrne et
leur richesse en inclusions lipidiques. Cependant, les pla.stes,
de type chloroplaste clans les cellules du parasite, de type
amyloplaste dans les cellules des rayons médullaires sont
nettement diffCrents.

fl est a rioter que clans les rayons mCdullaires non envahis
mais situds a proxirnitC de l'appareil haustorial du parasite, les
cdllules sont Cgalement transformées alors que dans le
rameau sam, ces cellules sont pauvres en cytoplasme, dies
deviennent ici plus grandes avec in cytoplasme plus abondant,
un vacuorne plus moreelé et des inclusions amylifères et lipi-
diques plus nombreuses.

Etude cyroenzymologique en microscopie élecrronique
Localisation de I 'activitI phosphatasique acide
Par comparaison avec les coupes témoins (fig. 14), lea

dCpôts de phosphate de p10mb clans les coupes essais indiquent
une activité des phosphatases acides clans les cel.iules du
système endophytique, au niveau du plasmalemme soulignC
sur toute sa surface, au niveau des noyaux, au niveau des
plasmodesmes et au niveau des petites vacuoles (Fig. 11 a 13).
Tous ces dépôts sent-plus abondants dans les sucoiis primaires
et secondaires que clans les cordons. Les celluies de l'hôte
voisines de système endophytique, surtout clans Ic phloème
secondaire et les rayons mddullaires, présentent Cgalement un
certain marquage, en particuiier au aiveau du plasmalemme et
du noyan.

Localisation de l'activitE ATP-asique
La reaction qui se r.raduit par Ic méme dépôt de phosphate de

plomb (comparerla fig. 15 essai a la fig. 16 tdmoin) révèle me
activitC ATP-asiquc clans les cellules du système endo-
phytique, en particulier au niveau du plasmalemme des
cellules des sucoirs primaires. Las petites invaginations du
plasmalemme et les vCsicules sous-jacentes que nous avons
déjà signalées clans ces cellules (Sadik et al. 1986) sont
marquees aussi.

Discussion et conclusion

L'exainen des zones de contact entre le système endo-
phytique d'A. oxycedri et les tissus de genévrier amène a se
demander comment se fait le passage des substances de l'hôte
au parasite. L'existence de zones d'Ccrasement autour des gros
cordons et des sucoirs primaires, surtout au niveau du
phloème, ne parait pas être favorable aux Cchanges. Ceue zone
d"Ccrasement a etC Cgalement observCe par Salle (1977) autour
du suçoir primaire du gui, au niveau du parenchyme cortical et
du phloeme primaire et secondaire; l'Ccrasement et l'orienta-
tion perrurbCe des cellules environnantes sont causes par la
largeur du cone de pCnCtration du sucoir primaire qui ne ren-
contre pas beaucoup de resistance de la part de ces tissus. Mais
am niveau du xylème secondaire de l'hOte oii les parois cellu-
laires lignifiées sont plus rdsisntes, les perturbations sont
minimes; scion Salle (1977), cela eat dO Cgalement a la
presence d'une zone méristCmatique intercalaire au niveau du
cambium qui permet une croissance du sucoir primaire en has-



FIG. 1. Gros cordon longitudinal, en section transversale. II est forru dun grand noiiibrc de cdllules cornportc en son centre
conducte&irs (EC), trachëides ou vaisseaux. A sa p6riph6rie, des zones comprirn&s ou écrasées sont visibles dans Ic phloème seimlairr
l'entoure (flèchcs). x220 (6chcUe, 100 gm). FIG. 2. Extirnité d'un sucoir primaire. Au-dessous des celluies de la pointe caracthcs parli
nchesse en inclusions lipidiques (L) et leur paroi cellulaire dpaisse (PC) on observe une zone d'6cisement (*) resultant de la c* mpaessioc
trchéides do xylème secondaire de I'h&e. X7000 (échellc. 2 jLm). FIG. 3. Coupe tangcntielle don sucoir primaiie: les trach6id
foment autour de lui tine enveloppe concentrique en s'otientant perpendiculairement a leur direction habituelle. x220 (&hellc, 100 PM). FIG.
Contact entie un suçoir primaire (S?) et le phloèmne secondaire del 'hôte. Le long des cel]ule.s du sucoir, on observe one zone irrigu1i&e d'écra
merit plus ou moms épaissc (). Dans cette zone confuse, on reconnait ici uric fibre librienne lignifiée (F). x3800 (échdlle, 2 Am). Fr. S.0
lule Librienne de rarneau parasite de genévrier riche en cytoplasme em cmi inclusions lipidiqucs (L) et amylireres (A). N, noyau. x3800(&hdle
Am). FIG. 6. Cellule libérienne tCmoin de rameau saw de genévrier. V, vacuole. x3900 (&heUe, 2 1m). arm
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G. 7 Cefluje du parnchymc cortical clans un ra.rncau dc gcnévz-ict- parasite prsentant des chmmopIast (CP). x8. Cehule de1eti, d'un SuçoirSeconc	 8000 (échelles, 2 pan).jajr avec sea inclusions lipidiques (L) et sa paroi épaisse (PC) caractristiqucs en cours de pro-iion dans un rayon m6dullzire : La ceUule comprirne (ou envahit) presquc compl&ement tine ceUuie de 
cc rayon Iigneux dont on ne diatingucqifune petite partie dc la Iuxniere (*) x8250 (cheUe, 2 

Am). FIG. 9. Contact etitre unc cellule cellulosique de suçoirsccondj (SS) et u.ne&ic (I') du xyleme de l'hOte. Ayant pris la place dune cellule de rayon Iigneux, la ceihule de suçoir 
Sc trouve au contact d'une dezni-ponc-oIée (flèche). X9000 (échelle 2 jim). FIG. 10. Contact entre tine cell

,i	
e dc sucoir secortdajre (SS) et tine celhule intacte du rayonflaire eovahj (RM). Lea deux sortes de edilules prsentent tine grande resseniblance par Icur richesse en cytoplasme ci en inclusions lipi-

i (L). Ce endait. lea plastes sont des chioroplastes (P) dans La ecliule de sucoir alors qu'il sagit 
p lutht d'amyIopIkbn (A) darts In cellule de genévrier. X 11 400 (échellc, Jim). 	 aes a larges inclusions
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FIG. ii a 14. Mise cc evidence do 1acuvié phospftatasiquo ucide daiis ic t1ii10 dun suçoir secondaire. Fig. 11 a 13. Ess.ai. F•	 témoin. Fig. 11. Coupe essai. Le prcipite de phosphate de plomb indiquant unl"activit6 enzymatique est present surtout au riiveau c

rnalemrne. Le noyau (N) est Cgaiernent tin peti marquè. On ne note en revanche aucune reaction dans les uchCides M. x4800 (éche]k,
Fig. 12. Marquage des plasmodesmes indiquant une forte activitC phosphatasique a Icur niveau. X4200 (ëchelle, 2 tim). Fig. 13. Maiqir
petites vacuoles (1v') ainsi que de vesicules dont certames soot situées dans Ic cytopIasrne (flèche) et d'autres ouvertes sur l'espace péripz
(double flèche). x9600 (echelle, I cxn). Fig. 14. Sur Ic temoin n'apparaissent que de lCgers dëpôts qui correspondent pcut-&re a Ia prea

.	 phosphates libres. x6600 (échclle 2 pm). FIG. 15 et 16. Misc en evidence de l'activitC ATP-asique darts lea ceilules d'un suçoir
Fig. 15. Coupe essai. Le marquagc indiqu.anr une activité enzyrnatique est surtout important au niveau du plasmalcmme et des p1asn

•	 Certaines petites vésicules, lea unes situées clans Ic cytoplasme périphérique (flèche), les aurres ouvertcs sur I'espace périplasmique
flèche), soot marquees. x 15 300 (échellc, I sum). Fig. 16. Coupe témoin. x 14 950 (échelie, I im).

•_.
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-	 cclle de lhOce. En cc qui concce LA. o'cedr.avons pas observe Pe)cistence d'une telle zone méi-i-
ue.

qu'il en soit, c'est au niveau du xylème de l'hôte que
--eatIes contacts les Plus étroirs entre ics tissus de I'hôte

ci des tmchéides aréolées eE les cell Wes cellulosiques
rachéjdes des suçoirs. Dans certe zone, les semi-ponc

:rs areolees qui sont en contact direct avec les ccilules desçeils secondajres contribuent certainement a favoriser le
e des substances Un dispositif particuijer qui a parfoisobseryé est la pén&ratjon d'une cellule a paroi cellulosique

l'extremjté d'un sucojr a l'interieur d'une trachCjde du
4ne secondaire de I'hôte. Ce phCnomène rappelle cc que
Paudjn (1974) a observe chez Lathraea clandestina L. et ceEt: Renaudin et Capdepon (1979) ont observe chez 

Toz2ja
L. au fliveau des cellules absorbajites Mais nous

ons pas constaté ici de rESorption des patois permettant un
age direct entre la cell ule du parasite et la trachCjde de
ce. Existe-t-jj d'autres voies pour Ic passage des sub-

;ccs? Le ph6nom6ne de pénétratjon Ctant rare, les
-'ances ont certainement a traverser en genera] la pami des.:ents conducteurs puis celje des cellules du système endo-

'tiue Souvent très Cpaisses Nous n'avons en effet jamajs
-c;rV6 

de plasmodesmes ernie les cellules de l'hâte et celles
arasite, contrairement a cc que Tainter (1971) a avarice au

jt de I 'Arceuthobium pusillum 
Peck. Les Cchanges sont en

cas certainement lies importants au niveau du plas-
ernme des cellules des suçoirs comrne en tdrnoignent les

ozts activites Phosphatasiquc et ATP-asique que nous y
ons enregistrees. On sait en effet que les phosphatases acides

.nt impliquées darts les mécanismes de transports actifs
rans-membranaj (Ziegler 1965; Sauter 1966) et notarnment
quc ces enzymes sont toujours presentes dans les cdllules oü: tr2mitent les glucides (Sauter et Braun 1968; Sauter 1972;
Fi1ier 1972; Sauter et Braun 1972;-Caussiii etal. 1979; Cron--shaw 1980). fl a été également montre qu'eI]es intervienjientdaiis les processus de différencjatjon des élCments conducteursMiaetPathak 1968; Hebant 1973). Chez les plantes parasites,

:Rodriguez et Pannier (1967) avaient deja drnis l 'hypothèse queIts phosphatases y jouaient Un role important dan.s Ic transport
tif de I'eau et des substances dissoutes en partjculjer des

glucides. Les travaux de Renaudn (1977) stir Ic sucojr de1. clandestina vont dans Ic m6me sens en montrant la presence
'jne forte activité phosphatasique acide tout Ic long du pont-
-sfert reliant les Cldwents Conducteu t-s de l'hOte a ceux du	 F

- :oite. En outre, Tiipodi (1970) et Onofegha (1972) ont
cé que les phospha 5 acides intervenajent dans la cyto-
des cellujes de l'hôte, la différencjatjon et la maturation

ces cellules du parasite et dans Ic transfert d'energie. Dans Ic
	 G

mime  ordre d'idde, Tothet Kuijt (1977) pensent que chez
Com.andra les phosphatases, en association avec d'autres

ymes, agissent en ramojljssant les patois des cellules de
.TiOte favorisant airLsi Faction mécarlique du parasite. Chez
Sma hermonthica (Del.) Bentli. et Striga gesnerjojd	 HiWll1d.) Watke Ba (1983) estime égalemcnt que ces
cczvnies, très actives dans la zone de contact hôte-parasite,t impliqu	 dans les mécanjsmes

5te	 de pénétratjon dans	 Kc
ainsi que clans Ic transport des substances de I'hOte versic parasite

- En Ce qui Conceme les ATP-ases, Ieur Joclisation au niveau
Plasmalemrn leur confre tin rOle central dans Ic trans-

Pert des ions (Leigh er at. 1975; Leonard et van der Woude
976) et clans les processus de cotransport des ions et des

2783
glucides (Caussin et al. 1979; Komor et TannerGeorgieva	 980;1980). Plus précisemen	 1

Korenbrot (1977) a
montre que la molecule d'ATPase (phosphatase neutre) 

corn-prend deux sites fonctionnels, I'un étant engage dans la syn-
these de I'ATP, l'autre dans Ic transport d'ions a traveI 'apoplaste

Chez Arcejahobium oycedrj, nos observations ant montreque les activités phosphatasiques acides et ATP-asiques Ctaientirnportan(es da.ns les cellules des suçojs, au niveau
pIasmnJeme , sans	 de leurêtre part.icul iCmrnent intenses a la Pointede ces suçoirs, c'est-à ..djre dans la zone de pénétration Parconsequent, ces enzymes semblent impliquees ici surtout 

da.nsles phénornènes de transfert. En outre, ii faut Souligner 
queflous avons également mis en evidence une forte activj phos-

phatasique acide darts les cellules de I'hOte entourant 
Icsystème endophytique toujotu au niveau des plasrnajen, 5 ;c'est Ic cas principajerne des cellujes du Phloèrne secondaire

On peut donc Se demander si Ic transfert des Substances se fait
uniquement au aiveau du xylème de I'hOte ou 6ga1eme auniveau du 

phloème et si clans cc cas tin passage est possible auruveau des cordons, Par ailleurs, les trachCides de l'hOte Ciant
pat-fois au contact imniédjat des trachCicles du parasite dans les
sucoirs seconc1aj ci la partie profonde des sucojrs priinajr
des échanges de substances oraniques ant-us lieu directement
entre ces trachéides ou bien y a-t-il obIigatoje transport
actif par I'm édjajre de cell ules de type CellUloSique? lineétude autord

iogplique en utilisant en particuijer des sub-
stances migrant spécifiquee par le phlo x-me ou Ic xylCrne de
I'hOte permetira sails doute d'éclairer au mains tine paine de
ces problèrnes

S
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Two alien Solanum species new
characterization within the
(So Ian a c ea e)

to the Spanish flora, and their
Solanum nigrum complex

Abstract

S,,hrin,i Vespennas. E. & del Monte Diaz de Guereñu. J. P.: Two alien Solarium species new
to the Spanish flora, and their characterization within the Solarium ntgriim complex
Solanaccac). - R. Mcdii. 4 101-109. 1994.— ISSN 1120-4052.

The distribution of So/anion phisaiifuiium var. nitidibaccatum arid Solarium sarradio,de in
Spain is described. These alien species are not included in an y Spanish Flora and are not
mentioned in any European or Mediterranean Flora as occurring in Spain. Both species show
marked similarities and were lung considered to belong to a single species, S. sarrachoides:
however there are clear and precise differences between them.
Useful differential characters, here studied, are found among morpholo g ical (size and form
of cots ledons. size and form of cal) X, pubescence. etc.. micromorpholigical
(microstructure of she berry. of the episperm, of the types of hairs. dc), physiological i hand
patterns obtained b electrophoresisl and ecological features.

Introduction

Solanum sect. Solarium, also known as S. sect. Maurella Nees or sect. More/la (Dunal)
Bitter, mainl y consists of weedy and cosmopolitan species.
The great morphological, ecological and genetic variability found in the genus as a whole
is well expressed in this section, which has led to numerous problems of identification
and denomination. All species belonging here are usually grouped together in the
Solarium nigrum complex". Within this complex. the specific limits are blurred due to

the great vegetative plasticity resulting from the interaction of the environment with a
\anab]e geriome. evidenced i. a. b y a wide range of chromosome numbers (2n 24. 48,
72. 96. Duna] (1852) recognized 53 species within the group, Bitter (1912. 1913) an
even larger number. while other authors reduced the complex to a single species. S.
nigrutn L. According to Edmonds (1972) 300 variants' have been recognized at specific
and subspecific levels. Currently it is accepted that the "Solanurn nigrum complex"
comprises some 30 species (Schilling 1981).

In this paper two alien species of the "Solarium tligrun complex" new to the Spanish
tiora, both native of South .America, are studied. Their nomenclature is confused, as for

other taxa of the complex. S. sarrachoiles has been misnamed "S. ni2rum var.
villosum" or "S. iii/osum" (Stebbins & Paddock 1949). and S. ph vsalifo/ium has been
misidentified as ''S. villosum''. "S. lureurn'' and ''S. nigrum var. villosum" (Edmonds
1986). The confusion ma be due to the fact that both, as also the true S. s-i/los un Mill.
(= S. lureum Mill.). have hairy stems and leaves.
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Table 2. Ranges of dimensions
berry of Solanum sarrachoides
largest width: c = smallest width

Berry dim
S. sarrachoides a = 6

b=6
c=5

S. pnysalifolium	 a = 4
b=4

i	 c=4

Table 3. Seed dimensions (aver
colour of Solarium sarrachoides

Lenght mr
S. sarrachoides	 1 .4
S. ohysalifoiium	 1.8

Solanum sarrachoides S
nzridibaccaturn from it. which
Rusbv. var. nutidibaccatunr (Bi
number of flowers per inflorcs
and size of sclerotic granules.
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known Spanish collection date'
think that it must ha e been inir
.'arraciioidcs in Spain was made

At present both taxa are wide!
from Beieum. Czechoslovakia.
Sc eden. and Switzerland: and
Hun gar' and Norway.
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ThbIe 1. Average (of 30 measures) and range of lenght-width ratio of cotyledons of
Solanurn sarrachoides and S. physalifo//urn var. nitidibacca turn.

Origin	 UW
S. sarrachoides	 Toledo	 2.14 (1.75 - 2.34)
S. physalifolium	 Navarra	 I	 3.42 (3.25 - 3.75)

Palencia	 3.86 (3.33 -4.70)
Soria	 I	 3.50 (3.30 - 3.82)

iable 2. Ranges of dimensions (of 30 measures) of berries, seed and granule numbers per
aerry of Sclanum sarrachoides and S. physalifolium var. nitidibacca turn. (a = length; b =
argest width; c = smallest width)

y dimensions mm	 Seeds per berry i Granules p
S. sarrachoides	 a = 6.4 - 7.2

	
30-53	 six

b = 6.3-7.2
c = 5.9 - 6.9

S. physalifolium	 a = 4.3-6.7	 15-26	 i	 two ornone
b = 4.9-6.7
c = 4.6 - 6.3

Table 3. Seed dimensions (average of 80 measures), weight (average of 15 measures) and
colour of Solanum sarrachoides and S. physalifolium var. nitidibacca turn.

Solanurn sarrachoides Sendt. was described in 1846. Bitter (1912) split off S.
nwdibaccarurn from it. which Edmonds (1986) treated as a variet' of S. phvsa1foiiunz
Rusby. var. niridibaccazum (Bitter) Edmonds, said to differ from var. phvsa/ifoliurn in the
number of flowers per inflorescence. pedicel length, sepal shape, bern size, and number
and size of sclerotic granules.
In this paper some morphological, micro-morphological and physiological features of the
two taxa found in Spain are compared. and data on their ecology and chorology in Spain
are given. Their detailed characterization will permit their correct identification in their
different phenological states.

Up to now only a few scattered Spanish records of these taxa have been published, and
neither is mentioned in any of the current works devoted to the Spanish flora, probably
due to their being mistaken for Solarium nigruni L.

In fact. S. p/zvsa1ifoIiun is widely distributed in the northern half of Spain. The first
known Spanish collection dates from 1976, but its present wide distribution makes us
think that it must ha ve been introduced into Spain much earlier. The first collection of S.
sarrachoides in Spain was made by Laorga (1983).

At present both taxa are widely distributed throughout Europe. Both have been recorded
from Belgium. Czechoslovakia. En g land, France, Finland. German". Netherlands. Spain.
Seden, and Switzerland: and So/anurn phvsaifo1iunz var. nitidibaccaturn alone. from
Hungary and Norway.
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I

Fig. 3. Ornamentation of the seed testa in Solanurn phvsa!iJoliUPfl var. niidibacc41114m above

and S. sarruchoides (below). Scale bar 2.9 .Lm.
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Material and methods

Specimens collected in :,	 ¼	 i
herbaria of the Royal Botanical Garden of Madrid (MA) and of the Facuirv of Pharmac y o
the Universidad Complutense of Madrid (MAP) were consulted.

In order to eliminate modification by the environment, some plants grown from seed'
of Solanum sarrachoides collected in Malpica de Tajo (Toledo). and from S. phvsallfoiiun:
seeds collected in Mendavia (Navarra). San Esteban de Gormaz (Soria) and Palencia. were,
in addition. cultivated in a glasshouse under identical conditions. Seed g ermination ;as
enhanced by a treatment with 1000 ppm. of gibberellic acid. Seeds of each provenance
were sown three times in succession into pots of 24 cm diameter.

Cotyledons were sampled at maximum development while being still green. Athilt
leaves were taken randomly from the middle stem portion (5th to 8th node). Su g ar content
'as determined six times for each sample of completel y mature fruits, using a high.-
contrast hand refractometer (0-32 cc). Micromorphological observations were made b
scanning electron microscopy. on gold-palladium coated preparations. Seed size was
determined under a binocular stereo-microscope b y means of an ocular micrometer. and
seed weight with a precision scale. Polyacrylamide gel electrophoresis of the denarurated
total seed proteins was effected in accordance with the methods of Laernmli (1970) and
Pay ne & al. (1980).

Results and discussion

General habit.- Both taxa are herbaceous annuals, under a Mediterranean climate. In
Solarium sarrachoides the stem is erect, or slightly prostrate as a result of abundant
-ranchin g . In S. phvsaiifoiiurn var. niridibaccarum the stem is mostl y prostrate or
decumbent. but can also be erect. Both species are up to 40-60 cm tall, vilious and covered
with glandular hairs.

F: .-, 4. P :-cr, cands pattern
Ut: S. sarrnchoides te. 0: and

like inflorescences. These C.

may be due to geographica

Cot y ledons.- In Solanum sarrachoides they are ovate-lanceolate (Fi g . lb) with a	 Calix.- The cal y x is ctn
lengthwidth index (ii) of 1.75-2.34. In S. physalifolium var. niridibaccarurn they are	 distinguishing them from
anceolate (Fig. la), with an ii value always >3 (Table I). Cotyledon shape is thus 	 lower half of the berry . t

itag nosric for these two weedy species, at an early stage of their life cycle.	 acuminate tips. hereas i
lower half of berry, and th

Leaves.- The leaf blades of So/anion sarrachoide.r are light green. elliptic-rhombic with a
maximum width in the middle, and with sinuare-dentate margins (Fig. Id). In S.
:,V.caflToiiui7l var. nitidibaccaruin the y are dark green. ovate-rhombic with a maximum

Jrh in the proximal third. and with sinuate-iobulate margins (Fig. Ic). Differences in
shape are slight, and unsuited for separatin g the two taxa.

The three trichome types defined b y Edmonds (1982) in Solanzi,n sect. Solanuni -
¼:dkej g lands, multicellular hairs and uniseriate hairs, glandular or eglandular - all occur
fl the two studied taxa. althou g h the indumentuni is denser in S. sa,'rachoidcs than in S.

:':\ca1.'7OIil(/?i var. niridihaccanun. The former also shows a lower densit y of stomata than
latter. Probahi' both characters are influenced h the habitat. with S. phvsaiifoi::wi

'.ar. nindibaccaruni growing under cooler and moister conditions.

Floser.- The corollaz, in Solanuni .carrac/toidcs are white with a central li g ht yellow star.
:uall and rotate, with petals coalescent for half their length	 If). The flo ems are

crouped in umbel-like inflorescences. in S. phrsalifolium var. niridihaccan,m the corollas
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Fig. 4. Protein bands pattern or So/num nigrarn (a. b): S. phvsalifoliwn var. niudibaccatsun (c.
J). S. vurrachoides (C. 1); and S. vifloswn (g, h).

like inflorescences. These descriptions do not agree with those of Edmonds (1986). which
may be due to geographical variation of corolla features.

Calix.- The calyx is strongly accrescent in both taxa, which is a good character for
distin g uishing them from their relatives. In So/anwn_sarrac/ioides it encloses at least the
lo w

er half of the berry. being the sepals united in their inferior half or third, and with
acuminate tips. whereas in S. phvsaiifoliurn var. nitidibaccaturn it encloses at most the
lower half of ber, and the sepals are fused more than halfwa y to their blunt tips (Fig. lh.
C).

1icromorphological differences between the two taxa include the following: (1) In
Solanum sarraclioicles no stomata occur on the inner face of the sepals. whereas they do
occur in S. pItv msa/jfo/jum var. niridibaccaru. (2) Whereas in both taxa the calix
segments bear the same multicellular g landular and uniseriare hairs inside, the surface they
occupy extends over more than half the total sepal length in S. sarrachoides but over only
inc Filth in S. phvsalifo/ium var, n itidibaccatwn.

Fruit.- The berr in both taxa is almost exactl y spherical. usuall y green when ripe, with
a v.hitish cross at the apex and an irre g ular whitish net. That of Solanum sarrac/wides is
ljrg cr. The size range of the berries of both species is shown in Table 2. The fruits of
hoth raxa also show significant differences in numbers of seeds and sclerotic granules
Table 2i. The su gar content of the mature berry is lower in S. physalifoliurn var.

'riruI,baccarunz 6.5 <) than in S. .arrachojdes (11.2 r.)
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The microstructure of the e p icarp is shown in Fi g . 2. In So/a,7unr/n aiifojj ,,nz var.Hdibaccarit,ii 
the ornamentation of the be consists of a network of grooves whichdelimit sli g htl' granular raised areas, while in S. sarrachoides the netted grooves areshallower and areas in between are much rougher.

rupture of its epidermis. 	

Perhaps due to these morpholo g icaldifferences, the be	 of S. phvsa!;fojjjj var, fliridibaccartipi shows greater resistance to

Seed,- The seeds of Solarium 3arroc/zo:des are smaller than those of S. hvsa/zfoIjun; var,riridjbaccatijnz 
and have a different colour (Table 3). The micro-ornamentation of the testa

i of the same type in both taxa bu t the raised bands are wider and denser in S. sarraci,oja'cs,,- tg.	 i.

The ccl electmphorethjc analvjs of the total seed proteins shows a clear qualitatic
bet een the two s pecies, and also between them. S. n/gram and S. viliosze,ti

EcoIog and distribution in Spain.- The distribution in Spain of the ro taxa doesO\ erl.i p . S.j,t:nn pit	 i:/t,Jthacca;j,, is found in the nohern half ofS p ain, most frcuentl along the Duero river % ajl L ,, where it is a locallr1mer	 successful'ecj of irn g atej areas	 5. whereas S. ar/cIc/,oj(/e,c is contined to a ver
triciej area in the eniraJ ra or .e Tao ri er vaHe and t5 also asumnier ¼ccd on

:.,:at e J ground,

Lin

Avera ge yearly sumrr
region, a meseta at an a]:
separates the Spanish are

Solanuni sarrachojdec
de Tajo (Toledo) on ih
summer. Th is was not ft
season (with maximum c
despite of irrjga t i	 The
Corroborates these obsei-v
var, nhrldibacca,um such
adapted to mild summer te

Dispersal strategy is ft
the ground togeth er with ti
long period of time, panic
to their harder epicarp. Th
appears to he the main a
species in Important river

Ac know I edge men t s

We are most grateful t
Rodri g uez de Quijano for h

References

Bitter, G. (9(2: Solana no'
208-20.

-	 1913: So/aria africana
Duna]. NI. F. 852: Solana

re gni vegetabiljs. 13.
Edmonds, J. M. 1972: A s'.

South America. - Ke'
-	 1982: Epidermal hair

85: 153-167.
-	 1986: Biosystematics

nutidjhacc pum Bitter ) .
mm1i, C. K. 970: Clea'

hacreriophag T4. - N.
L.icra. S. 983: Datos florist]

-323
Pan. P. 1: La. C. N. & ML

the
0.

E. E. 981 S'stem.
-	 i. Rot 6: 172-IS'

t.. L. &: Paddock E.
- ."LJrcnL 10: 70-8i.

. •\JJrcs of the a
E. Sohrino Ves
li'..::crt \'.-



Flora Medirerrartea 4— 1994 	
109

a
a
• )opq0000• b o"o gø.o4
.,c)o1,c)• )caO\

D OOO),iboO
.3
:

ci')• (-)
a
a

• .':Ji.' :'co:nn : dot, and S.

var.
• cwork of grooves which

the netted g rooves are
e to these morphological
iow creater reitanee to

a
. .) rnarnencation of the testa
•	 enSer in S. sorrc/zojjesa

ii 'ws a clear qualitative
ru,n and S. tii!ocuma

fl of the i" ci taxa does
::d in the northern half of

a localk successful
i confined to

a ,umnic- ',\ccd on

a
a

a
S
•

Avera ge yearly summer temperatures are lower in nirthern Spain than in the centralre g
ion, a niesera at an altitude of c. 700 M. The Central S stern mountain range also

separates the Spanish areas of the two taxa.
Solarium sarrachoides grew without problems under e\perimental cultivation at Malpica

de Tajo (Toledo), on the central meseta, and produced flowers and fruits throughout
summer. This was not the case of S. p/tvsaJifojju,j var. niridibaccaruni which in the hot
season (with maximum day temperatures of 35-40'C) did not produce flowers or fruits
despite of irrigation. The climate of the areas of Spain in which the two taxa are found
corroborates these observations. Certain morphological characteristics of S. physalifoliuinvar, nitidjbacca turn such as its less dense indumenturn, possibly explain its being better
adapted to mild summer temperatures.

Dispersal su-ategv is the same in both taxa: at the slightest shock, ripe berries fall to
the ground together with the cal yx and peduncle. and remain there without drying out for a
long period of time, particularly those of Solanurn.phvsaiifolium var. nitidibaccarurn due
to their harder epicarp. Thus, dispersal is very limited, except for carriage by birds. Water
appears to be the main a gent of dispersal, which accounts for the occurrence of both
species in important river valleys and in irrigated areas, in Spain.
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Bancos d Germoplasma
Vegetal.
Margarita Clemente Muñoz

La conservacon ex situ de recursos fitogeneticos se	 causa de la latencia que presentan sus semHlas o bien,realiza a través de un conjunto de técnicas, que tie- 	 porque no es suficiente con el mantenimjento de es-en POT finalidad el manterlimiento de colecdones	 tas Si se persigue conservar la calidad de la varedad,egetales fuera de su habitat natural, ya sea en for-	 como en el caso de los clones de patata ode caña oema de ejempiares completos o par-tes de ellos tales	 azücar. Para todas estas especies es necesario mante-oma semillas, polen, propágulos vegetativos o leño- 	 ner por via asexual plantas Completas, 0 propägulossos, tejidos y células. En general, el tipo de instalaclo-	 tales como tubérculos, rizomas, bulbos o estacas ynes que aplicando diferentes métodos, consiguen esta	 establecer con estos materiales colecciones en cam-Torma de conservacion, se denornjnan bancos de 	 po.
germoplasma vegetal.	

Las instalaciones requeridas, para esta modaljdadLos bancos de ge rmoplasma actuales estan, en su 	 de banco de germoplasma son entre otras: areas degran rnayoria, dedicados a la conservaciôn de espe- 	 propagacion especiales; parcelas de tamaño adecua-ces cultivadas y más en particular, a las que resultan 	 do; invernaderos con sistemas de control de tempe-basicas para la alimentacion humana. No obstante, 	 raturas; umbraculos; sistemas de riego y habitacio-en la ültima decada se están realizando importantes	 nes a baja temperatura para el almacenamiento tern-esfuerzos para la instalaciôn y desarrollo de bancos 	 poral de propagulos.
de germoplasma cuyo objetivo es la conservacion de 	 La propagacion asexual conlleva dificultades y corn-especies silvestres, ocupàndose especialmente de 	 plicaciones. Por ejemplo, para las plantas que produ-ueUas sobre las que se cierne un eminente riesgo	 cen tubérculos es preciso utilizar contenedores parade extinciôn.	

evitar que los clones se mezclen en el suelo. A veces,Segun la forma del material vegetal a conservar se 	 es necesaria la limpieza periôdica en el caso de espe-pueden considerar varios modelos de ban Cos de 	 cies rizomatosas o incluso Jevantar toda la colecciOnaermoplasma:	
y obtener nuevos especimenes a partir de las plantas1 Colecciones en campo 	
madres orIginales. Las colecciones de propagujas ta-2.Colecciones in vitro	
es como tubérculos, rizomas y bulbos pueden man-3.Bancos de polen	

tenerse sin plantar, en habitaciones a baja tempera-4.Bancos de semillas	
tura, tan solo uno o dos años por término medio,El modelo actualmente más pIenamene desarro-	 dependiendo de las especies. En el caso de especies

	

Ilado y extendido dentro de estos tipos de bancos de 	 arbOreas el problema se complica porque requieren

	

germoplasma es el banco de semillas. Pero este sis- 	 más espacio, un considerable trabajo de cuidado y

	

tema solo es Optimo para mantener especies con se- 	 tomar una serie de precauciones Por ejemplo, es pre-

	

millas de tipo ortodoxo, es decir, aquellas que pue- 	 ciso aislar las diferentes accesiones, de Ia misma 0 di-

	

den desecarse hasta un contenido de humedad de	 ferente especie, para evitar su hibridación, y en el

	

a p roximadarnente del 5% y conservarse sin proble- 	 caso de las especies frutales sera necesario conservar

	

mas durante largos perIodos de tiempo en condicio- 	 los patrones además de las variedades.

	

nes frias. Para las especies con semillas que no pue- 	 Las colecciones en campo ocupan mucho espaclo y

	

den secarse por debajo de un contenido de hume- 	 en general, raramente abarcan todo el Tango de Va-

	

dad relativarnente alto sin pérdida de la viabilidad, 	 riabilidad genetica. Además, dificilmente se mantie-

	

n: ser mantenidas a baja temperatura sin sufrir dano, 	 nen las condiciones ecologicas que las plantas tenianha que 
2p'icar metodos alernat:vos en Ia naturaleza y son susceptibles a enfermedades y

danos fortuitos pr oducjdos por incendios
depredadores y tormentas

S

	

	 Sin embargo y a pesar de todos sus inconvenien
Muchas especies tes, las colecciones en campo son una forma muy efec-

	

especiajmen en los t ropicos, p0-	 tiva para la conservaciOn de especies con semillas re-5	 seen semillas recalcitrantes o bien n Ot roducen semi-	 calcitrantes, o de las que presenten otros problemas,5	 J	 Ia fàcIrnente Otras, como muchos frutales de pepi- 	 que impidan la aplicacian de otras técnicas. En la

	

ta y hueso, tienen dificultad para ser conservadas a 	 tjli	 ••
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•	 de la da, Honcras Cja, Ma esa, Esados
cc America, etc., poseen excelentes bancos de

• germoplasma de este tipo.

S
S
• Es éste un método alternativo de banco de
• germoplasma, a veces ünico, para conservar especies

con semilias recaicitrantes o con baja o nula produc-
. con de semillas fértiles o de polen. También resulta

adecuado para mantener especies perennes, que pre-
sentan ciclos de vida muy largos, con producción de

• ''millas at cabo de muchos años. 0 bien, para
r lIneas clonales con elevado grado de heterocigosis

• a especies silvestres, con poblaciones muy reducidas,
donde la mera recoieccidn de semilia puede afectar
Su superviverica en la naturaleza.

Con este tipo de colecciones in vitro se evitan las
cosibles perdidas por ataques de patOgenos, inciden-

5 tes climatologicos o desastres naturaies que se pro-
ducen en las colecciones en campo. Permite la obten-
con de un elevado nümero de unidades en un corto

. tempo y en un espacio reducido. Tamblén se facilita
ci intercambio y distribucion de las colecciones entre
instituciones de diferentes paises par ser materiaies

• ibres de patogenos. Pero hay que señalar que este
• sistema tamblen presenta inconvenientes,

resultan costosas ]as instalaciones necesarias para su
aplicacion, origir'ia una serie de probiemas técnicos,
para los que es preciso contar con personal especiali-
zado, que conozca los métodos que van a ser desa-S	 liados y finalmente porque es necesario cuidar, de

5

	

	 ma especial, que la estabHidad genética y el po-
tencial regenerativo se mantengan.

El término cultivo in vitro Se aplica a un conjunto
. de técnicas que se han desarrollado en los b1timos

años y que han resuelto numerosos problemas prác-
ticos en Ci campo de la agricultura. En sintesis se tra-
ta de una forma de cultivar el material vegetal en

• condiciones asépticas, en medio sintético definido
• bao condiciones ambientales controladas.
.	 El cultivo puede iniciarse a partir de cualquier par-

e de la plarita madre: yemas, raices, hojas, tejidos,
celulas aisladas, protoplastos semillas, embriones, etc.

• Es muy importante que las plantas madre Sean pre-
• p aradas adecuadamente, para que su estado sanita-

v fisiolocico sea opt'mo, antes de extraer el
e ' oianto a fragmento a cultivar.

r.lediante un adecuado manejo del material vege-
de los medios de cuitivo donde ciccerá y de las

• ;nd.cones ambientales controladas en cámara, es
•nnsitie provocar en ci explanto

- desd e'enciacion de tejidos\' prol i ferain de una
S '
S

-	 ganoge'-esi a i:2•:	 Ec'S

ad v e flt I c as
- desarrolic cc r-e r ste-cs a exs:er-ts
- embriogenesis asexual a formacion de ena-
nes a partir de células que no son product:
fusion gamética.

Las tecnicas de cultivo in vitro han sido aphca:
de forma extensiva en la conservaciOn de recurs-_
fitogeneticos de plantas cultivadas y recientemen:.
han comenzado a ser utilizadas para especies en na
hgro de extincion. Existen tres formas de manten-
las colecciones in vitro: 1) mediante crecimie'--
continuo en condiciones normales; 2) por crecimic'.
to limitado, retardando ci cultivo y 3) a travOs
crioconservaciOn, suprimiendo todo crecimier-::
metabolismo mediante temperaturas ultraban

Para las colecciories in vitro mediante crecimien::
continuo, se utihzan los métodos habituaies de a,:
vo, es decir: iniciación en condiciones de aseps
estimulacion de la multiplicacion y man-tenimiento on
crecimiento, mediante condiciones ambientales or:-
timas y cambios periódicos a medio de cultivo flue-,:.
Tiene la ventaja de suministrar constantemente ma
terial apto para ser aclimatado a las condiciones de
exterior, pero presenta la desventaja de aumentar 10S

riesgos de contaminaciOn, o de pérdida de la esta,'-
lidad genetica, at depender de pases o repiques fre-
cuentes a medio nuevo.

En las colecciones in vitro par crecimiento lima-
do, se trata de modificar las condiciones de cult::
de forma tal, que se reduzca ci desarrollo y asi se ala
gue el periodo de tiempo entre cambios sucesivoc
media nuevo. Esto puede conseguirse par: reducc'c
de la temperatura y/o iluminacion; aiteraciOn cci
potencial osmOtico; desecacion; modificaciOn del me
dio nutritivo mediante la reducciOn de componentes
esenciales para el crecimiento normal; o par incorpa
racion de niveies subletales de retardantes del crec
miento.

La mayaria de los traba j os de conservaciOn median
te crecimiento limitado publicados han utilizado
reducciOn de temperatura coma factor esenciai. Sn
embargo, la elecciOn de temperaturas bajas coma
medio de reducjr el crecimiento, està su j eta a cierta:.
condiciones que dependen de la naturaleza de can:
especie. Asi, para especies de zonas templadas la
hibicion del crecimiento in vitro puede darse entre
Y 10 1'; en tanto que en las especies tropcaies, m
sensibies at frio, las temperaturas de menos de 15
pueden ser suficientes para provocar una inhib a.
total e irreversible en los tejidos.

Meoante la crioconservacjon se mantienen
riales vegetales a Ia temperatura del nhtrOgeno hqu
do (-196'C) a emneratJras pro> mas a sns n.

JE &€	 '-ra:.	 .
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tamiento con ufl agente crioprOtector congelaclon y
almacenament0 en nitrôgeno liquido: descongela-
oon y eliminaciOn del agente crioprotector; determi-
nacion de la supervivencia de los cultivos despues del
pr DC ESO.

Este metodo drfiere del de crecimiento limitado en
que los procesos metabôlicos quedan totalmente
paralizados en lugar de producirse a velocidad redu-
cida. El problema radica en mantener viables los
especimefleS que han sido transferidos a tan bajas
temperatUras y después devueltos a temperaturas
normal es.

La preservacióri de germoplasma in vitro con los
métodos de la criobiologia, es un area relativamente
nueva en la que se están realizandO notables avan-
ces en los Ultimos años, pero en la que ain queda
mucho camino por recorrer. Esta tecnica puede ser
una poderosa herramie nta para conservar numero-
sas especies tropicales de gran valor, posibilitando el
almacenamiento de cultivos por periodos indefinidos,
con total garantia sobre su estabilidad genética.
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Estas instalacioneS pueden resultar de gran utilidad
cuando es necesario realizar cruzamientoS, después
el material obtenido se puede mantefler por multi-
plicaciOn vegetativa El polen presenta ademas la yen-
taja de tener un volumen muy pequeño frente al
amplio rango de diversidad genética que se puede
conservar en él.

En principiO, su conservaciôfi requiere las mismas
condiciones que las semillas ortodoxas es decir, baja
humedad y baja temperatUra, pero sera necesario
poner a punto ]as técnicas oportunas antes de que su
utilizacion sea rutinaria. Las bajastemperatUras pue-
den provocar perdidas de viabilidad en los polenes
de ciertos grupos de plantas y lo mismo ocurre con
respecto a la humedad, si bien se recomiendan five-
les comprendidos entre el 10 y el 30%. El proceso sub-
siguiente de rehidratacidfl hasta conseguir el 80% ne-
cesario para su utilizaciOfl es también delicado, pues
unos niveles hidricos inadecuados producen irregU-
laridades en la germinaciófl del polen. Hay familias
como las Fabáceas, RosáceaS y Pinãceas due tienen
pólenes cuya viabilidad dura bastante tiempo. Sin em-
bargo los de Poãceas y CiperàceaS son de vida corta y
los de Salicáceas y EscrofulariàceaS ttenen una longe-
vidad intermedia.

Desde sus origeries, la agricultura ha dependido de
las semillas por lo que el mantenimieflto de su viab'-
lidad, durante el periodo de su almacenaie, ha sido
una cuestiOfl de vital importaflcia para el hombre.
Quizás par esta razón, la tecnologia de semillas es Un

area en la que se ha trabajado intensamente desde
hace mucho tiempo y los bancos de semillas son uno
de los métodos de conservaciôn ex situ más extendi-

dos.
La viabilidad de las semillas -es dear su capacidad

para germinar si se dieran las condiciones adecuadas-
puede oscilar segiLn las especieS, entre unos pocos dias
a unos pocos cientos de años, habiéndose citado in-
cluso, que algunas semillas permanecen viables has-
Ia 3.000 años. Esta caracteriStica, intrinseca de algu-
nos grupos de plantas, puede modificarse silas semi-
has se desecan y almacenan, en recipienteS hermeti-
cos, a bajas temperatUras. De esta manera permane-
cerán viables durante periodos más largos, que los
manifestados de forma natural.

En 1973, ROBERTS propusO los términos orto-
doxas" y <recalcitranteS>> para describir el comporta-
miento de las semillas cuando se baja su contenido
de hurnedad y son almacenadas en condicioneS frias.
Las ortodoxas toleran la desecaciôfl y las temperatu-
ras de congelaciOfl, mientras que las recalcitrantes
mueren si su contenido en humedad es reducido por
debajo de un valor critico (12-31%) Este ültimo tipo
de semillas, es el que presentan muchas de las espe-
des arbóreas frutales a maderableS asi como herba-
ceas originarias de los trópicos todas e!las de gran
interés econOmico actual a potencial. DesafortUfla-
damente, no se ha prestado mucha atención a este
problema hasta hace pocos años y tan solo unos cuan-
tos grupos de investigaciOri estãn actualmeflte inten-
tando encontrar soluciofles.

La mayor diferencia entre un tipo y otro de semi-
Ilas se establece segi1n sea su respuesta a la deseca-
don. Par ello HANSON propuso en 1984 términos más
precisos: semillas sensibles a la desecadiOn y semillas
toleraflteS. Pero también hay que tener en cuenta que
a mayoria de las recalcitrantes, son sensibles a las
bajas temperaturas a no toleran Ia congelacion.

Los pesos medios y volumeneS de las semillas recal-
citrantes son usualmente mayores que ias de las or-
todoxas, debicio a sus altos contenidos en humedad
(30-70%) v a sus grandes tamanos. La mayoria tienen
forma esferica u oval, son dicot,ledOfleaS y algunas
de ehlas están cubiertas por gruesos endocarPos. Es
importanhisimO conocer las estructuras basicas de las
semillas si se quiere interpretar correctamente su fi-
sioIogi2.

Las caradteristicas propias de las semlias recalditrafi-
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a baiCs temperaturas son tipcas pero no diagnOsticas
Por ejemplo, el hmonero y la palmera de acete fue-
on dadas durante mucho tiempo por recalcitrantes
ahora se clasifkan como ortodoxas.
El agua en las semillas se encuentra en dos formas:

aaua libre, necesaria Para el movimiento de las mo-
l&ulas de un centro a otro del metaboHsmo y agua
subcelular, estrechamente asociada a la estabilidad
ce las macromoléculas y superficies subcelulares.
CLEGG en 1979, sugirid que Para asegurar el correcto
fcncionamiento de los sistemas rnultienzimáticos de
a semilla es necesaria la presencia del agua subcelular
su pérdida da lugar a la disrupciôn del metabolis-

mo. En el caso de las ortodoxas ésto no ocurre a cau-
sa de su tolerancia a la desecaciôn, Pero en las recal-
citrantes si parece tener una importancia vital (BERJAK
c'al., 1984).

El grado de sensibilidad de las semillas recalcitran-
tes a la desecaciôn varia segn las especies. Por ejem-
no Dryoba/ariops arornatica resulta danada por de-
cajo del 35% de humedaJ, Theobroma cacao al 27%

Nephe/ium lappaceum al 20 11'0. La humedad critica
aria de una especie a otra y oscila entre el 12% y el

31%. Estas diferencias en susceptibilidad a la deseca-
con se observan no solo interespecificamente, sino
tarnbién dentro de la misrna especie o lote de semi-
las.

La razOn de porqué la deshidratacion provoca la
muerte de las semillas recalcitrantes no está clara aün.
Varios autores han emitido diversas hipOtesis que Se-
ñalan entre otras causas: la pérdida de la iritegridad
de las membranas y desintegraciones nucleares, fe-
nómenos estos ya observados en las semillas del ár-
bol del caucho cuando son desecadas al sol. Además,
en algunas especies, se liberan altas concentraciones
cc oxidasas y compuestos fenôlicos que se oxidan,

ovocando la pérdida de la actividad enzimática.
Los grados de tolerancia a las bajas temperaturas

arian Para [as semillas recalcitrantes, pero muchas
cc ellas mueren por debajo de la temperatura am-
b;entai. Las ortodoxas admiten rangos de variaciOn
mucho más amplios, si bien es sabido desde hace 50
C) 60 años, que muren por debajo de 0°C si no están

en secas. La causa es similar en este caso a lo qué
C': irre en las semillas recalcitrantes, ya que el danc

produce por formaciOn de cristales de hielo, cuan-
el contenido de humedad es del 14-20%. Sin err-

c.-ao, la razOn de porqué mueren las semillas recal-
r antes a temperaturas por debajo de la arnbientat
no es	 cc'c,'cc.

Se han propuesto muchos metodos duranse
timos cincuenta años Para su almacenamiento 0

go plazo, Pero las experiencias no han sido bue-
Como mucho, y con los b1timos avances, las sem
realmerite recalcitrantes apenas pueden ser alma
nadas por un año y per lo tanto su conservacie- a'
banco no es práctica.

Para una conservación a corto plazo se proc:.'
un mantenimiento con humedad media. Esto SC 'H

experimentado con diversas especies como caca:
caucho, pero tiene graves inconvenientes porque
que evitar la germinaciOn y controlar la aparicic'
crecimiento de hongos. No obstante, y a pesar de
cortos periodos de almaceriamiento que se consaja
con este método, resulta de utilidad Para manter-
Ia supervivencia de las semillas al menos durance
transporte, desde los lugares de colecta y hasta
momento de su siembra, ya que en este lapso de ie
pa las semillas recalcitrantes pierden rápidamenta
viabilidad. Por ejemplo, de las 70.000 semillas de a
cho que WICKHAM colectO en Brasil en 1876 sc
germinO el 4%, al Ilegar al Jardin Botánico do Ke-
en el Reirio Unido.

Un método prometedor es el almacenamiento cc-
embriones en nitrOgeno liquido, pero nose ha Ilecs
do muy lejos con semillas verdaderamente recalcitra---
tes y los problemas técnicos son enormes. Pare es:::-
cies reproducidasasexualmente con ciclos de vica a

gos, una alternativa posible serla almacenar embric
nes somáticos, que son producidos in vitro en grar
niLimero fácilmente. De hecho, los embriora:
somáticos de algunas especies vegetales se obtien:
hoy dia Para ser utilizados como semillas artificiaH:

Se estima que mas del 20% de las especies de c
flora vascular mundial, es decir aproximadamea
50.000, presentan este tipo do semillas. La mavc'
crecen en zonas tropicales, donde el grado de arra-
naza por desapariciOn de su habitat natural es n-i,
elevado, y tienen un interés econOmico actual o p. -
tencial graride. Par todo ello, es necesario aboras'
de forma urgente el desarrollo de metodologias c:
gidas a Ia conservaciOn de sem'llas recalcitra.

Ei per000 o..ar:e el cual las semLas o:cd:s:
mantienen viables, es mucho mayor que el de las
calcitrantes y asi Ia han puesto de manifiesto dc
rentes experirnentos realizados durante mds de
33 años, Para corroborar este hecho. A veces se
,tHzadc se'-'-"las consc-r y adas C r OO .ceric:.do e

am
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ncontracaS en a	 e	 s C-CCOOCCOS COfl
ta(iOfleS conoaoas. Aunas Faoaceas desacan pot

•larga viabilidad, siendo frecuentes duraciones de
•a de más de 50 anos o incluso de 100. También

sido citados periodos de 40 años para algunas
•áceas y en el tabaco, de 20 para Ia chufa y de 600
pare Ld mostaza y el d;ente de leon.
•Para conservar semillas de tipo ortodoxo en ban-
O, hay clue tener en cuenta en primer luger, que el
•ado fisiologico y sanitario de las mismas sea ade-
.ado. Deben haber madurado perfectamente de

rma natural, ester libres de enfermedades y no pre-
ntar daños fisicos.

•La colecta es un proceso importante en el cual debe
or jar personal especializado y ha de elegirse cui-
•dosamente el momento preciso para efectuarla, ya
ee las semillas edemas de presenter un grado de

.
adurez adecuado, deben tener el menor contenido
e humedad posible. Aunque las de tipo ortodoxo
rmten Ia desecación forzada. no por ella deja de

Sr recomendable el colectar semillas que por medios
•turales hayan conseguido niveles bajos de hume-

d. Asi, las procedentes de zones con clima seco Si

recogen en el momento óptimo, pueden contener
ntre un 8 y un 10% sin necesidad de forzar la elimi-

Oaci6n de aqua y de esta manera, se facilitará extraor-
S nariamente SU Ulterior conservaciôfl.
• La limpieza a separacion de las semillas de los fru-
• y de otros fragmentos iniitiles, debe ser

ente cuidada para evitar danos mecánicos ode otro
0 p clue provocarl perdidas de viabilidad. Los méto-
os habitualmente empleados dependen de las ca-

r- +o risticas de los frutos. As; para los carnosos, se
ue remover la pulpa por inmersión en aqua y

•osterior abrasion o presiOn. Los coriáceos se secan
asta provocar su aperture y algunos frutos

ndehiscentes se conservan completos o bien se les
etiran algunas partes, coma par ejemplo las alas a

las sámaras. Pare separar finalmente las semillas de
•tros restos con ellas mezclados, se utilizan diversos
•istemas o verbs de ellos, tales coma: tamizado a tra-
ces de un sistema de cribas; aventamiento mediante

na corriente de aire, clue separará las diversaS frac-
clones en funciOn de su peso: flotaciOn en un liquido;

S ricciOn por deslizamiento sobre una superficie; se-
•araciOn electronica, electrostàtica o magnética. etc
• A veces se recomienda la aplicaciOn de fungicides
Oo nsecticidas a las semillas una vez limpias, para man-
•tenerlas en buen estado sanitario. No obstante, se
.deben tomar precauciones porque los prod uctos qui-

micos utilizados pueden afectar la viabilidad de mu-
•chas especies v además, en las condiciones de conser-
•ación de las colecciones, a bajo contenido de hume-
•dad y temperature pot debajo de cero, es altamente
.mcr:Oabe c.je se 'c ::an a.aOueS ne aoene5

S
S

pat og e n os
Otro factor importante a considerar es la exsten-

cia de latencia en las semillas, es decir Ia presencia de
mecanismos que irnpiden la germinaciôn de muchas
especies, aunque sus semillaSsean perfectamente via-
bles y las condiciones favorables pare que se desarro-
lIe el proceso. Hay diferentes tipos de latencia y las
clasificaciones más simples distinguen entre:
1) ExOgena, debida a impedimentos que acttian en

el pericarpo del fruto a en la cubierta de Ia semi-
la tales como: impermeabilidad al aqua, presen-

cia de inhibidores y resistencia mecánica.
2) Endogena, producida por el desarrollo incomple-

to del embriOn a pot mecanismos fisiolOgicos que
impideri la germinaciOn.

3) Combinada, provocada por la presencia conjunta
de dos a más mecanismos que afectan al embriôn
y a las cubiertas
Es necesario detectar estos fenOmenos, porque en

caso contrario se corre el riesgo de eliminar muestras
de semillas, que estando vivas no liegan a germinar
portener Iateriia. Exicten procedimientos pare rom-
perla artificialmente tales coma: eliminaciOn de las
estructuras vegetales -bracteas,glumaS- que en cier-
tos casos inducen este proceso: escarificacion mecã-
nice a quimica; estratificaciOn en frio; tratamientos
térmicos o con agua; exposiclOn a la Iuz; aplicaciOn
de ácido giberélico, etc., pero el problema no es sim-
ple. A veces, las semillas de ciertas especies adquie-
ren latencias secundarias a impuestas, muy dificiles
de eliminar, que son producidas par danos a trata-
mientos sufridos durante la colecte, o en la manipu-
ación posterior. En teoria, las semillas conservadas
en el banco no deberian presenter ningun tipo de
latencia, pero en la practice real es imposible frecuen-
temente cumplir con este requisito.

Pare comprobar la viabilidad de las semillas en los
casos de latencia - y en aquellos pare los que sea ne-
cesaria una prueba rapida- se deben utilizar meto-
dos demostratiVoS de las buenas condiciones del em-
brión, en luger de la germinaciOn como prueba ae-

terminante de éstas. La AsociaciOfl Internacional de
Ensayo de Semillas recomienda tres formas pare de-
terminer La viabilidad:
1) Ensayo topografico de tetrazolio, a traves del cual

las celulas vivas del embrion se tiñen de rojo par
a reducciOn de una sal de tetrazolo. El metodo
es buena, pero tiene alaunos inconvenienteS por
las dificultades aue elgunas especies presentan en
su tinciOn y la interpretacion do la diferente gre-
dación de esta, edemas el rntodo es destructivo
del material.

2) Ensayo de excision, quo s i mpiemente consisie en
cotter y observer el color y aspecto interior de las
som5 as c0m' 0! Q'2dc' do desarrollo del ern-



e -so na experimer"taco paa consegu i r una ouc-
na interpretaciOn.
Ensayo de contraste con rayos X, que permite de-
tectar semillas vacias y si las estructuras seminaies
pesentan daños o desarrollos anormales. El me-
todo es Litil, si se tienen en cuenta lOS grandes avan-

ces técnicos logrados en los equipos de rayos X,
as. como su considerable abaratamiento.

La temperatura de conservaciOn debe analizarse
-:o con el grado de humedad de las semillas. Hace

a mas de 25 años que se conoce la Ilamada "regla
ae HARRINGTON>: cada reduccion de la humedad en

n 1 0/0 duplica la vda de la semilla; cada reducciOn
en 5°C, la duplica asimismo. No es una regia absolu-
ta, pues hay que considerar otros factores coma el
cantenido en aceite, pero tiene un gran valor orien-
tat o

En términos generales puede afirmarse que es
muho mejor tratar de bajar el contenido en hume-
cad io máximo posible, porque asi no sera necesario
bajar mucho la temperatatura para obtener los mis-
mos resultados. Desecar es mucho más econômico que
mantener càmaras a temperaturas por debajo de cero,
nero se debe tener cuidado, pues las fuertes
cesecaciones pueden inducir probiemas secundarios
omo son los danos provocados por una fuerte imbi-

nición de aqua, cuando las semillas se ponen a 9cr-
minar. Asi mismo, para ciertas especies es muy dificil
conseguir contenidos de humedad por debajo del 5%,
p or eso resulta más aconsejable mantener unos five-
es del 5 al 7% y almacenar las semillas en condicio-
nes hermêticas.

La desecaciOn de las semillas puede realizarse de
dos maneras: sometiendolas a una corriente de aire
calentado por encima de 40°C. o colocàndolas en un
ambiente de baja humedad relativa sin calentar el
a re.

El primero de los métodos presenta la ventaja de
er más rápido, pero tiene ci inconveniente del ries-
o de disminuir la viabilidad, al estar sometido el

naterial a altas temperaturas. Además hay que aña-
crr los peligros inherentes a posibles fallos técnicos
eI control detemperatura, que provocarian la muer-

te de a totalidad de las semillas. En ocasiones Ia ope-
acibn de secado debe realizarse en dos pesos sucesi-
os y en climas htmedos, es necesario efectuar un

•r ataniiento quimico oel aire para la eliminacron de

La desecacion a baa humedad ambiental puede
:onseguirse con deshumificadores quimicos y ci mas
.tiiizado es ci gel de silice, por su bajo coste y capaci-
:ad de re q eneracion. Tiene el inconveniente de ser
-in proceso més lento, nero resulta mas econömicc y

es mportante a eleccon cc os e-ases en.
incluiràn, durante su permanencia en Ia came-a -.
Pueden ser de diversos materiales coma vidrio, a-:
aluminio iaminado, polietileno a incluso pape
gin que la coleccióri tenga p0' f i nal clad ci ser
servada a largo, medio a corto piazo. Como c: a

general debe prestarse gran atenciOn a su herr-s-
ma, si las colecciones van a ser mantendas
largos periodos. Pues si bien se recomienda ci :.;-
trol de las humedades relatives de las cameras
deshumificadores quimicos, éste puede ser mu ,,c -
cii de obtener particularmente a muy bajas temne-.
turas. Par esta razôn es de vital importancia ma- -
ncr estancos los envases que contienen las semi
Además, si éstos se rellenan al maxima de su caca:
dad, ci oxigeno que resta en ci volurnen de aire
cluido en el recipiente es räpidamente consumoc
asi se posibilita un incremento de la longevidac, a
eliminarse la actividad respiratoha. A veces se
ducen gases inertes en los envases pare consegu.r
efecto, pero realmente no oaece que esta opc:a:
sea crucial.

Para mantener las colecciones cc sernillas en
pueden ser perfectamente adecuados Ins frigor;c.:
de tipo doméstico, que alcanzan -20°C a incluso te'-
peraturas más bajas. Tienen la venta j ..a de su adc
ciôn rapida y econômica. Son aptos pera coleccio'-e:
de reducido tamaño y puede ir incrernentdndose
nUmero de unidades, segUn aumenta la cantidau cc
material a conservar. Tambiên estos frigorificos p.e-
den utilizarse como solución temporal mientras ca
consigue presupuesto y luger para la instalacion cc
una camara a habitacibn frigorifica, que sin ouda e.
una solucion mãs definitive y recomendable, pare a-
bergar colecciones mas grandes durante peri000s
prolongados.

En la instalaciOn de habitaciones o cameras frc:-
rificas de gran tamano hay que tener en cuenta a:
temperatures a las que se desea mentener las co-a:-
ciones. Es conveniente contemp!ar al menos dos a
bientes diferentes, uno dedicadc a la conservacio a
largo plazo y otro para mantener las colecciones cc':
las que habitualmente se trabaja en propagacion. 0
las de intercambio a corto 0 medio pazo. Pare estas
Ultimas, dado que su previsible permanencia en a
camera sera corta o media, no es necesario utH :
temperatures muy bajas y esto supone ur ahorro c
siderable. Es de vital importanc i a la instalacian
buenos termostatos decontrol j, de in grupo a
trOgeno en prevision de cortes be luz fortuitos.

Las condiciones generales de conservacon a la
plazo, recomendadas por el IBPGR pare especies
todoxas, son de almacenamiento er recipientes h-a'
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has entre el 5 yell va -18°C o menos. Asi, la perdi-
ca do su viabHidad es muy lenta y por Ia tanto no es
necesario realizar muestreos dernasado frecuentes
para controICr el estado de las colecciones.

Una de las prncipales ob j ecciones que se hacen a los
diferentes modelos descritos de banco de
germoplasma, es que conservan solo parte de la Va-
rjabjlidad. Efectivamente, en ocasiones las coleccio-
nes están formadas par un pequeño nimero do mdi-
viduos por especie. En otros casos, el muestreo inicial
de colecta ha sido mal disenado, Ic que produce una
baja representacion de los genotipos presentes en las
poblaciones naturales. Si el material vegetal se re-
produce asexualmente y asi es mantenido en colec-
clones en campo o in vitro, significará que solo se esta
conservando una estrecha base genética, no repre-
sentativa de la variabilidad total de ia especie.

Los sisternas de conservaciOn in vitro tenon la difi-
cultad del mantenimiento de la estabilidad genética
del material, si bien hay que señalar que los metodos
que utilizan el crecimiento limitado a a
crioconservaciOn minimizan este problema.

En cuanto a las colecciones en campo son eviden-
tes los riesgos de hibridacidn, las bajas tasas do su-
pervivencia y los daños que pueden sufrir par agen-
tes externoS.

Para los bancos de semillas a largo plazo se han
senalado los inconvenientes de ausencia de evolucion
continua del material en ellos conservado y la vulne-
rabilidad do las colecciones ante eventuales cortes del
suministro eléctrico que impidan mantener de forma
adecuada las bajas temperaturas.

Denominadores comunes a todas las tecnicas ox situ

son: la exigencia de contar con personal especializa-
do para su desarrollo y los altos costes de nstalacio-
nes y mantenimiento. Sin embargo, en muchas 0cc-
siones representan la tinica opciOn para conservar cier-
tos tipos de txones vegetales.

La destruccion de habtats par impactos humans,
es irreversible la mavora de las veces y avanza O r-
forma alarmante en areas muy sensibles coma las ro-
picales a la med terranea. Ast pues, la conseracion
ex situ puede ser una soluciOn váida pare miles cc
especies silvestres, cue so extinguiran irremisiblernen-
te a principios del siglo XXI, dado el grado de des-
apariciOn observado de los lugares don-de viven oo
forma natural. En el caso de cultivares prirnitivos de
especies utilizadas par el hombre, puedo ser Ia 6nica
forma de conservar un acervo genetico que do otra
manera se perderia, al ser desplazados primero y sus-
tituidos finalmente por otros cultivares mas avanza-
dos.

Las colecciones en campo y los sistemas in vitro,

resultan de gran interes para mantener especies do
tipo recalcitrante o aquellas quo presentan alguria
dificultad para ser conservadas por otros metodos.

Los bancos do semillas ortodoxas son altamente
eficaces si se utilizan las condiciores acecuadas cc
derecaciôn y bajas temperatu'as. Ademas, permiten
el airnacenamientO de numerosas muestras en espa-
dos reducidos, que representan considerables propar-
clones de la variabilidad genética de las poblacones
naturales.

Todas las coleccianes ox s itu hacen posible el sumi-
nistro de material vegetal pare su utilizacion en pro-
gramas de mejora vegetal o para otras finalidades.
De dsta manera, se evita tamoién la continua extrac-
ciOn de recursos, fitogenéticos, a veces escasisimos, a
partir de sus habitats raturales.

En conclusiOn, no seria muy optimista aventurar
quo, si se comparasen los castes dedicados a las tec-
nicas do conservacibn cx Situ con los de las ±ecnicas in
situ, probablemente los beneficios obtenidos resul-
tarian mayores en muchas do las situaciones. No cbs-
tante, conservadiOn ex Situ y conservacion in situ nun-
ca deben ser terminos contrapuestos. Solo con a in-
tegraciOri y utilizacior cc anibos metodas, sera posn
ble garantizar la supervivencia de los recursos
fitogenéticos amenazados, do una extincion cierta,
en las próximas decades.

'p
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V. Iic,Jp (L.)
hr.,	

iris.	 2-3	 hI.

S-	 )

-Ilw

	

II r;	 )fp	 .\	 'I:.	 r:

-.
w

/-

IT
.,.-	

7 '
w

j.	 -- -;	
1 4

V	
'V

••;-	 f-w
S	

-

989.Atr Ir,:x lrata ui,-.	 r	 ri ii	 J	
I

I

:	 ,	 J

5	
-7	

c) —

I	 LL	 W

()

.\	 lalfljat,,,n J,•	 190I. v. r(8,,u1, (L.)Per I	 piU lit.	
CnI tpo.

dr

:	 .

S

I
I
I
I
I
I
I	 I,'.I
I
I
I
I
I

I

-,

Y

(j)

991, Atriplex portillacoides L.
2-3 lit . e Manii,

L,

!I4. SpInaca olerarea L
1?	 2-4, cd nat. (A

li\L t-\	 /iCic'



flowers	 -

2 mm

Ludwiga paIusriS	 \' I
L \'jl

d

4
hexapea

0. rosea

frul

L_J	 seed

Oenothera pnmiveriS asp. butonus 	 0. speciosa

Ig
Oenofhera wolff'

L

eothera Ilava
	 P_F-O.elata

ssp. flava	 sso hirsutisSima

Dj Onagraceae LL%;	 Orobanchaceae	 - -

0. caufornica
sap. californica 	 bud

:t
i• j 0. calitornica

ss. avita

seed

ssp cognaf a

Iseed
frijd

[bUd5()

ssp piper'

2 cm

seed Oenothera caespitoSa	 0. calitomica

jIlwigTa peptoideS ssp, peploides 	 sap. rnarginata	 ssp eurekens's

AII	
bud	 huit	 -

I- A
5mm	 2c_

seed	
m

fruit .	- 	 •,

Prim
jgziovtana

seed

I cm

0.5 Mot

0 pubescens

I	 o. elaa
i	 ssp. hooked	 1 &

71
(nfl

luri

C iillosa ssp. stflgosa

]lcm

flower bud

seed	 2

i rihera rXSfDS

2 cmI
B. strobliacea

host root
/

B. hookeri

I mm

>	 M(j,

stame	 K -
Orobanche californiCa asp. leudget- Boschniakia strobilaCea

OrobaruChSC.ae

5 mm

2 cm
0. bulbosa

host root
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1003. Chenop. urbicum L.
I talia - 2-4.

('U ENU'Of) I ACEA E

^1^ AM

11^ 	 441 d

996. Beta vulgaris L. 	 996. Beta trigyna W. et K.	 997. Ohenopodium capitatum AscIi.

It. - 2 lit.. rr. 3-4, e colt., nat.	 Genova, Orvieto - 2. nat. (Or.).	 It. bor. - 4-5 e colt., nat.

Yaw 1000. Chenop. Vnlvaria L.
998. Chen. Bonus.HeflricUe L. 	 999. Chenop. polysperiflum L. 

w

	 Italia -
Italia - 4-7.	

Italia - 2-4. 

Q^
F

1001. Chenop. bybriduin L.
It. pen., Istr.. Catania - 2-4.

/

1002. Chenop. inurale L.
Italia .- 2-4.



S

S

S
5 i;	 CUEN0I)1)1ACEAE
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I	

Al	 . &\

:

1004. Cbeiopodium rubrum L. 	 1005. Chiiop. glaucum L. 	 1006. Chenop. album L.

•	 It. pen., Ischia, Core. - 2-4.	 It. bor., Lig. - 34.	 Italia - 2-5.

P u LW
:	 4

1007. ('.lienop. ambrosioi ' ls L.	 1008. Chçnop. Botrys L.	 1009. Chenop. multifidum L.

	

Italia - 2-6, nat. (Amer.).	 It. pen., Sic., Core. - 2-4. 	 Italia - 24, nat. (Am. iner.).

i

A	 jj	
k y	 . . ..	 ..	 l	 'M 4 7..

I	 b:-

1010. Chenop. aristatum I	 1011. Cyclolorna platyphyllum Moq. 	 1012. Kochi: scoparia Schd.
S Venezia, Chioggia, Bobbio - 34, nat. It. bor., Pisa - 2.3. nnt, (Am. bor.).	 It. - 24. coil.. nut. (Or.).

(As. ed Am. bor.).

S

1013. Kochi
Napoli

V
.4
1016. KocI

Val

WI'

' V



1013. K ochia hyssopifolia Roth
Napoli - 2, nat. (Or.).

CU ENOi'1' I ACE AE

U

A
1014. Kodjia hirsut.

Veneto, Nap., Cag1ti

.,

•
Cm

41 ^I,Zr
1016. Kochia prostrata Scbrad.

Val d'Aosta - 4.

1017. Kochia saxicola 0-usa.
Ischia, Capri, Stromboli(chiO --

1018. Corispermum hyssopifol.
IL bor., Si'. - 2-3.

..''

I
.
..
I
I
I
.I
..

.

.,

•
•
0

4
1019. camphorosifla

monspeliadum L.
It. —2 e 4, per lo pit, lit.

46

/

1020. PolycnemUm arvense L.
It. (escl. iner. e Sic.) - 9-4.

1021. Salicornia herbacea L.
It. - 2 e 3, per 10 pÜ lit.

27

/



lit

1024. 11ftlocnemum
strobilaceum M. B.

Sic., Malta, Sard. - 2 lit.

1027. Salsola vermiculata L.
Sic., Malta. Sard, - 2 lit.

t.

1031. Suet
It. (esel. bor.

\\

1034. Ach -
Cal.,

1037. Am
It. - 2

I

1030. Halogeton ativus
C. A. Mey.

Friuli - 2 lit., colt. (Spa. Afr. bor.-
ol.C.).

I!
Oil

S
S

S
•
S•	 I
•:

•	 1022. Salicornia frifticosa
It. - 2 lit. e Ferrar.

S
S
S
•

•

5

	

	 1025. Ralopeplis
amplexicaulis iJog

.Golfo di Taranto, Sic., Sard. - 2 lit.

1028. Salsola Kali L.

5	 It. - 2-3, per lo piii lit.

S
S
S
S

(ii)F1 ENOI(.)I) IAUEAI

1029. Artbrocnemufll
glaucum IJng.

It. (esci. Lig., Cal.) —'2 lit.

1026. Salsola longifolia Forsk.
Sic., Eolie, Lamp. - 2. per lo piü lit.

!rkil l!'!

1029. Sakola Soda L.
It.	 2 lit. e Mantov., Ferrar.
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2538. MaIva z-ittir..htuh

It. pen.. £

31
	

MAL\TAUEA F

S.
S

S
S
S
S
S
.
S
S
S
S
S

•
S
S
.
.
.
.
.
S

2537. Malva crispa L.
Alpi - 4-5, colt. nat. (Russia).

,-.-.	 .

2540. Malva parvillora L.	 2541, Abutilon Theophrasti Medic. 	 2542. Hibiscus syriacus L.
It. (esci. but.) - 2. 	 It. pen., Malta, Curs. - 2 e 3. 	 Italia - 2-4, colt. (As. occ.).

	

/	 7
	2543. Hibiscus Trionum L.	 2544. Hibiscus roeus Thore	 2545. Hibiscus pentacarpo L.

	

It. pen.. Sic., Malta .- 24.	 Ven., Macto y ., Lucehese - 2 e 3.	 Ven., Laz., Nap. - 2 e 3.

ii

It. pe

.4
255(

IL -

Li



2547.' V . cordat.a (Miil.)
It . pen.. Core. - l-5 a colt., nat.

\\U1 II

T

2548. Tilia americana L.
it. - 2-5, colt. (Am. bor.).

2549 . T. heterophylla Vent.
It. - 2-4, colt. (Am. bor.).

I

MALVAC, TLTA(., EETP1-TOR1iIA.

4

I
2546. Goseypium herbaceum L.	

254'?. Tilia eurOPa L.	
254'?. v. platyphylla (Scop)

it. mer., Sic. - 2, colt. (India?)	
a vUlg&rB (Hayne) 	

Tt. pen. - 4-5 e colt.. nat

It. pen., ?4essinea - 3-5 e colt,

Am

2550. Tilia tomentOsa Mcench 	
2551. Euphorbia nnafl8 Lag. 	

2659. Euphorbia maculata L

It.	 24, colt. (Eur. or.. As. mm.). it. pen., Elba, Sic. - 24. nat. (Am.).
	 Italia - 24, nat. (Am. bor.)

I;



Iwo;
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EU EH(S)RBIACEAE

!

Eupborbia prostrata- 	 I I Engelman	 1:

'. 0

+

2556. Euph. humifusa W.
Italia — 2-4, nat. (As. temp.)

Q .0, a ?q
2557. Euphorbia Peplia L

It. - 2-3, lit.

2555. Euph. Ohamsyce L.
Italia — 2-4.

7

2558. Euphorbia Lathyris L
It. pen., Sard., Cors. .— 2-4.

2559. Euph. palustris L.
It. pen. (rara al sud) — 2-3.

2560. Euph. ceratocarpa Ten.

7 10.1
2561. Euph. spinosa L.

It. (e.scl. bor. ). p .) - 2 e 4



315

Am vmm

1
7

A

1..	 -

5&). Euph. dulcis L.
2564. Eup1'	 it. bor.. centr. — 4.5 • rr.

Istr.. .lpi or. e ceutT ., Bug.

A.	
rri	

\\

w1! 'p
2566. Euph. hyberfla	

2567. Euphorbia	
rr.	 It. centr.

L.	
ptIBa L.	

2568. Euph. coraliOi

v. Gibelliafla (Peola)	
Ven., Piem., Lig.	 4,	 3.	 met., lschiS, Sic. —

Pem. (tre var. Lig-. Core., Sard-) - 4

•
a
a
a
a
a

a
•
4
a
•
a
a

.e 4.

a

a

to

2561.' v. Bivofl (Steud.)
Sic.. Egadi - I.

I

b
2562. Euph. epithym018 L.

v. fragttera (Jan)
Istr., Triest. - 2-7.

ovlell,&ll f I

,v. verruca (Jacq.)
It. bor.. centr. - 2-5.

Rllv-
2563. Euphorbia Apios L.

It, met. - 2.

I

EM



•	 I;I11)I [( )flIl

-

a4	 ''
•	 M	 ..,

rh

•	 .*

2549. Eupli. pubescens VahI 	 2570. Euph. akenocarpa Guss.	 2571. Euph. cuneitlia Guss.• C
	 it. (escl. bor.)- 2.	 Camp., Cal.. Sic. 	 2.	 It. centr., mer., ins. - 2.	

2

•

•

•	 __ _	
44•

•	 2572. Euph. platyphylla L.	 2573. Euph. helioscopia L.	 2574. Euph. pterococ.a l3rot. 	 2581Isr., Pen., Sic.. Cors. - 2-5.	 Italia - 2-5.	 Tose., Puglie, Cal. isole - 2. 	 Pie•(

•

•	 , r
f

•	
a•	 L

	

'...'.	 ..

	2575 Euph.j Pepus L.	 2576. Euphorbia filcata L. 	 2577. Euph. sulcata De Lens 	 258'
Tiaha - 2-4.	 hahn .-. 2.4.	 Piem. (rara) - 4.



2578- Euph. eigua Ti.

Ital ia - 2-4.

257- Euph. a1epP"

Lig., It. mer.,

2580. Euph. cernuft Coss. at bur
',	 '

"

iI.'.

Euph. t.aurifleflS All.

Piem., TAg. 0CC.. Ni . -

3

2584. Euph. LagaBC Spr.
Sard. (rara) - 2.

1 7

LWO

•

On S

[H

•

01

2585. Euph. dendro15 I•

Costa occ. I• xner./	
.- 2.

'cr

2588. Euph. terracina L.

IL. ( (.Scl bor.) - 2 lit -er

2586. Euph. biurubellata Poi'
Lig., Sc., Cors. (rara). - 2.



ElIl IOR11ACEAl'

2589. Euph. biglandulosa Deaf.
Cal., Sic., Malta - 2-5.

2592. Euph Barrelieri Savi
Costa oce., Pugi., Cal. - 2 e 4.

2590. Euph. Myrsinites L.
Istr., Pen., Sic., Cors. - 5-6.

2593. Eiiphorbia Gayi Salis
Corsica -. 2-5.

2591, Euph.	 I'.

1:111

2593.' v. Valliniana (Belli)
Alpi Cozie (v. Macta) - 6-7.

.c.

I
I
I;

S

I

I
--hum

-

I

\

:1.

I I

2588. Euph. Paralias L.
Italia - 2 e 3, lit.

4e
77 \\
I	 'iII 1	 'I	 -'

LUJ

U j

2587. Euph. Pithyusa L.
Lig -, Livornese, isole - 2 lit.

2587.' v. Cupani (G-uss.)
Sic., Sard, - 2.

t.1' .\	 fl'I•1
.' IIIi4
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2594. Euph. variabilis Ces

Alpi trent., lurch., Mar. - 4-5.

259g . Euph. virgata W. et K.

Triest., GoriZ., TosC. - 4.

298. Euph. serrata L.
C Tic., Alpi 0cc., Nap., Sard.,

psutell. - 2 e 4.

2599. Eup. arcygda10t	 L.
Italia -- 2-6

r

2600. Euph. Oharacias L.

It. (esel. bor. P. p.)	 2	 3.

2601. Andrachne .telephioilC5 L.	
2602. Chrozophora tinctoria ihf.

Istr.. Lig., Pugl.. Bae., Sic.,	
It. (esci, bor. P. p.)	 rr. 4.

Malta - 2.

'-V

2595. Eu ph. Cyparissias L.
It. pen. (rara al sud).— 2-7.

.II
Vt.'

2596, Euph. EsuluL.
It. bor., Io '(. -

3



2990. Pedicul. petiolaris Pen.
Istr., App. centr, —. 5-7.

2993. Pedicul. recutita L
A!pi - 5-7.

2994. Pedicnl. rosea Wulf.
A1p - 5-7.

".

'."996 . . 2996. Orobanche raniosa L.
Italia - Z-4.

370
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2988. Pedicul.

if

 silvatica L.
A.lpi - 5-7.

2991. Pedicul. acaulis Scop.
Fiume, Alpi or. e lomb. - 4-7

4j': 9
iAi

s? /

2989. Pedj1. comosa L.
Alpi, App., Cors. - 4-7.

H *

1M j1'

2992.' Pedicul. foliosa L.
Isir., Alpi, App. - 5-7.

LI



0

3002. Orobaitche cerfllia
Merano, Bas., Sic., Bolie, Malta,

Cors- - 2.

acJ. Orob. crulescens Staph.

FriUli (scomparsa), Cal. - 2

9004. Orob. caryophy 11e ce-

It. (earl. Sard; a

..	 I,	 -v qtr.

8001- Orob. arenaria Borkul
1L bor., Firenze --

2996.' V. Mut€li (F. ScbU)
Italia	 2-4.

( Ito ) BAN  11AC EA F

2997. Orob. aegyptiaca Pers.
palermo (M. Gallo) - 2.

3998. Orob- lavandulacea 
R(:bb,

 Tosc., Basil., J(. jflS. -

4..
All

71

eft

MIN-
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C'.

C

1
3005. Orob. Teucrii Hol,

Alpi, A. Apuane - 4.

11

wt
I1*

3008. Orob. variegat.a Walir
Italia - 2-4.

3006. Orob. lutea Baum.
for. rubens (Walir.)

It. pen. - 2-4.

211'
3009. Orob. sanguinea Presi

v. crinita (Viv.)
Napoli. Bas., It. ins. - 2.

7111
3007. Orob. gracilis Sm.

It. pen., Sard., Cars., Elba - 2-5.

8010. .Orobanche alba Steph.
Istr., It. pen.. Sic., Capri - 2-4.

3011. Orob. reticulata Walir.	 3012. Orob. crenata Forsk. 	 3013. Orob. major L.
AJpi. Abr., Cars. - 4-6. 	 Ttalia - 2-4.	 Cher-so, Alto Adige, Trent.,

A. Cozie .- 4-5.



IT

I!
-

( H(I)BANCHAOEA E	 .4

3014. Orob. alsatica Kir8chI.
Istr., Coinaso, Lig., Sic. - 24

3015. Orob. denudata Mona
Sic.?. Sard, - 2-4.

I.

III'

4 ,1/

j

I

z

c4.1 i
k

3016. Orob. flava Mart.
Aipi or., Cornasco - 4.5.

3017. 0. Salvias F. Schultz
Aipi, App. bor. - 4-5.

3019.' v. nigens (Lois.)
Sand., (ors. - 2 e 4.

1
3020. Orob. amethystea Thuill.

It. bor.. Firenze, Sic., Sard..
Cors. - 2 e 4.

3021. Orob. loricata f-hh.
It. bar.. centr., ins. -.-- 2 A.

8018. Orob. lucorum A. Br. 	 3019. Or. Rapum-Genistae rrlitijl]
It. bor., App. bor. ed umbro - 4-5.	 Italia - 4-5, rr. 3,

1



3026. Lathraea Squamaria L.
Istr.,	 t-'pen.. Sic.

3027. I.athraea cliudestjna L.
Tose., Abr., Camp.. Cal. - 2-5.

0
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I!1If 11*
	3022. Orob. barbata Poir	 3023. 0. versicolor F. &liui
•	 Italia - 2-4.	 Pose., Nap., isole - 2.

3025. Orob. canescens Presi
Nap., Basil., It. ins. - 2 e 4.

W	 \\	 ki-'I \
•

l	 t > '-::'	 t.

1.!I

3028. Catalpa

7	 71

 bignoniodes Wait.	 5029. Tecoma radicans Janme
It. - 2-4, colt. (Am. bor.). 	 It. - 2-4, colt. (Am. bor.).

a

i:IP
3030. Ajuga acaulis Brocchi

App. cn1r. e flier., Sic. - 4-5.

ME

a
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A SURVEY OF SURFACE CHARACTERISTICS OF SEEDS OF
SCROPHULARIAC .EAE AND OR0BANCHACEAE USING

SCANNING ELECTRON MICROSCOPY'

LYT1'ON J. MUSSELMAN & W1LLTAI F. MANN, JR.

I)up.rtmei1t of Jsiolog'ical Sciences, Old Dcnnn6,n fJrnveruity. i'lorfulk, Virginia. 2358. L S A

Southern Forest Experiment Statiuri, 1,ix.evi1e, Louisiana 71360. U.S.A.

Abstract

Seed surface characteristics of 23 speciet in 11 genera of the
Scmphulariaceae and two species in two genera of the Orobanchaceae
from the southeastern United States were eamined using scanning
electron microscopy. All species exhibit a form of reticulation, and
three general tvj- are recognized: deeply reticulate, shallowly
reticulate, and obscurely reticulate. The internal surface and the
ridges of a reticulum may be ornamented or unornamented by either
wait deposits or cell outgrowths. In those genera with several
SpecicS, seed suriace characteristic. have rystrnatic value.

This study is part of a research effort Chuang &: Heckard (1972) pubhsicd
on the biology of root parasites of the the first paper on the structure of seeds
southeastern United States to determine of a parasitic angiosperm using SF.M.
their potential danger as pathogens of They worked on Cordyianhus, a root
commercial forest trees. it sought to parasite o the Scrophulariaceae closely
characterire the morphology of seeds of allied with some of the genera included
25 species of Scrophularlaceae and in this study. Other work on the seeds
Oiobanchaceae by scanning electron of parasitic Scrophuianaceae is well
microscopy. The seeds are small, ranging summarized by Kuijt (1969) who also
from 444) to 309,000 per gram, which presents detailed drawings of seeds of
makes them ideal for SEM study. Such this alliance.
in:forination is useful in the identification 	 Unfortunately, the terminology neede' 1
of the parasites and has systematic to adequately describe seed surface cha-
value.	 racters has not yet bçen evolved. There-

Twenty-three of the 25 species of fore, the general terminology used by
Srrophulariaceae investigated are hemi- Chuang & ;leckard (1972) is employed
parasites. The Orobanchaceae, closely here,
related to the Scrophulariaceae, are re-
presented by two genera of holoparasites.	 Material and Methods

The value of SEM studies in pollen
is well known, but little work has been	 Seeds were collected from various
done on seed surfaces (Tomb, 1974). populations throughout the southeastern

1. Received for publiratinn: June 21, 1976.
The auihôr thank Gary W. Smith. Dr Flo yd G. ?i1aiiwilkr, amid Charles M. Slarigle for pre

paring ,eed)u and taking scanning electron mjcrng'raph,s.
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4. fatctcslaia (Eli.) Rat.

• 4. Inrjo1iu (Nutt.) Britt.

if. oleusfoiia Rat.

A. pr.ou,ea (L.) Penn.

4 s gacro (f. W. Gmcin.) Rat.

i1

A	 Raf.

A. vv'gnia Rat.

.4ureIar,j fkrva (L.) Farw.

lavi'aJci Rat.

.1. pcdcuIaria (L.) Rat.

.4 uixginca (L.) Penn.

1? chtura emericana L.

TABLE I - COLLECTION DATA FOR SPECIES USED FOR SEM STUDY

— LocAu-rv	 COLLECTOR
,C5,OPl4Ut.A1AC5AR

Aaiseis a/'y144 (Nut.) Rat.	 Savana, near )unction o1 U.S. 31 and 	 Rich, 226

Ilarti

e leear' D-ir.

Ala. 47, Baldwin County Alabama

Dry oak site, }hillips County, Arkansaa

Roadside ditch, Ca. 4 miles. north of
Calhoun County Lino, J ackson County,
Florida

Pine forest at Pine Belt Airport, Jones
County, Mississippi

Pine Plantation Ca. 4 mUte west nf
Raleigh, Mississippi

Intersection 1-20 and ir S. 1, Aiken
County, South Ca.rchna

fie plantation new interw-ction 1-20
and U.S. 1, Alkeii Couoy, South

arol1na

1ii- e plantation S miles north of Samp-
son County Line, Rankin County,
Mississippi

Saudhill north of Aiken, Aike'n County,
South Carolina

Stream bank, 2 mites north of Torreya
State Park. Liberty County, Florida

Forest opening, Mon ntaTn Lake Bio-
logical Station, Giles Cuuint'i, Virginia

SandhilI, ca S miles west of Das!ington
Count y line. Cheterlietd County,
South Carohn

Oak forest, Crump, Bottom. Summers
County. West Viriginia

Roadside, Fla Hwy. 9 at Okh1&w
Canal, Putnuin County, Florida

miles west of junction U.S.
° Flo yd County, Virginia

Margin (if swamp, just south of Angie
on Hwy. 21 Washington Parish,
Di uisiana

Rock outcropping. Wind Rook Over-
look, Blue Ridge Parkway, Avery
County, North Carolina. (By permit)

Deoiduous forest, fire tower near
Mrjunlaln L.nice Geological Station,
Giles County, Virginia

No voucher

Rich, 130

Rich, 206

Rich, 203

Rich. 312

Rich, 313

Rich, 202

Rich, 311

Rich, 256

No voucher

MueIm&n and Rich.
4869

Museelman, 4892

Museelman, 4692

MuseZan, 4864

Rich, 199

Rich, 209

No voucher

Muelxnsn, 4865
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TABLE L (Ccnd)

LOCALLTY

Savanna. junction of S.C. Hwva. 41
and 99, &rkeluy aunty, South
Carolina

Sandy flatwoocis oil. staiid of yrung
Dines with nooverstory, Gulf County,
Florida

Sandy Scrub, Mill Dam Recreation area.
Ocala National Forest, Marion
County Florida

Devitalized eecLs provided by U S 1). A.
Wt chweed Laboratory, Whiteville,
North Carolina

Deciduous forest, Croin pa Bottom,
Summers Count y. West 'iinf,nis

Roadwiac, Great Dismal Swamp. City
of Suffolk, Virginia

Coi.ctoa

Musst,lmai aact Rich
4686

No voucher

No voucher

-U--
No voucher

Musselman, 4866

Mu&q&man. 4904

RCPHijRJACCA

ScJtvdt,,ea ap,trlcana I

rnr ia cassuides (Walter.)
B nice

S pectiviata Pursh

Srge a.ia1ica (C) Kuntz
(5. 1i,fra Luur.)

UROBANCHACEAE

C),n'p.coh. am?cana (L)
?vailr.

Epijagus u g r'tsia*,J (L) Ban.

United States and immediately sent to
the laboratory where they were stored
at SC in sealed containers until ready
for examination. Representative popu-
lations and voucher specimens are noted
in Table 1. Voucher specimens are
deposited in the Old Dominion Univer-
sity (ODIJ) herbarium. Nomenclature
of Radford et al. (1968) has been fol-
loved. Seeds were selected for uni-
formity from populations using a
binocular microscope.

e'eds were mounted on pin-type stubs
using double-stick tape or conductive
silver paint, coated with 200 angstroms
palladium gold (40%-60%) in a Denton
vacuum evaporator, _ model DV 502 and
recoal:ed to eliminate charging of the

54v'nred Metals Re-

search Corporation 900 scanning electron
microscope was used to examine the
see±; .A working distance of 12 mm
was used. Photographs were taken with
an Oscilloscope camera, series 125, 1 1.4,
I: I magmhcation.

Observations

AGALINIS - It is the largest genus
included in this study. Nine species
were exammed. Relative to seed surface
characteristics, these fall into two groups
illustrated by A. lend/a (Fig. IE, F)
and A. aphylla (Fig. 1G. J) . In the
former, the surface of the reticulum is
not oriiami:'nted (Fig. IF) although shal -
low tiapillae are present, perhaps a result
of underlying cells. In A. aphyl1a and

"V
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A. fasceculala a prominent network of
thickenngs is evident on the surface
of the rcticulum (Fig. 1(1 1). This was
noted previously by l{uijt (1969). These
thic:keriiigs are sirmiar o those illus.
traced by Chuang & Heckard (1972) for
('.'dy1attJs c /a.x iilorus. The first group,
lacking thickenings within the re ticula,
incudes A. !intfolia. A. oblusifolia, A.
seJacea, A. Ienuijolie, A. vs'raIa and
.1. lenella. The second group includes
only A aphylhs. A. fasciculata, and
4. purpire.

A URFOLA RI.4 -- The four species in this
nia11 genus showed considerable variation
in the surface structure of seeds. All
four species possess what appears to be
)apitlate wax (Fig. IB) as described
.v Chuang & Heckard (1972). Aureolaria
t'edicuja,ja (Fig. IA), A. iaevigaia, and
4. flava (Fig. 1C) have deep reticula.
Me deeply reticulate seed coat of A.
ledcu 'aria ( Gerardia edicu1aria) appa-
ently arises by the collapse of the
ntegiiment (Arekal, 1964). The reticula
if A. t'zrginica are shallower (Fig. ID).

!iLJCIf.VERA AMERICANA	 Seeds  of
his species have shallow, elongate reticuL
Fig. IN). The surface of the ridges
rid, to a lesser extent, the surface of
he reticula, are covered by knob-like
rojections (Fig. 1K).
CASTILJ.EJ4 COCCINEA - The surface

I the reticulum ruptures, perhaps as a
of differential growth rates, giving

e appearance of shattered glass (Fig.
1). At first it was thought this was

rtjfct but careful examination of
sa(erjaI with the light microscope

e presence of ruptures. This
in some

recicuLa of Mara,iJieya flammea, and
.41reo!ana tirgsnica, but never to the
extent of C. cocisea.

C(?;;OJ'HOL IS A ME RICA NA - The stir
face cf the seed is almos t psilate, except
where it comes into contact with another
seen in the developing fruit (Fig. 2A).
The rides and surface of the rcicula
are smooth (Fig. 213). Tiagi (1965) has
shown that the testa of C. americana'
is the sderified epidermis of the thick.
single integument.

DAsl.sTow4 M.4CROPHYLLA --The
seed is irregularly crested (Fig. 2C) with
shallow reticula. The surface of the
reticula appears to possess wax deposits
similar t,7 those of Aureolaria.

PIFAGUS VIRGINIA NA - Very
regular, rectangular reticula characterize
the surface of the seeds (Fig. 213). Reticula
have angled walls and prominent, narrow
ridges on the tops (Fig. 2E).

MACRNTHERA FLAMMEA - The
seeds are among the largest included in
this study and have a prominent, deeply
reticular crest (Fig. 2F) resembling the
crests of AureoIaria and Dasistoma.
Unlike the latter, however, no wax is
evident cu the surface of the reticula.

METAMPYRUM LJNEARE—Thls is
the sniouti t of all seeds examined
(Fig. 2G). The surface and ridges of
the reticula lack any ornamentation
(Fig. 211). According to Arekal (1963)

2. Reritarkably. Tiagi records Ccniipiinlis
amefspa as growing on Qvercws pera*i, one of
the white oaks, in the University 3otanica1
Garden in Copenhagen. In nature, it has been
notod r,eatedIy as being entirely restricted to
members of the red oak group of the genus
Que rcus

ig	 A, B. Cuiwplwlzs amaricams. A. Roughened portion of seed indicates point of•	 jrh another seed in developing fruit x 93,B. Wrinkled surface represents sclerified1 oieinient	 1010. C. DasIgj,;,ea maeraphYlta, seed has a curved, winged eq'a
..

	

	 r'f wax depositions within each reticulum. x 48. D. E.^.trfac t, view. x 210. E. Outer cells of Integument bet 'nle
'h r'IIs " tOSO.	 P.I va is irregularly striate x 41. 6. H.

oat reticijia represent selerified cutr.............v,.x 52. J. Smeria
tt'ckeningg s'ihin

.4i
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	Dccemj

the i;urlace layer ol the testa i1evei013
liv the th.ickenirg of the radial and
ingitudinal walls of the cells of the
pidcrmis Mthe ir.tegment followed

by a collapse of these same cells.
PrLj:ULAl1S G V.4DEI.cJS - The

(led ale round in cross section .nd un.i-
ormly retict late (Pig. 21). The reticula

:rc re1tivelY small and quite shallow.
.rii'r higher magnfication (not illu.s-
rate(:I) the surface of the reticula is
Inely rugos€.

SCflWAUFA AMERiCANA - The
esta. i:; an elongate and loose-fitting
trii:ture with a very simple uniformly
ti(u1ate surface (Fig. 3C, I)).
S1 1 MER!A —S. pt nifa (Fig. 313) and

". czssodes (Fig. 21) ale very different
in ,hape and ornamentation . S. peclinata

has a prominent crest on its margin
and laige, deep, reticula with only weak
surface thickenings (Fig. 3B), whereas
S. eassioides lacks a conspicuous crest,

has shallow recula (Fig. ZJ) and a
vrominent network of thickenings on
the reticule, (Fig. 2K).

STR ! c,A ASIATIC-I- The surface of
the seed is covered with uniform, elongate
rti:ula which slightly spiral around
the body of the seed (Fig. 3A). Super-
ficially. the details of the reticula in
this species resemble those of Buch,ura

americafta (Cf. , Figs. 3E and (K). How-
ever, the papillae of the reticula ridges
and surfaces are different. Those of
Sfriga are more angular whereas those of
B:h,ii'ra are rounded..

tHcue1Ofl

cans (Fig. 2A) and Meian/yrUm Un€a7
(Fig. 2G) in which the walls of the outti
hyer cf the integument become excef
tnaJIy thick and Dassk,na macrophyU
('-Fig. 2() with very shallow reticula an('
rarreW. Wavy ridges, The surfaces o
the reti(i:la may lack ornamentation
( ' g., 5chu a21ea anurCafl4. Fig. 3C; and
Epifeg'!s i'unuina, Fig. 21)) or have

networK composed of eitht:-r wax deN-
sits A ureo1a'a 5ediciüa?;a. Fig, I B) or
actual wall outgrowths (Buchnera amr-

cina, Fig I K; and Striga 2siaic4, Fig:.

3E). Spede ' with well-developed crests
may have deep (e.g A Kro1aria flavi,
Fig. IC; and Macranthera jiammea. Fig.
217) or 311aUow (e. g ., Dasisoia macro-

IhylIa: Fg. 2C. and Seyrneria pectinaid.
Fig. 313) reticulations on the crest

In their studies of the species of Coidy-

1.anthas. Chuang & Heckard (1972) showed
that the surface pattern is due to enlarged
epidermal cells of the integurneilt. o
doubt many of the species included in
this study exhibit a similar pattern of
reticulum development, but this must be
substantiated by anatomical work. Like-
wise, the surface feature of the reticula
cannot be correctly interpreted without
developmental studies. In some species,
these thickenings appear to be wax
depositions (species of Au,eolaria; see
also Chuang & Heckard. 1972). in
Buchnera aniericafla and Striga astalica,
the thickenings are actual cell outgrowths
as revealed by anatomical studies (Rich &
v1usselman, unpublished).

Chuang & Heckard (1972) found seed
surface chaiacteristicS to be of systematic
value in the genus Cord lanthus. While
the present study did not include in-depth
survey of any one genus, some featuies
of systematic value were found. The
species of 1dgalinis wRh thickenings on
, 1, P surface of the ieticula (Fig. IG, J)

the section Piirpureae
ik pwise, this study

l rlissixnilarity bet-
- neria pealn ala
wides (Fig. 2J).

orninent crest on
f:, iinfe unlike

s these

All the species studied have reticulate
T. rh,rrtriSticS of the

I...;flg .	 in

trictCri5.	 •	 alD.
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Pennell, 1935) and the three species in
the section Aureolaria differ in both the
amount and the morphology of wax
deposition (Fig. LA, B, C).

While the surface features of seeds
may provide information of systematic
value, it is very difficult, at present,
to interpret the adaptive value for the
various patterns revealed in this and
other studies. In generals Pennell (1935)
has suggested that the smaller seeds
with their honeycombed testae are adap-
ted for wind dispersal and the larger,
heavier seeds (Mela.?pyf'Sm linear, and
Pe4icul4flS cana4ensis) are transported
by animal vectors. It will be noted
that the latter two species as well as
Coropho1is am.ercana (Fig. 3A) have
relatively smooth surfaces. In Cono-
pholii. however, the unit of d.iaspore is
almost certainly the fleshy fruit. As to
the reticulate seeds, Kuijt (1969) has
suggested that the reticula are adap-
tations for water dispersals by trapping
air and aiding in buoyancy. The almost
total lack of information on how these
seeds behave in nature limits any mean-

ingful interpretation of the adaptive
value of seed ornamentation in this
group. Almost all of the species of
parasitic Scrophularia.Ceae have stiff, erect
fruiting stalks which shake seeds from
the capsule. Likewise, the habitat of
many of these root parasites (Aureoldr$a

dsciiarsa, Seymersa cassaides) on dry,
coarse sand would seem to preclude any
movement by water over a. long distance.
The situation in Conopisoils of the
Orobauchaceae has already been referred
to; the seeds of Eftifagus alone are
dispersed by water. The fruit forms
a sort of splash cup " where a drop of
water will spill the extremely small,
light seeds (309,000 per gram; Mann &
MusselmarL, unpublished).

A true understanding of the role of
the seed coat in seedling biology must
take into account that all of these species
are, as far as is known, obligate root
parasites. Perhaps the small seed size
ts an adaptation to filtering through
vegetation and litter so as to be
positioned as close as possible to a
host.
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