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538 (D) Cucurbitaceae (Marah) — Cuscutaceae (Cuscuta)

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

es flat at 1 end; SNF, SW, D

seeds gen > 6, ovate or oblong, sometim
4. Corolla deeply cup-shaped; seeds very flatat | end;c&sSNE, Teh ...ccoucerrmmnnanerncanes: M. horridus
¢ Corolla shallowly cup-shaped; seeds not very flat at either end; SW,DSON ...covarcanannnn- M. macrocarpus
5. Staminate fls 8-13 mm wide; seeds 15-20 mm; mainland .. ....oeearnsseene e var, macrocarpus
var. major

5 Staminate fls 14-30 mm wide; seeds 2033 mm; ChI ....oissiaaanenenmnsenessannntecans

M. fabaceus (Naudin) E. Greene (p. 543) CALIFORNIA MAN-ROOT oblong, or ovate, angled at tip or not. 2n=32,64. Washes, shirubby
Herbage gen not glaucous. FL: corolla rotate, yellowish green,  or open areas: < 900 m, SW, DSon; Baja CA.
cream-colored or (esp inland) white. FR 4-5 cm,  round; prickles
- sparse to dense, < 12 mm, * stiff, unhooked. SEEDS 2-4, 18-24 var. macrocarpus FL: staminate 8-13 mm wide. SEED 13-
mm, ovate to oblong, * flat on sides or not. 2#=32. Streamsides, 20 mm. Habitats of sp. SW mainland, DSon; Baja CA.
washes, shrubby and open areas; < 1600 m. CA-FP (excn NW,n . ] ;
CaR). Highly variable; pis outside SnFrB and CCo are assignable _ Var. major (Dunn) K.M. Stocking Fl: staminate 14-30 mm
to var. agrestis (E. Greene) K.M. Stocking (fr prickles flexible, <5 wide. SEED 20-33 mm. Habitats of sp. Chl Larger, but much
mm; seeds gen 2-3, not flat on sides), which intergrades £ com- like var. macrocarpus; more study warranted.
gl;tfll% Tﬂﬁhﬁ considered vat. f; shore study needed. #DRN: M. oreganus (Torrey & A. Gray) Howell (p. 543) COAST MAN-
! ! P rootT Herbage not glaucous. FL: corolla deeply cup-shaped,
M. horridus (Congdon) Dunn (p. 543) Herbage not glaucous. white. FR 4-8 cm, ovate, tapered to a beak, gen striped dark green;
FL: corolla deeply cup-shaped, white. FR 9-20 cm, oblong, prickles sparse to dense (gen 0 at tip), flexible. SEEDS gen 3-6,
rounded at both ends; prickles dense, stiff. SEEDS gen 6-16(24), 16-22 mm, disc-shaped, * flat. 2n=32. Shrubby or open areas,
2632 mm, oblong or ovate, very flat at 1 end. Shrubby and open  forest edges; < 1800 m. NW, SnFrB; to B.C.
areas; < 1000 m. c&s SNF, Teh. M. watsonii (Cogn.) E.Greene (p. 543) Herbage glaucous. FL:
M. macrocarpus (E. Greene) E. Greene (p. 543) Herbage not °°‘_'°“a deeply C“P'Sh?i”d' white. FR 2-3.5 cm, £ round, often
glaucous. FL: corolla shallowly cup-shaped, white. FR 5-12 em, striped dark green; prickles + 0 to dense, flexible, often hooked.
oblong, gen rotnded at both ends (sometimes with sharp beak); SEEDS 1-4, 11-14 mmi, & round. Shrubby areas, forest edges; <
prickles * dense, stiff. SEEDS gen 4-12(24), 13-23 mm, * round, 1200 m. NCoRI, CaRF, n SNF, ScV.

CUSCUTACEAE DODDER FAMILY

Tania Beliz

c vine. ST twining, * thread-like, yellow-green Lo bright orange, gen glabrous. LVS 0 or scale-like, £ 2 mm, gen
triangular to lanceolate. INFL: cyme or cluster (rarely fls solitary), gen head- or spike-like, axillary, sometimes bracted. FL
bisexual, radial; calyx gen persistent, Jobes gen 4-5, gen overlapped; corolla gen deciduous, < 6 mm, mostly white, tube gen
appendaged opposite stamens, lobes 4-5: stamens 45, alternate corolla lobes: ovary superior, chambers 2(3), 2-ovuled

* styles gen 2, stigma gen 1 per style, gen & head-like. FR: capsule (circumscissile or irregularly dehiscent) or berry-like.
genus, + 150 spp.: esp Am trop; some crop pests. Sometimes incl in Convolvulaceae.

Ann, parasiti

CUSCUTA DODDER

The only genus (Arabic: ancient name)
il SO OO T x=s woren ot spmmessmmn wnngisestene st AT T L
2. Ovary and fr conic, tOp ACULE . .- .o cnvevmeess i

9r Qvary and fr obovoid, top depressed

S B UEORIRIS o » < ~155s HAM A e e Ay PR o e RS AR R R
3¢ Perianth not papillate A
4. Corolla bulged out between stamens . . ...« s st s ham s mRGE g s E e B4 SRR ERS £ var. breviflorg
4 Corolla not bulged out between stamens .. - e i bame I S P S v
1’ Corolla appendages 0.7-2.5 mm i e
S or e ONINIIINEEE SR e C. approxi
5¢ Stigma + head-like ! ‘
6. Coroila shallowly bell- to urn-shaped, tube £ shorter than wide

7. Corolla appendage divisions gen O—fow, knob-lke ' .. coasiuieenanennsroensmennsrmonty

7* Corolla appendage divisions few—many, finger-like
8. Ovary and fr top unthickened .....c..+- R A R R e Gl O e T
8’ Qvary and fr top e R N R i

9. Pedicel and calyx not papillate  ........ L e S T AR T T ER
 Pedicel and CalyX £ PAPIIIE ... covnnsrencarsnansnenrnssrnsrnssen st s na i i T
6. Corolla funnel- or bell-shaped, tube longer than wide
10. Anthers sessile; corolla JoBER-CAODE .os v samenmpansshEoiesasan ses v ey asEEa AT

10* Anthers on filaments; corolla lobes < to > tube
11. Perianth parts obtuse, gland-dotted, not papillate; coro

near streams, fivers, 1akes ... ...oiaeeepanrnae s e nntte

1la appendage divisions few, scattered,



|1* Perianth parts acule,

|3. Perianth papillate; fl £3 mm
13* Perianth not papillate; fl 2-4.5 mm
14 . Fl 3—4.5 mm; coastal salt marshes

. approximata Bab. (p. 543) INFL head-like; pedicels 0-0.5
mm. FL: calyx gen 2-2.5 mm, lobes gen 4, 1-1.5 mm; corolla 2-4
mm. shallowly bell-shaped (urn-like in fr), lobes 5, spreading to
ascending, each with a fleshy keel, appendages 1.5-2 mm, divi-
cions gen knob-like; filaments 0.3-0.7 mm, anthers * 0.5 mm;
ovary 1-1.5 mm, obovoid, top depressed, style + 0.4 mm, stigma
cylindric. n=14. Uncommon. On alfalfa, other crops; gen < 1500
m. NCoR. GV. MP; to UT; native to Old World. [C. epithy-
mum Murray: var. wrceolata (Kunze) Yuncker misapplied]

C. californica Hook. & Arn. INFL spike-like. FL 2.6- 4 mm;
calyx persistent, lobes 5, spreading to recurved, lanceolate, acute 10
acuminate, 0.5—1 x corolla tube; corolla persistent, shallowly bell-
shaped. gland-dotted, lobes 5, + 3-6 mm, reflexed to spreading,
|anceolate, acute, appendages 0-0.1 mm; filaments 0.7— 1.4 mm,
anthers (1.2—1.1 mm; ovary 1-2 mm, gen obavoid, gland—doucd, top
gen depressed< styles 0.7-3 mm. FR 1.5-2 mm, enveloped by per-
janth, gen obovoid; top gen depressed. On herbs and shrubs on
roadsides, chaparral, grassland, yellow-pine forest; gen < 2500 m.
CA-FP, DSon: (0 WA, Colorado, Mex.

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

var. breviflora Engelm. FL: corolla bulged out between sta-
mens, not papillate; ovary (and fr) obovoid, depressed. On herbs,
habitats of sp. CA-FP; to WA, Colorado, Mex. [C. brachycalyx
(Yuncker) Yuncker incl var. apodanthera (Yuncker) Yuncker, C.
occidentalis Millsp.; C. suksdorfii Yuncker incl var. subpedicellata
Yuncker]

var. californica (p. 543) FL: corolla not bulged between sta-
mens, not papillate; ovary (and fr) obovoid, depressed. Habitats of
sp. CA-FP; to WA, NV, Baja CA.

var. papillosa Yoncker FL: perianth (and pedicel, receptacle)
papillate; ovary (and fr) obovoid, depressed. n=14. On herbs and
shrubs in chaparral; < 1500 m. SNF, GV, SCoRO, SCo.

C. cephalanthi Engelm. (p. 543) INFL head- or spike-like;
pedicels 0-1.2 mm. FL 3-4 mm; perianth parts obtuse, gland-
dotted, not papillate; calyx appressed, lobes 3-5, gen free, 1-2 mm,
unequal, margins irregular; corolla sometimes persistent, 2—4 mm,
funnel-shaped, tube longer than wide, lobes 34, spreading to erect,
0.6-1.3 mm, unequal, appendages 1.3-2 mm, divisions few, scat-
tered, finger-like; filaments 0.2-0.6 mm, anthers 0.4-0.7 mm; ovary
09-2 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. KR, CaR,
Wrn; to WA, e US, Mex.

Ee:! :éﬂ?l"!cula!a Engelm. INFL loose, spike-like, few-fid; pedi-
et 3 mm. FL 2—4 mm; calyx persistent, lobes 5, 0.3-1 .5 mm,
Shauy toothed, acute to obtuse; corolla gen persistent, 2-3 mm,
: owly bell- to urn-shaped, tube gen shorter than wide, lobes 5,
o d}“_g_reﬂexed, tube, widely ovate, obtuse, appendages 0.7-1 A
L;;;swns 0—few, knob-like; ovary + 1-2 mm, conic, top acute.
¥eI0S of esp shrubs in creosote-bush scrub, Joshua-tree wood-
= 1300 m. D to UT, AZ, Baja CA. Pls with acute calyx
ve been called C. veatchii Brandegee.

iC "

h‘;;’_lﬁaqa Rubtzoff 80GOS LAKE DoDDER  INFL spike- or
153 m:&ﬂedimls gen 0. FL: perianth parts papillate, acute; calyx
14 mm, obes 4-5, not overlapped, loose around corolla tube, 1-
; partly divided, triangular, tips spreading,

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

14* Fl 2=3 mm; inland salt flals . uoownvmmnpem e

acufe to acumi-

(D) Cuscutaceae (Cuscuta) 539

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;
|2¢ Corolla appendages:1.2-1.5 mm, divisions knob-like; salty marshes, flats, ponds

C. howelliana
e C. salina
var. papillata

vernal pools

var. major
var. salina

lobes 4-5, sometimes spreading, [-1.5 mm, triangular, dcute to
acuminate, appendages many, 0.7-1.2 mm, divisions finger-like;
filaments 0.1-0.5 mm, anthers 0.6-1.1 mm; ovary 0.5-1 mm, £ ob-
ovoid, top depressed, thickening inconspicuous. UNCOMMON.
Esp on Eryngium in vernal pools; < 100 m. NCoRI, CaRF, n SNF,
GV.

C. indecora Choisy (p- 543) INFL spike- or panicle-like; pedi-
cels 0—4.4 mm. FL 3-5 mm; calyx 1-2 mm, lobes 5, not over-
lapped, + 1/2 corolla tube, acute: corolla gen persistent, 3-4.5 mm,
shallowly bell-shaped, tube gen shorter than wide, lobes 5, < tube,
triangular, 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.

INFL: pedicel and calyx not papillate. n=15.
Yuncker; C. suaveolens Ser.

var. indecora
Habitats and range of sp. [C. jepsonii
misapplied]

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

C. pentagona Engelm. (p. 543) [INFL: pedicels 0.8—1 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 mm, * spheric, unthickened, top
depressed, styles 0.4-0.5 mm. FR 1-3.6 mm, * spheric; lop as
ovary. Common. On herbs and shrubs on roadsides; < 500 m.
NCo, SNF, GV, CCo, SCo: to se US, Caribbean, n Mex. [C. cam-
pestris Yuncker]

C. salina Engelm. (p. 543) INFL spike-like; pedicels 0-2.5 mm.
FL 2—4.5 mm; perianth parts & acute; gland-dotted; calyx 1.3-2.7
mm, lobes 5, erect to spreading, triangilar-lanceolate; corolla 3-5
mm, bell-shaped, tube longer than wide, lobes 5, erect to spreading,
lanceolate, appendages 1.2-1.5 mm, divisions many, knob-like; fil-
aments 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 0.4-1 mm.
Common. On herbs in salty marskies, flats, ponds; gen <+ 100 m.
NCo, KR, GV, CCo, SnFrB, §Co; to B.C., UT, AZ, Baja CA.

var. major Yuncker FL 3-45 mm; perianth not papillate.
Gen on Salicornia in salt marshes; gen <% 100 m. NCo, CCo, SCo;

to B.C. -,

var. papillata Yuncker FL X 3 mm; perianth (and sometimes
ovary) papillate. Uncommon. Salt flats, saline ponds; gen < 100 m.
NCo; to UT, AZ

var.'saling FL 2-3 mm; perianth not papillate. Inland salt
flats; gen < £ 100 m. Range of sp. (exc coast).

C. sitbinclusa Durand & Hilg. INFL spike- of head-like; pedi-
cels 0-1 mm. FL: calyx persistent, 2-3.4 mm, lobes (4)5, % 1.5-25
mm, lanceolate, acute to acuminate; corolla + 4.5-5.5 mm, funnel-
shaped, tube longer than wide, lobes spreading, 1-1.5 mm, < 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 1-1.5 mm, obovoid to elliptic, top thickened,
styles 1.1-1.5 mm. Common. Gen on shrubs, in forests near
streams, rivers; < 1600 m. NCoR, SN, GV, SnFrB, SCoR, SNE.



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

ssp. parishii Pl 15-26 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, Teh, SW, W&I, DMtns; Baja CA. [O. californica var. p.
Jepson]  Separation from O. ludoviciana Nutt. var. arenosa
(Suksd.) Crong. blurred in GB.

0. pinorum Hook. (p. 813) Pl 10-30 cm, glandular-puberulent
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 5-8 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 Holo-
discus spp. (not known on conife:.rs); <2100 m. NW, CaRH, SnFrB;

to WA, ID; NM.

0. ramosa L. Pl 10-60 cm, yellowish, glandular-puberulent.
ST: branches many from near base, slender. INFL open; lower ped-
icels short, upper 0. FL: calyx divided more deeply on top, lobes
gen 4; corolla 10-15 mm, tube whitish, throat and lobes pale blue
or lilac; anthers gen glabrous; stigma 2-lobed. 2n=24. Near fields;
< 50 m. n SnJV, SnFrB, SCoRlI, 5Co; native of Eur. NOXIOUS

(contml]cd) weed on tomatoes; may persist.

0. uniflora L. (p. 813) NAKED BROOM-RAPE ST 0.5-5 cm.
INFL: gen raceme; fls 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. 2n=36,48,£70. Gen moist
places, on herbs, esp Sedum, Saxifragaceae, Asteraceae; <3100 m.
NW, CaR, SN, ScV (Sutter Buttes), CW, SCo, n Chl, Wrn; to Yu-
kon, ¢ N.Am. [var. minuta (Suksd.) D.B. Achey; var. sedi (Suksd.)
D.B. Achey; ssp. occidentalis (E. Greene) Ferris] Variable. Pls
<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.

OXALIDACEAE OXALIS FAMILY
Robert Ornduff

Ann to tree. LVS compound (palmate, pinnate, or Iflet 1), alternate,
le. INFL: cyme, sometimes umbel- or raceme-like, or

axils; peduncle bracted. FL gen bisexual, radial; sepals 5, free or fused at base; petals 5, free or fused above base; sta

or 15, fused below, of 2 lengths; pistil 1, ovary superior, chambers
575 spp.: esp temp. Often heterostylous.

tips, gen petioled; stipules gen 0; Iflets gen sessi

sule, loculicidal. SEEDS gen with aril. 8 genera,

OXALIS

tubers, or thizomes often present. ST sometimes 0 or very short. LF-“Be
gen entire; gen greei. FL: petals clawed; stamens 10; ovary cha

Ann, per, shrub; roots fibrous or. woody; bulbs,
stipules 0 or small; Iflets 3, gen £ obcordate in CA,
styles 5, free,
+ 480 spp.: esp temp.
heterostylous; many (esp aliens in CA exc 0. laxa) fine orn;
stock.

1. Petals yellow
B 2. Ann; fr< 5 mm
i 2+ Per; fr>6 mm or 0
3. Bulbs present; lvs in loose, * basal rosette
3+ Bulbs 0; lvs cauline
4 . Petals > 12 mm; NCo
4’ Petals < 12 mm; NCo and elsewhere

5. Petals gen < 8 mm; st rooting at nodes; taproot * fleshy;
5¢ Petals gen 8—12 mm; st not rooting at nodes; taproot £ woody;

6. SthairsOorgencurled .......coovvennenne

6 Sthairsslightly curved . .....cvemrneren-s

17 Petals white to pink, red, or purple
7. Bulbs 0

erect or curved. FR cylindric to spheric, explosively dehiscent. SEEDS flat, often ridged; aril tran
(Greek: sour) [Eiten 1963 Amer Midl Nat 69:257-309; Lourteig 1975 Phytologia 42:57-1

0. valida Jepson Pl 6-35 cm, dark purplis 2
ent. ST gen 1; branches (if any) slender to st
not. INFL 2-3 cm wide. FL: calyx 5-11 mm_|gh
ear-triangular; corolla 12-18 mm, lips 3-5
thers glabrous or hairy; stigma bowl-shaped
Rocky soils in chaparral, on shrubs; < 2000
SnGb. ;

ssp. howellii Heckard & L.T. Collins  HOWH]
Pl 6-20 cm; glandular hair stalks 0.2-0.4 mm
slender, gen enlarged at base. FL: corolla 14-18
outside at sinuses, hairs 0.4-0.7 mm; folds of lowes
ent; filament base and anther hairy. 2n=48. UN
nic and serpentine slopes, open chaparral, ge
1700 m. s NCoRH, c&s NCoRL ;

valida (p. 813) ROCK CREEK BROOM-RAP
hair stalks + 0.1 mm, gen 2-celled.
larged at base. FL: corolla 12-14 mm,” sparsel
sinuses, hairs + 0.1 mm; folds of lower throa g}%
base and anther glabrous. 2n=48. RARE. Decompa
various chaparral shrubs; 12502000 m. WTR
SnGb. :

0. vallicola (Jepson) Heckard (p.813) Pl B—40k
ish, glandular—puberulem. ST stout; base gen'thic
branched at base and above. INFL > 4 cm, sométimes
from base into raceme-like units; bracts narow Snan
35, inconspicuous; pedicels short. FL: calyx
pinkish; corolla 17-30 mm, yellowish to pink
per lobes triangular with pointed tip, veins gent
brous to hairy; stigma 2-lobed, margins recurved: 2n
mon. Woodlands, forest openings, ‘Sambi
NCoR, CaRF, GV, CW, 5Co (Los Angeles Co.):i{ @
vars. californica & claremontensis Munz misapplied};
separate from O. californica ssp. jepsonii.

ssp.
glandular

often  basal in rosettes or in clusters at'sto
fls soli

3-5, placentas axile, styles 1-5, gen * free

some noxious weeds; contained oxalates may be toxi

disturbed urban places
native of + undisturbed places
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10.—TURBINA Rafinesque.—Trepadoras arbustosas con hojas aco-
razonadas, mayormente enteras; infl. en corimbos o panojas, axilares, pe-

dunculadas, flores grandes © medianas; sépalos aovados 2 lanceolados, -

extendidos y ampliados en el fruto, los interiores mayores, margen
escarioso, obovados: corola subentera, _E.mo-mnpﬁ_umsmmwm ovario 2-t-
locular; estilos parcialmente libres, estigmas globulosos, filamentos de los
ostambres naciendo sobre escamas incurvas vellosas; fruto seco, lenoso,
indehiscente, subgloboso u ovoide, l-locular, mayormente 1 -spermo; semi-

llas _uE?mpm.l.C:wm 20 esp., de Amér. tropical.

1.—T. noin-gww (L). Raf. (Convolvulus corymbosus L.; C. domin-

gensis Desv.; C. sidaefolius HBK.; Ipomoea sidaefolia Choisy; Rivea co-’

rymbosa Hall. f.; L. antillana Millsp.) —“Aguinaldo de pascua”, “Agui-
naldo blanco”.—Trepadora o rastrera, lampifa; hojas aovadas, enteras, de
4-10 cm., agudas o acuminadas en el dpice acorazonadas en la base; pe-
dtnculos axilares, tan largos o mas como las hojas, pluri-multifloros,
flores en panojas o corimbos; pedicelos delgados; sépalos oblongos, persis-
tentes, los 3 int. de 8-12 mm. de casi doble largo que los ext.; corola
blanca, de 2.5-3 cm.; fruto ovoide, agudo, mitad el largo de los sépalos.
H-%nnBo.l.?kumm:ﬁ" toda Cuba e IP.; Fda., Ant. Amér. trop. conti-
nental. (Fig. 110).

Planta melifera. Las semillas tienen propiedades narcéticas Y han sido
empleadas por los Indios mexicanos para producir una embriaguez pare-
cida a la del opio. ’

Argyreia nervosa (Burm. f.) Boj. (Convolvulus nervosus Burm. f.:
A. speciosa Sweet) .— Ipomea” . —Trepadora con tallo tomentoso, hojas
suborbiculares de 10-30 cm., plateado-tomentosas en el envés, flores en
umbelas, rosadas, de 5-6 cm., fruto amarillo, abayado.—Cultivada en jar-
dines, y ornamental. Oriunda de la India.

11.—CUSCUTA L.—Parisitas rn«g.nnmw?_mc:muomwunnmmmno:_.E
poco de clorofila, ¥ parcialmente autétrofas) ; tallos filiformes, trepadores
sobre huéspedes herbiceos o lefiosos, de los que obtenen alimento por
haustorios; hojas reducidas a escamas pequenias; flores pequetias, ma-
yormente en cimas compactas, gamosépalas, 5-meras (3-5) ; estambres in-
sertos en la garganta, alternos con 16bulos de la corola; la corola con
escamas fimbriadas en el interior cn la base, opuestas a los estambres;
ovario 2-locular, cada celda 2.ovulada; estilos libres o unidos; estigmas
capitados o lineal-alargados; fruto en cépsula indehiscente o circumcisil en
J]a base; embrién sin cotiledones, filiforme o engrosado en un extremo.—
158 esp., segiin Yuncker, de amplia distribuci6n.

Algunos autores hacen con este género una familia, CUSCUTACEAE,

Las especies de este género reciben el nombre verniculo de “Bejuco
de Fideo”.

Cipsulas abriéndose (circuncisiles) en la base.
Lébulos del ciliz obtusos; 16bulos de la corola més cortos que el tubo de la
misma.
Flores de 2-3 mm.; cépsula cénico-globosa, “w@yormente l-sperma.
1.—C. americana.

Ciuscnla
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Lébulos del cdliz agudos; Iébulos de la corola tan largos o mds que el tubo,
= 3.—C. umbellata.

Capsula permaneciendo cerrada.
Lébulos de la corola obtusos, erguidos a extendidos. «.cv..e .« 4.—C. obtusiflora.
Lébulos de la corola agudos, comtnmente extendidos o reflejos, con punta inflcja.
Flores de L.5 mm., pedicelos =+ del largo de las flores; cépsula no engrosada
en el APICE oua e o san mynennue sy vinansaees 9.—C. campestric.
Flores de 2-1.5 mm., ¢arnosas, pedicclos mas largos que las flores; cdpsula con
estilopodio engrosado en el dpice ..... veesenssnenss B—C. indecora.

{—C. americana L.—"Fideillo”.—Tallos de grueso mediano. Flores
de 2-3 mm., subsentadas y agrupadas en glomérulos; cliz tubular, tan
largo o algo maés corto que el tubo de la corola, 16bulos aovados, obtusos;
corola cilindrica, l6bulos aovados, obtusos, cortos; escamas triangulares o
algo oblongas, mds cortas que el tubo, anteras subsentadas; estigmas capi-
tados; cépsula globoso-ovoide u ovoide, semillas de 1.5 mm.—Sobre trepa-
doras y arbustos: Or., LV., Hab, 1P.; Ant, Amér. trop. continental.

2.—C. globulosa Benth.—Tallos medianos a gruesos. Flores de 3-4
mm., subsentadas en glomérulos cimosos O Tacemosos, compactos o algo
laxos; caliz acampanado-cilindrico, tan largo o méas corto que el tubo de
la corola, l6bulos aovado-orbiculares, obtusos; corola cilindrica, lébulos
cortos, aovados, obtusos; escamas oblongas, mas cortas que el tubo; anteras
subsentadas; estilos largos, exertos; cipsula deprimido-globosa, semillas

ovoides—Sobre arbustos costeros: Or., LV.; Ant., México.

3.—C. umbellata HBK.—Tallos delgados. Flores a veces algo pu-
bérulas, de 2-3 mm., pedicelos mas largos que las flores, en cimas coru-

e

‘puestas mds bien densas; ciliz turbinado, tan largo o més que la corola,

: .J_u.a_uﬁom triangular-aovados, agudos a acuminados; corola acampanada,

‘1ébulos tan largos o mas que el tubo, reflejos, lanceolados, agudos a acu-
minados; escamas algo obovadas o espatuladas; estambres mas cortos que
los lébulos; cépsula globoso-deprimida, semillas de 1 mm., angulosas.—-
Cuba (Wr. 3107); Ant, S. de N. Amér. a N. de S. América.

4.—C. obtusiflora HBK. var. glandulosa Engelm. (C. glandulosa
Small) —Tallos delgados. Flores de 2 mm., sentadas o casi,en glomé-
rulos densos; 16bulos del caliz aovados, obtusos, margen algo aserradito, no
imbricados; lébulos de la corola aovados, agudos u obtusos, extendidos
o reflejos, mas cortos que el tubo; escamas aovadas, casi tan largas como
el tubo de la corola, exertas; filamentos mas largos que ‘las anteras;
capsula muovﬂo-ma_uaa&? estilos cortos, divergentes; semillas aovadas, de
1.5 mm.—Sobre hierbas en lagunas y pantanos: Or., LV., Hab,, PR.:
Ant., S. de EE. UU., México.

5.—C. campestris Yuncker (C. arvensis Hook., como sin.; .C. penta-
gona calycina Engelm.).—Tallos medianos. Flores de 2-3 mm.,- pedicelos
mayormente més cortos que las flores, glomérulos compactos; 16bulos del
caliz ovales a orbiculares, imbricados; l6bulos de la corola triangulares,
agl__s, del largo del tubo; estambres mds cortos que los lébulos,
filamentos mas largos que las anteras; escamas aovadas, exertas; estilos

?
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Fig. 111.—Fideillo, Cuscuta indecora,

6.—C. indecora Choisy.—Tallos medianos a gruesos. Fores de 2-5
mm., carnosas, papiloso-hispidas, pedicelos mas largos que las flores; 16-
bulos del ciliz triangular-aovados, agudos o algo obtusos, mds cortos que
el tubo de la corola; corola acampanada, 16bulos erguidos o extendidos,

triangulares, agudos, punta infleja; escamas aovadas a espatuladas; estam-

bres mas cortos que los I6bulos, anteras. ovales: estilos largos, divergentes;-

cipsula globosa, semillas de 1.7 mm., 2-4—Sobre hierbas v’ arbustos:
Ant. May., México, N. y S. América. (Fig. 111).

ba.—var. indecora.—Flores de 2-2.5 mm.—Cam,

6b.—var. neuropetala (Engelm.) Hitche. (C. neuropetala Engelm.).
—Flores de 2-5 mm.—LV., Hab., PR.

Familia 2. — HYDROPHYLLACEAE.

Mayormente hierbas, anuales o perennes, a menudo escabrido-pelosas,
glandulosas o espinosas; hojas alternas u opuestas, a menudo en rosetas
basales, enteras o pinnatifidas; infl. cimosa, a2 menudo helicoidal o circi-
nada, a veces 2 6 mas cimas en dicasios o infl. umbeladas, o flores solitarias
y axilares; flores bisexuales, actinomorfas, cominmente pentameras; caliz
3-lobulado, imbricado, los senos a menudo con apéndices; corola mayor-
mente 5-lobulada, imbricada o a veces contorta, roticea, acampanada o
embudada; estambres mayormente 9, epipétalos, adnatos a la base de la
corola, alternos con los pétalos, filamentos iguales o no, anteras 2-loculares,
de dehiscencia longitudinal, versatiles. introrsas, a menudo alternas con

Cuscuta

Hydrolea HYDROPHYLLACEAE 249

o subtendidas por apéndices escamosos o pelosos; estaminodios hipoginos,
presentes o ausentes; pistilo 1, ovario stpero (semi-infero en alg. esp. de
Nama), tipicamente 1-locular con 2 placentas =+ abultadas (a veces reu-
niéndose y el ovario pareciendo 2-locular), carpelos 2, évulos a menudo
numerosos, péndulos, andtropos o anfitropos, micropilo hacia arriba ¥
afuera, estilo 1 y algo dividido, 6 2, estigma capitado; fruto mayormente
una cipsula loculicida dehiscente por 2 6 4 valvas, a veces indehiscente ;
semillas numerosas, a veces carunculadas, reticuladas, foveoladas, tubercu-
ladas, o muricadas, endospermo abundante o delgado, embrién pequefio
y recto.—Unos 20 géneros y 265 esp., de amplia distribucién.

Plantas espinosas SRS LS 4N ws e e e via s v wnwin) Ay Toled:
Plantas inermes,
Plantas postradas; flores 1-2 en las axilas de las Bojas vovonessiine S=Noma.
Plantas erguidas; inflorescencias terminales, en panojas ......... 3.—Wigandia.

Fig. 112.—Tabaco cimarrén, H. ydrolea spinosa.

1.—HYDROLEA L.—Hierbas anuales o perennes, de lugares acud-
ticos; hojas alternas, enteras; infl. corimbosas, raras veces las flores disper-
sas o en cincinos; ciliz dividido casi hasta la base; corola acampanada, ro-
ticea, profundamente partida, casi siempre azul; estambres insertos en la
base de la corola, filamentos a menudo ensanchados en la base, lampifios;
escamas ausentes; estilos 2, raras veces 3-5, estigmas capitados, évulos oo
(-400) ; capsula ovoide o globosa, loculicida o loculicida y septicida, o de
dehiscencia irregular; semillas pequeiias, rugoso-estriadas longitudinalmente ;

embrién pequefio.—Unas 20 esp. o mds, de reg. tropicales.
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Sez. I. Kopsia (Dun., 1822).

2 Fusto normalm. ramoso (ma anche semplice nelle piante meuno svi-
luppate). % 3
— Fusto normalm. semplice, 5
3 Fusto munito di squame piccole, ovali, ottuse. Pianta brevem. glandu-
loso-pelosa (3-40 cm.). Brattee e bratteole uguaglianti il calice, rr. pil
brevi. Corolla curvata, ristretta nel mezzo, bilabiata, a labbro super. a
2 lobi per lo piit rotondato-acuti, cigliati. Stami 4, un po’ pelosi alla
base o glabri; anters glabre o brevem. cigliate alla base. Cassula 1-locu-
lare, a 2 valve che rimangono aderenti alla base ed all'apice. (. Paras-
sita sw diverse piante colf. e spont.; 2-4. Prim.-Bst. [Eur. As. oce. sino
Himal. Afr. bor. Abiss., nat. India Kashmir Afr. mer. Am. bor.]. —
Kopsia Dum. (1822) — Phelipaea C. A. Mey. (1831). — Volg. Succiamele
ramoso. 1 0. ramosa L. (1763) 2996

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

ticolati,

OSpiga lassa e moltiflora, alla fine allu ngata. Denti del calice triangolari-acu-
minati, pitt brevi del tubo. Corolla azzurra (rr. bianca). Fusto generalm.
ramoso. — Istria, Pen ed isole. — Phelipaea proboscistyla Bianca ex Caruel
(1885) = 0. probosc. Beck (1890) = Kopsia ramosa f, probose. Bég. (1902)
(f. cleistogama). @ TYPICA

Spiga generalm. abbreviata. Denti del calice lesiniformi, lunghi come il
tubo, Corolla intensam. violaceo-azzurfa, a lobi pit acuti. Fusto semplice,
gracile (1-8 dm.). — Istria, Firenze, Roma, Amalfi, Sic., Sard. e Cors.
[Eur. mer. ed or. As. oce. Mad.]. — Phelipaea ram. v. simplex Vis. (1847)
— Ph. nana Rchb. f (1869) — Kopsia nana Freyn (1888).

g NANA (Noge, 184T)
B Corolla lunga 15-22 mm., a lobi == crenulato-dentati od increspati,” a fauce

pit ampia ed a pieghe pitt sporgenti che nel tipo. — Denti del calice c. s.

Spiga e fusto come nel tipo. Cornlla azzurra, carnicina o ¥iolacea (rr. bianco-

paglierina). — Specialm. sulle rd. delle Composte: Istria, Pen., Sic., Malta,

Lamped., Pantell., Sard., Cors., Montecristo e Pianosa. [Ewr. medit. As. occ.

Himal. Afr. bor. Abiss., nat. Capo). — Phelipaea Reut. (1847) — Ph. rufe-

scens Gris. (1844) — Phel. Reuateri Moris (1858-59) = Orob. ruf. Nym.

(1864-55) (f. robustior pilosior flor. violaceis) — Kopsia Bég. (1902).

1 Mureu (F. ScHuLTz., 1835) 2996

- Oto munito di squame lanceolato-scuminate. 4
Corolla lunga 20-37 mm., poco curvata o quasi diritta, Antere abbon-
dantem. peloso-lanose, Fusto =+ ramoso o rr. semplice (1-6 dm.). Spiga
moltiflora, alla fine lassa. Calice a denti lanceolato-lesiniformi, subeguali

al tubo. Corolla azzurra, a lobi largam. rotondati. Il resto ¢. 5. (. Sie. pr.
dermo sulle pendici seit. del M. Galio; 2. Magg. [Eur. or.-mer. As.

occ. Egit.]l. — Phelip. elongata Lojac. (1883), non Koch = 0. aegyt. v.
trinacria Beck (1890) = 0. trinacr. Beck (1890) (F. corolla minor ecire.
20 mm: longa) — Phelipaea Walp. (1844-45) — Kopsia Caruel (1885).

2 0. aegyptiaca Pers. (1807) 2997
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. N

— (Corolla lunga 17-22 mm., molto curvata. Antere cigliato-glandolosa.
Fusto gracile, peluso—glandoloso, semplice o con brevi rami (2-6 dm.).
Spiga coi fi. alla fine gquasi orizzontali. Calice c. s Corolla intensam.
azgurra (tranne la base ch’s bianchiccia), & Jobi rotondati ed & pieghe

prominenti, con villositad bianca 0 gialla. ©. Parass. st diverse piante e
specialm. Psoralea : Nizz., Lig. M. Argeniaro, @iglio, Basil. a Muro,
Sic., Malta, Linosa, Cors. e probabilm. Sard.; 2. Apr-Magg. [Reg. medit.
Can.]. — Phelip. F. Schultz (1847), Reut. (1847) — Kopsia Caruel (1885).

3 0. lavandulacea Rchb. (1829) 2998

5 (2) Tubo del calice bianco-membranaced fra i denti e parcam. ner-
yoso. Fusto gracile, abbondantem. squamoso, paloso—glanduloso (1-6 dm.).
Brattee lanceolate, uguaglianti i denti del calice; bratteole un po’ pit

strette e pili brevi. Calice fortem. glanduloso—paloso, a denti lineari-lan-
ceolati, sempre piil langhi del tubo. Corolla un po’ curvata in basso, az-
zurra. Antere spesso lanose. ©. Parass. S diverse piante; 2. Apr.-Giu.
[Eur. mer. As. occ. Afr. bor. Abiss.]. — Kopsia Bég. (1902).

4 0. _SChultzii Mautel (1835) 2999

A Lobi della corolla acuti. Spiga per lo pin piramidata. — Non ancora Segna-

lata per UIt. a TYPLCA

B Lobi della corolla per lo pil acuminati. Spiga per lo pit lungam. cilindrica,

pia stretta e piu lassa. — Su Ferula nodiflord, Rubia peregrina ecc.: Sic.,

is. Salina, Sard. ¢ vicine isole della Maddalena, Caprera ¢ Tavolara. [Alger-

Indiaf). — O. caerulea Moris (1827), non Vill. — Phelipaea Reut. (1847) —

Kopsia Caruel (1886). f STRICTA (Moris, 1844)

C Lobi della corolla ottusi o rotondati. Spiga cilindrica, breve. — Su Rumex

ed Artemisia?: Sic. [Spa- Grec. Cipro As. occ. Afr. bor. Abiss.). — O caesia

Guss. (1832), non Rchb. — Phelip. rufescens Lojac. (1878), non Gris. —
Ph. Gussoneana Lojac. (1883) — Kopsia Gusson. Lojac. (1887).

1 GUSSONEANA D. comb.

_ Tubo del calice mon pianco-membranoso fra i denti, percorso da molti
nervi. Fusto robusto. 6
6 Lobi del labbro infer. della corolla ellittici, acuti od acuminati. Antere
per lo piu glabre. Pianta glauduloso-lanoaa, a fusto con poche squame
(eccett. la base), spesso porporino (15-60 cm.). Spiga cilindrica. Brattee
lanceolate, pitt brevi del calice; bratteole pit stratte. (alice talora con
an quinto dente rudimentale. Corolla eurvata, lunga 18-30 wm. ©. Parass
su Composte (specialm. Achillea ed Artemisia) e su piante di alire fam.;

9 47. Magg--Lugl [Eur. As. occ. sino India Sib.]. — 0. caerulea Vill.
(1787) — Kopsia caer. Dum. (1822) — Phelip. caer. C. A. Mey. (1831) —
Kopsia purp. Bsg. (1902). 5 Q. purpurea Jacq. (1762) 8000

1 Lobi del labbro infer. della corolla acuminati.
a Denti del calice spesso quasi triangolari, pia brevi del tubo. Corolla vio-
lacea colla base bianco-giallastra (rr. tutts bianco-gisllastra). — Qua e ld
nell’ It. super., Tosc., Piceno sul M. Vettore, Camp- Capri, Puglie, Basil.
Cal., is. Salina, Cors. € Capraia. = TYPICA
b Denti del calice lesiniformi (quasi filiformi verso I'apice), langhi com®e il
tubo. Corolla spesso pill intensam. colorata. — Ischia. [Endem.)-— 2 0. caer-
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v. Millefolii Rchb. (1830) — Phelip. caer. v. Millefol. Guss. (1854) — Kopsia

purp. v. Spitzelii Bég. (1902). p SeitzeLu Beck (1890) (Bxck, 1890)
B Lobi del labbro infer. della corolla acuti. — Denti del calice acuti, pit brevi
del tubo. Corolla porporina verso la fauce. — Alpi Cozie. [Boemia). — Phelip.

Celak. (1874) — Kopsia purp. v. bohem. Bég. (1902).
1 BOHEMICA (CeLAk., 1874)

— Lobi del labbro infer. della corolla rotondati, ottusi. Antere villoso-la-
nate. Fusto abbondantem. squamoso (2-6 dm.). Brattee lunghe circa come
il calice. Calice a denti lanceolato-acuti, uguaglianti o pit rr. superanti
il tubo. Corolla azzurra (rr. intensam. violacea). Il resto c. s. ©. Pardss.
sulle Artemisie, pii rr. su allre piante: Riva di Trento, Alto Adige,
Pavese, Piem., Alpi Mar. e Firenze alle Cascine; 8-5. Magg.-Lugl. [Eur.
centr. e mer. As. min. Afr.]. — 0. levis L. p. p. (1763) — Kopsia aren.
Dum. (1822) — 0. comosa Wallr. (1822) — O. Borkhausenii Andr. (1832)

— Phelip. aren. Walp. (1844) — Kopsia Borkhaunseni Caruel (1885).
6 0. arenaria Borkh. (1797) 3001

Sez. II. EvoroBANCHE F1oRL (1926).

&7 (1) Corolla molto allargata sotto I'inserzione degli stami, nel mezzo
ristretta e fortem. curvata, in alto un po’ rigonfia. Stami inseriti
circa alla metd del tubo corollino (fig. 1 e 2). A) Inflatae 8

— Corolla ristretta sotto I’inserzione degli stami, spesso cilindrica, sopra

- molto allargata oppure rigonfio-ventricosa. Stami inseriti al disotto

(‘ della meta del tubo corollino (fig. 3 a 28). B) Angustatae 9

A) Inflatae Beck (1890).

8 Brattee ovali. Corolla lunga 12-15 mm., all’esterno poco glandolosa o
glabra. Pianta generalm. robusta, + glandoloso-lanosa (4 dm.). Spiga
densa, cilindrica. Pezzi del calice liberi o rr. brevem. connati, ovali-lan-
ceolati, interi o con 2 denti acuminati, assai pit brevi del tubo corol-
lino. Corolla azzurro-ametista. Stami glabri o poco pelosi in basso e
presso le antere, che sono glabre o presso le suture peloso-lanose. Stigma
biancastro. Cassula eguale al calice o pit lunga. ©. Parass. sulle Com-
poste e Solanacee, rr. su spec. di alire fam.: Alto Adige a Merano, Basil.
@ Muro, Sic., Eolie (is. Panaria, Vulcano e Salina), Malta e Cors.;
2. Apr.-Giu, [Reg. medit. sino India Austral]. — O. cumana Guss. (1834)
— O. gallica Gren. (1838) — O. hispanica Boiss. (1839-45) — 0. bicolor

o Bert. (1844), non C. A. Mey. — O. Grenieri F. Schultz (1845).
7 0. cernua Loefl. (1758) 3002

— Brattee lanceolate. Corolla lunga 10-28 mm., all'esterno fortem. pe-
losa o lanosa. Scapo robusto, giallastro, fortem. ragnateloso-lanoso in

(' alto (14 dm.). Pezzi del calice liberi, ovali od oblungo-lanceolati, nel-

I 'apice o pitt di rado fino alla meta 2-dentati, a denti lanceolati o lesi-
niformi, uguali al tabo corollino o piit brevi. Corolla di un azzurro sla-
vato o quasi ametistino. Stami un po’ pelosi in basso soltanto. Stigma
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8-4-valve. ©. Parass. su

bianco-giallastro. Casgsula cilindrica, 2- o IT.
Artemisia campesiris nel Friuli (Brumati ex
assai dubbia e Sec. Gortani da escludersi, Cal. @

,\'!agg.~G£u. [ Austr. Germ. Russ. mer.-oT. Sib. mer.
8 0. caerulescens

Pir.), ma S§ec. Beck loc.
d Anoia (F. Pasquale).
Turkest. Cina Giapp.].
Steph. (1801) 3003

a. — 4. 0. Teucrii.

—8. 0. caryophytluce
0. reticulata-

aerulescens.
9. 0. alba. — 10.

8. — 1. Orobanche cernua- —2.0. ¢
a. — B. 0. sanguined. —

Fig. 1
a. — 6. 0. gracilis. — 1. 0. variegal

— 5. 0. lute

B) Angustatae Beck (1890).
Corolla angustam. tubulosa, tipicam.
gialla.stra. o giallastra, nel labbro super. © lungo
lacea o porporina, 2 lobi sempre glabri nel mar-
orporino od anche g) Minores

Corolla per lo pii ampiam. camps-
10

9 (1) Fi. piceoli, lunghi 10-20 mm.

biancastra, bianco-
i nervi spesso r08S0-Vi0
gine. Stigma rosso, violaceo-p
_ Fi. grandi, di solito piit lunghi.
pulata, diversam. colorata.
10 Linea dorsale della corolla curvatd alla base, mel mezz0 diritta ©
quasi, oppure (sez. Galeatae) concavd {rr. un po’ curvata), nel labbro
super. fortem. curvata od appianata. 11
Linea dorsale dells corolla == foriem. enrvata (rr. quasi diritts

a sez. Cruenta¢) dalls base al labbro super o talvolta gqui u»
13

giallo.

| nell

| po spianata. B
brescente o pelosngglandolosa, ma & peli non colorati me

| 12

i @ per lo piu inseriti soprs

11 Corolla gla
o. Pozzi del calice Per lo pitt

jnseriti sopra un
@landulosae 20

i piceolo tubercolo.
— Corolla peloso-glan
!
|

dolosa, & peli_colomti
Stigma rogso-porporin
interi o rr. 9-dentati.
.lillacina, concava ne

c

jun piccolo tubercolo.
| dorso © genera}m.

| liberi fino alla base,
12 Corolla tipicam. fosco

prov-




(D) Orobanchaceae (Boschniakia — Orobanche) 805

1. Infl glabrous; bracts widely ovate to obovate (width + = length), densely overlapping; corolla with ring of

hairsatbaseof stamens ..........................

................................. BOSCHNIAKIA

1* Infl hairy; bracts + lanceolate (width << length), little or not overlapping; corolla gen lacking ring of hairs

AL BRSO OF STAMIENE & uain s uavain e savs s arasd ol sa s s La\as

.................................. OROBANCHE

BOSCHNIAKIA GROUND-CONE

Per. glabrous. STS gen simple, ann, 1-many from corm-like thickening surrounding host root. INFL spike-like; bracts
densely overlapping, + ovate; pedicels gen <2 mm; bractlets on pedicel 0-3, narrow. FL: calyx cup-shaped, teeth 0-5 (vari-
able on a pl), 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 | per valve. 3 spp.: nw NA, ne Asia. (Boschnia-
| ki, Russian botanist) [Gilkey 1945 OR State Monogr Bot 9]

1. Infl < 3 cm diam; largest bracts gen acute, << 10 mm at widest point; corolla 10-15mm ............. B. hookeri

1* Infl > 3 cm diam; largest bracts gen obtuse to rounded, > 10 mm at widest point; corolla 15-20 mm

B. hookeri Walp. (p. 807) SMALL GROUND-CONE Pl 7-12 cm.
INFL 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;
< 300 m. NCoRO (1 site, Humboldt Co.), SnFrB (Mount Tamal-
pais, Marin Co.); to B.C. CA pls are among the most distinct from
B. strobilacea in their small size and pale color.

B. strobilacea

B. strobilacea A. Gray (p. 807) CALIFORNIA GROUND-CONE Pl
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 56 mm, * equal, lower lip gen spreading.
SEED * 2 mm. Open woods, chaparral, on Arctostaphylos or Arbu-
tus, < 3000 m. CA-FP (exc s SW); s OR; widely scattered, most
common NW, TR.

OROBANCHE BROOM-RAPE

Ann, per, gen glandular-puberulent above; root attachment sometimes tuber-like. ST simple or branched. INFL gen * spike-
like (lower fls often short-pedicelled or on short branches), gen dense; fls 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 long-
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. 140 spp.: worldwide, esp Medit. (Greek: vetch strangler, from parasitic habit) [Heckard 1973 Madrono
22:41-70]

I . Fls 1-20: pedicels long, scapose; bractlets on pedicel 0 (sect. Gymnocaulis)
2. Fls gen 5-20; st (peduncle + infl axis) > 5 cm; bracts > 6; upper pedicels < st; corolla lobes glabrous to

sofi-hairy, DRSS COIOEIEES: ... o v o icimme sioie min somimia s oiomminse woaTirbin wieneninoeie B1i8 £ Hr070 828 G188 08 800875 o 0. fasciculata
2’ Fls gen 1-3; st (peduncle + infl axis) gen < 5 cm; bracts gen < 6; upper pedicels > st; corolla lobes
miately ciliagte BRI VIOIEE - o o s s S s it st bt iiale s e s RS KA WA B e e 0. uniflora

1’ Fls gen > 20; pedicels 0 or short, not scapose; bractlets on pedicel 2
3. Branches at st base many, slender, yellow; infl open, fls becoming well separated; calyx gen 4-lobed, cut
deepest on upper side; agricultural weed (sect. Trionychon) ............ ... o iiiiiiiiiiiinn. 0. ramosa
3* Branches at st base few, stout; infl dense, gen remaining so; calyx 5-lobed, cut * equally or deepest on
lower side; native (sect. Nothaphyllon)
4. Infl and fls + dark purple (lighter in O. pinorumy); calyx gen 5-11 mm (=12 mm in O. cooperi)
5. Calyx divided to base on lower side; hairs of infl and corolla papillate, not glandular; root attachment
rounded, coral-like; gen on Adenostoma fasciculatum . ... ... ... ... 0 iiiiii i 0. bulbosa
5* Calyx divided + equally; most hairs of infl and corolla glandular, not papillate; root attachment not
rounded and coral-like (exc O. pinorum, sometimes O. cooperi); on various shrubs and herbs
6. Infl and corolla pale purple-tinged; corolla with a ring of hairs at base of filaments; root attachment
TOURded  COTRIEHRE 5 S 20 raties swin e el 8 S pr e s S W e e A NG Aala T a8 O. pinorum
6 Infl and corolla dark purple; corolla lacking ring of hairs; root attachment branched (rarely rounded,
coral-like in O. cooperi)

7. Infl 4-5 cm wide; corolla 18-32 mm, lips 5~10 mm; on herbs of Asteraceae; D ................ 0. cooperi
7* Infl 2-3 cm wide; corolla 12—-18 mm, lips 3-5 mm; on shrubs, gen inchaparral ................. 0. valida
8. Corolla 14-18 mm, hairy outside, densely so at sinuses, hairs 0.4-0.7 mm; filament base and anther
BAITY wialeics i ais ka2 lehe osiaiais 2 ovia 87 5o, o m miota b0 a\wist a8 ebbias ) et /ae ) avn i o= e | & Coimrs ssp. howellii
8’ Corolla 12-14 mm, puberulent outside, weakly so to glabrous at sinus, hairs + 0.1 mm; filament
hase and anther ZIABIOUS ... . ccovs coine ve oo sia mise mia wonim ain s ais wiaiisie n Bie/8 54 Bws s $oRes 5s ssp. valida

4’ Infl and fls gen buff to pinkish, corolla lips white to pink or lavender with darker veins (purple in
O. californica ssp. c.); calyx gen 10-20 mm
9. Corolla 15-30 mm, lips 4-10 mm, upper erect, lower spreading

10. Infl 3-4 cm, branched, forming a convex or * flat-topped cluster; anthers densely hairy throughout;

GB, adiacent CaR; SNH, B DMINS. . <o ccoins vmniss s e s siabisie saiams saimen vismies s sisam 0. corymbosa
107 Infl > 4 cm, of long, gen unbranched, + raceme-like units; anthers glabrous or hairy along dehisced margin

11. Upper corolla lobes acute, tips mostly pointed; bracts lanceolate, veins 3-3, inconspicuous; fls
short-pedicelled throughout; CA-FP (exc c&s SW) ... oot iiiiiiiiiniiiinaninnn. 0. vallicola




804 (D) Onagraceae (Oenothera) — Orobanchaceae

Open, gen sandy, gen urban, disturbed places; gen < 500 m. CW,
SW, DMoj; native to ¢ US, widely naturalized, but occurrences

scattered. Self-pollinated. PTH.

0. longissima Rydb. Bien, rosetted, minutely strigose; hairs
also gen long, spreading, with red, bristie-like bases, sometimes
some glandular. 8T erect, 6-30 dm. LVS: cauline 5-22 cm, narrow-
ly oblanceolate to + elliptic, subentire to dentate. INFL: spike. FL:
hypanthium 60—135 mm; sepals 2347 mm, free tips in bud 2-6
mm; 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
creosote-bush scrub, pinyon/juniper woodland; 1000—1700 m.
e DMins (New York Mins): to Colorado, AZ. [ssp. clutei (Nelson)
Munz] Gen cross-pollinated. ®TRY.

Q. primiveris A. Gray Ann, rosetted, minutely strigose, in infl
gen glandular; hairs also coarse, with red, blister-like bases or not.
ST gen 0 (sometimes erect or ascending, < 3.5 dm). LF 4-28 cm,
oblanceolate, wavy-dentate to 1-2-pinnately lobed. INFL: fls in
axils. FL: hypanthium 2072 mm; sepals 7-30 mm, free tips in bud
0; petals 640 mm, yellow fading reddish orange to purple. FR 10—
60 mm. 4-8 mm wide, lanceolate to ovate, straight, curved, or
S-shaped. SEED 3-3.5 mm, irregularly obovate to oblanceolate,
papillate, 1 side coarsely wrinkled in distal 1/2, 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, n Mex. 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
Mex. Gen cross-pollinated. ®TRY.

ssp. primiveris LF gen green. FL: petals 6-25(28) mm. Un-
common. Habitats of sp. D; to TX, nw Mex. [ssp. caulescens
(Munz) Munz] Self-pollinated. ®TRY.

0. pubescens Sprengel (p. 807) Ann, bien, rosetted, minutely
strigose; hairs also long, spreading, and gen some glandular. ST
decumbent to erect, 0.5-8 dm. LVS: cauline 2-8 cm, narrow-oblan-
ceolate to lanceolate or elliptic, pinnately lobed to subentire. INFL:
fls 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. ¢ DMoj
(Newberry Springs, San Bernardino Co.); to NM, S.Am. [O. laci-
niata Hill ssp. p. (Sprengel) Munz] PTH. CA pls possibly
introduced from AZ.

O. rosea L'Hér. (p. 807) Per, rosetted when young, minutely and
sometimes densely strigose (lower st sometimes also long-hairy).
ST decumbent to ascending, 1-5(10) dm. LVS: cauline 1.5-4 cm,
oblanceolate to elliptic, gen subentire to wavy-dentate. INFL: fls in
upper axils. FL: hypanthium 4-8 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 m. WTR; native o
TX. Mex, S.Am. Self-pollinated. PTH.

0. speciosa Nutt. (p. 807) Per, rosetied when young, forming

large patches from woody caudices and rhizomes, minutely strigose
(some hairs also longer). ST weakly ascending to erect, 1-5 dm.

OROBANCHACEAE BROOM-RAPE FAMILY
Lawrence R. Heckard

Ann, per, non-green root parasites; roots modified into absorptive structures; pl an erect, fleshy, mostly underground st (PSS
duncle) with terminal infl. LF: true lvs 0. INFL: spike, raceme, or panicle; bracts alternate, scale-like. FL bisexual; calyg
cylindric or cup-shaped. lobes 0-5, persistent; corolla + 2-lipped, lobes gen 5: stamens 4, epipetalous in 2 pairs (sometimes3
Sth vestigial); ovary superior, chamber 1, placentas gen 2—4, parietal, simple or lobed, stigma gen
funnel-shaped. FR: capsule, loculicidal; valves 2—4. SEEDS many, small, angled; surface netted.
temp. Sometimes placed in Scrophulariaceae. [Thieret 1971 ] Arnold Arbor 52:404—432]

LVS: cauline 2.5-8 cm, cblanceclate to + ellj
wavy-lobed. INFL: fls in upper axils; st tip noddif;
thium 10-23 mm; sepals 15-30 mm, free tips in budi#
als 25-40 mm, white fading pink or rose-purpleTRE]
widening upward (to 3-5 mm), 8-ribbed: stalk-Jik&
mm, 1.5-2 mm wide, cylindric. SEEDS clustered i €3
1-1.5 mm, obliquely oblanceolate, finely gran
14,28.42. Disturbed places; gen < 500 m.

c US. ¢ Mex. [var. childsii (L. Bailey) Munz]
Cross-pollinated.

O. stricta Link ssp. stricta Ann, bien, rosetted;
gose; hairs also long, spreading, some glandular. STyg
cumbent). 2.5-10 dm. LVS: cauline 6-10 cm, very/i
tic-lanceolate, gen slightly wavy, serrate. INFL: it
buds erect. FL: hypanthium 20-45 mm; sepals 14591
15-25 mm, yellow fading reddish orange, bases o
spot. FR 30-40 mm, 3-4 mm wide, + cylindric; !

toward tip). SEED 1.4-1.8 mm, widely elliptic,.p
Uncommon. Gen moist, disturbed places; gen < 50
native to Chile. PTH. e

0. villosa Thunb. ssp. strigosa (Rydb.) W. Dietri
807) Bien, rosetted, minutely strigose, esp in infl i
hairs also long, spreading, gen with red, blister-lik
5-20 dm. LVS: cauline 10-30 cm, lanceolate or!
minutely dentate. INFL: spike, open, few-fld; intermig
> fr. FL: hypanthium 25-40 mm; sepals 9-18 mmgt
reddish, free tips in bud 0.5-2.5 mm; petals 7-20, mm
ing duller to pale orange. FR 20-35 mm, 4-7 mm,
lanceolate, + straight. SEED 1-2 mm, angled, irregy
2n=14. Moist openings in forests; esp 500-2000 m
(Tehama Co.), CaRH (Plumas Co.), MP; to sw Can,}
(Rydb.) Mackenzie & Bush; O. biennis L. and O. hoo
A. Gray misapplied] PTH. #®TRY. -

0. wolfii (Munz) Raven, W. Dietr. & W. Stubbe (p. 807
EVENING PRIMROSE Bien, rosetted, densely minu

many hairs also with red, blister-like bases, some gla
erect. 510 dm. LVS: cauline 5-18 cm, narrowly lanceola
tic, wavy-dentate, upper dentate. INFL: spike. FL: |
30—46 mm; sepals 17-28 mm, free tips in bud erect, 13
als 13-23 mm, yellow fading reddish orange. FR 30-48
mm wide, narrowly lanceolate, + straight. SEED 1-2 mm3
irregularly pitted. 2n=14. RARE. Coastal sand, incl duniesi
roadsides, gen moist places (perhaps also inland); < 100 mizng
w KR (Del Norte, Humboldt cos.), e KR (Carrville, + 800 mijf
Co.): OR. [O. hookeri Torrey & A. Gray ssp. w. Munz}’
cult. -

0. xylocarpa Cov. (p. 807) Per, rosetted, grayish gres
short (on fl long, coarse), erect; taproot fleshy. ST 0. LF: mi
ment + round to oblanceolate, 26-62 mm; lobes few, gé
INFL: fls in axils. FL: hypanthium 27-45(55) mm; sepal
mm, tips not free in bud; petals 25-38 mm, yellow fadings
salmon-red. FR 35-90 mm, 7-11 mm wide, narrowly lans
curved, twisted, wrinkled. SEEDS in 1 row (or near base 2
per chamber, 2.4-3.2 mm, obovate; tip gen truncate,
wrinkled, papillate; 1 side with 2 small ridges. 2n=14. Gra¥
pumice meadows, Jeffrey-pine or lodgepole-pine/fir forests
3100 m. c&s SNH; w NV. Gen cross-pollinated. Locally con
#TRY;DFCLT. bt

2-4-lobed, gen bowl:
14 gen, 200 spp.:-€sE.



B06 (D) Orobanchaceae (Orobanche)

11" Upper corolla lobes obtuse, lnps rounded to blunt; bracts £ ovate, veins > 5, conspicuous; only 1g§

ﬂs pedicelled; SW,D ..... X

. Corolla 15-24 mm, lips -1—6 mm; calwt lobes gen 7-10 mm; CCo, SCo, Chl

l" Corolla 20-25 mm, lips 68 mm; cal_\t lobes 10-16 mm; TR, PR, DMoj

9" Corolla 20-50 mm, lips 10-14 mm, widely flaring (see also O. corymbosa for pls of SNH, GB) ..
13 . Corolla lips gen purple; calyx lobes, ped:ceis and bracts purplish, drying dark purple; coastal dun

and hills, NCo, n&c CCo

137 Corolla lips buff to yellowish to pinkish or purple-tinged; calyx lobes, pedicels, and bracts pale. o §

pink-tinged, drying brown; CA-FP, inland (exc ssp. grandis)

14. Corolla tube % stout, > 4 mm wide at constriction, abruptly expanded to form hump-back th_roat,

lips moderately recurved — s SNH, Teh, TR,PR,sSNE ...............ccoviiivnnnnn., L

14" Corolla tube slender below, < 4 mm at constriction, gradually expanded; lips widely recurved
15. Corolla 35-50 mm, lower lobes narrowly ovate, > Smmwide ................ccoovuun..

15’ Corolla 20- 3’*'- mm, lower lobes na.rrowly m'angular to oblung < 5 mm wide

places ................................
16" Pl 10-35 cm; st below infl gen > 6 cm; infl elongate, 5-20 cm; dry places

0. bulbosa G. Beck (p. 807) Pl 8-30 cm, dark purplish above-
ground, white-papillate, not glandular. ST ansing from round, cor-
al-like root attachment, stout, thickened at base, bulb-like, with
overlapping scales. INFL sometimes pyramid-shaped. FL: calyx
6-10 mm, tube cut nearly to base on lower side, lobes narrowly
triangular, 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. 2n=48. Openings in
chaparral, gen on Adenostoma fasciculatum; < 1700 m. s NCoRO,
NCoRI, SNF (Eldorado Co. s), SCoRO, SW; Baja CA.

O. californica Cham. & Schidl. Pl 4-35 cm, pale to dark purple
aboveground, glandular-puberulent. STS 1 or clustered, slender to
stout, branched below or throughout. INFL 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-puberulent, 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 Asteraceae; < 2500 m. CA-FP; to B.C., Baja CA. [O.
grayana G. Beck misapplied] Sspp. highly variable, intergrading.

ssp. californica Pl 5-27 cm, gen (dark) purple aboveground.
ST gen branched. INFL < B 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. [O.
grayana G. Beck vars. nelsonii Munz & violacea (Eastw.) Munz]
Intergrades with ssp. grandis in Monterey and San Luis Obispo cos.

ssp. feudgei (Munz) Heckard (p. 807) Pl 10-30 cm. ST gen
branched above, stout, INFL = flat- or round-topped; branches gen
< 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. 27=48. Dry washes, mtn slopes,
flats, on Artemisia tridentata; 700-2500 m. s SNH, Teh, TR, PR,
s SNE; Baja CA. [O. grayana G. Beck var. f. Munz]

ssp. grandis Heckard Pl 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.), ¢ SCo (Los Angeles Co.), n Chl (Santa Rosa Island).

ssp. grayana (G. Beck) Heckard Pl14-10 cm. ST branched or
not, 1-5 cm. INFL < 5 cm, convex to + flat-topped, few-fid. FL:
corolla 20-30 mm, tube gradually widening to 5-8 mm, lips whit-
ish to yellowish to pale purplish with lavender veins. 2n=48. Un-
common. Moderately moist meadows, stream margins, gen on Er-
igeron, Aster; gen 1200-1800 m. NCoRH, n&c SNH, SnFrB (s
Sonoma Co., + 60 m), MP; to WA. [O. grayana G. Beck var. g.]

ssp. jepsomii (Munz) Heckard Pl 10-35 cm. ST gen
branched, > 6 cm. INFL 5-20 cm. FL: corolla 25-40 cm, whitish
or pinkish to pale yellowish brown, tube gradually widened to 5-8
mm, veins gen purplish. 2n=48. Uncommon. Gen dry flats,
slopes, gen on herbs and shrubs of Asteraceae; < 2200 m. KR,
NCoR, CaRH, SNF, GV, SnFrB, SCoR. [0. grayana var. j. Munz]

Pls < 12 cm with flat- to round-topped infl on Hererorke
SCoRO have been called ssp. condensa Heckard:®
s CCo, s SCoRO, ¢ SCo, n Chl that key here are an i

0. cooperi (A. Gray) A.A. Heller (p. 813) PI'If
dark purplish aboveground, glandular-puberulent
sometimes a coral-like thickening. STS simple or
forming large clumps, stout, little enlarged at base.
wide; lower pediceis < 5 cm, upper 0. FL: calyx
> tube, triangular, acuminate; corolla 18-32 mm,
long-stalked, gen glandular, tbe lacking ring of
mm, upper lobes 6—10 mm, > lower, obtuse; anthers ge:
ma lobes 2, thin, recurved. 2n=24,48,72. Sandy fla
Asteraceae (gen Ambrosia, Hymenoclea, Encelia) (we
toes, DSon, in 1960s); < 500 m. D; to UT, AZ, B
ludoviciana vars. c. (A. Gray) G. Beck & latiloba Mu
described form (probably best a ssp.), 2n=96, with sma
lobed corolla and peltate, & bowl-shaped stigma occ
hosts, over range of sp. 1

O. corymbosa (Rydb.) Femis (p. 813) Pl 3-17 cm
ple-tinged aboveground, glandular-puberulent. ST: bi
tered, stout, gen thickened at base. INFL 3-4 cm, b
round-topped, few-fld; lower pedicels 5-30 mm below
FL: calyx 12-18 mm, lobes > tube, linear-triangular; com L
mm, sparsely short-glandular, lips 58 mm, purp].Lsh to p'
darker, upper lobes rounded; anthers woolly; stigma 2-
tate. 2n=48,96. Openings in sagebrush scrub, gen on
tridentata; 1200-2800 m. n CaR, SNH, GB, n DMms (B
Mms); to B.C., MT, UT. [O. californica var. co. (Rydb
Closely related to O. californica, esp ssp. feudgei.

0. fasciculata Nutt. (p. 813) CLUSTERED BROOM-RAPE
or clustered, 5-20 c¢m, branched or not. INFL: raceme,
topped, gen 5-20-fld; bracts > 6, glandular-puberulent; pediceis
15 cm, shorter upwards; bractlets 0. FL: calyx lobes 3-7 mm;
tube, deltate, gen + acuminate; corolla 15-30 mm, curved.
ing erect, yellow to purple-tinged, lobes rounded to narrowl;
anthers gen hairy; stigma 2-lobed, recurved. 2n=48. Dry,
bare places, gen on shrubs (esp Artemisia, Eriodictyon, Efg
num); < 3300 m. CA-FP, GB, DMtns; to Yukon, ¢ N.Am, n
[var. franciscana D.B. Achey; var. lutea (C. Parry) D.B. Achey] 2@
intermediate to Q. uniflora, gen on Galium, are scattered in CA

(esp w WTR, SNF, NCoR), s OR. ;

O. parishii (Jepson) Heckard Pl 5-26 cm, * yellowish white
gen simple, stout, glandular-puberulent. INFL: bracts narrowg}
ovate, with > 5 conspicuous, paralle] veins. FL: calyx 10-20
+ narrowly triangular, pale; corolla 1525 mm, buff to pinkish,
4-8 mm, lobes rounded, veins reddish; anthers glabrous to h:
Bare, sandy to rocky soils, gen on shrubs; < 2800 m. SNH,:
CCo, SW, W&I, DMmns; Baja CA. [O. californica Cham. & S¢
var. p. Jepson] s
ssp. brachyloba Heckard (p. 813) SHORT-LOBED BROOM-RAF
P1 5-18 cm. INFL 3-8 cm. FL: calyx lobes 7-10 mm; corolla 1 3
24 mm, lips 4—6 mm, erect or slightly spreading; anthers gen glag
brous; stigma lobes gen narrow, recurved. 2n=96. RARE. S
soil near ocean, on shrubs such as /socoma Menziesii; < 300 m3
CCo, SCo, Chl; Baja CA.

k



538 (D) Cucurbitaceae (Marah) — Cuscutaceae (Cuscula)

3+ Mature fr and ovary oblong or ovate, gen not tapered to a beak, not striped green, prickles + dense, stilf;
seeds gen > 6, ovate or oblong, sometimes flat at 1 end; SNF, SW, D
4. Corolla deeply cup-shaped; seeds very flat at 1 end; c&s SNF, T o Sasrad Sassavlda nar o AT SR M. horridus
4 Corolla shallowly cup-shaped; seeds not very flat at either end; SW,DSon .. ....covueneeres M. macrocarpus
5 . Staminate fls 813 mm wide: seeds 15-20 mm; MAIANA © oaos enems mansE Sawiai T Var. macrocarpus
5¢ Staminate fls 14-30 mm wide; seeds 20-33 mm; ChI o oan vinieei mbiimos moy e, i 1S Al m=is2s s slocs var. major

M. fabaceus (Naudin) E. Greene (p.543) CALIFORNIA MAN-ROOT oblong, or ovate, angled at tip or not. 2n=32,64. Washes, shrubby
Herbage gen not glaucous. FL: corolla rotate, yellowish green, — or open areas; < 900 m, SW, DSon; Baja CA. :
cream-colored or (esp inland) white. FR 4-5 cm, + round; prickles ! .
- sparse to dense, < 12 mm, * stiff, unhooked. SEEDS 2-4, 18-24 var. macrocarpus FL: staminate 8-13 mm wide. SEED 13-
mm, ovate to oblong, + flat on sides or not. an=32. Streamsides, 20 mm. Habitats of sp. SW mainland, DSon; Baja CA. :

washes, shrubby and open areas; < 1600 m. CA-FP (excn NW,n ) . ) = :
CaR). Highly variable; pls outside SnFrB and CCo are assignable _ Yar. major (Dunn) K.M. Stocking FLC-:;:HHNNC 14-30 mm
o va. agrestis (E. Greene) K.M. Stocking (fr prickles flexible, <3 wide. SEED 20-33 mm. Habitals of sp. ‘-0 Larger, but much
mm: seeds gen 2-3, not flat on sides), which intergrades + com- like var. macrocarpus; more study warrancc. K
gtgw:lé ‘f;‘_hzﬂ“nglj considered var. f; more study needed. #DRN: M. oreganus (Torrey & A. Gray) Howell (p. 543) COAST MAN: -
e Apifeh rooT Herbage not glaucous. FL: corolla deeply cup-shaped
M. horridus (Congdon) Dunn (p. 543) Herbage not glaucous. “"‘}“e- FR 4-8 cm, ovate, tapered to a beak, gen striped dark green
FL: corolla dc:t:plyg cupAshapcd.Pwhile. FR 9-20 cm, oblong, prickles sparse to dense (gen 0 at tip), flexible. SEEDS gen 3-6,
rounded at both ends; prickles dense, stiff. SEEDS gen 6-16(24), 16-22 mm, disc-shaped, + flat. 2n=32. Shrubby or open areas,
2632 mm, oblong or ovate, very flat at 1 end. Shrubby and open forest edges; < 1800 m. NW, SnFrB; to B.C. ;
areas; < 1000 m. c&s SNF, Teh. M. watsonii (Cogn.) E. Greene (p. 543)
M. macrocarpus (E. Greene) E. Greene (p. 543) Herbage not corolla deeply cup-shaped, white. FR 2-3.5 ¢
glaucous. FL: corolla shallowly cup-shaped, white. FR 5-12 cm, striped dark green; Pnddis + 0 to dense, flexible, often hooked:
oblong, gen rounded at both ends (sometimes with sharp beak); SEEDS 1-4, 11-14 mm, * round. Svh"-‘bb)' areas, forest edges;
prickles + dense, stiff. SEEDS gen 4-12(24), 13-33 mm, * round, 1200 m. NCoRI, CaRF, n SNF, ScV.

CUSCUTACEAE DODDER FAMILY

Tania Beliz

Ann, parasitic vine. ST twining, * thread-like, yellow-green to bright orange, gen glabrous. LVS O or scale-like, +2 mm, g'}e_
triangular to lanceolate. INFL: cyme or cluster (rarely fls solitary), gen head- or spike-like, axillary, sometimes bracted. '1' 5
bisexual, radial; calyx gen persistent, lobes gen 4-5, gen overlapped; corolla gen deciduous, < 6 mm, mostly white, tube '-‘-‘"
appendaged opposite stamens, lobes 4—5; stamens 4-5, alternate corolla lobes; ovary superior, chambers 2(3). 2-ovuled i
styles gen 2, stigma gen 1 per style, gen £ head-like. FR: capsule (circumscissile or irregularly dehiscent) or berry-like::
genus, + 150 spp.: esp Am trop; some crop pests. Sometimes incl in Convolvulaceae.

CUSCUTA DODDER
The only genus (Arabic: ancient name)

C. califo

1 . Corolla appenddges =01 MM . .oossreemnsnnmnrnnsonesnsesssnssnsns st 20t 07 0
var. apicul

3. Ovary and fr COMIC, IOP BCUIE . . .« .vuvsensossnmnassssrrassss s ss o f s arm T T
2¢ Ovary and fr obovoid, top depressed B -
3. Perianth papillate . .....cocicnossemsarinnasenenarans var. papillosa
3" Perianth not papillate ke
4. Corolla bulged out bEIWEEN STAMENS . ... .vonzsnssnssesessssrre s it s i m 7
4* Corolla not bulged out bEfWeen STAMENS . . ... .oosennssessssssnrssnsrsnsn s s mnimannss

T

S, SEMACYHNANC ..« .ovonesenconseusnvnrmesnsasrnssuansensiommnoentsinraratns
o 5’ Stigma * head-like
C F 6. Corolla shallowly bell- to urn-shaped, tube + shorter than wide
7. Corolla appendage divisions gen O-few, knob-like ......cucersanecinienananenaane
7¢ Corolla appendage divisions few—many, finger-like
8. Ovary and fr top unthickened .. .ec-vioseoanssssansssaiansse
8¢ Ovary and fr top thickeried .........oqoeemmmrrenseesnes
9. Pedicel and calyx not papillate ..... B e e s e AR AR S R

9’ Pedicel and calyx £ papillate . .........ceasennnninenanannsas st EEEEE T
.11 tared tnke longer than wide

: Jamenis, corolla lobes < 1o > tube

L1 festanth parts obtuse, glaud-dotied, not papilla&;; corolla appendage divisions few, scattered, finger-like; 28
nedr SRS, TIVEIE BIKES & occssassswsrasosananabsi fugasaeuasnsrrese et darens C. cep:




119. ASTERACEAE (Compositac)

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

T. castellanus Levier in Leresche & Le-
vier, Deux Excurs. Bot. 26 (1881)
T. stenophyllum Jordan, Obs. Pl. Crit.

7: 42 (1849)

Anuales o bienales, con raiz gruesa fusifor-
me. Tallos de 30-60 cm, simples o ramifi-
: cados. Hojas lineares, ligeramente ensan-
i Pastizales y zonas abiertas sobre chadas en la base, glabras; las caulinares de
%‘f:‘ngf;:ff;;mﬁm bisicos, ente 6-10 mm de anchura en la base. Pedincu-
. o frecuente. Siera o5 ligeramente engrosados en la zona api-

A

A
.

TP A el AR LT, R

e e A

] Norte cordobesa, Subbética

£ cordobesa, Grazalema. cal. Involucro con 5-7 briacteas. Bricteas in-
Distribucidn general. W de la Region ~ volucrales 1,5-2 veces mas largas que las
Meditcrrinea. . ligulas. Ligulas purptreas. Brazos estilares

amarillos. Aquenios de 36-40 mm, muricados
longitudinalmente, con pico de 17-26 mm,
tetrdgono y marcadamente ensanchado en
la parte superior. Vilano de 23-30 mm, plu-
moso. 2n = 12. Florece en Mayo.

68. Chondrilla L., Sp. PL 796 (1753) [Gen. PL., ed. 5: 348, 1754] (*)

Hierbas bienales o perennes, caulescentes. Hojas alternas, de enteras
a pinnatifidas. Capitulos generalmente sentados, formando una pani-
cula espiciforme. Involucro cilindrico, con 2 filas de bricteas. Bric-
teas involucrales externas mucho mds cortas que las internas. Recep- | / |

ticulo plano, glabro, sin bricteas interseminales. Ligulas amarillas. W
Aquenios con numerosas costillas y con pico muricado en la parte su- i !
perior y con una corona de 5 escamas entre el cuerpo del aquenio
y el pico. Vilano formado por pelos simples.

1. Chondrilla juncea L., Sp. PL. 796 (1753)

Tallos de 40-80 cm, generalmente rami-
ficados desde la base, glabros o con pelos
rigidos en la parte inferior. Hojas basales
oblanceoladas, pinnatifidas; las caulinares
lineares, enteras o dentadas, semejantes a
las bricteas. Involucro generalmente con
indumento farinoso. Bricteas externas ova-
das, de 6-8 veces mds cortas que las inter-
nas; las internas linear-lanceoladas. Ligulas
Bocdes de caminos, campos incultos, oo tubo de 3-5 mm y limbo de’5,5-8 mm.

neralmente sobre suelos basicos. 2 f
f,,cuy comiin. Todo ¢l territorio. Brazos estilares amarillos. Anteras de 3,5-

 Distribucidn general C y § de 4,2 mm, amarillas. Aquenios de 6-9,5 mm,
Eutopa, NW de Africa, W y SW de con pico de 2,5-5 mm. Vilano de 5-6 mm.
ha; 2n =15, 30. Florece y fructifica de Junio a

Agosto (Septiembre-Noviembre).

(*) Por S. Talavera
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S. latifolia subsp. alba (Miller) Greuter & Burdet

Lychnisalba Miller: L. arvensis . Gaeriner, B Meyer & Scherb.: 1, pratensis Rafn; L. vespertina Sme.: Melandrinm album (Miller) Garcke:
M. dioicum (L) Cosson & Germ subsp. album (Miller) 1. Live: M. pratense (Rain) Rihling; M. vespertinum (Sm. ) Fries; Silenc alba (Miller)
E.H.I1.. Krause, non Muhbl. ex Britton: S pratensis (Rafm) Godron & Gren.
Nomenclatwre, W, Greuter & 1. Raus (eds.), Willdenowia 12 (Optima Leall. 1275 189 (1982).
Diplotd with 2n=24(Br, Bu, Cz, Fe, Ga, Ge, Gr. Ho. It, Ju, Po): Fl. Eur.; V. Sorsa, Ann. Acad. Scient. Fenn. A TV 58: 9 (1962);
M. Skaliniska et al., Acta Biol. Cracov., ser. Biol. 9: 37 (1966); Madjovsky et al. 1970 a: 17 (all three as Melandrium album);
J-N. Findlay & J. McNeill, Taxon 22: 286 (1973) (as Silene alba); 1. W.]. Gadella, Proc. K. Nederl. Akad. Wetensch., ser. C 76:
304 (1973); S.I. KoZuharov & A.V. Petrova, ‘T'axon 23: 377 (1974) (as S. alha); B. Kieflt & J-C. van Loon, Taxon 27; 524 (1978);
.C. van Loon & B. Kielt, Taxon 29: 538 (1980) (both as . alha subsp. alba); G. Natarajan, Taxon 30: 698 (1981 )i A. Strid & R.
Franzén, Taxon 30: 833 (1981) (both as §. alba); Uotila & Pellinen 1985: 10.
. Nates. Al, Au, [Az], Be, Br, Bu, Co, Cz. Da, Fe, Ga, Ge, Gr, *Hb, He, Ho, Hs.
{E), ?Sa, Si, Su. "Widespread™ (FL. Eur.). Presence in Sa doubtful, accord
(eds.), Willdenowia 14 (Optima Leafl. 140): 47 (

Hu, It, Ju, Lu, No, Po, Rm, Rs(N, B, C, W, K,
ing to Pignatti FI. 1982: 252, and W. Greuter & T. Raus
1984). Not mapped separately.
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Silene noctiflora L. — Map 1182

Elisanthe noctillora (1.2) Rupr.; Melandrivm noctillorum (L.) Iries

Diploid with 2n=24(Cz, Su): FL. Eur.; Mdjovsky et al. 1970 a: 17: L. Frey, Fragm. Flor. Geobot. 17:
Melandrium nocliflorum).

Nates. Cr and Hs omitted (given in FL. Eur.}: W. Greuter, Mem. Soc. Brot. 24: 155 (1974). Gr added (not given in F1 Eur:).
Only as a casual in Is ([Is] in Fl. Eur.). Not native in Rs({N) (given as native in FL. Eur.).

Total range. MJW 1965: 140c; Hultén Alaska 1968: 444; A. Zajac, Origin Archaeoph. Poland, p. 32 (Krakow 1980).

252 (1971) (both as

Silene latifolia Poiret — Map 1183.
Lychnis alba Miller; L. arvensis P. Gaertner, B. Meyer & Scherb.; L. divaricata Reichenb.; L. macrocarpa Boiss. & Reuter; L. pratensis Rafn;
L. vespertina Sm.; Melandrium album (Miller) Garcke; M. balansae Boiss.; M. boissieri Schischkin; M. dioicum auct. pro parte, non Lychnis
dioica L.; M. divaricatum (Reichenb.) Fenzl M. eriocalycinum Boiss;; M. latifolium (Poiret) Maire; M. macrocarpum (Boiss.) Willk.;
M. marizianum Gand.; M. pratense (Raln) Réhling; M. vespertinum (Sm.) Fries; Silene alba (Miller) E.H.L. Krause, non Muhl. ex Britton;
S. pratensis (Raln) Godron & Gren. — Excl. Melandrium astrachanicum Pacz. and M. glutinosum Rouy
Generic delimitation. J. McNeill, Canad. Jour. Bot. 56: 297—308 (1978).
Nomenclature. J. McNeill & H.C. Prentice, Taxon 30: 27—32 (1981).
Taxonomy. Concerning infraspecific differentiation (pollen morphology), see H. C. Prentice et al., Canad. Jour. Bot. 62: 1259—
1267 (1984).
Notes. [Az] added (not given in FI. Eur.): A. Hansen, Anuirio Soc. Brot. 41: 46 (1975). Cr omitted (indirectly given in FL. Eur.):
W. Greuter, Mem. Soc. Brot. 24: 139 (1974).
‘Total range. Hegi 1979: 1134
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Vi ” / 4 / / e / a
A S
-8/
F' ; -\7;.; Sy

T B etV D

o 3 iz

Silene noctiflora
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112 SCROPHULARIACEAE [T77 Pedicularis

(1887) = P. Kerneri )< tuberosa Qhenev. (1910). — C. Tic. (4. Ribbia, V. Tre-
mola, M. Generoso) e V. d’Ossola in V. Formazza.

P. cenisia 3< tuberosa = P. Rouyana F. (0. Wolf (1902). — V. d’dosta al Bronillot
di Cogne.

P. cenisia <X rhaelica = P. Mantzii Bonati (1912). — V. d’dosta in V. di Cogne.

P. cenisia < rostrata = P. Vaccarii Wilcz. (1903). — V. d'Adosta a Valnontey.

P. cenisia X< verticillata = P. Mailleferii L. Vace. et Wilcz. (1908). — V. d’Aosta
a Valnontey

P. rhaetica >< cenisia = P. Martellii Bonati (1911). — Alpi piem. al M. Cenisio e
fra Candore e la Colombara.

P. tuberosa X gyrofiexa Bég. (1902) = P. Verloti et P. gyrofl. >< tuber. Arv.-T.
(1873). — Trento a M. Gazzo, C. Tic. al M. Generoso.

P. gyroflexa >< tuberosa Penzig (1853) — P. tuberosa >< fasciculata Bell. (1857) =
P. incarnata > tuber. Caruel (18856) = P. Penzigi Stein. (1887). — C. Tic.
al M. Generoso e S. Gottardo, Aosta a Gressoney, Alpi Mar. al Pizzo d'Ormea.

P. gyroflexa >< leptostachya Bég. (1902) — P. Kerneri et P. gyroflexa >< elongata
Huter (1873). — Bellun. sui M. Serva e Pavione, Trent. in V. di Non sul
M. Roen.

P. leptostachya < gyroflexa n. comb. = P. veneta et P. elongata >< gyroflexa
Huter (1878). — Bellun. sul M. Serva.

P. gyroflexa > cenisia = P. pedemontana F. O. Wolf (1903). — V. d’dosta in
V. di Cogne sul M. Brunillat a 2200 m.

P. recutita 3< tuberosa = P, Huteri Kern.(1870) = P. murithiana et P. tuber. 3 recu-
tita Arv.-T. (1880). — Trent. a Campagnazza di S. Pellegrino, Gr. S. Bernardo.

P. rosea > rostrato-capitata Bonati (1918) — P. Hausmanni et P. rosea >< rostrata
Huter (1883). — Friuli occ. sul M. Boscada (m. Garofala) fra Cimolais ed Erto.

Fam. CXIII. OROBANCHACEAE.

(Gen. 11, spec. 160 circa, per la massima parte dell’Bur., Afr. bor, As. extra-
trop. ed Am. bor. e mer., poche fra i Trop.)

Proprietid ed usi. — Hanno proprieta astringenti ed amare, ma ora non si
usano piu. Alcune spec. sono assai dannose alle piante colt. sulle cui rd. vivono
parassite.

Chiave dei generi,
1 Rz. nullo. Corolla a labbro super. 2-lobo o 2-fido. 778 Orobanche
— Raz. ramoso. Corolla a labbro super. intero o smarginato. 779 Lathraea

Gen. 778. Orobanche L. (1735) (1).
(Spec. 120, delle Reg. temp. e calde bor, 1 del Chile ed Austral. occ., 3 nat.
a1 Capn di B. Sp.).

rtinals latarali, Calice 4- pit rr. 5-dentato. Sez. I. Kopsia 2
valice di 2 pezzi distinti o brevem. saldati, bifidi,
ir. interi. Sez. II. EUOROBANCHE 7

curatam. elaborato, nella Flora Anal., dal Béguinot sulla

v del Beck: Monographze d, Gatt. Orobanche, in « Bibl. Hot » n. 19, Cassel 1890

h# qui non subisce modificazioni sostanziali, all'infuori della riunione del
d ron Orobanche.
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PLATE VII

sirnre Handbook No. 30, U. 3. Deot. or Agricuiture PLATE V Agriculture Hanuboax Na. 3, a3, U.nv". ol Agricuiture

Grrimineae (100=1081

Graminese (121-138)

21. Panicum ancepa 127, Panicum dichotouti-

2, Panicum nntidotale farum

m hergii icum fasciculatum

m brachyanthum 129, Pantram gattingeri

3. m capillare 130, Panicum hillmani

28. Panicum capillare var. 131. Panicum huachucae
necidentnie 132. Panicum mazimum

&2

. Panicum rirgatum




Polygonaveas 12

44=2450. Chenopaalineene  (245-3

204
4 235
Criplex patule var. hus
tatu 204
cAmmiples rosea
. Atripler truncatn 237
0. Aryrin amaranthoides 2OK

Baxxia huxsqpifolia

T
261

Corispermum villosum
Cyrloloma atriplici-
Jolium

Amaranthacene 12670

depresan « Don

rafus

¥
]

x itlhs

. tenu.

retro-

Amaranthucene (2481, Ny
Porruiacacege 2

A llianin nye
« Trianthema purtui \
i _._.____ haluxe (8,

ol g mn

o i graminey
5. Ntellaria medin
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171 Maa spp. Shape and
pubezcence of paleas

w. P. pratensix
h P. trivialis

. P. nemoralis
i P
e P
i
9. P
h P
i P. juncifolin

Agncuiture Handbook No. 30, L. 3. Dept. ot Agricuiture

Setaria Jaberi
Setaria geniculata
Netaria grisebachii

lutescens |
! macrogtachya b 181, Netari  italica 1 Come
. Setaria magna mo
8. Setaria rcerticillata 181, Setarta  italica o IIun-

. Setaria viridix

(Ler-

. P atenantha

(Whire

85 Norghuwm halepenxe

105

Nhr we vilgare e

N culgare 1 Fete

N m rulynre
Bro rm

Nbipa v ta
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Gramineae (19620081,

243 %"

Cypera

welinneear (215-2161, :
) ’ _ 225), Urtlcacene (226).

Polygonacene 12 ¢ )

oo h-
. Rumer acetonn

. Kumer acetoxella
Rumer altisximny
. Rumer conglomeratus

so0. Palygenum artenlare
Isfogenes
2an, Polygowwm convalrulivn
. Polygonum ._.*.?:__:._E...

Brodiuea yramd
. Muscari comosum

nlin wmnalix . Sinyrinchium sp. . Polygonum ltapathi- , Kumer rrispus
wtjlin batd: "n- Cannabia satira folium 240, Rumez obtuxifoling
fanu Urtica divica 3. Polygonum peraicaria 241. Rumez acvidentalin
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2. Spergula arrensix am
la pentandra

canadensis
n consulida
um menziesii

. Ranunculus bulbosus

yophyllacene (292-203), Ranuncnlacese (294-304). Papaverncene (205-308,
Fumarfaceae (5001, Cruciferne (310-313)

. Papaver zomni

Agriculture Handbook Ne, 30, U. 5. Dept. of Agriculture PLATE XVII

ctrum 8p.
choltzie califor-
nica

m:.._... Brassica oa X i
" L

i~

%
843g78

Cruciferae (318-339)

316, Brasgica junceo 524. Chorixpura tenella 333, Lepidium latifolium

317. Brassica kaber (B. ar- 125. Conringia orientalis A4, Lepidium rirginicum
rensis) 326. Eruca satira Neslia paniculata

318. Brassica nmapus var. 327, Eryximum agperum Kaphanus raphanistrum
biennis A28, Erysimum chedran- . Raphunus sativus

310. Brassica nigra thoides Rapistrum rugosum

320, Camelina microcarpa 320, Erysimum inconspicuum Kovippa austriaca

A21. Cameling sativa (E. parviflorum)

330. Hirschfeldia incana
(Brassica adpressia
(17 YT 0 N s L Y N N T Y O
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Leguminosae (BGA-IRT
Cruciferae (340-344), Resedacene (340), Rosaceae (346-352), Leguminosae A
i1} a
Cawxin nictitans o spectabilis fera hirsit
monapelienwix 356, Alyxicarpux r qn..._n._..q__ ,““..w‘q_ tetragonnio- » aphace
w57, Anthyllix v cor arietinuim
. Axtrugalus .
rha annua Aatragalux eicer
rba mwinor Antragalux fal
Adenmia mu{ 'O Aatragalus fer vin lanerolata
irginica mucronate ruin coronarion
striatay xefgin xp.

Thianpi arrense
5. Rexeda lutea 0.
. o St (Seumo s, il ol Seprpiatali




Euphorbigvene +4$84—488),
Violaceae (503), Loasaceae (506-50
484, Fuphorbia dentata 493. Malva parviflore
185, Euphorhbia helioxcopio 404, Malva rotundifolia
tnt. Ewphurbin marginata 405. Malva sylvestria
487. Euphorhia nutansg 496. Yalrastrum coroman-
188, Fuphgrhia supina delionum
489. Abutilon theophroxti 407, 8Sida hederacea
401, Althaea hirsita 408. Sida spinosa
491. Hiblscua trionum 490, Sidalcea campeatr

102,

-
-

504 . '

Malvca moschata

Dept. W Agricuiture

. Sidalcea henderaon..”

7)

PLATE X X'/

Malvacene (485-502), Stercullaceae (503), Hypericaceae (504),

. Bidopsis hispida

. Sphaeraicea coocinea
3. Melochia corchorifolia
. Hypericum perforatum
. Viola tricolor

. Mentzelia albicaulis

. Mentzelia dispersa

Agriculture Handbook No. 30, U. 5. Dept. of Agrieniture

Loasaceae (508), Lythracease (509), Onagraceae (510-320).

508. Mentzelia nuda 518. Oenmothera biennis
509. Lythrum hyanopifoliac 510. Oenothera laciniata
310, Boisduralia denssflore { Raimannia laciniata)

511. Boiaduvalia atricta 520. Oenothera perodiana
512, Gaura coccinea * 521, dethusa cynapium
513. Geura odorata 522. Ammi majus

514. Goura sinuata 528. Ammi visnags

515. Raure rillosa 524. Anthriscus syireatris
31 ydetia teneila 525. Apium ammi
uum.f\ha.n_.n..n alternifolia 526. dpium segetum

PLATE XXV

Umbelliferae (521-531)

527. Bumium  bulbocastrum
(Carum Dbulbocax-
trum)

528. Bupleurum protractum

529. Bupleurum rotundifo-

© lium

530. Buplewrum fenuissimum

531. Carum carci
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¥ Agriculture

Umbelllferane (532-540), Primulicene (541), Apoeynacene (542-3543), Convolvulacene | 336-5i 1=567 1, Hydrophyllneene (5681,
Asciepindaceae (344-348), Convolvnlacene (549-555) z

. KEeliwm vulgare

Cuncata planiflura

532. Chaerophyllum sp 340. Torilis nodosa 548. Gonolobua laevis / !
533. Cicuta maculata 341, Anagallis arrensix 549. Convolrulus arrenxis Cuserta cpithym iom i ::.h.__i_.:zz-_.. CHTANRATT
544, Comium maculatum 542. Apoecynum andromixae- 550, Convolrulus sepium 1 . Cusewla epilinon e o “-..:u_ Teiteins
5:35. Daucua carola folium 551, Dichondra repens Cunewta iudevara ata. Helistropinm
536. Palcaria ririni 543. Apocynum cannabinum 552. Ipomoea hederaceo u Cuxenta pentagona o g ARt
537. Petroselinum horténge 544. Asclepias mezicana 3. Ipomoea purpurea Cuxenta rocemoxa v qry S, i . Lappula et _‘z_q.. ._3::
(P. erispum) 545. Adaclepias galioir 584. Ipomoea pandurata ehiliana Lin i imterniedia . lappula ...-.1:: D
538. Pimpinclla sazifraga 548. Asclepias ayria 5655. Jacquemontia tamni- : ‘unenta gronavii . Amuinekin tesselota JTH. Lithospermum Uiy
& i N S e aroen mhens ST Munmofis are

allamia frueilie

o oo  KOn Taniil, amthefanus. . RUAT _Japlonios tubsedo s . o garpe 0 - o o e
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64

Serophulariuceae [ G28-6311, Pedalineear

§28 Verbascum rthapsux
§20. Veronica agrestix
B30, Veromica arcensik
#31. Veronica peregring

Rublacene 1845-6301. Ca

. PMlant r

832, Seadinum orientale . Plantugo

6:13. Plantago major elongati)

644, Plantago rugelii W42, Plantage hirvtel’
- = abii Plgntggo “._E._.____.hn 648, Plantago corong }

S s s skt it O80T am

C Plantaginacene (Bii-ta40
lncene (651)

140,
141,
64T,
148,

symphoricarpoa acci-
dewtalis

AR Ak b A S Ak am B 2 S

[
KOl

Agriculture Hanabooi No. ¥, U, 3. Dept. of Agriculture i PLATE XXX I

654, Valeriancila er
#55. Cephalaria transyl

nica
6510,
a57.

53-A0%1, Campanulacene (6591, Lobellucene (660).
tue (GB1=06T5)

GRK., Anthemia tinctoria

#649. Aplopappux ciliatux
( Prionopaix ciliata)

6470, Arctium lappa

$71. Arnoscria minima

1 perfolinta

Am puiluntachya #72. Brouneric anguatifolia
. JAmbroxia trifida G732, Carduus crixpus
Anthemix arvenxis 874, ("arduus aconthoidex
L Anthemis cotuln 415, Carduux mucrocephalix



Cordiuns  pyenscephalis

. tavthamus tinctorins

. Centanred caleitrapa
entaurea CHANUN
iberica
jacen
(‘entanrea maculosa

3. Centawrea melitensis
iNd., Centaurea  picrin (C,

repens )

Compositae 1676-6901

KRG, Mentanrcea seabiosi
KRG, Ceutawrea solstitinlis
WKT. Centromadin sp.

GRK, Chondrvilla juncea

GRYO, Chrysanthemum Ieuean

themum

i, Cichorigm intybus
801, Cirsium arrvcnse
0692, Clirsinm rulgare (7 lan

erolatum ) L
S

. Crepis capillarix . Galinkaga purvifora

. Grindelia squarro=n
2, Helianthux
S, Hellauthus

rechtites hieracifolia
Frechtites preman-

Erigeron anmuis
Erigeron canadenxis

Franxeria discolor ,.. Hypuehaerie radicata

Composirae o T=T24)

O, (ra cilintn

ITva runthifuiia

C Laetuea canndensis

2. Luetucn arinla  var,
integrifolin

Lactuen pulehelln

Lap=an COmpHNiA

5. Leontodon autwmnalix

" Leontudon wwdivaulis

Hemizonia

g arillaris

Vadin glumerata

. Matricaria inodura
. Pierin echioiden
Plerix hicracioides
Ratibida columnaria
Rudhbeckia hirta




Passato usatg come to,

fosco-rossastri o porporino-
sate. Fi. poligami
langa 6-19 cm., fi
e bratbeole;
rudimento d’ovario nej fi. masch.
allungato, scanalato, con stimma ¢
C€0, con perigonio e stily persisten
di varie piante : Basil. or., Sic.,
isole ; 2, Apr.-Magyg. [Spa. Creta Palest,
— Volg. Fungo di Malta,

283 Viscu m |

37T LORANTHA CEAE

339
B Fg. larghe 5-15 mm., quasi lineari, spesso falcate,
bianca) a maturitd, ovoidea. Seme come nella v. Adietis. — Parassita sui

FPinus silvestris, Laricio e Pinaster, pite rr. su Picen excelsa e Juniperus
Oxycedrus : Friuli, Veron., Trent., Brese., V. d’Aosta, Nizz., Cal., Etna e

Cors. (Rur.). — V. austriscum Wiesb. (1883) — V. album v, hyposphaero-

P sperm. f. angustifolium R, Kell. (1905). T LAXUM (Boiss. et REvT., 1842)

Bacea giallognola (rr.

Gen. 284. Arcenthobium M. B, (1819).
{Spec. 10 circa dell'Emisf. bor. e specialm. Am. bor, e Messico).

Arbusto ramosissimo, articolato, dall’aspetto di una Salicornia, di 1 dm.

al pit. Fg. ridotte a 8quame friangolari, saldate in breve guaina. Fj, dioici :
i masch. 1-3, giallognoli, sessili nelle ultim

a; 1
2-partito e stimma quasi
nella primavera successiva,
& distanza il seme avvolto
rami vicini. ¢. Parassita sui
2. Genn.-Lugl., Seit. [Bur. mer. Caue. 4s. occ.
— Viseam DC. (1805},

A. Oxycedri M. B. (1819) 940

femm. terminali, pedicellati,
sesgile. Bacea ovoides

o che lo fa aderire ai
Juniperus : Istria e Cors. ?;

e centr. Afr. bor. Am. bor.].

Fam. XXXVIIL BALANOP]IORACEAE.
(Gen. 14, spec. 35 circa, la ma

ggior parte delle Foreste
mer., 1 della N. Zelanda e la nost

trop., poche dell’Afr.
rale).

gente nelle diarree.

Gen. 285. Cynomérium L. (1785).

(Spec. Unica).

Rz. ramoso o 8quamoso, da cui nascono dej grossi fusti carnosi (1-2 dm.),

nerastri, pur coperti di Squame ovate ed appres-
» i 8piga simile ad uno spadice, densa,
ormata da piccole cime
perigonio a 4-6 (rr, 1-8) pe

ob]uugo—c!avat.a,
contratte, accompagnate da brattee
zzi, lineari-clavati. Stame unico, con
Ovario infero o semiinfero, 1-ovalato ; stilo
roncato-ottuso. Achenio a pericarpio coria-
ti. 3. Spiaggie arenose, parassita sulle rd.

Malta, Lamped., Sard. ed alcune piccole

Arab. Pers, Songaria Afr. bor.]. —
C. coccineum I, (1763) 941

Fam. XXXIx%, CYTINACEAE.

(Gen. 7, spec. 22 circa dell’Eur. mer.,

Afr., Am. temp. e trop. ed As. trop.).
Proprieta ed usi.

— Il succo spremuto dal

Cytinus Hypocistis - & stato in
nico ed astringente.




— 152 — - (131)

Var. pinnatifida Coss. Cat. T'un. 50.

Hab. : Orap. Saida, prairie rocheuse, alt. ca. 900 m. 10 mai
(o. 153).

DIPLOTAXIS DC.

D. virgata DC. Syst. 1L. #31.

Form inter f. brachycarpa, sahavensis et longisiliqua Coss.
Comp. 1I. 1635, intermedire.

Hab.: Oran. Djebel Alssa. daus l'alla. au-dela du téisgrapbe
optique. ait. ca. 1R30 m. 2 juin (u. 338) : itl. steppe d'alfa au pied
du Djebei Morghad alt. ca. 1200 . 24 mai (v, 426).

Ubs. — Notre piaote pe ressemble guére 2 aucune des formes

que nous avons vues dans les berbiers. saul aux spécimens
récoités au Maroc par Balansa. Elle réunit les caractéres de plu-
sieurs des formes admises par Cosson. et pour qu'on puisse s'en
copvainere, nous indiguerons quelques caractéres pris sur un seul
et méme exemplaire.

Plante haute. rameuse. pourvue de feuiiles radicales et cauli-
naires: siliques d- longueur tres variable éealant ie pedicelle ou
guawe fois pius jongues gue lui: valves narfois tres convexes,
parfois + appiaties. sivie linéaire ou ové. dans ce dernier cas
souvent seminifére et caréne.

Par contre. notre plante & des feuiiles pius veluss Guaucun des
autres exemplaires vus par nous.

Var. Aiss2 Hoecbr. var. nov. — Plania avpua. buwmilis vel
pauio elats. ramosa ve! simplex. Caulis 5-17 cm. ilongus. parce
hirsutus vel hirsutissimus. inferpe vel usgue ad medium. et uitra
foliatus. Folia dense villosa basi sxauriculata. Ivrato-piopai-
secta. segwentis pienati-partitis vel-dencazis. Flores Jutei apice
ramorum congesti: pedurculi 5-3 mm. longi: paduoculi fructiferi
ad 7 mm. longi. Silique mature lineares, crassz, 11 mm.
longz et 2 mm. iate usque ad 9 mm. longe et 1.5 mm. Jate,
rostro - conico. seminifero. 1-2 mm. iongo.

Hab. : Oran, Djebel Alssa. rocailles prés du télégraphe optigue.
alt ca. 1600 m. 2 juin (v. 573): Oran. Col de Merbah. Djebel
Mor znaa rocaijies, alt. ca. 700 m. 24 mai (0. 475).

Ubs. — Cette plante nous semble trés caractéristique et se
distingue au premier coup d'eeil de touiss les autres formes du
D. virgata; en particulier. les feuilles trés découpées. les siliques

ST
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CRUCIFEKAE

Diplotaxis kohluanensis A. Miller & J. Nyberg, sp. nov. (sect. Cutvcurpum DC.).

D harru(Furssk.) Boss. stiilis sed herbi perenis glabriciespites Magnos lonnans, Fruc climn
pleruingue rostoo stptiegug longiore petalisque gencralier longioribus receds .

Perennial hierh or shuublen, glabrogs throughont cesvepunyg the sepals: stems any ., arsing thom o
wondy rootstock, ascending o hanging, 25-50) =200)ci long, much briwched . Leyves Petiolute,
shghdy teshy, yellowist o bluish green, sometunes pinkish tinged on the midrih and bencath
with dge, ovate 1 oblong-uvile, K--K0) « S8, obtuse at the tp, the nirgin unievenly serre
WA =6 paurs ol eeth or sinuae Wentine, the base attennate ity the petvle: upper leaves stadlen
and mwrower Inflorescenee chrctean:, ascending o hanging, + corymbose with the llowers
HRettappmg the by, i fone g sl clonganng o g pedicels 10=1Xnum long. Nepaty
clect sprcading, bt ¢ o long, cxicinally My pacticubiuly uf the base s on the mdih:
et sepals 22 Soun o Somewli sacein: al the hise, shglily howsded a the U0; vuter sepals
L5= 2o brosd, the: base notsaceate, distmctly hoded it the up. Petaly clear yellow, broadly
obovite and nartowing below intw i linear Cliw, Y 5. 145 +.5-6mm, the ips rounded. Nectanal
¥lands promient it the tise of the median stancns, [vary cylindsic, glabrous, shortly stipitage:
st bilobed. Mediun Marrens 1 S—| Ly long: Lteral stunens S.S5=Tm; andiers 225 3mm
long. Fru erect or hawsgmig, lincar Itciu-ohlonyg, Hatened, 15-a0) x 225 =3.5mm, with the
scerls 1t rwa ows, valves thin, glabious, beconge rellowish: heak seedless, 15-2mm losn
Mg bidobheal; supe |25 § S lan. Secdy munenogs, pade vedidish beorwn, + vhlong, Hattened,

Vool “Som (0.5 Livien, watlong MOINCI Son e sculpingn 4 oo o wettimg, (g ')
! Y ! ¥ !

Type: Republic ol Yemen, Aman 1o Kallan 'Rollan] romd, on Tnestone chitts, 1Sk E of
Kulilan, 250, 26 i VOKL, A €0 Miller & 1) G Long 321 L iholo Lo, K.

it Inestone o sindstone clhills: 2 400 SEH Mg,y

A b P :
ot v
< t“ . L[

ST Uhyedonanes dohbaaners s Al haitioe afil Howeringe 1e SN A ARG R fan s 25)

i
b
]
i



. CRUCIEE),, 3, i

2 (Rare . y Py -
ALY T | | =_.a._ i o 3 5
lerd,, Lin, PRECT, n.) vireg : -
lieulars ) ' a u__.:?:::_ (1 ) (i
arig, | - s e ) (1
o _..::_.q-..._n_._:“:..: .:;:;.:::.... Folia 14 ! E
4 4. D . ar o
lipartita _:_._.ac:n.. v valdy Digpuiely g .__.._ RIS TET
orihus _,_:_.. -0 hicy] tis g :... “.q _“_:: £ eeidingg Jies
t T..Ln_. ..__.._-:__._r:u .m:__:__.m.‘.ﬁs__a. 4 ..._‘....1_:...:. viermingl;.
S, u.;:_:_.u:_. ....__ i _.h...:m Patulis _:.._:..__:‘. :._:_:.. LI
wea [ & T::...: ..:_.n ___..u...-.-..—:_-..__n _.::. _. _.—.7..m.:.. h__..-__:._..
: "seentes J._.__..___..,":.a-..a:m_ﬁ_:.:... 4=5 D “u.:._ﬂ i _.m_.._....:_.i:..:..
v = A linenye ’ 3 P ; .
- * oh rming torulg T, cor bl 2 ores i,

g o
15 nery LR €7

“ava nee aspermg, ® mudio douayi  S1y .__q“:__u__n_..._:
. ; b .,
HNaxg SCapasa
.H a B )
; ssilibing erepe:
i .. ;.i:.h.mn:m..wzm_ “.,.J.T.. breyi .:_r::.::._:m ol
o ' E 5 oblongis Pinnacifi)ie loliig | il
in WUs nuglig ?....E.um..::..,. e
8 “...__._.e.g_.._..._ﬁ\...x.‘\ﬁy (v. s 5] v
h milis . liicens, i
ol i _:.._m-nh .n::__:: ::.__:..._:. gty P¥izing
.L..u ) _:..=.._.: . ....:u hpn " 3 lin, ?3. =__.:_:..r..”. 1 ot ._..:__..a
el - _.:_nr.ﬁ.. :-\:. is _.:_:..n_ i5 eyl .. g il i
I e lormes _..4 3 34 T::_.n..:__.a. flexnasi i ._w i pe
___Z..n. : i, U9 N, [,y i Caly | r.:..t‘“ peddi-
-b, ) i . et o 1

IR LT T
N ..:_:_: A
iy

] 3-:-—...:“.. Sil .
m _u?.... syl ! _.

Hy __.i.::.

AXIS Vi

Lt | 5 ?J:n.-.q -

3
Wt
Vinenlay
_D. [LEh

La, .C:;...:

) _...._-.f
UTRTTHr
'3 _._:_;:T—: e

Svining

D silj i i ca
“4.4] s .ﬂ...uml: o i i
L.nu Z:._m_ .?Em (4] ..:.a_ .,:..ic _:...;.M _::_.:.: i lolii
Lcn: 1 w dlis am.:.:..:u. ::.m h...;..: . o ::_.a b
_: .::u.r: , n H _:.f ...:.L__:._z.

Liriea sylye
3. Ani ),

o305, g

tudis suly.

siris minor lure

’ a

L Aol fdee, Bon. Tou A .u..._wa.

“_ .,.hw:.:._: Nove _.:::3:,,_....:,._.. ;
Yinealis Parsis lygei Morily,

Pastoric .15, )
Farll \5:., Sa Wil

/. Lairhy, lieve
< Mor, L

M gyl Jred,

2. 0. Shiq. ol

c « med,
. [ i . 2l ,w i ) : e,
..W”..._.:_...a PUmila Siey s B st e W base. gy, s 230,
_Muc__w..__w_m:.: 4..:._._:4. ' &L____f.h“::”q.na__:___._“.\,\__.....\: T foan
. . S VG A . .
190 m. § A Jr. .i.. 3w 4 G5 S :.A_.zsx_. 2N gy 3 o
m_..uu._:rq.m. I .H.D___. \ nap. prod, 4, 18 Py it 8, 0. st ;\‘ '
ISyl e ol Iyraiis dewticularis e . HaT:
el LY TIPS foliis .:.:c.i.._. Hatis .AL:.__::

.J._,..u.:.—

._,__.:_:_:.m_
Haly. iy
( Vi, M el
Biruscs B““__“w:n__ﬂe.w. (1.0.),¢
(Buce. ), iy =
Planta Parva

lentia

. . i sesmililig s -

Wi ; Pronatis, Cuetr, n), 2 \.. s.:_. o g :
; T 15,

m, . fr. o, 7 Bty .

et fl, Mmattand,. gy

tarenosis

W pamiligy, .
"M vineale, ¢
"Meis eufpis

it AT Veim v -

A:_.._..“_h“,_‘..”__.nﬂ;n-._a:._v_s._ .& :..:L:.:_.:
' 4 ... Abeer, talie |

__o::.. .:H..:‘O:T:._.nqﬂ e ) in Sirili _:.:__:.. e

e, B nm.:...- . D Wirali ..._w‘ TR 2 .-.___.,v.:. Meitie

1 pety £
11 petiolygy, Alenvala, |y, __.u.___.,...
* Jitsi ['tnn

_}...._

Aa ] :n..:_:... [AEE

::7..::.3. A me.

636G DICO LY L st B

divesinnata, b nvatis ahiusiy P

SO
5 Tt tiping - 4 conll .1:_“._:_.. LIRS
o bl L, .f._..‘a—_..

vavenmnm demom

.T._ e ..—__:.._mn.m._._ma § _..__::.___ f.\.__:r_:.__?
313 ddevpmbentes
Y e

vacilyn | o iplives v._...»____.
1, e
Flowes Lutvy paevic Peeala 1a.
KR E N FU RTTTTTR TR sy |
prratar, g ling loogas, valvilia plawinzcnbis, Seniing
vila | Diseqialia.
,

e dlesiimnge veaax e

i inferinree pPriese i

livingg o

men calyee ol majora, Silin

B Gllogmi
pravva, palli

|

ro. Diplotaxis saxadilis.

D. siliquis crectis sessililiis basi altenuati , stylo _.._._...._ -
nico, foliis tdicalibios pinnari-lobatis eras sinsculisg lnhis
tntegeis, canlibus soboadis ereciis,

.:_d._... wig

* NVietowi

aive o

Foaien _:,_,_._:_? el
1.

Fenea peiennis i npe Vies

Siavinb i o

CHEN T

< primanatosanat v candbons oe vismplbieiln
¥

LTS

..._....._
St Movense, £

vl Ve ....._.... oy 1l V:_._ val, |

.._...:q TR )
Sievinluinm sacatile, Lo (S (O T b Lo
3 Fa. 2 17
...“T.f.:__:.::_ vepadi, |

9

1..:-@.

v, olie t, Fofr Ay, il .

Nerit %y " dsr Al

e . . . B . Ll )

Seevmbiam minale et S viminenm, b Htwar e sapl g g bt
Meven

nee vae, Crepanly

svanhi b M

Stsymbyiwo valentiown, fucet b ok
_h.._. m__
Jivs
ﬁ.......:. tooey Yo i Dyaleivioni o (Al
Mok ) WAL jun, (5. s, )
Vi crassay perennis. Folia vdiesli
subicariosis, pilos r

g i M pandd (heed,
) : P Samed
Sde e Bossoling ((fafio) i

tipestiibne colh

oo Coalluppenying il

w X Wi

_..._...—

ssinnos iy
ant piatibida | Iolis uy m_:_.._.. f

eulis Candes o=, node s wld 1y S ety bt pellanaly
nenan _..:._t. e Uy Wi 1 e 1 awhei [ERTRETTY] _..u..... .._...,....u -
Mg, I vpentes, e Wik il

'
] T

M) 5 :_.. lens Natiry ..n_.._._. ke ~ wnly

(ALY

veposa g i Jane DR P TR TR M LE BT

Tircares 1-n _:.__ fans . ..,_.. Pt aiad wann SIS AL TTUR TR

« valvis plaveicadic s losis , wemiai b in

varie, Lasi anzgnstiog

_ .
TSR | V

a w-_t_. i

il

s nalilan.,

aicain bore el

LR SN RN,

HE TS

i R

T

NL . [l by v A

Jovwm e o qusd. Marsn,

R R ___

whn ahoviatn, 5

Care. Galex evecins, Perala |

cdentula, Siliqua ovali-oblona ) hiloculari y Bz lyi s

P T Wi~ o e

-

s st S 54




i
H

. <k .

de Genéve, nous avons Db comparer gy des spevinens i var, ernssi-
\c_:.:_ 0. E. Schulz deélermings P el auleur, vécolies 1
les Alpes Lémanienmnes.

!

LoBiover dang

2100, Alyssum granatense Baiss, vy, Weilleri Il o Maive in Maipe,
Conte. 0™ 1179 . Sud s Djchel Ajssa. vers 1ion gy,
I"Ain-Ajis

Variclé nouvelle pour Palgérie,

<o dlessus ol e

2191. Malcoimia narviflora 1), (. var. brachypoda Emb, ¢l Mair YW Y Vo,
== N Iypo (var, cti-perviflora Majre, . o) recedil
Gl mm, nee 429 min) - siligquae Aequierassis 1oerp
lenuinribus ) . siliquis paulln ¢

pedicellis brevibns

SSiovibus (nee siliequa

Sioribhus,
Moven Atlay - ITrane, dhins fey sables parmi les Pierres enleaires, 1500,
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2194.  Otocarpus virgatus Bur, - (lelqe Plante se présente sous deus
variélés :

var. erlocarpus Maire, n. nom, .._ Siliculae mdigque pilosae .. est e
type de Pespéce, figuré Par Demise dans I'Atlas e
que de I’Algérie. .

var. _amonn_.v:u Maire, n. var, Siliculne glabrae, Avee le Ivpe aux en-
virons tle Saida, mais plus rare.

FExploration seienlifi-

2195.  Diplotaxis OMivieri Maive, n. sp. (seel. Anocarpum D.CY, .. Ra.
dix annua gracilis, Caulis usque ad 28 em altus, fMexuosus, a hasi Famosus,
_2.,2..a.:_._:.x_::nnzqa_;” Herba 1oy alabra plus minusve glieeseens.
Folia tnferiora plus minusve rosulaly, in petiolum Fongom adienuata, i
::31.25::__3_: superne plus minusve lobala lobis rotundalis, alin pin-
naltipdartita laciniis I-d-jugis, allernis 1. z_____.at_:.z:..... interdum bifidis
lacinulis inacqualibus, laciniis vmnibus anguste lincarihs inlegris apice
roliandatis, interdum plus minusve spathulatis ; folia cauling similia,
ieraque SUDbbpiaeati partite, suprema plus minnsye reducta. Racemus o
coryinhiformj clongalus, laxns. chractealns, 7-18-florus, Pedicelli graciles

flore longiores, fructiferi usque ad 200 mm longi, ereclo-patuli. Sepala
.i_i::.:__q:...m.

ereclo-patuly, ¢, 3.5 mm longn, ublongy, apice rotundyl;
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Observaciones. — Los dos tubérenlos que presentaesla especie débajo de
las estipulas, son muy semejantes a los de S. spinosa, pero se diferencian
de ésla por ser oblusos, redondeados, mientras (ue en S. Spiftosa son agu-
dos y en forma de gancho dirigidos hacia abajo.

27. Sida rhombifolia L.
Figura 38

Liunco, C., Hort. Cliff. (1837), p. 346, en la presenle obira deseribe la esperie,
pero en esa ¢época atim no se habia implantado la nomenelatura hinaria. El
walerial éstudiado coincide con el fololipo. — ., op. cit. (1833), p. 684 :
« Sida_foliis lanceoluto-romboidibus ferratis v. — Burmann, N. L., Flora Indica
(1768), p. 146. — De Candolle, A. I., op. cit. (1824), p. 46ia. — Saint 1li-
laire, A. de, op. cil. (18a7), p. 157. — Presl, G. B, Itelig. Haenk., 11 (1831),
p- 108. — Grisehach, A. R. IL, op. cit. (1864), p. 4. — Plant. Lorent.
(1854), p. 43 op. eil. (1850), p- 44. — Sclumann, C., in Martius, op.

“eit., NP (18ga), pag. 338, lim. 6G3. — Arcchavaleta, 1., ap. eil. (1go1},
p. 126, — Spegazzini,"C., FI. Prov. Bs. As. (1905), p. 112. — Rodrigo, A.
', Especies de Sidda (1943), p. 373. Ren. Arg. Agr. 10, n* 4.

Nontbres vulgares : Mala, mala-alfalla, escoba dura, tipichi-guazi (Ma-
toso), malvavisco falso ([Ticronymus).

Planta perenne, caméfita, erguida, subarbustiva, de Ho-8o em de aljura,
con raices muy profundas, lefiosas y resistentes. Tallos subleiosos, fuertes,
ramilicados, cilindricos en la parle inferior y angulosos o poli¢dricos, a veces
alzo ;1|11m|.'uln.~'., en las ramas superiores; cubierlos por un lino indumento for-
mado por pelitos estrellados. En las ramas inferioves los tallos son glabros
y estriados. Estipulas aleznadas, angoslas, casi liliformes, de ignal o mayor
largo que los peciolos, de 5-8 mm de longitud..Debajo de las estipulas a
veces hay dos pequeiios tubérenlos en forma de gancho. llojas corlamente
pecioladas, con peciolos Lriangulares, planos en la parle superior ; arlicu-
lados y geniculados en la milad; miden 3-6 mm de largo. Liamina oval-
romiboideo, rombica o rombolanceolada, mis o menos ancha o alargada
segiin las variedades, con la base cuneada y el dipice obluso o agudo. Las
dimensiones caraclerizan a las variedades, fluctnando entre 3 y 7 cm de
largo por 0.3-2 em de ancho. Las hojas tienen 3-5 nervaduras basales
prominentes en la superficic inferior. Ambas superficies pueden ser dis-
colores o no, segin las variedades. El borde foliar es dentado en la mi-
tad o en los 2/3 superiores. Inllorescencias solitarias con pediinculos largos,
que alcanzan la longitud de las hojas y con frecuencia la superan; las
inflovescencias son axilares y a veces van acompaiiadas de ramilas acceso-
rias que llevan numerosas hojas cada una de las cuales con su correspon-
diente infllorescencia, formando corimbos. Pedineulos cilindricos, artien-
lados entre la mitad yel lercio superior ; desde laacticulacion hasla el eiliz,
los pedinculos son canaliculados, expandiéndose cada cresta y continudin-
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dose con las nervaduras centrales y los limites de los sépalos, La longitud
de cada pedinculo varia enlre 1y h em. Giliz pir:nnidnl—nn|n||mu|lauln,
plegado antes de la antesis, con un fino indumento cenicienlo en la parle
exlerior y glabro en el interior, lo mismo que en el borde, el cual es liso.
Lobulos de los sépalos rombo-triangulares, acnminados, muy agudos, con
el horde prominente y la nervadura central pronunciada ; con frecuencia
la base del cdliz es color anaranjado, destacindose del verde-ceniciento del
vesto superior de los sépalos. Durante la antesis el ciliz mide de 7-8 mm de
diametro por 6-7 mm de altura. Corola color crema con las nervaduras
amarillas y el centro rojo-obscuro; pétalos asimétricos, con dos lobulos
anchos, obtusos, nno mucho mis grande, y con el borde superior de ambos
rodeado de finos pelos papilosos ; los sépalos miden de 10-12 mm de allura
por un ancho méximo de ro mm cn la parte superior. Tubo estaminal
corlo, de 3-4 mm de altura. Gineceo globoso-conico aplanado, con 10-14
carpelos cuyas aristas forman una pequeiia prominencia en la cispide del
cono. Carpelos maduros reticulados, membraniceos, lrigono-aplanados
lateralmente, color castaiio claro, o amarillenlos, unas veces indehiscenles
con dos aristas rudimentarias unidas o bien dehiscentes con dos arislas de
2 mm de largo que llevan pelitos estrellados ; los carpelos miden 3 mm de
alto (sin las aristas) por 2.8 mm de profundidad y 1.8 mm de ancho en el
dorso. Semillas castafio-obscuro, negruzeas, glabras, con pelitos blancos y
brillantes rodeando el hilio ; miden 1.8 mm de diimeltro.

lispecie sumamente polimorfa, que presenta diversas variedades de las
cuales tres de ellas estdn representadas en el pais, siendo las signientes:
a) var. lypica K. Schum., b) var. canariensis K. Schum, y ¢) var. rhom-
boidea (Roxb.) Mast., las que pueden diferenciarse entre si por estos carac-
leres : '

A. Plantas con dos pequefios tubérculos en la base de las hojas. Lamina foliar rom-
bo-lanceolada con el apice subagudo u obtuso y la base oblusa, ancha, y el
didmetro longitudinal dos veces el transversal ; de 17-30 mm de largo por 5-15

mm de ancho. var. rhamboidea.
B. Plantas sin tubérculos en la base de las hojas. Lamina foliar nelamente rémbica o
rombo-lanceolada.

1. llojas rémbicas, con el dpice acuminado o agudo y la hase cuncada. Super-
ficies rara vez discolores. Ilojas grandes, de 3.5-6 cin de largo, con el
didmetro longitudinal 2.1-2.8 veces el transversal. Peddanculos florales de
3-4 cm de largo. Carpelos indehiscentes con aristas oblicuas, unidas de 0.5-1

e % I"n tada la planta predomina el follaje. var. [ypica.

' toe ean ol Apice obtuso y la base cuneada. Superficies

©no e de largo, diametro longitudinal 3.3-4

toralis de 1-2 em de largo. Carpelos madu-

aviee, con dos arislas verlicales libres de 2 mm de largo. En toda

. - predominan las flores. var. canariensis.
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v, typica k. Schum.
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Selivmann, ., Martins, aj. cil.,
18, — lassler, |

ap. ctl. (1got), p. 1l — Fkan, 1. L. ap. cil. (1gro), p

ap. cil. Osleni |‘1|7,."|.h. I Ja8.

Hojas nelamente rombicas. o rombo-ovaladas, con el apice acuimnnado o

agudo y la base cuncada, grandes, de 3.0-6 em de larzo, anchas con el
didumetro longitudinal 2-2.8 veces el transversal. Pediinculos Horales largos,
de 3-4 cmi. Garpelos maduros con las arislas casi siempre unidas, corlas
(de 0,5-1 mm de largo) con [recuencia indehiscentes,

Matertal estiddiado :

Ancextiza. — Jujuy : Jujuy, E. L. Holmberg, Xil-1god (BAB.). — ltio
Grande, Schreiter 2828, 11-1924 (LIL.). — Volcan, Gastillon 178, I-
1927 (LIL.).

Salta : Kl Manzano, Rosario de Lerma, Zabala 4o, U-194r (LLL.).
— Rosario de In Frontera, B. Holmberg, (h.), N-1gov (BAB.). —
Embarcacion, Rio Bermejo, Schreiter 53qh, Wl-1927 (LIL.).

Calamarcn : Gracian, A. Castellanos, I-1gfo (BA.).

La Rioja : Cerco, A. Giacomellt, f—l(‘)ul (BAB.).

Tucumin : Rio Chico, La Galera, L. Monetti 150, Nl-19135 (L1L.).
— La Cocha, E. Bailetti 244, Hl-1grg (LIL.). Santa Ana, 1. Bai-
letti 484, 1V-191g (LIL.). — Escava, E. Bailetti 16y, Nl-1913
(LIL.). — Siambon, A. Gaslellanos, -10935 (BA.) ; id., Scheiter (758,
Xl-1931 (LIL.). — Tali del Valle, Venturi 204, Hl-1g1g (LIL., SL.).
— Valle de Tafi, S. Roth, sin fecha, (LP.). — Burruyacu, . Bailet-
ti 1200, I-1918 (LIL.) ; id., Peirano go7y, 1X-1932 (L1L.). — Lea-
les, Florida, L. Monctti 234, VI-1ged (LIL.). — Cruz Alta, Ran-
chillos, 5. Bailetti, n* 30, V-1917 (LIL.). — Sarmienlos, Lillo 4840,
IX-1909 (LIL.). — Muiiceas, Schreiter 230, N-1917 (LIL.). — Que-
brada de Caspinchango. Lillo 770, H-1908 (LIL.). — Salada del Tim-
bo, Holmberg, ()., XL rgoo (BAB.).

Formosa : Rincho Formosa, Hepper, H/IV-1941 (BA.). — Las Lo-
milas. M. von Bibow, n® g, ll-1943 (LP.).

Chaco : Colonia Rio de Oro, n® 29, 1V-1930 (S1.). — Golonia Beni-
tez, A. G. Schultz, n® 21, l-1928 (BAB.). — Resistencia, C. y G., V-
1883 (LI'S. 13370). J

Misiones : Posadas, Gallardo, X1l-1goo (BA.); id., C. Spegazzini,
l--1917 (BA B.); id., G. Rius, Xll‘tgzﬂ (BI\B.) i B Issouribehere,
verano 19o7 (BAB.). — San Javier, I5. C. Clos, l-19206 (BAB.). —
San Ignacio, M. Birabén 6317, Xll-1g41 (LP.). — Loreto, I’, Griiner
Qa Hl-rndo (L), — Puerto Bemberg, A. . Rodrigo 1033, VII-
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zo 736, XI-1936 (LP.). — Esquina, A. P. Rodrigo 1020, 3325, XI1I-
19306, X-1943 (LI.).

Santa 17¢: Reconquista, Covas y Ragonese hihG, XI-193g (LP.).

Cordoba : San Javier, A. Caslellanos, -193g (BA.); id., J. C.
Castellano, X11-1927 (BA.). — Yacanto, J. C. Castellano, sin fecha,
(BA.). — Los Reartles, A. Castellanos 262, IV-1917 (81.). — Sierra
de San Ignacio, T. Stuckert 15770, 1T-19o8 (LIL.). — Ascochinga,
G. Lorenlz, sin fecha, (SI.); id.., M. L. Giardelli 331, 1-1936 (SL.).
— Ongamira, A. . Rodrigo 350, 1I-1936 (LP.). — Los Cocos, A. L.
Cabrera 6398, 1l-1940 (LI>.). — Cosquin, A. P. Rodrigo 294, 11-
1936 (LP.). — Argiiello, A. I’. Rodrigo 3297, IV-1943 (LP.).

San Luis: Entre Merlo y Rincon, Yepes, 11-1929 (BA.). — Dep.
Santa Rosa, Rincon, A. S. de Yepes 884, 1l-1929 (LP.).

Buenos Aires : Palermo, Ilicken, X1I-18g7 (SL.). — Buenos Aires,
C. Spegazzini, XI-1884 (LPS. 13371). — Anchorena, J. G. Valluone
105, V-1g11 (BAF.). Adrogué, J. F. Molfino fo7, 1l-1918 (BAL.).
— Ituzaingo, E. L. HTolmberg. XIl-1913 (81.). — San Isidro, Bell-
freund, Xll-rgoo (BA.). — Tigre, sin colector, Xll-1goo (SL.). —
Delta del Parand, Cenz Colorada, A. Burkart hgo2, XI-1932 (LP.);
id., Largo del Mini, A. C. Seala 250, aio 1914 (LP.); id., Carabelas,
A. Burkart 4448, 1l-1g32 (LP.). — Pergamino, I*. A. Urquiza, IV-
1917 (BAB.). — Eslancia Santa Catalina, E. G. Clos, Xll-1920
(BAB.). — Punta Lara, Molfino y Glos, 11-1925 (BAB.); id., A. P.
Rodrigo 2001, IV-1938 (LP:); id., A. L. Gabrera Grg, I-1929, 1360,
111-1938, 4899, [-1939, 6342, IV-1940 (LP.). — La Plata. G. Spe-
gazzini, X-1896 (LI'S. 1280); idd., Camino de cinlura, A. . Rodri-
go 1087, Il-1938 (LP.). — Atalaya, Molfino y Clos, [1-1936 (BADB.).
—_ Los Talas, P. Boffag76, V-1930 (LP.). — Melchor Romero, 4 i
Zalba, 93, V-1937 (LP.). — Rincon de Viedma, E. J. Ringuelet 36o,
1-1934 (LP.). — Mar del Plata, T. Joan, Il-1grr (SL.). — Bahia
Blanca, Reniede, X-1899 (LIL.). — Junin, E. C. Clos h1o4, XII-
1928 BAB.).

Unuvguay. — Montevideo, Arroyo Carrasco, D. Legrand 3102, 4hr, 1=

1942/1936 (LP.); id.; Parque Tonkinson, F. Rosa Mato 1514, 1-1937
(LP.); id., Camposde los alrededores, J. Arechavaleta, IV-19oo (LP.);
id., Malvin, F. Rosa Mato 1524, I-1937 (LP.). — Sinlocalidad, Doe-
llo Jurado, IV-1935 (BA.).

Bowvia. — Dep. La Paz, B. A. KrukofT, 10278, VII-1939 (LP.).

Distribueién gengr'(iﬁca, —_ Fsta variedad crece en el norte Y centro del

pais, llegando por ol oeste hasta un limite en linca recta que comprende
desde La Rioja hasta Bahia Blanca en el sur de Buenos Aires, cerca del
e %% que es I localidad mds austral de dispersion de la variedad—-
> %
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var. canariensis K. Schum.
Figura 37
Schuaman, C.. in Martius, op. cil., XI1I? (18()]‘}, I 33”. — Arechavalela, J 5
ap. cil. (1got), p. 127, — Fries, N, I., op. cit. (1906), 1" 9. — Ekman, If,
L. ap. cil. (1g10), p- 18.

Hojas lanceoladas, con el dpice obluso ¥ la base cuneada : ambas super-

; miden 1.5-2 em de largo, siendo el didmetro
veces el Lransversal. Peddnculos corlos, de 1-2 cm
de largo. Carpelos maduros dehiscentes, co
2 ¢ de alturn,

Material estudiado -

licies netamente discolores

longitudinal de 3.3-4

n las dos aristas verticales de

ARGENTINA. — Jujuy : Ledesma, C. Spegazzini, I-1906 (LPS. 1283). —
Abra Pampa, Venluri 3067, ll-nJuJ (LP.).
rabén 133y, H1-193¢ (LP.).

Salla: Oran, A. Calcagnini 56, Vil-1go2 (BAB.); id., Tartagal,
Sclireiter 3727, l-192b (LIL.). — Anta, Los Puestos, Ragonese 158 b,
VI-1934 (BA.). — Quijano, M. M. Job 1532, I-1937 (LP.
Grande, C. Spegawini I-1897 (LPS. 1278).

Catamarea : Ambato, Castillén 1381, HI-19og (LIL.). — Dep. El
Alto, Balcozna, Venturi 7090, I-1928 (SL.). — Alto, F. E. Santillin,
1915 (LP.). — Andalgals, P. Jorgensen 1015, V-1915 (SL.).

Tucumin : Gapital, quintas, Lillo 152 (a), I1I-1886G (LIL.); id.,
Lillo 2173, All-1898 (LIL.). — Tali, Yerba Buena, Veuturi 236, I1-
1920 (LIL., SI.). — Villa Lujin, Venturi 33, Xl-1918 (LIL., S1.).
— Sierra de San Javier, A. P, Rodrigo 2015, VIl-1938 (LP.). — Rio
Cliico, La- Calera, L. Moneli 1654, XI-1913 (LIL.). — Elcano, L.
Monelti 1G85, Xll-1ge3 (LIL.). — Burruyacu, L. Monetti 2003, 3106,
H/I-1g14 (LIL.). — Leales, La Florida, L. Mouelti, VI-1913 (LIL.).

— Tali, Raco, U. Descole, I-1938 (LIL.). — Chigligasta, Cochuna,
O'Donell 63, [-1941 (LI L..). — Rio Trancas, Venluri Adoh, IV-19206
(LP., 8L, LIL.). — Prov. Tucnmin, Alzogaray 48, Xll-1goo (BAB.).

Sanliago del Jstero : Dep. Pellegrini, Cerro del Remate, Venluri
Dy8s, [\'-HJ:!H (LIL.).

Formosi : Formosa, Jorgensen 3164, [-tg1g (LIL., S1.). — Valle
Grande, sin colector, \"Il—lgoh’ (SL.). — Forlin Nuevo l'i!(‘(lll):l_\l)
(Dep. Patitio), Codini n® 29, VIl-2941 (SI.). — Puerto Bermejo,
Dennler, XI-1¢ay (BAL).

Ghaco : Fontana, T. Meyer 261, VIl-1932 (LP.). — Villa Anzela,
P. Bolla 100f, [l-lg'}n (U'.). — Sienz Peiia, Lillo Ghyh2, sin fecha
(LIL.). — Sin Localidad, RR. Bazi, 73, 243, 434, aiio g1y (Sl.). —
Id., L. Rothkugel 120, aiio 1921 (SI.)

Misiones: Posadas, Valluone y Bianchi Lischetti ho, U-1914 (BAF.);

TR Iy

— Santa Laura, Dres. Bi-

-

)- — Pamipa




9. — Ekman, k.

; ambas super-
do el “amelro
los, ue 1-2 cm
3 verlicales de

PS. 1282). —

wara, Dres. Bi-

id., Tarlagal,
gonese 108 0,
P.). — Pampa

). — Dep. El
© Santillin,
1 (SL.).
(LIL.); id.,
nluri 2306, [1-
8 (LIL., SL.).
(LP.). — Rio
—  canoy L.
i 2003, 3106,
-1g s (LIL.).
sta, Cochuna,
o4, V=120
1900 (BAB.).
mate. Venluri

§1.). — Valle
o Pilecomayo
rlo lil:l‘lm‘.in,

Villa Angela,
ha, sin lecha
ig (S, —

1QUA(BAF.);
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id., M. Birabén 5342, XIl-1g41 (LP.). — Santa Ana, sin coleclor,
191, X-1g12 (LIL.). — Entre Santa Ana y Candelaria, N. Alboll XI1-
1896 (LP.). — Cataratas del Ignazi, A. P. Rodrigo, 1037, VII-1937
(LP). — CaiaGuazi, 11. R. Mangieri n® 28, XI-1g4o (LP.).

Corrientes : Apipé Chico, sin coleclor, ni lecha, n° 35 (SI.). — La
Gruz, A. Burkarl 8045, XI-1936 « Escoba dura; la alan y barren pisos
de tierra (nota del colector) » (SI.). — Mercedes, A. I'. Rodrigo 3o,
XI-1936 (LP.). — Goya, J. J. Nijera, IlI-1g13 (SL.).

Entre Rios : Concordia, Raflaclli 67, 1V-1926 (LPS 1270)

A. Castellanos, I-1931 (BA.). — Coldon, Parque Quiris, Alu«rasll
V-1927 (BA,). — Concepeion del Urnguay, Rallaelli 32, IV-[g:AG
(LPS. 1273). — Lucas Gonzilez, Rallaclli, n° 4, IV-1926 (LPS. 1274).
— Escuela Las Delicias, RaMaelli 136, 1V-1926 (LPS. 1275). —
Ilolt, R. Martinez Crovetllo 2268, V-1943 (RMC.).

. Santa e : Reconquista, Covas y Ragonese 35562, 1l-193¢9 (LP.). —
Entre Sastre y Clucellas, Ragonese 2296, 1V-1936 (LP., BA.). —
Mocovi, Venturi 140, Ill-1904 (8T). — De Reconquista a Dr. Barros
Pazos, M. M. Job 823, 1I-1936 (LP.). — Ocampo, Venturi, 1ll-1904
(SI.). — Alrededores de Sanlo Tomé, M. M. Job 1043, 1056, 1I-1936
(LP.). -

C('J)rdoba: Valle de los Reartes, A. Caslellanos 155, 1I-1g20 (LIL.,
S8I.). — Ascochinga, M. L. Giardelli 333, 1lI-1936 (SI.). — Villa
Allende, R. Lahitte, V-193¢ (BAB.).

San Juan : Sin localidad, C. Arndez, I-1913 (LP.).

La Pampa : General Pico, Williannson, I11-1932 (BAB.).

Buenos Aires: Capilal, Parque 3 de Febrero, J. F. Molfino 149,
XI-1917 (BAF.). — Barracas al Sur, Venturi, 1V-18¢8 (LP.). —
Belgrano, L. R. Parodi 9880, I1I-1931 (PAR.) — Niiiiez, J. I. Mol-
ﬁno 148, Ill-1917 (BAF.), — Palermo, IR. Martinez Crovello 2048,
XIl-1941 (RMC.). — Olivos, G. Dawson 717, lI-193¢ (LP.). — Isla
Martin Garcia, Molfino y Clos, Vl-1g26 (BAB.). — Pergamino, C.
D. Girola, IV-1g917 (BAB.); id., L. R. Parodi T1I-1926 (PAR). 7142
La Plata, Bosque, A. L. Gabrera 755, HI-1g2q (LP.).—id., A. P. Ro-
drigo 77, Ill-1929 (LP.); id., Camino de Cintura, A. P. limlrigo 1087,
1T-1938 (LP.); id., Los Talas, C. Marelli 46, afio 19ab (SL.); id. A.
P. Rodrigo, 47, 11I- 1930 (LP.). — 25 de Mayo, Vivero Nacional, R.
Castro, IV-Ig.M (BAB.). — g de Julio, Dres. Birabén 803, 1[-1938
(LP.) — Chascomuis, R. Martinez Crovelto 1098, IV-1g942 (RMC.). —
Martin Coronado, R. Martinez Crovetto 383, IV-1gja (RMC.).

Unveuiy. — Montevideo, Parque Tonkinuson, I'. Rosa Mato 394, 1V-

1934 (LP.). — Riachuelo, A. L. Cabrera 329g, 3306, 1V-1935 (LP.).
— Paysandd, Rosengurtt 3346, IlI-1gfo (LD.). — Salto, C. Osten
5404, ll-rgro (SL.). — Tacuarembi, Paso Quirino, D. Legrand
1860, I-1940 (LP.).
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Brasu.. — Uruguayana, sin coleclor, n* 5, LH-1909 (LP.). — Brasil aus-
tral, Mocareti, V-1882 (LI’S. 1274).

Distribucion qeoyrdfica. — Posee casi la misma distribueion que la v
."\"m'ru, corriendose un poco s al oesle al Hegar

pa. Su limite austeal es el paralelo 30,

ar.
a San Juan y La Pam-

var. rhomboidea (Roxb.) Mast

Fignra 3y

Masters, M. °

i Hooker, 1. D., Flora uf British India, | (1874), pad3ad. —
Watt, M. B

¥ Hunrg:‘, A, Uic{r'u.lmr_;- Uf The economic Prad. nl['.fm.fm‘ Vit (1893),

P 6GR1.
S. rhamboidea Woxhurgh, W ., Hortus Beny. (1813), p. Sor; id., I Ind., 11
(1832), P 176, — De Candolle, A. I'., Prodromus, 1 (1824). - hlia.

Hojas angoslas, rombo-lanceoladas, con el

ipice subagudo u ohluso y la
base cuneada, de 17-30 mm de |

argo por 5-15 mm de ancho ; el didmetro
longitudinal es dos veces ¢l transversal. En la base de las hojas se encuen-
iios ubéreulos o mamelones mis o menos desarroll
forma de gancho. Los carpelos maduros lienen
de larzo.

Meaterial estudiady -

lran dos peque ados en

dos arislas cortas de 1 mm

Ancextiza. — Chaco : Colonia Benitez, A. G. Schultz hhy, 1

Envigque Urien, A. D. Rodrigo 2387, Al-1940 (LP.)
Misiones :

10935 (LD.).
Puerlo Aguirre, J. Frenguelli 280, VIl-1g38 (LIM)
San José de l’ill(l:l'ﬂ)j’, /

\. Bridarolli 2b97, I-1g42 (L), — San José,
Lomas secas, J. I, Mollino, 1l-1ga2 (BAL., LD.).

Corrientes : Capital, Isla Meza, A. P. Rodrigo 871, Nl-1936 (LI.).
— Alrededores de Ia ciudad, N. Albolr, A-18g6 (LD.). — Gorrienles,
Jo AL Lallont n g, VII- 1917 (LDP.)

Santa I'e: Rio Parana,

Canal Viejo, M. M. Job 708, I-1E-1936 (L),

Isla Martin Garein, A. Paslore 247, IV-14935 (LP.).

— La Plata, Isla Santiago, A. L. Cabrera 1402, Hl-1930 (LI.).

Unuvsuay. — Treinta y Tres, D. Legrand 731, IV-1936 (LD.).

Brasin. — Rio Grande do Sul, PMorto Alegre, n® 16o, aiio 1398 (B, LD.)
G. Spegazzini, X11-18y8 (LI’S. 13372). Santa Catalina, (. Spe-

gazzini 300, sin fecha (LPS. 1271)

Buenos Atres -

s

Distribucion geogrifica. — Esla vaviedad crece en ol litoral, especial-
menle a lo largo de la costa del Parani hasta la isla Martin Garcia.
Ulilidades. — Es la especie mas cosmopolita del género, por lo cual ha

sido la mas conocida ¥y estudiada, habiéndosele encontrado multiples apli-
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basil anse eaciones especialmente en la Indin y Austealia, donde crece en abundancia,
Ko nuestro pais se la utiliza como emoliente por el mucilago que conlienen

sus hojas y raices, ademds de las semillas

e la var, ‘e son diurélicas (Matoso y [lieronymus).

Lia Dan- I,:lslilnrasson|:nsihlcmcn!celelemculoquc
mayor imporlancia puede darle, habiendo °

sitlo estudiada sn aplicacion con Oplimos re-

sullados para cordeleria y fabricacién de pa-

pel. Esla tienc un alto porcentaje de celulosa.’

Lin el Brasil y campo de la Argentina se

utiliza para hacer escobas.

P dald. — Segin Maiden el ganado vacuno come las

VI*(1893), : ramas y hojas y los nativos de la India la

utilizan para combatir Ja consuncion y. el

[ Iad., (1] i 4 . ..
" renmalismo, tomdndola en inlusion para

liz2.

(. lavorecer la transpiracién. Las hojas las usan
Hiso y la como cataplasma para las mordeduras de
difmetro serpientes y en los casos ‘de picaduras de
ET T avispas y olros insectos.
lados en Burkill dice que los malayos le alribuyen
e 1 min poderes mégicos utilizindola para curar la

tuberculosis pulmonar y el reumatismo.
Ademis estq incluida en la terapéulica de
los elefantes.
) ) DY ; ’ rana- Yige 30. — Sida chombifolia var. rhom-
h(LL10.). Esla planta, a pesar de comerla el gana- T 00 (jemplar dibujsdo : Misiomen,
do, no puede considerarse como forrajera. o, José, J. ¥ Molfido, 1l-1gas), X 1.

Y —
Jose,
28. Sida montana K. Schum.
’ (LI' )- ) Figuras §o ¥y 3;*
rienles,

] Schumann, C., in Martins, ap. eil., X1 (1892), P 335. l-I-.imr-ia: bien delini-
: (Lp. ). tl‘a,' ficilmente reconacible y que he d(:l(.‘l"ltlillili'u con loda seguridad por (“Uin-
LP ) cidir exaclamente la descripcion con la folo del tipo y de .Iﬂs lres colipos,
(LP.). de los cuales Poseo ademds varios trozos que me lieron genlilmente obsequia-
( dos por el Museo e Berlin-Dahlem. Vistos fragmentos ¥ las folografias perle -
) necen a los ejemplares que cila Schumann en sn deseripeion. Ademis me
_l [‘I’_) [neron enviados la folografia y trozos del ne 597 coleccionado |mr-llicrnn'y-
1 Sl:c- mus en 1876 ; los cualro traey el sello Typus. — Fries, It. k., ap. cil. {(1906),
S
Si(hpl eordifolia L. var, varieqala Grisch., Grisebach, B. P. G., Symbolae (lS';g).
p- 44.
pecial-

Nombre vilgar. — Malva del campo, en Corrienles, segin Maloso.
ual ha Planta perenne, hremif:riplt'aﬁln, erguida, ramificada, con tallos leiiosos,
s apli- cilindricos y rugosos en I parte inferior y poliédrico-aplanados, canalicu-
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Summary

The interactions between the root parasitic weed Orobanche crenata Forsk. and its host plant

faba bean (Vicia faba 1L.) were quantified under controlled and field conditions at ICARDA’s

Tel Hadya research station. In the field experiments conducted in 1993-94 and 1994-95 faba

beans were sown on two dates, in plots with 0, 50, 200 and 600 O. crenata seeds kg™! soil, under

both limited and sufficient moisture supply. The effects of temperature on the duration of the

carly developmental stages of O. crenata were investigated in a growth chamber. The extent of

O. crenata infestation was closely related to the number of parasite seeds in the soil. The seed-

density treatment with 600 seeds kg ' soil resulted in complete crop failure. Furthermore,

O. crenata infestation was higher under sufficient than under limiting water supply conditions,

irrespective of sowing date, Only in the moderately infested plots, did shifting of the planting

time of faba bean result in a significant decrease in parasite dry weight and an increase in crop

seed yield. The timing of germination, attachment and further developmental stages of 0. crenata i
was not related to faba bean growth stage and was affected primarily by soil temperature. The i
duration of 0. erenata developmental stages was estimated using the thermal time concept. The it H
relationship between total number of parasite attachments at the harvest of the faba bean crop !
and O. crenata 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
supply. The results are discussed with reference to implications for the development of a
dynamic simulation model for the prediction of faba bean yield losses caused by O. erenata.

Keywords: Vicia fuba, Orobanche crenata, irrigation, sowing date, root-length density, thermal time.
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Introduction

The root parasitic weed Orobanche crenata Forsk. is one of the economically most important
Orobanche species (Orobanchaceae). Its distribution is restricted mainly to the Mediterranean
region, but it extends eastwards through the Middle East into Iran. Orobanche crenata causes
most damage in the cool-season food legumes faba bean (Vicia faba L.), lentil (Lens culinaris
Medic.), chickpea (Cicer arietinum L.) and pea (Pisum sativum L.). Other host crops are
groundnut, carrot, celery, lettuce, sunflower, safflower, melon and tomato (Riches & Parker,
1995). Reported faba bean yield losses caused by O. crenata infestation range [rom 3% to
complete 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 strategies for parasitic weeds is very difficult. Possible
methods for O. crenata control include hand-weeding, soil solarization, spraying of herbicides,
shifting the planting time of the crop, use of tolerant faba bean cultivars and biological control
by insects (Mesa-Garcia & Garcia-Torres, 1986; Sauerborn er al., 1989; Linke er al., 1990;
Garcia-Torres et al., 1991: Sauerborn, 1991b). However, at present, none of the economically
feasible control measures is by itself able to reduce the parasite infestation satisfactonly. An
integration of several control methods (tolerant cultivars, delayed planting date, application of
herbicides) appears to be more effective (Linke & Saxena, 1991a; Pieterse et al., 1994; Saxena
et al., 1994). More quantitative insight into the mechanisms of the host:parasite system would
help to: (i) predict more realistically the expected faba bean yields and yield losses under various
environmental conditions, management options and parasite control measures; and (ii) develop
and evaluate integrated O. crenata control strategies.

It is well known that the level of O. crenata infestation depends mainly on the parasite
seedbank in the soil and on climatic conditions, i.e. temperature and soil moisture during the
growing season (ter Borg, 1986; ter Borg & van Ast, 1991; Linke er al., 1991a; Sauerborn,
1991b). According to the few available quantitative studies, the yield of infected fuba beans is
negatively correlated with the O. crenata soil seedbank or with the number of emerged parasite
shoots (Linke er al., 1991a; Zaitoun ef al., 1991). About 200 parasite seeds kg™ soil lead to 50%
yield loss in several crops (Linke er al, 1991a; Bernhard et al., 1998) and at parasite seed
densities of more than 400 seeds kg™’ soil the faba bean yields drop to zero (Linke et al., 1991a).
Depending on the climatic conditions during the growing season, an infestation level of 2.1
(Linke et al., 1991a) to 4.0 (Mesa-Garcia & Garcia-Torres, 1984) emerged O. crenata shoots per
faba bean at harvest caused, approximately, a 50% reduction in crop yield.

At a given O. crenata seed density, the root-length density (RLD, c¢m roots cm 3 s0il) of faba
bean in the upper soil layers has been found to determine the probability of O. crenata infestation
(Aalders & Pieters, 1986; ter Borg & van Ast, 1991; Manschadi eral, 1997). Under
Mediterranean conditions, soil moisture is the major factor affecting the RLD and rooting
depth of faba beans (Manschadi et al., 1998b). However, the interactions among O. crenata soil
seedbank. faba bean RLD and number of parasite attachments under different climatic
conditions have not yet been studied quantitatively.

The objectives of this study were to quantify the effects of O. crenata seed density in the soil,
soil temperature and soil moisture regimes on: (1) the occurrence and duration ol various
developmental stages of O. crenata; (2) the number and dry weight of O. crenara plants; (3) the
relationship between faba bean RLD and number of O. crenata attachments; and (4) faba bean

seed b ield
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Materials and methods

Field experiments

Two field experiments were carried out in 1993-94 and 1994-95 at the principal research stution
of the International Centre for Agricultural Research in the Dry Areas (ICARDA) at Tel Hadya
(36°N, 37°E, 284 m above sea-level) in north-west Syria. The trials were designed as split-split-
plots with moisture supply as main plot, sowing date as subplot and O. crenata seed load as
subsubplot, and replicated four times (Table 1).

Irrigation treatments, plant sampling procedures and standard measurements have previously
been described in detail (Manschadi er al., 1998a). Briefly, in both seasons a large-seeded faba
bean genotype (ILB 1814; Syrian Land Race. Orobanche-susceptible) was sown by hand on two
dates at 22 seeds m 2. The crops in the moisture supply treatment MS1 were grown mainly under
rainfed conditions. Only one supplemental irrigation was applied at the beginning of the growing
period in each season. In MS2, plots were irrigated with 180 and 265 mm water in 1993-94 and
1994-95 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 O. crenata seeds. Therefore, in order to
create control plots (without parasite seeds) as well as plots with controlled differentiation in
0. crenata seed densities, the experimental area was first solarized during the hot weather period
in July and August by covering soil pre-irrigated with 50 mm of water with clear polyethylene
sheets (0.18 mm thick) for 40 d. This duration of solarization is reported to give more than 90%
control of Orobanche (Sauerborn et al., 1989). One week before sowing laba bean, different
0. crenata seed densities were created artificially by spreading O. crenata seeds mixed with 50 g
sand uniformly over each plot. The seeds were then mixed with the top 15 cm soil using a rake in
the 1993-94 and a rotavator in the 1994-95 season. Orobanche crenata seeds had been collected
in 1991 from a faba bean field at [CARDA. The amount of parasite seeds needed for each plot
was calculated according to the viability of the seeds, the 1000-seed weight of O. crenata (4 mg)
and the weight of the top 135 cm soil layer using a bulk density of 1.1 g cm™. The viability of
0. crenata seeds was determined by the 2,3,5-triphenyl tetrazolium chloride (TTC) test (Linke &
Saxena, 1991b).

Sequential samples were taken during faba bean growth, beginning 4 weeks after emergence
and ending at physiological maturity. Plants from five adjacent positions were collected at each
sampling date and separated into stems, leaves, inflorescences, pod walls and seeds. Numbers
and dry weights of these organs were measured. Leal areas were determined with a calibrated
Licor Leaf Area Meter (model LI-3100, LI-COR, USA).

Table 1 Summary of the Factar Level Description
experimental factors in the growing
seasons 1993-94 and 1994-95 Maisture supply MS1  Limited moisture supply
MS2  Sufficient moisture supply
Sowing date SD1 Mov. 10 {1993-94); Nov. 7 (1994-95])

SD2  Dec. 20 (1993-94), Dec. 12{1994-95)

0. crenataseedload 0S0  Without O. crenata seeds
0S1 50 viable O. crenata seeds kg™ soil (-15 cm)
0S2 200 viable O, crenata seeds kg™ soil (0-15 em)
0S3 600 viable O. crenata seeds kg™ soil (0-15 cm)

@ European Weed Research Society Weed Research 2001 41, 311-324
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RLD) and root dry weight of two adjacent plants — out of the fiv

The root-length density (
h factor combination. Three soil

collected for dissection — were measured in two plots of eac
nt with an auger (diameter 11 cm). The first sample was
(Cy) and the two others as adjacent left/right cores
e soil depths 0-13, 15-30, 3045, and 45-60 cm.
have previously been described in
erenata plants that were

samples were taken around each pla
taken as a core centring around the plant
(Cpr). The soil samples were collected from th
The methods of root sampling and root-length measurement
detail (Manschadi et al., 1998b). For each soil sample, the number of 0.
attached to faba bean roots was determined and the parasites were classified into the following
developmental stages: (&) visible tubercles > 1 mm with or without crown roots; (b) buds; (c)
underground shoots; and (d) emerged plants, according to the key described by Linke et al
(1989). Thereafter, the parasites were separated from the faba bean roots and their dry weight
was determined.

At physiological maturity, an area of 1 m? from the
the harvested sample, the numbers and dry weights of
determined. Afterwards, the emerged O. crenata shoots and the underground
to 15 em soil depth) were collected and counted. The dry weights of above- and below-ground

centre of each plot was harvested. From
faba bean stems, pods, and seeds were
attachments (down

parasiles were determined separately.
The soil temperature was recorded continuously
connected to a data logger (Delta-T Devices, UK).

in 5. 15 and 25 cm soil depths using

lemperature SENsors

Growth chamber experiments
elopmental stages of O. crenala were

The effects of temperature on the duration of the early dev
crenata seed density in the

investigated under optimal water supply conditions and with high O.
soil. Three experiments were conducted successively in a growth chamber (Model E7 Conviron,
Canada) in 1995.

A 1:1 mixture of steam-sterilized soil and sand was used for each experiment. The sterilized
soil was artificially infested with 20 mg of O. crenata seeds (approximately 5000 seeds) kg ' soil.
Plastic pots (9 cm diameter, 0.8 L volume) were filled with the infested soil, irrigated and stored
for 7 d at room temperature to pre-condition the parasite seeds. Orobanche crenata seeds had
been collected in 1993 from a faba bean field at [CARDA and stored in plastic containers at
room temperature. The viability of O. crenata seeds was about 80% at the beginning of 1995, as
determined by the 2.3,5-triphenyl tetrazolium chloride (TTC) test (Linke & Saxena, 1991b). After
the conditioning period, one pre-germinated seed of faba bean genotype ILB 1814 was planted in
each pot. Thereafter, in each experiment, 27 pots were put in the growth chamber al 12/12 h
dark/light and alternating (12 h) temperature. In the first experiment (GC1) the night/day
for the second to 6/18 °C (GC2) and for the last to 12/26 °C
GC3. GC2 and GCI corresponded 1o the
a in October, November and

temperatures were set to 37 °C;
(GC3). The selected temperatures for the experiments

long-term maximum and minimum temperatures at Tel Hady

December—January respectively.
Pots were irrigated as required to avoid drought stress.

week after faba bean emergence, three randomly chosen pots were 1

chamber. The roots of faba beans were carefully washed [ree of soil and the underground

aba bean rools (appressoria, tubercles, and buds) were

At weekly intervals, beginning one
aken from the growth

developmental stages of O. crenala on f

observed under the dissecting microscope. Al the final sampling, about 2 months alter fuba bean

emergence, six pots were taken.
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Calculations

ie & NeSmith, 1991) was used to estimate the dates of

The thermal time approach (Ritch
grees) was

occurrence of various dev elopmental stages of O. crenata. Thermal time (d °C, day-de
calculated as the summation of daily mean soil temperature at 10 cm depth above a base

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

Statistical analysis
t using the GLM (General Linear Model) procedure of the

1991). Prior to analysis of variance, a test was carried out
| distribution using the UNIVARIATE procedure

Analysis of variance was carried ou
SAS statistical package (SAS Institute,
to check whether the data followed the norma
of SAS (Dufner et al., 1992). Significant differences i

TUKEY-Test (Tukey's honest significant difference)
obtained with SigmaPlot (version 2.01, Jandel Scientific

n the mean values were determined using the
at a significance level of 0.05. Regression

analysis and curve fitting were
Software).

Results

In the field experiments, the faba bean crop in control plots (OS0) were almost totally free from
asite shoots were 0
solarization had provided a very good control of

0. crenata infection. Only lwo par bserved in a control plot of earlier sown
crops in 1994-95. This indicates that soil
O. crenata because the experimental field was naturally infested with parasite seeds. The
\ obtained from the control plots describing the effects of temperature and soil

experimental dat:
moisture on faba bean root and shoot growth have been reported elsewhere (Manschadi et al.,
1998a.b). In this paper, we present the results of O. crenaia infested plots.

In the 1993-94 season, the O, crenata infection 1 artificially infested plots (OS1, OS2, OS3)
was very low and much delayed. The few observed parasite attachments had a bulb-shaped
low the soil sur
This was most probably caused by the use of a rake,

undereround shoot directly be face. indicating that the O. crenata seeds were

situated in the upper 6-7 cm soil layer.
weds with the top 15

which failed in mixing the parasite se cm soil. Therefore, this study shows only
1994-95 when the parasite seeds were thoroughly mixed with

the results of the field experiment in
the top 15 em of soil using a rotavator.

Phasic development of O. crenata

essoria were formed in the first growth chamber experiment (GC1) with
crenata tubercles or buds were observed at the final
In GC2 and GC3 as well as under feld

ated with the soil temperature. The

Few O. crenata appr
3/7 °C night/day temperatures. No 0.
sampling (about 60 d after faba bean emergence, DAE).
conditions, Q. crenata development rate Was positively correl
thermal duration of various O. crenaid developmental stages is shown in Fig. 1. A base
temperature (TBASES) of 4 °C ‘was assumed for the phase from faba bean emergence to

pressorium because som

he therm
first growth chamber experiment conducted at 5 °C.

a TBASES of 8 *C gave the best fit to the data.

formation of Q. crenata ap g appressorna were formed at 5 °Cin GCIL. A

TBASES of 6 °C was used to calculate t
tubercle, as no tubercles were observed in the

For the further development stages of O. crenala,

4l time from appressorium to formation of

srch 2001 41, 31 1-324
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Fig. 1 Thermal duration of different developmental stages of U. crenatd on faba bean; A, T, B-and E indicate
appressorium, tubercle, bud and emergence of 0. crenala respectively; GC2 and GC3 are for growth chamber
experiments and SD1 and SD2 represent first and second sowing date in the field experiment; GH 1s for a

greenhouse expenment (Manschadi et al., 1996)

The occurrence of O. crenata dev elopmental stages was not related to faba bean phenology. In
the heavily infested plots (OS3), the formation of parasite buds coincided with the onset of

flowering in faba beans.

Orobanche crenata infestation

The total number of O. 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
parasites m~2) was observed in plots with 600 (OS3) O. crenata seeds kg soil (Table 2). In
comparison to OS3, the total numbers of parasites in plots with 200 (0S2) and 50 (OS1) seeds
kg ! soil were reduced by 46 and 86% respectively. When faba bean crops were grown with
sufficient moisture supply (MS2), delaying of sowing did not significantly affect the number ol
52 and

0. crenata attachments. However, with limited moisture, the number of parasites in O
0OS3 treatments of later sown crops were reduced by about 50%. The lowest O. crenala
attachment was observed in the later sown crops (SD2), grown under limited moisture supply-

The number of emerged parasite shoots increased with increased parasite seed densily in the

soil (Fig. 2). Only the difference between OS2 and 0S3 of earlier sown crops in MSI
sowing date.

Widd

statistically not significant. The number of emerged parasites was not affected by

With the exception of OSI, the number of emerged O. crenata 1n MS2 plots was greater than
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Table 2 Tot

ns are: 105.5 for OS

mparing lwo me
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Fig. 2 Number of emerged shoots and underground attachments of O. crenata on faba bean genotype ILB 1814

grown under limited (MS1) and sufficient (MS2) moisture supply. OSI, OS2 and OS3 indicate 50, 200 and 600

O. crenata seeds kg™ soil respectively, SD1 and SD2 are for the first and second sowing date respectively. Vertical

:nt LSD for comparing OS means within the same SD as well as SD means at

bars marked with letters represe
the same combination of MS and OS (a): and MS means at the same combination of MS and OS (b). Vertical

bars indicate +SE.

those in MS1 plots. On average, the lowest numbers of underground attachments (i.e. tubercles,
buds, underground shoots) were found in OS1. In OS2 and OS2 of earlier sown crops grown
under limited moisture supply, around 67% and 76% of the parasites were found below the soil
surface (Fig. 2). When crops were fully irrigated, only about 50% of parasites were counted as

underground attachments
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Dry weight of faba bean and O. crenata

Compared with uninfected plants, O. crenata infestation reduced the total dry weight of faba
bean crops on average by 24%, 48% and 62.5% in OS], 052 and OS3 respectively (Fig. 3)
Delayed sowing resulted in a w'mmam reduction of dry weights in uninfected and highly
infected (OS3) crops only. With the exceptions of OS3 and earlier-sown crops of OS2, crops
grown under full irrigation produced significantly more dry matter.

The greatest dry weights of O. crenata were observed in earlier-sown crops under full
irrigation in OS2 and OS3. Although the total number of O. crenata attachments in OS2 was
significantly lower than that in OS3, the dry weights of the parasites were similar in both seed-
density treatments (Fig. 3). Delay of sowing date only caused a significant reduction in O. crenata
dry weights in OS2 and OS3.

In general, O. crenata infestation reduced the grain yield of faba bean (Fig. 4). Under severe
O. crenata infestation (OS3) in both moisture supply treatments, no pods were observed in the
earlier-sown crops and grain yields of later-sown faba beans were negligible. In 082, the seed
yields of earlier-sown crops were very low and did not differ significantly from those in OS3.
However, in contrast to 0S3, delay of sowing increased the faba bean yield substantially. In both
0S2 and OS3 treatments, full irrigation did not improve the seed yield of infected faba beans.
Under relatively low O. crenata infestation (OS1), delaying of sowing did not affect raba bean
seed yield. The highest faba bean seed yield (284 g m*) in OS] was obtained in later-sown crops
grown under sufficient moisture supply.

In the earlier-sown crops of both moisture supply treatments, there were no differences
between the uninfected and infected faba beans for total dry matter partitioned into both faba
bean fruits (pod husk + seed) and O. crenata (Fig. 4). When crops were sown later, a similar
pattern of dry matter partitioning was observed between OS0. OS1 and OS2 treatments.
However, in OS3. the combined dry weight of faba bean fruits and O. crenata was significantly

lower than those in other treatments, irrespective of moisture supply

MS2

-

1400 MS

0
600

Dry weight (g m?)

0. crenata

050 OS1 OS2 053 0S0 0S1 0S2 0S3 050 0S1 DS2 0S3 0s0 0S1 0S2 053
SD1 sD2 SD1 sD2

Fig. 3 Dry weight of faba bean genotype ILB 1814 and O. crenata under limited (MS1) and »nlhuun (MS2)
moisture supply in H"' 95: 0S0. 081, 082 and OS3 indicate 0, 50, 200 and 600 O. crenata seeds kg ! respectively
SDI and SD2 are for the first and second sowing dale respectively. Vertical bars marked with letters indicate LSD
for comparing OS means within the same SD (a); SD means at the same combination of MS and OS (b); and MS

means at Lhe same combination of SD and OS (c).
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Orobanche crenata dry weight measured in fully irrigated plots with 50 parasite seeds ke soil

B T e

(OS1) were used to calculate the potential growth rate of an O. crenata plant (PGORO) as a

£

:

X function of temperature sum (DTTSUM) (Fig. 5). We assume that in this treatment no

= intraspecific competition between O. crenata attachments occurred because more than 80% of the
parasites emerged and completed their life cycles successfully. DTTSUM was determined using air
temperature sum (d °C) accumulated from fuba bean emergence using a base temperature of 0 °C.

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

i The relationship between the total number of parasite attachments al faba bean harvest

(TORNO) and O. crenata seed density (ORSD) was dependent on maximum faba bean RLD in
the top 15 cm soil measured by the start of pod-filling in each treatment combination of sowing
date and moisture supply (Fig. 6).

When the RLDs were greater than 2 cm em >, the differences between TORNOSs in each
ORSD treatment were not significant, and TORNO seemed to be dependent on ORSD only. In
this case, the relationship between TORNO and ORSD was best described by a monomolecular

equation (Thornley & Johnson, 1990):
TORNO = 685.4 % [| — EXP(-0.0027 x ORSD))| (1)

For RLD < 2 em em . the relationship between TORNO and RLD was assumed to follow a
linear model. The dependency of TORNO on ORSD in this domain seemed to be the same as for
higher values of RLD described by eqn 1 (see Fig. 6, dashed line). Therefore, for 1.039 <
RLDs < 2 cm cm °, the overall function was:
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Fig. 6 Relationship between number of O. crenata at faba bean harvest (TORNO) and 0 crenata seed density
(ORSD) at different root-length densities (RLD: cm em™ in the top 15 em soil) of faba beans planted at 1wo
different dates and grown under limited and sufficient moisture supply; Regression equations: eqns (1) and (2)

TORNO = 685.4 x [I = EXP(-0.0027 » ORSD)] x (~1.083 + 1.042 x RLD) 2

The parameters a (—1.083) and b (1.042) were estimated from the linear regression between
{TORNO/685.4 x [1 - EXP(- 0.0027 x ORSD)]} and RLD (r = 0.91), so that for RLD = 2 the

equation could be joined continuously, i.e.a + bx2 =],

e e Y R ————
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In all treatments, TORNO at the harvest of faba bean crops was predicted realistically using

equations 1 and 2 (Fig. 7).

Discussion

The effects of O. erenata soil seedbank, temperature and soil moisture on the parasite infestation
level in faba beans were quantified in this study. The phasic development of O. crenata was
closely related to soil temperature and not to faba bean phenology. A similar finding from field
experiments with other faba bean cultivars was reported by ter Borg (1987). Prediction of
occurrence and duration of O. crenata developmental stages based on the thermal time concept
has been reported by Kropfl & Schippers (1986) and ter Borg (1987). However, these authors
assumed a base temperature of 0 °C for the calculation of thermal duration of O. crenata
developmental stages from germination to maturity. Our results and those of Sauerborn (1989)
show that ©. crenata attachments do not reach the tubercle stage at temperatures lower than
5 °C. Therefore, use of different TBASES more accurately predicts O. crenata development.

[n agreement with previous reports (Mesa-Garcia & Garcia-Torres, 1986; Linke et al., 1991a),
the extent of Q. crenata infestation in our study was closely related to the number of parasite
seeds in the soil. The seed-density treatment with 600 seeds kg ! soil (OS3) resulted in complete
crop failure. A similar finding was reported by Linke er al. (1991a).

Although a delay in crop sowing consistently decreases crop yield compared with early
sowing, it has been reported to be an effective method to reduce the parasite infestation and
increase faba bean seed yield (Mesa-Garcia & Garcia-Torres, 1986; Arjona-Berral et al., 1987;
van Hezewijk el al., 1987; Sauerborn, 1991b). However, our results revealed that the effect of
delayed sowing on O. crenata infestation was dependent on the parasite seedbank in the soil
Shifting the planting time of faba bean only resulted in a decrease in parasite dry weight and an

increase in crop seed yield in the moderately infested plots (OS2). In the treatments with lower

© European Weed Research Society Weed Research 2001 41, 311-324
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(OS1) and higher (OS3) infestation levels, crop yields were not improved, although delayed
sowing did reduce the dry weight of parasites.

In our study, O. crenata infestation was higher under sufficient (MS2) than under limiting
(MS1) water supply conditions, irrespective of sowing date. The positive effect of supplemental
irrigation on the numbers and dry weights of parasites can be attributed to a better development
of the faba 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 (Aalders & Pieters, 1986; ter
Borg & van Ast, 1991; Manschadi er a/, 1997). Sufficient water supply only increased the seed
yield of infected faba beans in plots with the lowest parasite seed density (OS1). However, in the
long term, supplemental irrigation should not be recommended as a measure to improve the seed
yield of infected faba 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 O. crenata
seedbank in the soil (Linke et al., 1991b).

The combined dry weights of Q. crenata and faba bean fruits (Fig. 4) confirm previous
observations (ter Borg, 1986; Manschadi et al., 1996; Manschadi ez al., 1997) that O. crenata acts
as an addiuonal sink in the host:parasite system without influencing host metabolism. The
combined dry weights of parasite and faba bean fruits were only reduced in the later-sown crops
of the heavily infested plots (0S3). This was mainly because of an O. crenata-induced
acceleration of faba bean senescence, as in these treatments the host plants died about 2 weeks
earlier than the control plants.

When the bud stage of O. crenara coincided with the onset of flowering in faba beans (0S3),
no seed-containing pods were observed on host plants. This is in agreement with the results of a
greenhouse experiment reported by Manschadi er al. (1996), indicating that the sink strength of
O. crenata in the bud stage is comparable with that of faba bean seeds in the rapid seed-filling
phase. As soon as O. crenata 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
not receive any assimilates. Therefore, the dry matter partitioning between O. crenata, 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 O. crenata soil seedbank and faba
bean root-length density on the number of parasite attachments. The relationships presented in
this study (egns | 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 faba bean cultivars and
locations. Of particular importance is the fact that these equations are only valid for
Orobanche-susceptible faba bean cultivars, as it has been reported that in Orobanche-tolerant
faba beans the number of O. crenata attachments is not related to faba bean root-length density

(Manschadi et al., 1997).

In conclusion, the above findings provide useful quantitative information for modelling the
interactions between the parasitic weed O. crenata and its host plant Vicia faba. The occurrence
and duration of O. crenata developmental stages can be easily estimated on the basis of thermal
time. As O. crenata acts only as an additional sink for photosynthates, dry matter partitioning
into parasites may be modelled based on the potential growth rate of an individual O. crenata
plant and the total number of parasite attachments that can be calculated from the faba bean
root-length density and parasite soil seedbank. More knowledge about the faba bean senescence
rate in relation to O. crenata infestation level appears to be necessary.
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A SURVEY OF SURFACE CHARACTERISTICS OF SEEDS OF

SCROPHULARIACEAE AND OROBANCHACEAE USING
SCANNING ELECTRON MICROSCOPY!

LYTTON ]J. MUSSELMAN & WILLIAM F. MANN, JR.
Depactment of Biological Sciences, Old Dominion Univernsity, Norfolk, Virginia 23508, U.S.A.

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

Abstract

Seed surface characteristics of 23 species in 11 genera of the
Scrophulariaceae 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 unormamented 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
on the biology of root parasites of the
southeastern United States to determine
their potential danger as pathogens of
commercial forest trees.: It sought to
characterize the morphology of seeds of
25 speties of Scrophulariaceae and
Orobanchaceae by scanning electron
microscopy. The seeds are small, ranging
from 440 to 309,000 per , which
makes them ideal for SEM study. Such
information is useful in the identification
of the parasitess and has systematic
value.

Twenty-three of the 25 species of
Scrophulariaceae  investigated are hemi-
parasites. The Orobanchaceae, closely
related to the Scrophulariaceae, are re-
presented by two genera of holoparasites,

The value of SEM studies in pollen
is well known, but little work has been
done on seed surfaces (Tomb, 1974).

1. Received for publication:
The authora thank Gary W,

une 21, 1976.
mith, Dr Flo
pating sceds and taking scanning electron micrographs,
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yd G. Manwiller, and Charles M. Stangle for pre-

Chuang & Heckard (1972) published

the first paper on the structure of seeds
of a parasitic angiosperm using SEM.
They worked on Cordylanthus, a root
parasite of the Scrophulariaceae closely
allied with some of the genera included
in this study. Other work on the seeds
of parasitic Scrophulariaceae is
summarized by Kuijt (1969) who also
presents detailed drawings of seeds of
this alliance.

Unfortunately, the terminology needed ‘

to adequately describe seed surface cha-
racters has not yet been evolved. There-
fore, the general terminology used by

Chuang & IHeckard (1972) is employed

here.
Material and Methods

Seeds were collected from various
populations throughout the southeastern

well *
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NAME

SCROPHULARIACEAR

._Agaﬁaia aphylla (Nutt.) Raf.
b+ A. fasciculata (EIL) Raf.

& A. limifolia (Nutt.) Britt.

: A. oblusifolia Raf.

‘-:A. purpuréa (L.) Penn.

.‘ A. setacea (J. W. Gmelin.) Raf,

k. A, tenella Penn.

A. lenuifolia (Vahl) Raf.

,‘A' virgata Ral.

'A ursau:}a flava (L) Farw
1! .lunigam Ralf.

,_.-1, pedicularia (L.) Raf.

A. virginica (L.) Penn,
k) Buchnera americana L.’

K Caslilleja coccinea (L.) Spreng.

—LocaLity

Savana, near junction of U.S. 31 a.nd.

Ala. 47, Baldwin County, Alabama
Dry oak site, Phillips County, Arkansas
Roadside ditch, ca.4 miles, northof
Calhoun County line, Jackson County,
Florida

Pine forest at Pine Helt Airport, Jones
County, Mississippi

Pine Plantation ca. 4 miles west of
Raleigh, Missisaippi

Intersoction I-20 and U.S. 1, Aiken
County, South Carclina

Pine plantation near intersection I1-20

and US. 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 Torrsya
State Park, Liberty County, Florida

Foreat opening, Mountain Lake Bio-
-logical Station, Giles Connty, Virginia

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

Oak forest, Crumps Bottom, Summers
County, West Viriginia

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, jﬁnctlon cf Tenn. Hwy.

96 and I-40, Dickson County, Tem-

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

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

Deciduons forest; fire tower near
Mouniain Lake Geological Stntion.
Giles County, Virginid

TABLE 1 — COLLECTION DATA FOR SPECIES USED FOR SEM STUDY

CoLrLECTOR

Rich, 226
No voucher
Rich, 230
Rich, 206
Rich, 203
Rich, 312

Rich, 313
Rich, 202

Rich, 311
Rich, 256

No voucher

- Mumfm;n and Rich,

486_9
Musselman, 4892
Musselman, 469‘2
Musselman, 4864

Rich, 199
Rich, 209
No -voucher

Musselman, 4865
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NAME

SCROPHULARIACEAR

Schwalbea americana L.

Seymeria cassioides (Walter)
Biake

S. pectinata Pursh

Striga asiatica (L.)
(==S5. lutea Lour.)

Kuntz

OROBANCHACEAE

Conopholis ameéricana (L.)
Wallr.

( Epifagus virginiana (L.) Bart,

TABLE 1 (Conid)

Locariry

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

Sandy flatwoods oil, stand of yeung
pines with no overstory, Gulf County,
Florida

Sandy scrub, Mill Dam Recreation area,
Ocala National Forest, Marion
County, Florida

Devitalized seeds provided by U.S.D.A.

Witchweed Laboratory, Whiteville,
North Carolina

Deciduons forest, Crumps Bottom,
Summers County, West Virginia

Roadwise, Great Dismal Swamp, City

CoLLECTOR
Musselman and Rich,

4686

No voucher
No wvoucher

No voucher

Musselman, 4866

Musselman, 4904

of Suffolk, Virginia

‘

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
binocular 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, m
recoated to eliminate charging of the
specinens. An Advanced Metals Re-

el DV 502 and.

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 125, { 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. tenclla (Fig. 1E, F)
and A. aphylla (Fig. 1G, _ﬁ. In the

“former, the surface of the reticulum is

not ornamented (Fig. 1F) although shal-

low papillae are present, perhaps a result

of underlying cells. -In A. aphylla and

—r

Fig. 1A-K — A. Aureolaria pedicularia, seed in surface view. x 103. B. Awreclaria padic-

laria,

ail of reticula showing omamentation of sarface.x 520. . Awreolaria flava, note deeP
honeycombing, Each reticulum is asymmetrical. X 45. :

D. A. virginica, crest on margin of sced:

reticula have a faint ornamentation. x 52. E. Agalinis lenslla, seed. x 255. F. Agalinis bnella,

individual reticula lack ormamentation (cf., Fig.

and J), although outlines of underlying cells

ate evident. x 1275. G. Agaliﬂ:egpbyua. reticola are shallow with distinct ornamentation. X 98.

H. Buchnera americana, entire

% 171. 1. Castillsja coccimea, surface of reticula are broken.

x 110, J. Agalinis fasciculale showing flue network in each reticulum, x 525. K. Buchnera

americana, reticulum consists of cellular outgrowths. x 1070,
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" only A.

i A. fasctewlata a prominent network of
k' thickenings is evident on the surface
[ of the reticulum (Fig. 1G, ]).

This was

noted previoysly by Kuijt (1969). These

. thickenings are similar to those illus-
. trated by Chuang & Heckard (1972) for
- Cordylanthss laxiflorus. The first group,

lacking thickenings within the reticula,
includes A. linifolia, A. oblusifolia, A.

. seclacea, A. lenmwifolia, A. virgala and

A. tenella. The second group includes
aphylla, A. fasciculafa, and
A. purpurea.

AUREOLARIA— The four species in this

i small genus showed considerable variation
i in the surface structure of seeds. All

four species possess what appears to be

F - papillate wax (Fig.' 1B) as described
f- by Chuang & Heckard (1972).

3 Awreolaria
pediculdria (Fig. 1A), A. laevigata, and

. flava (Fig. 1C) have deep - reticula.

The deeply reticulate seed coat of A.
pedicu’aria (=Gerardia pedicularia) appa-
rently. arises by the collapse of the
integument (Arekal, 1964). The reticula

g of A. virginica are shallower (Fig. 1D).

BUCHNERA AMERICANA — Seeds of

B this species have shallow, elongate reticuls

(Fig. 1H). The surface of the ridges
and, to a lesser extent, the surface of

', ‘the reticula, are covered by knob-like

projections (Fig. 1K).
CASTILLEJA COCCINEA — The surface
of the reticulum ruptures, perhaps as a

k. result of differential growth rates, giving
f. the appearance of shattered. glass (Fig.

LI). At first it was thought this was
an artifact but careful examination of

f fresh material with the light microscope

~ confirmed the presence of ruptures. This
E phenomenon was also observed in some

MUSSELMAN & MANN — SURFACE CHARACTERISTICS OF SEEDS 375

reticula of Macranthera flammea, and
Awreolaria virginica, but never to the
extent of C. coccinea.

CONOPHOLIS A MERICANA — The sur-
face of the seed is almost psilate, except
where it comes into contact with another
seed in the developing fruit (Fig. 2A).
The ridges and surface of the reticula
are smooth (Fig. 2B). Tiagi (1965) has
shown that the testa of C. americana®
is' the sclerified epidermis of the thick,
single integument. ]

DASISTOMA MACROPHYLLA — The
seed is irregularly crested (Fig. 2C) with
shallow reticula. The surface of the
reticula appears to possess wax deposits
similar to those of Awureolaria.

EPIFAGUS VIRGINIANA — 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 Awreolaria and Dasisioma.
Unlike the latter, however, no wax is
evident on the surface of the reticula.
- MELAMPYRUM LINEARE — This is
the smoothest of all seeds examined
(Fig. 2G). The surface and ridges of
the reticula lack any ornamentation
(Fig. 2H). According to Arekal (1963)

2. Remarkably, Tiagi records Comopholis
americana as growing on Quercus peiraga, one of
the white oaks, in the University anical
Garden in Copenhagen. In nature, it hay been
noted repeatedly as being entirely restricted to
members of the red oak group of the pgenus
Quercus. :

_ Fig. 2A-K — A, B, Conopholis amsricana. A. Roughened portion of seed indicates point of
. contact wicth another seed in developing fruit, x 93. HB. Wrinkled

surface represents sclerified

iy ] 1 28 i 40 | O

§: epidermis of integument. X 1010. €. Dasisfoma macrophvila, seed has a curved, winged testa
| with shallow reticula and fine network of wax depositions within each reticulum. x 48. D, E.
§: Epifagus virginiama. D. Seed in surface view.x 210. E. Outer cells of integument become
; thickened in the middle, leaving a narrcw ridge on top of cella. x 1050. F. Macrawthera flammea,
f woote prominent, honeycombed crest, remaining part of testa is irregularly striate.x 41. G, H.
§ Melampyrum lineare. G. Entire seed.x 32. H, Individual reticula represent sclerified outer
laver of integument. x 682, L. Pedicularis canademsis, sood in surface view.x 52. J. Seymeria
f cassioides, distinguished by uniform reticula and a well-developed patterm of thickenings within
| them. x 175. K. Symeria cassicidss, ‘detail of reticulum thickenings. x 1140.
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the surface layer of the testa develops
by the thickening of the radial and
longitudinal walls of the cells of the
epidermis of the integument followed
by a collapse of these same cells.

PEDICULARIS CANADENSIS — The
<eeds are round in cross section and uni-
formly reticvlate (Fig. 2I). The reticula
are relatively small and quite shallow.
Under higher magnification (not illus-
trated) the surface of the reticula ‘is
finely rugose.

SCHWALBEA AMERICANA — The
tests is an elongate and loose-fitting
structure with a very simple, uniformly
reticulate surface (Fig. 3C, D). 8

SEYMERIA —S. pectinata (Fig. 3B) and
S. cassioides (Fig. 2]) are ve? different.
in shape and ornamentation. 5. pectinala
has a prominent crest on its margin
and large, deep, reticula with only weak
surface thickenings (Fig. 3B), whereas
S. cassioides. lacks a conspicuous crest,
has shallow reticula (Fig. 2]) and 2

prominent network of thickenings on.

the reticula’ (Fig. 2KJ. -

STRIGA ASIATICA — The surface of
the seed is covered with uniform, elongate
reticula which - slightly spiral around
the body of the seed (Fig. 3A). Super-
ficlally, the details of the reticula in
this species resemble those of Buchnera
americana (cf., Figs. 3E and 1K). How-
ever, the papillae of the reticula ridges
and surfaces are different. Those of
Stripa are more angular whereas those of
Buchnera are rounded.

Discussion

All the species studied have reticulate
seed coats. The characteristics of the
reticula may be classed into three some-
what artificial categories following, in
part, the suggestions of Chuang & Heckard
(1972). These are: deeply reticulate,
shallowly reticulate, and obscurely reti-
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 Aureolaria pedicularia (Fig.

1A), A. flava (Fig. 1C), 4. ldevigata, and
Seymeria peciinata (Fig. 3B). Obscurely

reticulate seeds include Conopholis amers-

[ December

cana (Fig. 2A) and Melampyrum lincare
(Fig. 2G) in which the walls of the outer
layer of the integument become excep-
tionally thick and Dasistoma macrophyla
(Fig. 2C) with very shallow reticula and

narrow, wavy ridges. The surfaces of

the reticula may Jlack ornamentation
(e.g., Schwalbea americana, Fig. 3C; and
Epifagus virginians, Fig. 2D) or have
a network composed of either wax depo-
sits - (Aureolaria pedicularia, Fig. 1B) or
actual wall outgrowths (Buchmera ameri-
cana, Fig. 1K; and Strige asiafica, Fig.
3E). Species with well-developed crests
may have deep (e.g., Awreolaria flava,
Fig. 1C; and Macranthera flammea, Fig.
2F) or shallow (e.g., Dasistoma macro-
phylia; Fig. 2C, and Seymeria pectinaia,
Tig. 3B) reticulations on- the crest.

In their studies of the species of Cordy-

lanthus, Chinang & Heckard (1972) showed.

that the surface pattern is due to enlarged
epidermal cells of the integument. No
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 Aureolaria; see

_also Chuang & Heckdrd, 1972). In~

Buchmera americana and Siriga asiatica,

the thickenings are actual cell outgrowths

as revealed by anatomical studies (Rich &
Musselman, unpublished). ‘
Chuang & Heckard (1972) found seed
surface characteristics to be of systematic
value in the genus’ Cordylanthus. While
the present study did not include in-depth
survey of any one genus, somne features
of systematic value were found: The
species of Agalinis with thickenings on
‘the surface of the Teticula (Fig. 1G, J)
are restricted to the section Purpureae
(Pennell, 1935). Likewise, this study
indicates morphological dissimilarity bet-
ween the seeds of Seymeria pectinata
(Fig. 3B) and S. easstoides -(Fig. 2])-
The former has a prominent crest on
the seed and is deeply reticulate unlike
S. cassioides. Pennell (1935) places these
two species in different sections. Lastly,
Awureolaria pedicularia (section Panctenis;

19761
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by animal vectors.
that the latter two species as well as -
Conopholis americana (Fig. 3A) have.

378 PHYTOMORPHOLOGY

Pennell, 1935) and the three species in
the section Aureolaria differ in both the
amount and the morphology of wax
deposition (Fig. 1A, B, C).

e 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 general, Pennell (1935)
has suggested that the smaller seeds
with their honeycombed testae are adap-
ted for wind dispersal and the larger,
heavier seeds (Melampyrum linears and
Pedicularis canadensis) are transported

t will be noted

relatively smooth surfaces. In , Como-
pholis, however, the unit of diaspore is
almost certainly the fleshy fruit,  As to
the reticulate seeds, Kuijt (1969) has
suggeste;l that thsl ;triscatilabam adap-
tations for water dis - t i

air and alding in buoyancy. 'szm
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

asitic Scrophulariaceae have stiff, erect

ting stalks which shake seeds from
the capsule. Likewise, the habitat of
many of these root parasites (Awreolaria
_pedicwlaria, Seymeria cassioides) on dry,
coarse sand would seem to preclude any
movement by water over a long distance.
The situation in Comopholis of the
Orobanchaceae has already been referred
to; the seeds of Epifagus alone dre
dispersed by water. e fruit forms
a sort of “ splash cup ' where a drop of
_water will spill the extremely small,
light seeds (309,000 per gram; Mann &
Musselman, 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

ites. Perhaps the small seed size

an adaptation to filtering through
vegetation and litter - 80 as’' to be
: mﬁoned as close as; possible to a
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Le systeme endophytique d’Arceuthobium oxycedri. II. Aspects ultrastructuraux des
zones de contact entre les tissus de I’héte et du parasite

A. Sapik,! L. REY ET S. RENAUDIN
Laboratoire de Cytopathologie végétale, Université de Nantes, 2, rue de la Houssiniére, 44072 Nantes CEDEX, France
Regu le 21 novembre 1985

SaDIK, A., L. Rey et S. RENAUDIN. 1986. Le systéme endophytique d’Arceuthobium oxycedri. 1l. Aspects ultrastructuraux
des zones de contact entre les tissus de 1’hdte et du parasite. Can. J. Bot. 64 : 2778—2784.

L’émde ultrastructurale des zones de contact entre le systtme endophytique d’Arceuthobium oxycedri et les tissus de son
héte, le genévrier oxycidre, montre qu'autour des plus gros cordons et sur les flancs des sugoirs primaires existe souvent, au
nivean du phlodme secondaire de I'hdte, une zone d’écrasement qui parait peu favorable aux transferts de substances. En
revanche, la présence, au niveau du xyl2me secondaire, de demi-ponctuations aréolées au contact direct des cellules des
sugoirs primaires et surtout secondaires est certainement de nature & faciliter les échanges. A la pointe des sugoirs, les cellules
du parasite, au cours de leur progression, endommagent les cellules de 1'héte et font parfois iruption dans la lumitre de ses
trachéides. Une forte activité phosphatasique acide et ATP-asique est mise en évidence en microscopie électronique au niveau

) des plasmalemmes, des plasmodesmes ainsi que de certaines petites vésicules d’endocytose ou d’exocytose dans les sucoirs
( primaires et secondaires. Elle témoigne de I'intensité des phénomenes de transport actif dans ces parties du systeme endo-
phytique. Dans la région des zones de contact, une convergence d’aspect apparait entre les cellules de type cellulosique du

parasite et de 1’hdte.

SADIK, A., L. REY, and S. RENAUDIN. 1986. Le systéme endophytique d’Arceuthobium oxycedri. II. Aspects ultrastructuraux
des zones de contact entre les tissus de I'héte et du parasite. Can. J. Bot. 64 : 2778—-2784.

Ultrastructural study of the contact areas between the endophytic system of Arceuthobium oxycedri and the tissues of its
host, Juniperus oxycedrus, shows that a crushed zone often occurs around the large cortical strands and along the primary
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 tracheids. Electron
microscopy shows important acid phosphatase and ATPase activities at the level of the plasmalemma, plasmodesmata, and

- also some small endo- or exo-cytotic vesicles in the primary and secondary sinkers. Such activities arc a sign of intense active
transfer processes in these parts of the endophytic system. Around the coatact zones, the parenchymatous cells of the host

become very similar in aspect to those of the parasite.

Introduction

L’ Arceuthobium, communément appelé «gui nain» est une
Viscacée hémiparasite qui pousse sur les rameaux des co-
niferes.

__Au cours d'un travail précédent (Sadik er al. 1986), nous
( ons étudié les caractéres cytologiques et cytochimiques des
_différents cordons et sugoirs qui forment le systtme endo-
J)aytique.

Le but du présent article est de compléter les résultats
obtenus par une étude plus précise, au niveau ultrastructural,
des zones de contact entre les tissus de 1'hote et ceux du para-
site, zones particulidrement importantes puisqu’elles sont le
lieu des transferts de substance entre les deux partenaires.

Matériel

Les échantillons d'Arceuthobium oxycedri (DC.) M. Bieb. que
nous avons utilisés proviennent de la région de Manosque (Alpes de
Haute-Provence, France) ol ils ont été récoltés sur le genévricr
oxycédre (Juniperus oxycedrus L.). Pour notre étude cytologique et
cytoenzymologique, plusieurs dizaines de blocs sont découpés 4 des
emplacements divers dans les rameaux parasités.

Méthodes

Préparation des échantillons pour I'érude en microscopie electronique

Le matériel a été fixé au glutaraldéhyde 3 2% dans un tampon phos-
phate ou cacodylate 0,1 M (pH 7,3) pendant 2 h 3 température
ambiante, puis au tétroxyde d’osmium & 1% dans lc méme tampon
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Localisation ultrastructurale d'activités enzymatiques b

La mise en évidence de I'activité ATP-asique a été cffectnée 3y
technique de Wachstein et Meisel (1957) selon le protocole deci
Marx er al. (1982); la localisation des phosphatases aci
émdiée par la technique de Gomori (1956) selon le protocale
par Coulomb (1971). :

Résultats

Frtude de la zone de contact :

Les zones de contact entre I'hdte et le parasite n'ontd
méme aspect selon les différentes parties du sy
phytique et les différents tissus du rameau de

qu'elles traversent. , niau

Les cordons de I’A. oxycedri, qu’ils soient longitud phlogn
circulaires, sont toujours disposés 2 I'intérieur du s cellulosic
secondaire du rameau parasité (Sadik er al. 1986).  des tissus
cordons n’entrainent aucun bouleversement notz ‘pointe du s
1’organisation de ce tissu et leurs cellules aux parois. oi tres épt
sont au contact direct des cellules phloémiennes. En me que
les gros cordons sont entourés, en raison méme de noml
développement, d'une zone d'écrasement confuse eur du ©
lizre qui les sépare plus ou moins du tissu environnant en effet

Les sugoirs primaires qui s’enfoncent profondéme: ugoirs se
cylindre central de I'héte et se prolongent vers I que sur
une tige aérienne, traversent de ce fait plusicurs ti nctuation

La pointe d'un sugoir primaire est toujours constituée comix
lules de type cellulosique caractérisées par une | #llules ays



, de nombreux chioropiastes d'abondantes inclusions
’ques on y observe aussi souvent des accumulations de
gofils de réticulum endoplasmique. A leur contact immédiat,
& trachéides du xyléme secondaire du genévrier, malgré
fpaisseur de leur paroi lignifiée, apparaissent fréquemment
ndommagées (fig. 2). A la faveur d’une déchirure, une cellule
,}a pointe du sugoir peut parfois faire directement irruption
la lumitre d'une de ces trachéides.
2Sur les flancs du sugoir, au niveau du xyléme secondaire du
névrier, les cellules cellulosiques ou les trachéides du para-
te sont étroitement accolées aux trachéides de 1’héte mais ce
oatact direct ne donne lieu 2 aucune particularité notable.
ependant, des coupes semi-fines tangentielles & un sugoir
jontrent qu'autour de celui-ci les trachéides du genévrier peu-
former une sorte d’enveloppe concentrique en s’orientant
ndiculairement 2 leur direction habituelle (fig. 3).
us vers I'extérieur, au niveau du cambium et surtout du
me secondaire du genévrier, on observe souvent autour
Bt sugoir primaire la présence d’une zone d’écrasement con-
s, plus ou moins épaisse, formée de divers débris cellulaires
fparmi lesquels on reconnait ¢ et I3 quelques fibres libériennes
elfig. 4). Au deld de cette zone, le tissu phloémien apparait
nent modifié : alors que dans les rameaux sains, le
me secondaire se présente sous forme de petites cellules
'érc.ment alignées, fortement vacuolisées et pauvres en
ons (fig. 6), dans les rameaux parasités, ces cellules
bt plus grandes, possédent un cytoplasme plus abondant et
des inclusions amyliferes et lipidiques beaucoup plus
breuses (fig. 5). Il est & noter que ces modifications
iFobservent également autour des .sugoirs secondaires et A un
moindre autour des cordons, si bien que dans une partie
rameau ol sugoirs et cordons sont nombreux, c’est
geasemble du phlogéme secondaire de 1’hdte qui apparait ainsi
formé. De méme que les cellules phloémiennes, les
es cambiales s’enrichissent en cytoplasme au contact des
$-Au niveau du parenchyme cortical de I’héte, autour de la
Bone de jonction riche en vaisseaux lignifiés qui relient un
T primaire 3 une tige aérenne, les cellules se chargent
avent de tanins et contiennent des chromoplastes (fig. 7) que
s n'avons pas retrouvés dans les cellules correspondantes
i meau sain,
. £s sucoirs secondaires s’enfoncent égalcmcnt profondé-
eat dans le xyleme secondaire de I’héte. Plus minces que les
-- primaires, ils sont constitués de cellules de type cellu-
7 et de trachéides disposées sans ordre apparent (Sadik
sttme enily 1986). Cette organisation a deux conséquences : il
e genévil fipparait jamais de zonme d'écrasement autour des sugoirs
B toodaires, ni au niveau du xyldme secondaire de 1'hbte, ni au
Byean du phloémc secondaire; par ailleurs, ce sont soit des

n’ont pass

itudinauxy

du phloig fules cellulosiques, soit des trachéides qui se trouvent au
). Les pefl Wtict des tissus de Ihéte. _

otable dxj 3’ h pointr, du sucoir, 1’aspect des cellules cellulosiques avec
rois épaiss > paml trés €paisse et leurs abondantes inclusions lipidiques

fl: méme que dans le cas d'un sugoir pnmam-. et I'on peut
grver de nombreuses figures de progression de ces cellules

En revant§
sme de Ig

se et i i_ mtérieur du rayon médullaire envahi (fig. 8).
nant (fig sERNMEC est en effet clairement au niveau des rayons médullaires
ment dans hs sucoirs secordaires s'enfoncent dans les tissus de I’héte

extérieurl gien que sur leurs flancs on observe des trachéides 2
tissus. ¥ni-ponctuations aréolées, ponctuations qui A 1'origine assu-
stituée dc jert une communication avec les cellules du rayon ligneux.

ne paroi CEEEER ccllules ayant été remplacées par des cellules de sugoir

o

SADIK ET AL.

2779

secondaire d’Arceuthobium, il existe donc de nombreux
endroits ol la paroi des éléments de xyldme de I'hdte est
amincie au contact du parasite (fig. 9).

Lorsqu’un rayon médullaire est envahi par un sugoir secon-
daire et que, sur une coupe, on peut observer cote i cote les
cellules du parasite et les cellules du rayon médullaire qui sub-
sistent (fig. 10), on constate que les deux catégories de cellules
se ressemblent beaucoup par la densité de leur cytoplasme et
leur richesse en inclusions lipidiques. Cependant, les plastes,
de type chloroplaste dans les cellules du parasite, de type
amyloplaste dans les cellules des rayons médullaires sont
nettement différents.

Il est & noter que dans les rayons médullaires non envahis
mais situés a proximité de 1'appareil haustorial du parasite, les
cellules sont également transformées : alors que dans le
rameau sain, ces cellules sont pauvres en cytoplasme, elles
deviennent ici plus grandes avec un cytoplasme plus abondant,
un vacuome plus morcelé et des inclusions amyliféres et lipi-
diques plus nombreuses.

Etude cytoenzymologique en microscopie électronique

Localisation de l'activité phosphatasique acide

Par comparaison avec les coupes témoins (fig. 14), les
dépbts de phosphate de plomb dans les coupes essais indiquent
une activité des phosphatases acides dans les cellules du
systtme endophytique, au niveau du plasmalemme souligné
sur toute sa surface, au niveau des noyaux, au niveau des
plasmodesmes et au niveau des petites vacuoles (Fig. 11 & 13),
Tous ces dépdts sent-plus abondants dans les sugoirs primaires
et secondaires que dans les cordons. Les cellules de I’héte
voisines de systéme endophytique, surtout dans le phloéme
secondaire et les rayons médullaires, présentent également un
certain marquage, en particulier au niveau du plasmalemme et
du noyau.

Localisation de I'activité ATP-asique

La réaction qui se traduit par le méme dépét de phosphate de
plomb (comparer la fig. 15 essai 2 la fig. 16 témoin) révéle une
activité ATP-asique dans les cellules du systtme endo-
phytique, en particulier au niveau du plasmalemme des
cellules des sugoirs primaires. Les petites invaginations du
plasmalemme et les vésicules sous-jacentes que nous avons
déja signalées dans ces cellules (Sadik et al. 1986) sont
marquées aussi.

Discussion et conclusion

L'examen des zones de contact entre le syst®me endo-
phytique d'A. oxycedri et les tissus de genévrier amene  se
demander comment se fait le passage des substances de I’héte
au parasite. L'existence de zones d'écrasement autour des gros
cordons et des sugoirs primaires, surtout au niveau du
phlogme, ne parait pas étre favorable aux échanges. Cette zone
d’écrasement a été également observée par Sallé (1977) autour
du sugoir primaire du gui, au niveau du parenchyme cortical et
du phloéme primaire et secondaire; 1’écrasement et I'orienta-
tion perturbée des cellules environnantes sont causés par la
largeur du cOne de pénétration du sugoir primaire qui ne ren-
contre pas beaucoup de résistance de la part de ces tissus. Mais
au niveau du xyleéme secondaire de 1’hdte ol les parois cellu-
laires lignifiées sont plus résistantes, les perturbations sont
minimes; selon Sallé (1977), cela est dii également & la
présence d'une zone méristématique intercalaire au niveau du
cambium qui permet une croissance du sugoir primaire en har-
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FiG. 1. Gros cordon longitudinal, en section transversale. Il est formé d’un grand nombre de cellules et comporte en son centre des &lémes;
conducteurs (EC), trachéides ou vaisseaux. A sa périphéric, des zones comprimées ou écrasées sont visibles dans le phlodme secondaire quj
I'entoure (fldches). X220 (échelle, 100 ym). FiG. 2. Extrémité d’ua sugoir primaire. Au-dessous des cellules de la pointe caractérisées par e
richesse en inclusions lipidiques (L) et leur paroi cellulaire épaisse (PC) on observe une zone d'écrasement (*) résultant de la compression &
trachéides du xyl®me sccondaire de I'héte. X 7000 (échelle, 2 xm). Fic. 3. Coupe tangentielle d'un sugoir primaire : les trachéides do genévia
forment autour de lui une enveloppe concentrique en s’orientant perpendiculairement 2 leur direction habituelle. X220 (échelle, 100 gm). Fic. £3
Contact entre un sugoir primaire (SP) et le phlodme secondaire de I'hdte. Le long des cellules du sugoir, on observe une zone imégulitre d"écrasd
ment plus ou moins épaisse (*). Dans cette zone confuse, on reconnait ici une fibre libétenne lignifiée (F). X 3800 (échelle, 2 um). Fic. 5. &
lule libérienne de rameau parasité de genévrier riche en cytoplasme et en inclusions lipidiques (L) et amyliferes (A). N, noyau. X 3800 (chelle T
pm). FiG. 6. Cellule libérienne témoin de rameau sain de genévrier. V, vacuole. X3900 (échelle, 2 um) s
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PO el L

D e T s

Fic. 11 & 14. Mise en évidence de 1'activité phosphatasique acide dans les cellules d’un sugoir secondaire. Fig. 11 3 13. Essai. Figsy
témoin. Fig. 11. Coupe essai. Le précipité de phosphate de plomb indiquant une activité enzymatique est présent surtout au niveau dofl
malemme. Le noyau (N) est également un peu marqué. On ne note en revanche aucune réaction dans les trachéides (T). %4800 (échelle, 2
Fig. 12. Marquage des plasmodesmes indiquant une forte activité phosphatasique 3 leur niveaun. x4200 (échelle, 2 pm). Fig. 13. Mangmy
petites vacuoles (V) ainsi que de vésicules dont certaines sont situées dans Je cytoplasme (fléche) et d'autres ouvertes sur I'espace périples
(double flache). x9600 (échelle, 1 pm). Fig. 14. Sur le témoin n’apparaissent que de légers dépdts qui correspondent peut-étre 3 la prés
phosphates libres. X6600 (&chelle 2 ym). Fig. 15 et 16. Mise en évidence de I'activité ATP-asique dans les cellules d’un sugoir ity
Fig. 15. Coupe essai. Le marquage indiquant une activité enzymatique est surtout important au niveau du plasmalemme et des plasmo
Certaines petites vésicules, les unes situées dans le cytoplasme périphérique (fleche), les autres ouvertes sur ’espace périplasmique (353
fléche), sont marquées. X 15 300 (échelle, 1 pm). Fig. 16. Coupe témoin. X 14 950 (échélle, 1 gm). :

[ =




avec celle de 1'héte. En ce qui concerne I'4, oxycedri,
n'avons pas observé I'existence d’une telle zone méri-

atique,

ge des substances. Un dispositif particulier qui a parfois
observé est la pénétration d’une cellule i paroi cellulosique
Pextrémité d'un sugoir a l'intérieur d’une trachéide du

fas
RO

id'mne forte activité phosphatasique acide tout Je long du pont-
E tansfert reliant les €léments conducteurs de I'hdte A ceux du
Eparasite. En outre, Tripodi (1970) et Onofeghara (1972) ont

ks cellules du parasite et dans le transfert d’énergie. Dans le
Emme ordre d'idée, Toth et Kuijt (1977) pensent que chez

bhéte favorisant ainsi 1'action mécanique du parasite. Chez
(Del.) Benth. et Striga gesnerioides
(Willd.) Watke., Ba (1983) estime également que ces
-AZYmES, trés actives dans la zone de contact héte —parasite,
ot impliquées dans les mécanismes de pénétration dans
bite ainsi que dans e transport des substances de ['héte vers
pi¢ parasite.

-En ce qui conceme les ATP-ases, leur localisation au niveau
s plasmalemmes leur confare un role central dans le trans.
prt des jons (Leigh er al. 1975; Leonard et van der Woude
1976) et dans les processus de cotransport des jons et des
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glucides (Caussin er ql. 1979; Komor et Tanner 1980;
Georgieva 1980). Plus précisément, Korenbrot (1977) a
montré que la molécule d "ATPase (phosphatase neutre) com-

Chez Arceuthobium oxycedri, nos observations ont montré
que les activités phosphatasiques acides et ATP-asiques étaient

niveau du phlodme et s; dans ce cas un Passage est possible ay
niveau des cordons, Par ailleurs, les trachéides de I’hbte étant
parfois au contact immédiat des trachéides du Parasite dans les
SUCoirs secondaires et I3 partie profonde des SUCOIrs primaires,
des échanges de substances organiques ont-ils Jiey directement
entre ces trachéides ou bjen ¥ a-t-il obligatoirement transport
actif par I'intermédiaire de cellules de type cellulosique? Une

érude autoradiographique, en utilisant en particulier des sub-

ces problémes,
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Two alien Solanum species new to the Spanish flora, and their
characterization within the Solanum nigrum complex
(Solanaceae)

Abstract

Sobrino Vesperinas. E. & del Monte Diaz de Guerefiu, J. P.: Two alien Solanum species new
to the Spanish flora. and their characterization within the Solanum nigrum complex
(Solanaceae). — F1. Medit. 4: 101-109. 1994. — ISSN 1120-4052.

The distribution of Solanum physalifolium var. nitidibaccatum and Solanum sarrachoides in
Spain is described. These alien species are not included in any Spanish Flora and are not
mentioned in any European or Mediterranean Flora as occurring in Spain. Both species show
marked similarities and were long considered to belong to a single species, 5. sarrachoides:
however there are clear and precise differences between them.

Useful differential characters, here studied, are found among morphological (size and form
of cotyledons, size and form of calyx, pubescence. etc.), micromorphological
(microstructure of the berry, of the episperm, of the types of hairs, etc), physiological (band
patterns obtained by electrophoresis) and ecological features.

Introduction

Solanum sect. Solanum, also known as S. sect. Maurella Nees or sect. Morella (Dunal)
Bitter, mainly 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
"Solanum 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
variable genome, evidenced 1. a. by a wide range of chromosome numbers (2n = 24. 48,
72, 96). Dunal (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.
nigrum L. According to Edmonds (1972) 300 "variants' have been recognized at specific
and subspecific levels. Currently it is accepted that the "Solanum nigrum complex"
comprises some 30 species (Schilling 1981).

In this paper two alien species of the "Solanum nigrun complex" new to the Spanish
flora. both native of South America. are studied. Their nomenclature is confused, as for

other taxa of the complex. S. sarrachoides has been misnamed "S. nigrum var.
villosum" or "S. villosum" (Stebbins & Paddock 1949), and S. physalifolium has been
misidentified as "S. villosum'. "S. lureum' and "S. nigrum var. villosum" (Edmonds
1986). The confusion may be due to the fact that both, as also the true S. villosum Mill.
(= S. lureum Mill.), have hairy stems and leaves.
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Table 1. Average (of 30 measures) and range of lenght-width ratic of cotyledons of

Sclanum sarrachoides and S. physalifolium var. nitidibaccatum.

Origin LW
S. sarrachoides Toledo 2.14 (1.75 -2.34)
S. physalifolium Navarra 3.42 (3.25 - 3.75)
| Palencia ‘ 3.86 (3.33-4.70)
| Soria | 3.50(3.30 - 3.82)

Table 2. Ranges of dimensions (of 30 measures) of berries, seed and granule numbers per
perry of Solanum sarrachoides and S. physalifolium var. nitidibaccatum. (a = length; b =
largest width; ¢ = smallest width)

Berry dimensions mm| Seeds per berry Granules per berry |

a=64-72 30-53 six
b=63-72

c=59-69

S. sarrachoides

S. physalifolium a=43-6.7 | 15-26 |
b=49-86.7 | !

|
|
two or none i
|
c=46-86.3 |

Table 3. Seed dimensions (average of 80 measures), weight (average of 15 measures) and
colour of Solanum sarrachoides and S. physalifolium var. nitidibaccatum.

Lenght mm | Widthmm | Index L/W | mg/100 seeds | Colour
S. sarrachoides 1.4 1.2 | 0.79 | 21.4 | white |
S. physalifolium 1.8 1.4 | 078 | 70.4 | beige |

Solanum sarrachoides Sendt. was described in 1846. Bitter (1912) split off S.

nitidibaccatum from it, which Edmonds (1986) treated as a variety of S. physalifolium
Rusby, var. nitidibaccatum (Bitter) Edmonds, said to differ from var. physalifolium in the
number of flowers per inflorescence, pedicel length, sepal shape, berry size, and number
and size of sclerotic granules.
[n 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 Selanum nigrum L.,

In fact, S. physalifolium 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 have 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, England, France, Finland, Germany. Netherlands, Spain,
Sweden, and Switzerland: and Solanum physalifolium var. nitidibaccatum alone, from

Hungary and Norway.
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Material and methods

Specimens collected in the wild in 1987, 1988, 1989 were used. In addition, the
herbaria of the Royal Botanical Garden of Madrid (MA) and of the Faculty of Pharmacy of
the Universidad Complutense of Madrid (MAF) were consulted.

In order to eliminate modification by the environment, some plants grown from seeds
of Solanum sarrachoides collected in Malpica de Tajo (Toledo), and from S. physalifolium
seeds collected in Mendavia (Navarra), San Esteban de Gormaz (Soria) and Palencia, were,
in addition. cultivated in a glasshouse under identical conditions. Seed germination was
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. Adult
leaves were taken randomly from the middle stem portion (5th to 8th node). Sugar content
was determined six times for each sample of completely mature fruits, using a high-
contrast hand refractometer (0-32 %). Micromorphological observations were made by
scanning electron microscopy, on gold-palladium coated preparations. Seed size was
determined under a binocular stereo-microscope by means of an ocular micrometer, and
seed weight with a precision scale. Polyacrylamide gel electrophoresis of the denaturated
total seed proteins was effected in accordance with the methods of Laemmli (1970) and
Payne & al. (1980).

Results and discussion

General habit.- Both taxa are herbaceous annuals, under a Mediterranean climate. In
Solanum sarrachoides the stem is erect, or slightly prostrate as a result of abundant
branching. In S. phvsalifolium var. nitidibaccarum the stem is mostly prostrate or
decumbent, but can also be erect. Both species are up to 40-60 cm tall, villous and covered
with glandular hairs.

Cotvledons.- In Solanum sarrachoides they are ovate-lanceolate (Fig. 1b), with a
length/width index (i1) of 1.75-2.34. In S. physalifolium var. nitidibaccatum they are
lanceolate (Fig. la), with an il value always >3 (Table 1). Cotyledon shape is thus
diagnostic for these two weedy species, at an early stage of their life cycle.

Leaves.- The leaf blades of Solanum sarrachoides are light green, elliptic-rhombic with a
maximum width in the middle. and with sinuate-dentate margins (Fig. 1d). In S.
physalifolium var. niridibaccarum they are dark green, ovate-rhombic with a maximum
width in the proximal third. and with sinuate-lobulate margins (Fig. 1c). Differences in
leaf shape are slight, and unsuited for separating the two taxa.

The three trichome types defined by Edmonds (1982) in Solanum sect. Solanun -
stalked glands, multicellular hairs and uniseriate hairs. glandular or eglandular - all occur
in the two studied taxa. although the indumentum is denser in S. sarrachoides than in S.
physalifolium var. nitidibaccarum. The former also shows a lower density of stomata than
the latter. Probably both characters are influenced by the habitat. with S. phyvsaiifolium
var. nitidibaccatum growing under cooler and moister conditions.

Flower.- The corollas in Solanum sarrachoides are white with a central light vellow star,
small and rotate, with petals coalescent for half their length (Fig. 1f). The flowers are
grouped in umbel-like inflorescencss. In §. physalifolium var. nitidibaccarum the corollas
are white with a purple central zone. stellate (Fig. Ie). The flowers are arranged in raceme-

Flora Mediterranea 4 — 1994

Fig. 4. Protein bands pattern
d). §. sarrachoides (e. f); anc

like inflorescences. These ¢
may be due to geographical

Calix.- The calyx is stre
distinguishing them from
lower half of the berry, ©
acuminate tips. whereas i
lower half of berry, and th

o)

Micromorphological d:
Solanum sarrachoides no
oceur in 8. physalifoliu
scgments bear the same mu
occupy extends over more
one fifth in S. physalifoiiz

Fruit.- The berry in both
a whitsh cross at the ap=»
| r. The size range of

taxa also show sien

{Table 2). The sugar <o

riticithaccarim (6.3 %) ths



Two aiien Solanum species

" Were used. In addition. the
- of the Faculty of Pharmacy of
red.
‘ome plants grown from seeds
do). and from S physalifolium
1az (Soria) and Palencia, were.
iitions. Seed germination was
id. Seeds of each provenance
\eter.

hile being still green. Adult
‘th to 8th node). Sugar content
T are fruits, using a high-
| observations were made by
Preparations. Seed size was
of an ocular micrometer, and
‘Tophoresis of the denaturated
hods of Laemmli (1970) and

a Mediterranean climate. In
rate as a result of abundant
stem is mostly prostrate or
) cm tall, villous and covered

anceolate (Fig. Ib), with a
ar. nitidibaccatum they are
). Cotyledon shape is thus
1 life cycle.

rec. . elliptic-rhombic with a

margins (Fig. 1d). In S.
:-rhombic with a maximum
ns (Fig. lc). Differences in

Solanum sect. Solanum -
lar or eglandular - all occur
1 8. sarrachoides than in .
wer density of stomata than
ntat, with S, physalifolium

S.

a central light yellow star.
(Fig. 1f). The flowers are
rirtdibaceatum the corollas
Crs are arranged in raceme-

et bt s 4t s s bt i 4 e b e

LRR| S p———

At o

107

o

W gl

B = W o

] I avsalifoll : iridibaccarum (c.
Fig. 4. Protein bands pattern of Selanum nigrum (a, b); S. phvsalifolium var. nitidibacecarl C
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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, w hjgh i;\'r;x go‘nd-\_‘}.‘l;‘xmli['c;‘: ::er
distinguishing them from their relatives. In Soiammz_m_rrc;c{mr_des it em.lmgsjat' Lj“w‘i[h
lower half of the berry. being the sepals united in_[he_lr inferior half olr trlml .r ;\:Oq o
acuminate tips, whereas in S. physalifolium var. nmd:ba_caamm it ¢nulos:.sl.1_ (‘F|;r 5
lower half of berry, and the sepals are fused more than halfway to their blunt tips (Fig. 1h,

g).

Micromorphological differences between the two taxa ipclud_c the tol::)‘u‘xn;z_.[h(‘l\.&jg
Solanum sarrachoides no stomata occur on the inner face of the s_'epals‘ w ILFFHEI‘ : Lﬂ;[j\
occur in S, physalifolium var. nitidibaccatum. (2‘) “.' hcrears in _bnth [d.\-d rf'L'*L[h!’\,'
segments bear the same multicellular glandular and umsenareﬁhalrs |nx1d¢. thebsu .z:: (mn!_\l
m:'up_\- extends over more than half the total sepal length in §. sarrachoides but ove 3
one fifth in S. phvsalifolium var. nitidibaccatum.

Fruit.- The berry in both taxa is almost exactly spherical. usuqlly green \?'h.c.n T;PC";\,\‘.I”T
a whitish cross at the apex and an irregular whitish neF. That of _Smunum immc 101 c.. I;
larger. The size range of the berries of both species is shown in Table 2. The frl..llh.[(P
both taxa also ShO\\u.".-]‘:.’nil-iC:lﬁl differences in numbers of seeds and sclcr?_[!clgrmulus
(Table 2). The suear E(mrem of the mature berry is lower in S. physalifolium var.
nitidibaccatum (6.5 S¢) than in S. sarrachoides (11.2 %).
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Fig. 5. Distribution in Spain of Solanum physalifolium var. nitidibaccarum (dots) and §.
sarrachoides (cross).

The microstructure of the epicarp is shown in Fig. 2. In Solanum physaiifolium var.
nitidibaccarum the ornamentation of the berry consists of a network of grooves which
delimit slightly granular rajsed areas, while in S. sarrachoides the netted grooves are

Seed.- The seeds of Solanun sarrachoides are smaller than those of S. physalifolium var.
nitidibaccatum, and have a differant colour (Table 3). The micro-ornamentation of the testa
is of the same type in both taxa bu the raised bands are wider and denser In S. sarrachoides
(Fig. 3),

The gel electrophorethic anzlysis of the total seed proteins shows a clear qualitative
difference berween the two specizs. and also between them. S nigrum and S. viliosum
(Fig. 4).

Ecology and distribution in Spain.- The distribution in Spain of the 1wo taxa does
not overlap. Soianum physalifolium var. nitidibaccarum is found in the northern half of
Spain. most frequently along the Duero river valley where it is a locally successful
summer weed of imigated areas (Fig. 3). whereas S, sarrachoides is confined 1o 2 very
restricted area in the central part ot tie Tajo river vallev and 15 also a summer weed on
irigated ground.
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Average yearly summer temperatures are lower in northern Spain than in the central
region. a meseta at an altitude of c. 700-800 m. The Central System mountain range also
separates the Spanish areas of the two taxa,

Solanum sarrachoides grew without problems under experimental cultivation at Malpica
de Tajo (Toledo), on the central meseta. and produced flowers and fruits throughout
summer. This was not the case of §. physalifoiium var. nitidibaccarum 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. physalifolium
var. nitidibaccatum, such as its less dense indumentum. possibly explain its being better
adapted to mild summer temperatures.

Dispersal strategy is the same in both taxa: at the slightest shock. ripe berries fall to
the ground together with the calyx and peduncle, and remain there without drying out for a
long period of time, particularly those of Solanum physalifolium var. nitidibaccatum due
to their harder epicarp. Thus, dispersal is very limited, except for carriage by birds. Water
appears to be the main agent of dispersal, which accounts for the occurrence of both
species in important river valleys and in irrigated areas, in Spain.
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La conservacion ex situ de recursos fitogenéticos se
realiza a través de un conjunto de técnicas, que tie-
nen por finalidad el mantenimiento de colecciones
vegetales fuera de su habitat natural, ya sea en for-
ma de ejemplares completos o partes de ellos tales
como semillas, polen, propagulos vegetativos o lefio-
505, tejidos y células. En general, el tipo de instalacio-
nes que aplicando diferentes métodos, consiguen esta
forma de conservacion, se denominan bancos de
germoplasma vegetal.

Los bancos de germoplasma actuales estan, en su
gran mayoria, dedicados a la conservacién de espe-
cies cultivadas y méas en particular, a las que resultan
basicas para la alimentacién humana. No obstante,
en la GUltima década se estan realizando importantes
esfuerzos para la instalacién y desarrollo de bancos
de germoplasma cuyo objetivo es la conservacién de
especies silvestres, ocupandose especialmente de
aquellas sobre las que se cierne un eminente riesgo
de extincion,

Segun la forma del material vegetal a conservar se
pueden considerar varios modelos de bancos de
germoplasma:

1. Colecciones en campo
2. Colecciones in vitro

3. Bancos de polen

4. Bancos de semillas

El modelo actualmente mas plenamente desarro-
llado y extendido, dentro de estos tipos de bancos de
germoplasma, es el banco de semillas. Pero este sis-
tema solo es 6ptimo para mantener especies con se-
millas de tipo ortodoxo, es decir, aquellas que pue-
den desecarse hasta un contenido de humedad de
aproximadamente del 5% Y conservarse sin proble-
mas durante largos periodos de tiempo en condicio-
nes frias. Para las especies con semillas que no pue-
den secarse por debajo de un contenido de hume-
dad relativamente alto sin perdida de la viabilidad,
niser mantenidas a baja temperatura sin sufrir dafo,
hay que aplicar métodos alternativos.

Muchas especies, especialmente en los tropicos, po-
seen semillas recalcitrantes o bien nosroducen semi-
lla facilmente. Otras, como muchos frutales de pepi-
ta y hueso, tienen dificultad para ser conservadas a

tecnicas de Conservacion

Bancos de Germoplasma
Vegetal,

Margarita Clemente Mufioz

causa de la latencia que presentan sus semillas o bien,
porgue no es suficiente con el mantenimiento de és-
tas si se persigue conservar la calidad de la variedad,
como en el caso de los clones de patate o de cafa de
azucar. Para todas estas especies es necesario mante-
ner por via asexual plantas completas, o propagulos
tales como tubérculos, rizomas, bulbos o estacas y
establecer con estos materiales colecciones en cam-
po.

Las instalaciones requeridas, para esta modalidad
de banco de germoplasma, son entre otras: areas de
Propagacion especiales; parcelas de tamafio adecua-
do; invernaderos con sistemas de control de tempe-
raturas; umbraculos; sistemas de riego y habitacio-
nes a baja temperatura para el almacenamiento temn-
poral de propagulos.

La propagacion asexual conlleva dificultades y com-
plicaciones. Por ejemplo, para las plantas que produ-
cen tubérculos es preciso utilizar contenedores para
evitar que los clones se mezclen en el suelo. A veces,
es necesaria la limpieza periodica en el caso de espe-
cies rizomatosas, o incluso levantar toda la coleccion
y obtener nuevos especimenes, a partir de las plantas
madres originales. Las colecciones de propagulos ta-
les como tubérculos, rizomas y bulbos pueden man-
tenerse sin plantar, en habitaciones a baja tempera-
tura, tan sélo uno o dos afos por término medio,
dependiendo de las especies. En el caso de especies
arboreas el problema se complica porque requieren
mas espacio, un considerable trabajo de cuidado y
tomar una serie de precauciones. Por ejemplo, es pre-
ciso aislar las diferentes accesiones, de la misma o di-
ferente especie, para evitar su hibridacion, y en el
caso de las especies frutales sera necesario conservar
los patrones ademas de |as variedades,

Las colecciones en campo ocupan mucho espacio y
en general, raramente abarcan todo el rango de va-
riabilidad genética. Ademas, dificilmente se mantie-
nen las condiciones ecologicas que las plantas tenian
en la naturaleza y son susceptibles a enfermedades y
danos fortuitos producidos por incendios,
depredadores y tormentas.

Sin embargo y a pesar de todos sus inconvenien-
tes, las colecciones en tampo son una forma muy efec-
tiva para la conservacién de especies con semillas re-
calcitrantes, o de las Que presenten otros problemas,
que impidan la aplicacion de otras técnicas. En la ac-
tualidad, algunas instituciones y jardines botanicos
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de la India, Honduras, Cuba, Malasia, Estados Unidos
de América, etc., poseen excelentes bancos de
germoplasma de este tipo.

)

2

)

3

)

)

3

)

)

'

)

)

) Es éste un método alternativo de banco de

) germoplasma, a veces Unico, para conservar especies

) con semillas recalcitrantes o con baja o nula produc-

' cion de semillas fértiles o de polen. También resulta
adecuado para mantener especies perennes, que pre-

; sentan ciclos de vida muy largos, con produccién de

) -~millas al cabo de muchos anos. O bien, para conser-

) _rlineas clonales con elevado grado de heterocigosis

) © especies silvestres, con poblaciones muy reducidas,

) donde la mera recoleccion de semilla puede afectar
su supervivencia en la naturaleza.

) Con este tipo de colecciones in vitro se evitan las

) posibles pérdidas por ataques de patogenos, inciden-

) tes climatolégicos o desastres naturales que se pro-

) ducen en las colecciones en campo. Permite la obten-

) cion de un elevado numero de unidades en un corto
tiempo y en un espacio reducido. También se facilita

; el intercambio y distribucion de las colecciones entre

) instituciones de diferentes paises por ser materiales

) libres de patogenos. Pero hay que sefialar que este

) sistema también presenta inconvenientes, porgque

' resultan costosas las instalaciones necesarias para su

' aplicacion, origina una serie de problemas técnicos,
para los que es preciso contar con personal especiali-

] zado, que conozca los métodos que van a ser desa-

) llados y finalmente porque es necesario cuidar, de

) .!ma especial, que la estabilidad genética y el po-

) tencial regenerativo se mantengan.

' El término cultivo in vitro se aplica a un conjunto

de tecnicas que se han desarrollado en los Gltimos

' anos y que han resuelto numerosos problemas prac-

) ticos en el campo de la agricultura, En sintesis se tra-

) ta de una forma de cultivar el material vegetal en

) condiciones asépticas, en medio sintético definido y

' bajo condiciones ambientales controladas.

El cultivo puede iniciarse a partir de cualgquier par-

te de la planta madre: yemas, raices, hojas, tejidos,
J células aisladas, protoplastos, semillas, embriones, etc.
) Es muy importante gue las plantas madre sean pre-
) paradas adecuadamente, para que su estado sanita-
yrio y fisiologico sea optimo, antes de extraer el
'explanto o fragmento a cultivar.

Mediante un adecuado manejo del material vege-
tal, de los medios de cultivo donde cPecera y de las
 condiciones ambientales controladas en camara, es
posible provocar en el explanto:
| -desdiferenciacion de tejidos y proliferacion de una
y Mmasa de calio

- organogenésis © formacion de yemas y/o raices

adventicias.

- desarrollo de meristemos ya existentes.

- embriogenésis asexual o formacion de embrio.

nes a partir de células que no son producto de
fusion gameética.

Las técnicas de cultivo in vitro han sido aplicadas
de forma extensiva en la conservacién de recursos
fitogenéticos de plantas cultivadas y recientemente
han comenzado a ser utilizadas para especies en pe-
ligro de extincion. Existen tres formas de mantener
las colecciones in vitro: 1) mediante crecimiento
continuo en condiciones normales; 2) por crecimien-
to limitado, retardando el cultivo y 3) a través de
crioconservacion, suprimiendo todo crecimiento y
metabolismo mediante temperaturas ultrabajas.

Para las colecciones in vitro mediante crecimiento
continuo, se utilizan los métodos habituales de culti-
vo, es decir: iniciacién en condiciones de asepsia;
estimulacion de la multiplicacion y mantenimiento del
crecimiento, mediante condiciones ambientales op-
timas y cambios periodicos a medio de cultivo nuevo.
Tiene la ventaja de suministrar constantemente ma-
terial apto para ser aclimatado a las condiciones de
exterior, pero presenta la desventaja de aumentar los
riesgos de contaminacion, o de pérdida de la estabi-
lidad genética, al depender de pases o repigues fre-
cuentes a medio nuevo,

En las colecciones in vitro por crecimiento limita-
do, se trata de modificar las condiciones de cultivo
de forma tal, que se reduzca el desarrolloy asi se alar-
gue el periodo de tiempo entre cambios sucesivos a
medio nuevo. Esto puede conseguirse por: reduccién
de la temperatura y/o iluminacién; alteraciéon del
potencial osmético; desecacion; modificacion del me-
dio nutritivo mediante la reduccion de componentes
esenciales para el crecimiento normal: o porincorpo-
racion de niveles subletales de retardantes del creci-
miento.

La mayoria de los trabajos de conservacion median-
te crecimiento limitado publicados han utilizado |a
reduccion de temperatura como factor esencial. Sin
embargo, la eleccion de temperaturas bajas como
medio de reducir el crecimiento, esta sujeta a ciertas
condiciones que dependen de la naturaleza de cade
especie. Asi, para especies de zonas templadas la in-
hibicion del crecimiento in vitro puede darse entre 0
y 10°C; en tanto que en las especies tropicales, muy
sensibles al frio, las temperaturas de menos de 15°C
pueden ser suficientes para provocar una inhibicien
total e irreversible en los tejidos.

Mediante la crioconservacion se mantienen mate-
riales vegetales a la temperatura del nitrogeno liqui-
do (-196°C) o temperaturas préximas a ésta. Los pa-
sos generales de este método son: eleccion de
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explanto y establecimiento de un cultivo estéril; tra-
tamiento con un agente crioprotector; congelaciony
almacenamiento en nitrogeno liquido; descongela-
cion y eliminacion del agente crioprotector; determi-
nacion de la supervivencia de los cultivos después del
proceso.

Este método difiere del de crecimiento limitado en
que los procesos metabolicos quedan totalmente
paralizados en lugar de producirse a velocidad redu-
cida. El problema radica en mantener viables los
especimenes, que han sido transferidos a tan bajas
temperaturas y después devueltos a temperaturas
normales.

La preservacion de germoplasma in vitro con los
meétodos de la criobiologia, es un area relativamente
nueva en la que se estan realizando notables avan-
ces en los Ultimos anos, pero en la que aun queda
mucho camino por recorrer. Esta técnica puede ser
una poderosa herramienta para conservar numero-
sas especies tropicales de gran valor, posibilitando el
almacenamiento de cultivos por periodos indefinidos,
con total garantia sobre su estabilidad genética.

Estas instalaciones pueden resultar de gran utilidad
cuando es necesario realizar cruzamientos, despues
el material obtenido se puede mantener por multi-
plicacion vegetativa. El polen presenta ademas la ven-
taja de tener un volumen muy pequeno frente al
amplio rango de diversidad genética que se puede
conservar en él.

En principio, su conservacion requiere las mismas
condiciones que las semillas ortodoxas es decir, baja
humedad y baja temperatura, pero sera necesario
poner a punto las técnicas oportunas antes de gque su
utilizacion sea rutinaria. Las bajas temperaturas pue-
den provocar pérdidas de viabilidad en los polenes
de ciertos grupos de plantas y lo mismo ocurre con
respecto a la humedad, si bien se recomiendan nive-
les comprendidos entre el 10y el 30%. El proceso sub-
siguiente de rehidratacion hasta conseguir el 80% ne-
cesario para su utilizacion, es también delicado, pues
unos niveles hidricos inadecuados producen irregu-
laridades en la germinacion del polen. Hay familias
como las Fabaceas, Rosaceas y Pinaceas gue tienen
polenes cuya viabilidad dura bastante tiempo. Sinem-
bargo los de Poaceasy Ciperaceas son de vida cortay
los de Salicaceas y Escrofulariaceas tlenen una longe-
vidad intermedia.

Técnicas de Conservacion

Desde sus origenes, la agricultura ha dependido de
las semillas por lo que el mantenimiento de su viabi-
lidad, durante el periodo de su almacenaje, ha sido
una cuestién de vital importancia para el hombre.
Quizas por esta razon, 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 conservacion ex situ mas extendi-
dos.

La viabilidad de las semillas -es decir su capacidad
para germinar si se dieran las condiciones adecuadas-
puede oscilar segun las especies, entre unos pocos dias
a unos pocos cientos de anos, habiéndose citado in-
cluso, que algunas semillas permanecen viables has-
ta 3.000 afos. Esta caracteristica, intrinseca de algu-
nos grupos de plantas, puede modificarse si las semi-
|las se desecan y almacenan, en recipientes hermeti-
cos, a bajas temperaturas. De esta manera permane-
ceran viables durante periodos mas largos, que los
manifestados de forma na:ural.

En 1973, ROBERTS propuso los términos «orto-
doxas» y «recalcitrantes» para describir el comporta-
miento de las semillas cuando se baja su contenido
de humedad y son almacenadas en condiciones frias.
Las ortodoxas toleran la desecacion y |as temperatu-
ras de congelacion, mientras que las recalcitrantes
mueren si su contenido en humedad es reducido por
debajo de un valor critico (12-31%). Este ultimo tipo
de semillas, es el que presentan muchas de las espe-
cies arbéreas frutales o maderables asi como herba-
ceas originarias de los tropicos, todas ellas de gran
interés econémico actual o potencial. Desafortuna-
damente, no se ha prestado mucha atencion a este
problema hasta hace pocos afiosy tan sOlo unos cuan-
tos grupos de investigacion estan actualmente inten-
tando encontrar soluciones.

La mayor diferencia entre un tipo y otro de semi-
llas se establece segun sea su respuesta a la deseca-
cion. Por ello HANSON propuso en 1984 términos mas
precisos: semillas sensibles a la desecacion y semillas
tolerantes. Pero también hay gue teneren cuentaque
la mayoria de las recalcitrantes, son sensibles a las
bajas temperaturas © N0 toleran la congelacion

Los pesos medios y volumenes de las semillas recal-
citrantes son usualmente mayores que las de las or-
todoxas, debido a sus altos contenidos en humedad
(30-70%) y a sus grandes tamanos. La mayoria tienen
$orma esférica u oval, son dicotiledoneas y algunas
de ellas estan cubiertas por gruesos endocarpos. Es
importantisimo conocer las estructuras basicas de las
semnillas si se quiere interpretar correctamente su fi-
siologia.

Las caracteristicas propias de |as semillas recalcitran-
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tes tales como gran tamano, corta vida y sensibilidad
a bajas temperaturas son tipicas pero no diagnosticas.
Por ejemplo, el limenero y la palmera de aceite fue-
ron dadas durante mucho tiempo por recalcitrantes
y ahora se clasifican como ortodoxas.

El agua en las semillas se encuentra en dos formas:
aguga libre, necesaria para el movimiento de las mo-
leculas de un centro a otro del metabolismo y agua
subcelular, estrechamente asociada a la estabilidad
de las macromoléculas y superficies subcelulares.
CLEGG en 1979, sugiric que para asegurar el correcto
funcionamiento de los sistemas multienzimaticos de
la semilla es necesaria la presencia del agua subcelular
y su pérdida da lugar a la disrupcion del metabolis-
mo. En el caso de las ortodoxas ésto no ocurre a cau-
sa de su tolerancia a la desecacion, pero en las recal-
citrantes si parece tener una importancia vital (BERJAK
etal, 1984).

El grado de sensibilidad de las semillas recalcitran-
tes a la desecacion varia segun las especies. Por ejem-
plo Dryobalanops aromatica resulta danada por de-
bajo del 35% de humedad, Theobroma cacao al 27%
y Nephelium lappaceum al 20%. La humedad critica
varia de una especie a otra y oscila entre el 12% y el
31%. Estas diferencias en susceptibilidad a la deseca-
cion se observan no sélo interespecificamente, sino
tambien dentro de la misma especie o lote de semi-
llas.

La razon de porqué la deshidratacion provoca la
muerte de las semillas recalcitrantes no esta clara aun.
Varios autores han emitido diversas hipotesis que se-
nalan entre otras causas: la pérdida de la integridad
de las membranas y desintegraciones nucleares, fe-
nomenos éstos ya observados en las semillas del ar-
bol del caucho cuando son desecadas al sol. Ademas,
en algunas especies, se liberan altas concentraciones
de oxidasas y compuestos fenolicos que se oxidan,
provocando la pérdida de la actividad enzimatica.

Los grados de tolerancia a las bajas temperaturas
varian para las semillas recalcitrantes, pero muchas
de ellas mueren por debajo de la temperatura am-
biental. Las ortodoxas admiten rangos de variacion
mucho mas amplios, si bien es sabido desde hace 50
0 60 anos, gue mysren por debajo de 0°C si no estan
bien secas. La causa es similar en este caso a lo que
ocurre en las semillas recalcitrantes, ya gue el dafo
se produce por formacion de cristales de hielo, cuan-
do el contenido de humedad es del 14-20%. Sin em-
bargo, la razon de porgué mueren |las semillas recal-

citrantes a temperaturas por debajo de la ambiental
no es bien conocida.

Se han propuesto muchos metodos durante los ¢
timos cincuenta afos para su almacenamiento a Iz~
go plazo, pero las experiencias no han sido buenas
Como mucho, y con los Gltimos avances, las semillzs
realmente recalcitrantes apenas pueden ser almace-
nadas por un ano y por lo tanto su conservacion er
banco no es practica.

Para una conservacion a corto plazo se propors=
un mantenimiento con humedad media. Esto se rz
experimentado con diversas especies como ¢acao \
caucho, pero tiene graves inconvenientes porque hay
que evitar la germinacion y controlar la aparicion y
crecimiento de hongos. No obstante, y a pesar de los
cortos periodos de almacenamiento gue se consiguen
con este metodo, resulta de utilidad para mantener
la supervivencia de las semillas al menos durante su
transporte, desde los lugares de colecta y hasta el
momento de su siembra, ya gue en este lapso de tiem-
po las semillas recalcitrantes pierden répidamente |z
viabilidad. Por ejemplo, de las 70.000 semillas de cau-
cho que WICKHAM colectd en Brasil en 1876 sdlo
germino el 4%, al llegar al Jardin Botanico de Kew,
en el Reino Unido.

Un método prometedor es el almacenamiento de
embriones en nitrégeno liquido, pero no se hz llega-
do muy lejos con semillas verdaderamente recalcitran-
tes y los problemas técnicos son enormes. Para espe-
cies reproducidas asexualmente con ciclos de vida lar-
gos, una alternativa posible seria almacenar embrio-
nes somaticos, que son producidos in vitro en gran
numero facilmente. De hecho, los embriones
somaticos de algunas especies vegetales se obtienen
hoy dia para ser utilizados como semillas artificiales.

Se estima que mas de! 20% de las especies de la
flora vascular mundial, es decir aproximadamente
50.000, presentan este tipo de semillas. La mayoria
crecen en zonas tropicales, donde el grado de ame-
naza por desaparicion de su habitat natural es muy
elevado, y tienen un interés economico actual o po-
tencial grande. Por todo ello, es necesario abordar
de forma urgente el desarrollo de metodologias diri-
gidas a la conservacion de semillas recalcitrantes.

El periodc durante el cual las semillas ortodoxas se
mantienen viables, es mucho mayor que el de las re-
calcitrantes y asi lo han puesto de manifiesta dife-
rentes experimentos realizados durante mas de 40 ¢
50 anos, para corroborar este hecho. A veces se han
utilizado semillas conservadas largos periodos en plie-
gos de herbario a temperatura ambiente, o sem
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sncontradas en yacimientos arqueologicos con
&aciones conocidas. Algunas Fabaceas destacan por
®\arga viabilidad, siendo frecuentes duraciones de
@2 de mas de 50 afios 0 incluso de 100. También
sido citados periodos de 40 ahos para algunas
pgaceas y en el tabaco, de 20 para la chufa y de 600
gra la mostaza y el diente de leon.
ara conservar semillas de tipo ortodoxo en ban-
@, hay que tener en cuenta en primer lugar, que el
@ ado fisiologico y sanitario de las mismas sea ade-
ado. Deben haber madurado perfectamente de
arma natural, estar libres de enfermedadesy no pre-
Sntar danos fisicos.
La rolecta es un proceso importante en el cual debe

L 13 ar personal especializadoy ha de elegirse cui-

@dosamente el momento preciso para efectuarla, ya
e las semillas ademas de presentar un grado de
adurez adecuado, deben tener el menor contenido
¥e humedad posible. Aungue las de tipo ortodoxo

*miten la desecacion forzada, no por ello deja de

@ recomendable el colectar semillas que por medios

@ turales hayan conseguido niveles bajos de hume-

*d. Asi, las procedentes de zonas con clima seco si

recogen en el momento 6ptimo, pueden contener
ntre un 8 y un 10% sin necesidad de forzar la elimi-
iacic’m de agua y de esta manera, se facilitara extraor-

@ nariamente su ulterior conservacion.

@ La limpieza o separacion de las semillas de los fru-
sy de otros fragmentos inutiles, debe ser atenta-
ente cuidada para evitar dafios mecanicos o de otro

ipo que provocan pérdidas de viabilidad. Los meéto-
os habitualmente empleados dependen de las ca-

@.+risticas de los frutos. Asi para los carnosos, se

& lgue remover la pulpa por inmersion en agua y

@osterior abrasion o presion. Los coriaceos se secan
asta provocar su apertura y algunos frutos

*ndehiscentes se conservan completos o bien se les

etiran algunas partes, como por ejemplo las alas a

s samaras. Para separar finalmente las semillas de
@tros restos con ellas mezclados, se utilizan diversos
@istemas o varios de ellos, tales como: tamizado a tra-
‘és de un sistema de cribas; aventamiento mediante
na corriente de aire, gue separara las diversas frac-
ciones en funcion de su peso; flotacion en un liguido;
riccion por deslizamiento sobre una superficie; se-
%aracién electronica, electrostatica o magnética, etc.
@ A veces se recomienda la aplicacion de fungicidas
o insecticidas a las semillas una vez limpias, para man-
tenerlas en buen estado sanitario. No obstante, se
deben tomar precauciones porque los productos qui-
.micos utilizados pueden afectar la viabilidad de mu-
O especiesy ademas, en las condiciones de conser-
@vacion de las colecciones, a bajo contenido de hume-
@dad y temperatura por debajo de cero, es altamente
.improbable gue se produzcan ataques de agentes

Tecnicas de Conservacion

patogenos:”

Otro factor importante a considerar es la existen-
cia de latencia en las semillas, es decir |a presencia de
mecanismos que impiden la germinacion de muchas
especies, aungue sus semillas sean perfectamente via-
bles y las condiciones favorables para que se desarro-
lle el proceso. Hay diferentes tipos de latencia y las
clasificaciones méas simples distinguen entre:

1) Exégena, debida a impedimentos que actGan en
el pericarpo del fruto o en la cubierta de la semi-
lla tales como: impermeabilidad al agua, presen-
cia de inhibidores y resistencia mecanica.

2) Endégena, producida por el desarrollo incomple-
to del embrién o por mecanismos fisiologicos que
impiden la germinacion.

3) Combinada, provocada por la presencia conjunta
de dos o mas mecanismos que afectan al embrién
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 llegan a germinar
por tener latengia. Existen procedimientos para rom-
perla artificialmente tales como: eliminacion de las
estructuras vegetales -bracteas,glumas- que en cier-
tos casos inducen este proceso; escarificacion meca-
nica o guimica; estratificacion en frio; tratamientos
térmicos © con agua; exposicion a la luz; aplicacion
de acido giberélico, etc., pero el problema no es sim-
ple. A veces, las semillas de ciertas especies adquie-
ren latencias secundarias o impuestas, muy dificiles
de eliminar, que son producidas por dafos o trata-
mientos sufridos durante la colecta, o en la manipu-
lacién posterior. En teoria, las semillas conservadas
en el banco no deberian presentar ningun tipo de
latencia, pero en la practica real es imposible frecuen-
temente cumplir con este requisito.

Para comprobar la viabilidad de las semillas en los
casos de latencia -y en aquellos para los gue sea ne-
cesaria una prueba rapida- se deben utilizar meéto-
dos demostrativos de las buenas condiciones del em-
brién, en lugar de la germinacion como prueba de-
terminante de éstas. La Asociacion Internacional de
Ensayo de Semillas recomienda tres formas para de-
terminar la viabilidad:

1) Ensayo topografico de tetrazolio, a traves del cual
las células vivas del embrion se tifien de rojo por
la reducciéon de una sal de tetrazolio. El metodo
es bueno, pero tiene algunos inconvenientes por
|as dificultades gue algunas especies presentan en
su tincion y la interpretacion de la diferente gra-
dacion de ésta, ademas el método es destructivo
del material.

2) Ensayo de excision, que simplemente consiste en
cortar y observar el color y aspecto interior de las
semillas, asi como el grade de desarrolle del em-
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prion. Es una prueba destructiva y requiere de un
personal experimentado para conseguir una bue-
na interpretacion.

3) Ensayo de contraste con rayos X, gue permite de-
tectar semillas vacias y si las estructuras seminales
presentan dafos o desarrollos anormales. El me-
todo es Gtil, si se tienen en cuenta los grandes avan-
ces técnicos logrados en los equipos de rayos X,
asi como su considerable abaratamiento.

La temperatura de conservacion debe analizarse
junto con el grado de humedad de las semillas. Hace
ya mas de 25 anos que se conoce la llamada «regla
de HARRINGTON»: cada reduccion de la humedad en
un 1% duplica la vida de la semilla; cada reduccion
en 5°C, la duplica asimismo. No es una regla absolu-
ta, pues hay que considerar otros factores como el
contenido en aceite, pero tiene un gran valor orien-
tativo.

En términos generzles puede afirmarse que es
mucho mejor tratar de bajar el contenido en hume-
dad lo méximo posible, porgue asi no seré necesario
bajar mucho la temperatatura para obtener los mis-
mos resultados. Desecar es mucho mas economico que
mantener camaras a temperaturas por debajo de cero,
pero se debe tener cuidado, pues las fuertes
desecaciones pueden inducir problemas secundarios
como son los danos provocados por una fuerte imbi-
bicion de agua, cuando las semillas se ponen a ger-
minar. Asi mismo, para ciertas especies es muy dificil
conseguir contenidos de humedad por debajo del 5%,
por eso resulta mas aconsejable mantener unos nive-
les del 5 al 7% y almacenar las semillas en condicio-
nes hermeticas.

La desecacion de las semillas puede realizarse de
dos maneras: sometiéndolas a una corriente de aire
calentado por encima de 40°C, o colocéandolas en un
ambiente de baja humedad relativa sin calentar el
aire,

El primero de los métodos presenta la ventaja de
ser mas rapido, pero tiene el inconveniente del ries-
go de disminuir la viabilidad, al estar sometido el
material a altas temperaturas. Ademas hay que afa-
dir los peligros inherentes a posibles fallos técnicos
del control de temperatura, que provocarian la muer-
te de la totalidad de las semillas. En ocasiones la ope-
racion de secado debe realizarse en dos pasos sucesi-
vos y en climas humedos, es necesario efectuar un
tratamiento quimico gel aire para la eliminacion de
agua.

La desecacion a baja humedad ambiental puede
conseguirse con deshumificadores quimicos y el mas
utilizade es el gel de silice, por su bajo coste y capaci-
dad de regeneracion. Tiene el inconveniente de ser
un proceso mas lento, pero resulta mas econémico y
de mas facil control

Una vez conseguida la desecacion gde las semil =
es importante la eleccion de los envases en los qus 5=
incluiran, durante su permanencia en la camarz - =
Pueden ser de diversos materiales como vidrio, la:o-
aluminio laminado, polietilenc o incluso pape!,
gun que la coleccion tenga por finalidad el ser co-.
servada a largo, medio o corto plazo. Como rez =
general debe prestarse gran atencion a su hermes s
mo, si las colecciones van a ser mantenidas durane
largos periodos. Pues si bien se recomienda el con-
trol de las humedades relativas de las camaras c=-
deshumificadores quimicos, éste puede ser muy ¢ - -
cil de obtener particularmente a muy bajas temper:z-
turas. Por esta razén es de vital importancia manze-
ner estancos los envases que contienen las semillas
Ademas, si éstos se rellenan al maximo de su capaci-
dad, el oxigeno que resta en el volumen de aire in-
cluido en el recipiente es rapidamente consumido
asi se posibilita un incremento de la longevidad, &
eliminarse la actividad respiratoria. A veces se intro-
ducen gases inertes en los envases para conseguir ests
efecto, pero realmente no parece que esta operacion
sea crucial.

Para mantener las colecciones de semillas en fric
pueden ser perfectamente adecuados los frigorifices
de tipo doméstico, que alcanzan -20°C o incluso tem-
peraturas mas bajas. Tienen la ventaja de su adquisi-
cion rapida y economica. Son aptos para colecciones
de reducido tamano y puede ir incrementandose el
niamero de unidades, segun aumenta la cantidad de
material a conservar. También estos frigorificos pue-
den utilizarse como solucion temporal mientras se
consigue presupuesto y lugar para la instalacion de
una camara o habitacion frigorifica, que sin duda es
una solucion mas definitiva y recomendable, para &l-
bergar colecciones mas grandes durante periodos
prolongados.

En la instalacion de habitaciones o camaras frigo-
rificas de gran tamafo hay que tener en cuenta [as
temperaturas a las gue se desea mantener las colec-
ciones. Es conveniente contemplar al menos dos am-
bientes diferentes, uno dedicado a la conservacion &
largo plazo y otro para mantener las colecciones con
las que habitualmente se trabaja en propagacion, o
las de intercambio a corto o medio plazo. Para estas
ultimas, dado gue su previsible permanencia en 2
camara sera corta o media, no es necesario utilizar
temperaturas muy bzajas y esto supone un ahorro cor-
siderable. Es de vital importancia lz instalacion c&
buencs termostatos de control y de un grupo elec
trogeno en prevision de cortes de luz fortuitos.

Las condiciones generales de canservacion a larco
plazo, recomendadas por el IBPGR para especies or-
todoxas, son de almacenamiento en recipientes her-
meticos, con un contenido en humedad de las semi-
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llasentre el 5y el 1% y a -18°C o menos. Asi, la pérdi-
da de su vizbilidad es muy lenta y por lo tanto no es
necesario realizar muestreos demasiado frecuentes
para controlar el estado de las colecciones.

Una de las principales objecciones que se hacen a los
diferentes modelos descritos de banco de
germoplasma, es gue conservan solo parte de la va-
riabilidad. Efectivamente, en ocasiones las coleccio-
nes estan formadas por un pequeio numero de indi-
viduos por especie. En otros casos, el muestreo inicial
de colecta ha sido mal disefiado, lo 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-
ciones en campo o in vitro, significara que solo se esta
conservando una estrecha base genética, no repre-
sentativa de la variabilidad total de la especie.

Los sistemas de conservacion in vitro tienen la difi-
cultad del mantenimiento de |a estabilidad genética
del material, si bien hay que sefalar que los métodos
que utilizan el crecimiento limitado o la
crioconservacion minimizan este problema.

En cuanto a las colecciones en campo son eviden-
tes los riesgos de hibridacion, las bajas tasas de su-
pervivencia y los danos que pueden sufrir por agen-
tes externos.

Para los bancos de semillas a largo plazo se han
sefialado los inconvenientes de ausencia de evolucion
continua del material en ellos conservado y la vulne-
rabilidad de las colecciones ante eventuales cortes del
suministro eléctrico que impidan mantener de forma
adecuada las bajas temperaturas.

Denominadores comunes a todas las técnicas ex situ
son: la exigencia de contar con personal especializa-
do para su desarrollo y los altos costes de instalacio-
nes y mantenimiento. Sin embargo, en muchas oca-
siones representan la Unica opcion para conservar cier-
tos tipos de taxones vegetales.

Tecnicas de Conservacion

La destruccion de habitats per impactos humanos,
es irreversible |a mayoria de las veces y avanza de
forma alarmante en areas muy sensibles como las tro-
picales o la mediterranea. Asi pues, la conservacion
ex situ puede ser una solucion valida para miles ce
especies silvestres, gue se extinguiran irremisiblemen-
te a principios del siglo XXI, dado el grado de des-
aparicion observado de los lugares donde viven de
forma natural. En el caso de cultivares primitivos de
especies utilizadas por el hombre, puede ser la Unica
forma de conservar un acervo genético que de otra
manera se perderia, al ser desplazados primeroy sus-
tituidos finalmente por otros cultivares mas avanza-
dos.

Las colecciones en campo y los sistemas in vitro,
resultan de gran interés para mantener especies de
tipo recalcitrante o aquellas gue presentan alguna
dificultad para ser conservadas por otros meétodaos.

Los bancos de semillas ortodoxas son altamente
eficaces si se utilizan las condiciones adecuadas de
dececacion y bajas temperaturas. Ademas, permiten
el aimacenamiento de numerosas muestras en espa-
cios reducidos, que representan considerables propor-
ciones de la variabilidad genética de las poblaciones
naturales.

Todas las colecciones ex situ hacen posible el sumi-
nistro de material vegetal para su utilizacién en pro-
gramas de mejora vegetal o para otras finalidades.
De ésta manera, se evita también la continua extrac-
cion de recursos, fitogenéticos, a veces escasisimos, a
partir de sus habitats naturales.

En conclusién, no seria muy optimista aventurar
que, si se comparasen los costes dedicados a las tec-
nicas de conservacion ex situ con los de las técnicas in
situ, probablemente los beneficios obtenidos resul-
tarian mayores en muchas de las situaciones. No obs-
tante, conservacion ex situ y conservacion in situ nun-
ca deben ser términos contrapuestos. S6lo con la in-
tegracion y utilizacion de ambos métodos, sera posi-
ble garantizar la supervivencia de los recursos
fitogenéticos amenazados, de una extincion cierte,
en las proximas decadas.
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989. Atriplex hastatum [,. 989", v. litorale (L.)
ltalia — 2.5, It. bhor., centr., ins.

2:3. lit.

990 Atriplex laciniatum [,
It.

= 203 per lo pii lit,

9901, .

roseum (L)
Col tipo.

991. Atriplex portulacoides T,
It. — 23 lit. o Mantoy,

|l P

“huus L,

994, Spinacia oleracea [,
2 lit.

Ift. — 2.4 colt., nat. (As, oce.).

1001. Che
It;

[ 153 o
| CEe B dmUtaE Jepciene

pen., Is

LAY

£

i



(D) Onagraceae (Ludwigia) — Orabanchaceae (Orobanche) 807

Q. californica
_ssp. californica ¢ I\r,

" 5y

/ ;J ‘4

/ 0. californica
ssp. avita

‘:;.\,

Ludwigia hexapetaia

ssp. howellii

Oenathera caespitosa  O. californica
Oenothera deltoides

ssp. marginata ssp. eurekensis

0. elata
ssp. hookeri

Qenothera flava =
ssp. flava # ssp. hirsutissima

R\__ 0. villosa ssp. sirigosa

host root i
Boschniakia strobilacea Orobanche californica ssp. feudgei

Orobanchaceae




CHENOPODIACEAE

s "\
% s Y Vs

997, Chenopodinm capitatum Asch.
Tt. bor. — 45 e colt,, nat.

996. Beta trigyna W. et K.

995. Beta vulgaris L.
Genova, Orvieto — 2, nat. (Or.).

It. — 2 lit, rr. 34, e colt., nat.

E‘

:

1

p ’ ofl

L]

998. Chen. Bonus-Henricus L. 999. Chenop. polyspermum L. 1000. Chenop. Vulvaria L.
ITtalia — 47. Italia — 24 Ttalia — 2-4.

1003. Chenop. urbicum L.

|
i
|
|
Ttalia — 2-4.

1002. Chenop. murale L.
Italia — 2-4.

1001. Chénop. hybridum L.
' It. pen., Istr., Catamia — 2-4.
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126 CHENOI'ODIACEAE

vr,

*E1004. Chenopodium rubrum L. 1005. Chenop. glancum L. 1018. Kochi
It. pen., Ischia, Cors. — 24. It. bor., Lig. — 34. Italia — 2-5. Napoli

_1007. Chenop. ambrosioides L. 1008. Chenop. Botrys L. 1009. Chenop. multifidum L. ! 1016. Kocl

W Italia — 26, nat. (Amer.). It. pen., Sic., Cors. — 24. Italia — 2-4, nat.(Am. mer.).

1010. Chenop. aristatum L. 1011. Cycloloma platyphyllum Mogq. 1012. Kochia scoparia Schrad.
Venezia, Chioggia, Bobbio — 3-4, nat. It. bor., Pisa — 2-3. nat. (Am. bor.). It. — 24, colt., nat. (Or.).
(As. ed Am. bor.).




CHENOPODIACEAE

vr. e 7

1018. Kochia hyssopifolia Roth 1014. Kochia hirsuta
Napoli — 2, nat. (Or.). Veneto, Nap., Cagliar:

W '
1016. Kochia prostrata Schrad. 1017. Kochia saxicola Guss. 1018. Corispermum hyssopifol. L.
Val d’Aosta — 4. Ischia, Capri, Strombolicchio — 2. It. bor., Sic. — 2-3.

R PR e BT

1021. Salicornia herbacea L.
Jt. — 2 e 8, per lo pid lit.

4 !

| 1019. Camphorosma 1020. Polycnemum Aarvense L.
! monspeliacum L. It. (escl. mer. e Sic) — 4.
It. — 2 e 4, per lo pil lit.




198 CHENOPODIACEAR

1022. Salicornia fraticosa L. 1028. Arthrocnemum 1024. Halocnemum
It. — 2 lit. e Ferrar. glaucum Ung. strobilaceum M
It. (escl. Lig., Cal) —="2 lit. Sie., Malta, Sard. — 2 lit.

1026. Halopeplis ° 1026. Salsola longifolia Forsk. 1027. Salsola vermiculata L.
amplexicaulis Ung Sic., Eolie, Lamp. — 2, per lo piu lit. Sic.,, Malta, Sard. — 2 lit.
m‘Gnlfo di Taranto, Sic., Sard. — 2 lit. :

1028. Balsola Kali L. 1029. Salsola Soda T.. 1080. Halogeton eativus
It. — 23, per lo pin lit. It. — 2 lit. e Mantov., Ferrar. C. A. Mey.
Friuli — 2 lit., colt. (Spa. Afr. bor.
vce.).

1031. Sose
It. (escl. bor.

1037. Am

It. — 2



312 MALVACEALE

T

9537. Malva crispa L.
Alpi — 4-5, colt., nat. (Russia).

2640. Malva parviflora L. 9541. Abutilon Theophrasti Medic.

It. (escl. bor.) — 2. It. pen., Malta, Cors. — 2 e 3.

2642. Hibiscus syriacus L.
Italia — 24, colt. (As. occ.).

| 2548. Hibiscus Trionum L.
| It. pen., Sic., Malta — 24.

2644. Hibiscus roseus Thore
Ven., Mantov., Lucchese — 2 e 3.

2545. Hibiscus pentacarpos L.

Ven., Laz., Nap. — 2 e 3.

«WGV// "
I'f‘f

s

SV

b2

‘It. pe

a5 !
It —
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MALVAG., TILIAC., EU PHORBIAC.

9547.' v. platyphylla (Scop)

9547. Tilia europaea L.
It. pen. — &5 © colt., nat.

« vulgaris (Hayne)
It. pen., Messinese — 35 e eolt.

2646. Gossypium herbaceum L.
It. mer., Sic. — 2, colt. (India?)

e

9549. T. heterophylla Vent.

9548, Tilia americana T..
It. — 2-4, colt. (Am. bor.).

| Q547 v. cordata YMill.)
1t. — 2-5, colt. (Am. bor.).

1t. pen., Cors. — 35 e colt., nat.

9552. Euphorbia maculata L.

9551. Euphorbia nufans Lag.
Italia — 24, nat. (Am. bor.)

9560, 'l'ilia tomentosa Maench
It. pen., Elba, Sic. — 24, nat. (Am.).

It. — 2-4, colt. (Eur. or., As. min.).



314 EUPHORBIACEAE

( 2558. Euphorbia prostrata Ait. 2554. Euph. Engelmanni Boiss. 2555. Enph. Chamsmsyce L. 25

It. pen., Sic. — 2-3, nat. (Cile). Italia — 2-4.
(Am. e Afr. trop.).

€

2566. Enph. humifusa W. 2558. Euphorbia Lathyris L. . 2665
Italin — 24, nat. (As. temp.) It — 28 it It. pen., Sard., Cors. — 24

£ _ge

Pl

)
ol

26569. Euphl. palustris L. 2560. Euph. ceratocarpa Ten. 2561. Euph. spinosa L. 3
It. pen. (rara al sud) — 23. Puglie, Cal., Sic. — 2. It. (escl. bor. p. p.) — 2 e 4. . Piem. (al



J
?
EUPH()RIHAGEAE

I

—

_

9562, v. verrucosa (Jacq.)

J

' 9561 v. Bivone (Steud) o562, Buph. epithymoides L.
i Sic.. Bgadi — 2- v. fragifera (Jan) It. bor., centr. — 25
R Istr., Triest. — 2-7.

' o s,
' -i‘.‘;};ﬁ-'
il
|
1 ¢
| , 9563, Euphorbiz Apios L. 9564. Euph. carniolica Jacg. 9565. Euph. duleis L.
1t. mer. — 4. Istr., Alpi or. e centr., Eug. — 4. 1t. bor., centr. — 45, rr. 23.
¢
r
i
9566, Euph. hyberns L. 9567. Euphorbia pilosa L. 2p68. Euph. coralloides L
L v. Gibelliana (Peola) Ven., Piem. Lig. - 4, rr. 3. It. centr., mer. Ischia, Sic. — &5
Piem. (altre var. Lig., Cors., Sard.) -4 )




s

”23
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EUPHORBIACEAR

2569. Euph. pubescens Vahl
Tt. (escl. bor.) — 2.

2572. Euph. platyphylla L.

Istr., Pen., Sic., Cors. — 25,

2570. Euph. akenocarpa Guss.
Camp., Cal., Sic. — 2.

2573. Euph. helioscopia L.
Ttalia — 2-5.

2671. Euph. cuneifolia Guss.

It. centr., mer., ins. — 2.

2674. Euph. pterococca Brot.
Tosc., Puglie, Cal., isole — 2,

2576. Euph.: Peplus L.
Ttalia — 2-4.

2576. Euphorbia falcata L.
Italia — 2-4.

2577. Euph. sulcata De Lens
Piem. (rara) — 4.

8%

s

258




g 1z 5 2. £
_ A8 F-ME,! )

Coss. et Dur,

! '

9580. Euph. cernua

9578. Euph. exigua L. 9579. Euph. aleppica T«
Ttalia — Lig., 1t. mer-

2-4. Malta, Lus

2583. Euph. terracina I,
It. (escl. bor) — 2 lit.

9581. Buph. taurinensis All.
Piem., Lig. 0€Cx Nizz. — 4

9586. Euph. biumbellata Poir

Lig., Sic., Cors. (rara), — 2

h. dendroides L.

2686. Eup
/ins. — 2-

hs org4. Fuph. Lagasc® Spr.
Sard. (rara) — 2. Costa occ., It. mer.




’ 318 EUPHORBIACEAE

. 2587. Buph. Pithyusa L. 2588. Euph. Paralias L. :
' ( Lig., Livornese, isole — 2 lit. -8ic., Sard. — 2. Italia — 2 e 3, lit. ! A?ﬁ
P

; 2689. Euph. biglandulosa Desf. 2590. Euph. Myrsinites L. 2591. Euph. Seguieriana Neck.
Cal., Sic., Malta — 2-5. Istr., Pen., Sic., Cors. — 56. Istr. e Pen. — 2-5.

a A

| 2592. Euph, Barrelieri Savi .26938. Euphorbia Gayi Salis 2593.' v. Valliniana (Belli) ' :
> Costa oce., Pugl.,, Cal. — 2 e 4. Corsica — 2-5. Alpi Cozie (v. Macra) — 6-T. Ik




&3

1i)
- 6-T.

EUPI

JIORBIACEAE

2594. Euph. variabilis Ces. 2595. Euph. Cyparissias L. 9596. Euph. Esula L.
Alpi trent., lomb., Mar. — &5. It. pen. (rara al sud)e— 2-T. it. bor., Tosc. — 29

2597, Euph. virga 9598, Euph. serrata L. 2599. Eup. amygdaloides L.

Triest., Goriz., Tosc, — 4. C. Tie., Alpi occ. Nap., Sard., Italia — 26
~ Pantell. — 2 © 4.

9600. Euph. Characias L. 9601. Andrachne telephioides L. 9602. Chrozophora tinctoria Raf.
4 Tt. (escl. bor. P- p) — 283 Istr.. Lig., Pugl., Bas., Sic., It. (escl. bor. p- p.) — 2 rr. 4.
Malta — 2.




370 SCROPHULARIACEAE, OROBANCHACEAR

2988. Pedicul. silvatica L. 2089. Pedicul. comosa L. 2990. Pedicul. petiolaris Ten. [
Alpi — 57, Alpi, App., Cors. — 47, Istr., App. centr. — 57.
!
o
|
T
L . P i T 299¢
2991. Pedicul. acanlis Scop. 2992. Pedicul. foliosa L.
% Fiume, Alpi or. e lomb. — 47. Istr., Alpi, App. — 57. Alpi — 57. ]
G
{
/! |
2994, Pedicul. rosea Wulf. 2095. Pedicul. Oederi Vahl 2996. Orobanche ramosa L. ;i Mera:
Alpi — 5. Alpi — 7. - Italia — 24.

———— . i - aw we



9996.' v. Muteli (F. Schultz).
Ttalia — 24

2999, Orob. Schulhzi.i Mutel
v stricta (Moris)

Sic., Eolie, Sard, — 2.

3002. Orobanche cernua Loefl.
Merano, Bas., Sic. Eolie, Malta,
Cors: —

()1{()]iAN(:HACI'}A E

2997. Orob. aegyptiaca Pers.
Palermo (M. Gallo) — 2.

3000. Orob. purpurea Jacq.
It. pen., Cors. piceole isole — 247

3003, Orob. cerulescens Steph.
Friuli (scomparsa), Cal. — 2

371

2998. Orob. lavandulacea Rebb-
Lig., Tesc., Basil., It. ins. =~

g001. Orob. arenaria Borkb-
‘It. bor., Firenze — 3-5.

sm-
8004. Orob. caryophyllacen gb.
It. (escl. Sard: e Cors:) —




372 OROBANCHACEAR

Q 8005. Orob. Teucrii Hol. 8006. Orob. lutea Baum. 3007. Orob. gracilis Sm.
; Alpi, A. Apuane — 4. for. rubens (Wallr.) It. pen., Sard., Cors., Elba — 25.
1t. pen. — 24.

3008. Orob. variegata Wallr. 3009. Orob. sanguinea Presl 3010. Orobanche alba Steph.
iHEin Ttalia — 24. v. crinita ( Viv.) Istr., It. pen., Sic., Capri — 2-4.
et Napoli, Bas., It. ins. — 2.

=

801L. Orob. reticulata Wallr. 3012. Orob. crenata Forsk. 8018. Orob. major L.
Alpi, Abr., Cors. — #4&6. Ttalia — 24. Cherso, Alto Adige, Trent.,

A. Cozie — 45.

e st R

P

)

301

. Istr.

&x&\_ ~r

%
%
!

3]
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OROBANCHACEAE 373

e,
//q” 1

P k} vt
Sl

3014. Orob. alsatica Kirschl. 8016. Orob. denudata Moris 8016. Orob. flava Mart.
Istr., Comasco, Lig., Sic. — 24. Sie.?, Sard. — 24. Alpi or., Comasco — 4-5.

8017. O. Salviae F. Schultz 8018. Orob. lucorum A. Br. 3019. Or. Rapum-Genistae Thuill.
Alpi, App. bor. — 45. It. bhor., App. bor. ed umbro — 45. Italia — 45, rr. 3.

\

R
3019. v. rigens (Lois.) 5020. Orob. amethystea Thuill. 3021. Orob. loricata Rchh.
Sard., Cors. — 2 ¢ 4. It. bor., Firenze, Sic., Sard., It. bor., centr., ins. — 2-4.

Cors. — 2 e 4.




374 OROBANCHAC., BIGNONIAC., LABIATAE

3022. Orob. barbata Poir 3028. 0. versicolor F. Schuiiz
Italia — 24, Tosc., Nap., isole — 2.

8025. Oroh. canescens Presl 8026. Lathraea Squamaria L. 3027, Lathraea clandestina L. ' 303
Nap., Basil., It. ins. — 2 e 4. Istr., It-.—‘.'pen., Sic. — 85. Tosc., Abr., Camp., Cal. — 25, 7 (

1
8028. Catalpa bignoniodes Walt. 8029. Tecoma radicans Janme 3030. Ajuga acaulis Broechi . 3036.
It. — 24, colt. (Am. bor.). It. — 24, colt. (Am. bor.). App. cpntr. e mer;, Sic. — 45. Istr
3 . b3 .
1

v T SN



P e S

o

JIAdE!D = Uzsbl3ouolt

oW

e

LY S e IR el vdi L3 L ool 2L

A SURVEY OF SURFACE CHARACTERISTICS OF SEEDS OF
SCROPHULARIACEAE AND OROBANCHACEAE USING
SCANNING ELECTRON MICROSCOPY!

LYTTON J.

MUSSELMAN & WILLIAM F. MANN, JR.

Depactment of Biological Sciences, Old Dominion University, Norfolk, Virginia 23508, US.A,

&

Southern Forest Experiment Statiun, Fiveville, Louisiana 71360, U.S.A.

Abstract

Seed surface characteristics of 23 species in 11 genera of the

Scrophulariaceae and two species in two genera of the Orobanchaceae
frora 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 ormamented or unornamented 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
on the binlogy of root parasites of the
southeastern United States to determine
their potential danger as pathogens of
commercial forest trees. . 1t sought to
characterize the morphology of seeds of
25 species of Scrophnlariaceae and
Orobanchaceae by scannming electron
microscopy. The seeds are small, ranging
from 440 to 309,000 per gram, which
makes them ideal for SEM study. Such
information is useful in the identification
of the parasites and has systematic
value.

Twenty-three of the 25 species of
Scrophulariaceae investigated are hemi-
parasites. The Orobanchaceae, closely
related to the Scrophulariaceae, are re-
presented by two genera of holoparasites.

The value of SEM studies in pollen
is well known, but little work has been
dene on seed surfaces (Tomb, 1974).

1. Received for publication:
The authors thank Gary W,

nne 21, 1976.
mith, Dr Flovd G. Manwiller, and Charles M. Stangle for pre-

Chuang & Heckard (1972)
the first paper on the structure of seeds
of a parasitic angiosperm using SEM.
They worked on Cordylanthus, a oot
parasite of the Scrophulariaceae closely
allied with some of the genera included

in this study. Other work on the seeds

of parasitic Scrophulariaceae is well
summarized bfy Kuijt (1969) who also
presents detailed drawings of seeds of
this alliance.

Unfortunately, the terminology needed
to adequately describe seed surface cha-
racters has not yet been evolved. There-
fore, the general terminology used by
Chuang & ileckard (1972) is employed
here.

Material and Methods

Seeds were collected from various
populations throughout the southeastern

paring seeds and taking scanning electron micrographe

310

published




MUSSELMAN & MANN — SURFACE CHARACTERISTICS OF SEEDS n

NuME

SCROPHULARIACEAR

":A. jasc:‘cuhu‘a (ElL) Raf,

% A. linifolio (Nutt.) Britt,

b 4. obtustfolia Raf.

"~ A. purpurea (L.) Penn.

E 4. tencila Penn.
A. tenwifolia (Vahl) Raf.

¥ 4. virgata Rat.

| Auradnn’a fiava (L.} Farw.

.
k.
3

A. lasvigaia Ral
B 4. pedicularia (L) Raf.

8. A. virginica (L.) Penn.

| _-;Bust\uem americana L.°

« jlam:mea Bartr.

- Melampyrum lineare Desr.

* Prdicularis canadensis L.

‘ g- Agalinis aphylia (Nutt.) Raf.

|4 A setacea (|]. W. Gmelin.) Raf,

—Locarity

Savana, near junction of U,S. 31 and
Ala. 47, Baldwin County, Alabama

Dry oak site, Fhillips County, Arkansas

Roadside ditch, ca. 4 miles. northof
Calhoun County line, Jackson County,
Florida

Pine forest at Pine Helt Airport, Jones
County, Mississippi

Pine Plantation ca. 4 miles west of
Raleigh, Mississippi

[ntersection 1-20 and 17.8. 1, Aiken
County, South Carclina

Pine plantaticn near intersection I1-20
and US. 1, Aiken County, South
Carolina

Pine plantation § 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, Mountamm Lake Bio-
logical Station, Giles County, Vieginia

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

Oak forest, Crumps Bottom. Summers
Couaty, West Viriginia

Roadside, Fla. Hwy. 9 at Okhlawa
Canal, Putnum County, Florida
b "'!rr' 2 miles west of junction U.S.

175 e Floyd County, Virginia

v Ewy

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

Rock outcropping, Wind Rock Over-
lock, Blue Ri Parkway, Avery
County, North Carolina. (By permit)

Deciduouns forest; fire tower near
Mouniain lLake Geological Stahon.
Giles County, Virginia

TAELE 1— COLLECTION DATA FOR SPECIES USED FOR SEM STUDY

CoLLECcTOR

Rich, 226

No voucher

Rich, 230

Rich, 206

Rich, 203

Rich, 312

Rich, 313

Rich, 202

Rich, 311

Rich, 256

No wvoucher
Musselman and Rich,
4869

Musselman, 4892

Musseiman, 4692
Musselman, 4804

Rich, 199

Rich, 209

No voucher

Musselman, 4865
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NAME

SCROPHULARIACKAE

Schwalbea arnericana L.

Secymeria cassioides  (Walter)
Hiake

S. pectinala Pursh

Striga asialica (L) Kuntz

==S. Iufea Lour.)
OROBANCHACEAE

Conopholis americana (L)
Wallr.

Epifagus virgsniana (I..) Bart.

TABLE 1 (Conid)

Locartty

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

Sandy flatwoods oil, stand of ycung
pines with no overstory, Gulf County,
Florida

Sandy scrub, Mill Dam Recrsation area.

Ocala  National Marion

County, Florida

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

Forest,

Deciduons forest, Crumps Bottom,
Summers County, West Virginia

Roadwise, Great Dhamal Swamp, City

COLLECTOR

Musselman and Rich,

4686

No voucher

No voucher

No voucher

Musselman, 4866

Musselman, 4904

of Suffolk, Virginia

¢

United States and imnmediately 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. Momenclature
of Radford et al. (1968) has been fol-
lowed. Seeds were selected for uni-
formity from. populations using a
binocular microscope.

Seeds were mounted on pin-type stubs
using double-stick tape or conductive
silver paint, coated with 200 angstroms
pallacium gold (409,-609,) in a Denton

vacuum evaporator, model DV 502 and.

recoated to
sl

eliminate charging of the
Advanced Metals Re-

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 125, 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. lemella (Fig. 1E, F)
and A. aphylla (Fig. 1G, J). In the
former, the surface of the reticulum is
not ornamented (Fig. 1F) although shal-
low papillae are present, perhaps a result
of underlying cells. -In A. aphylla and

—-r
Terter podicH-

te deep
w2 wi rents

. Uuchmnera
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A. fasciculata 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 ro those illus-
trated by Chuang & Heckard (1972) for
Cordylarthis laxiflorus. The first group,
lacking thickenings within the reticula,
includes A. limifolia, A. obtusifolia, A.
sectacea, A. lemwsfolia, A. wvirgala and
A. tenella. The second group includes
only A aphylla, A. fascicwlala, and
A. purpurea,

AUREOLARIA— 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.” 1B) as described
by Chuang & Heckard (1972). Awreolaria
pedicularia (Fig. 1A), A. laevigaia, and
«A. flava (Fig. 1C) have deep reticula.
The deeply reticulate seed coat of A.
pedicu’aria (=Gerardia pedicularia) appa-
rently arises by the collapse of the
integument (Arekal, 1964). The reticula
of A. virginica are shallower (Fig. 1D).

BUCHNERA AMERICANA — Seeds of
this species have shallow, elongate reticuli.
(Fig. 1H). The surface of the ridges
and, to a lesser extent, the surface of
the reticula, are covered by knob-like
projections (Fig. 1K).

CASTILLEJA COCCINEA — The surface
of the reticulum ruptures, perhaps as a
g result of differential growth rates, giving
f. the appearance of shattered glass (Fig.
IT). At first it was thought this was
“n artifact but careful examination of

«+ malerial with the light microscope
toed the presence of ruptures. This
y 1 ceed In s5ome
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reticula of Macramthera flammea, and
Awreolaria virginica, but never to the
extent of C. coccinea.

CoNOPHOLIS AMERICANA — The sur-
face of the seed is almost psilate, except
where it comes into contact with another
seed in the developing fruit (Fig. 2A).
The ridges and surface of the reticula
are smooth (Fig. 2B). Tiagi (1965) has
shown that the testa of C. americana®
is' the sclerified epidermis of the thick,
single integument.

DASISTOMA MACROPHYLLA — The
seed is irregularly crested (Fig. 2C) with
shallow reticula. The surface of the
reticula appears to possess wax deposits
similar to those of Awreolaria.

EPIFAGUS VIRGINIANA — 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 Awreolaria and Dasistoma.
Unlike the latter, however, no wax is
evident on the surface of the reticula.

MELAMPYRUM LINEARE — This is
the smoothest of all seeds examined
(Fig. 2G). The surface and ridges of
the reticula lack any ommamentation
(Fig. 2H). According to Arekal (1963)

2. Remarkably, Tiagl records Comopholis

americana as growing on Quercus peirade, one of
the white oaks, in the University tanical
Garden in Copenhagen. In nature, it has been

noted rapeatedly as being entirely restricted to
mernbers of the red oak group of the genus

Quercus

"R, 4A-K — A, B. Conopholis americana. A. Roughened portion of seed indicates point of

“onlact wich another seed in developing fruit. x 93,

H. Wrinkled sorface represents sclerified

vlrmis of integument. X 1010. C. Dasistoma macrophvila, seed has a curved, winged testa
‘ faln mnd fne network of wax depositions within each reticulum. x 48. D, E.

"o surface view, x 210. E. Outer cells of integument becyme

Ponntan of calls « 1050.  P. Macranthera flammen,

‘n9ta 18 irtegularly striate x 41. G, H.
frodiidnal reticula represent sclerified cuter
“owfare view. x 52, J. Seymeria
f thickenings within

LMD,

—-_ll=;'1
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the suriace laver of the testa develops
by the thickenirg of the radial and
longitudinal walls of the cells of the
¢pidermis of the integument tollowed
by a collapse of these same cells.

PrEDICULARIS CANADENSIS — The
ceedls are round in cross section and uni-
formly reticvlate (Fig. 21). The reticula
are relatively small and quite shallow.
inder higher magn:fication {not illus-
-rated) the surface of the reticula is
finely rugose.

SCHWALBEA AMERICANA — The
sesta is an elongate and locse-fitting
structure with a very simple, uniformly
reticulate surface (Fig. 3C, D).

SEyYMERIA —S. pectinata (Fig. iB) and
" §. cassioides (Fig. 2]) are very different
in shape and ornamentation. g pectinata
has a prominent crest on its margin
and large, deep, reticula with only weak
curface thickenings (Fig. 3B), whereas
S. cassiotdes lacks a conspicucus crest,
has shallow reticula (Fig. 2]J) and a

prominent network of thickenings on.

the reticula (Fig. 2K).

STRIGA ASIATICA — 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 Buchnera
americana (of., Figs. 3E and 1K). How-
ever, the papillae of the reticula ridges
and surfaces are different. Those of
Striga are more angular whereas those of
Buchnera are rounded.

Discussion

All the species studied have reticulate
‘ The rharacteristics of the

f ""“h'lﬂ. \in
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cana (Fig. 24) and Melampyrum lineare
(Fig. 25) in which the walls of the outer
layer of the integument become excep-
tionally thick and Dasisioma macrophyHa
(Fig. 2C) with very challow reticula and
narrow, wavy ridges. The surfaces of
the reticula may lack ornamentation
(e.g., Schuallea americana, Fig. 3C; and
Epifagus wrginiana, Fig. 2D) or have
a network compesed of either wax depo-
sits (Awureclaria pedicularia, Fig. 1B) or
actual wall cutgrowths (Buchnera amert-
cama, Fig. 1K; and Striga asiatica, Fig.
3E). Species with well-developed crests
may have deep (e-g. Awrzolaria flava,
Fig. 1C; and Macranthera flammea, Fig.
2F) or shallow (eg. Dasistoma macro-
phylia; Fig. 2C, and Seymeria pectinala,
Fig. 3B) reticulations on the crest.

In their studies of the species of Cordy-
lanthus, Chuang & Heckard (1972) showed
that the surface pattern is due to enlarged
epidermal cells of the integument. No
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 Aureolaria; see
also Chuang & Heckard, 1972). In
Buchnera americana and Striga astatica,
the thickenings are actual cell outgrowths
as revealed by anatomical studies (Rich &
Musselman, unpublished).

Chuang & Heckard (1972) found sead
surface characteristics to be of systematic
value in the genus: Cordylanthus. While
the present study did not include in-depth
survey of any one genus, sone features
of systematic value were found. The
species of Agalinis with thickenings on
“he surface of the reticula (Fig. 1G, J)

t.4 +n the section Purpureae
| ikewise, this study

w.earal dissimilarity bet-
oymeria  peclinala

- ssrovdes (Fig. 2])-
prominent crest on

wtienlate unlike

vlaces these

. t'anctenis;
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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. 1A, B, Q).

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 general, Pennell (1935)
has suggested that the smaller seeds
with their honeycombed testae are adap-
ted for wind dispersal and the larger,
heavier seeds (Melampyrum linears and
Pedicularis canadensis) are transported
by animal vectors. It will be noted
that the latter two species as well as
Conopholis amerscana (Fig. 3A) have
relatively smooth surfaces. In Cono-
pholis, however, the unit of diaspore is
almost certainly the fleshy fruit. As to
the reticulate seeds, Kuijt (1969) has
suggested that the reticula are adap-
tations for water dispersal, by trapping
air and aiding in buoyancy. e almost
total lack of information on how these
seeds behave in pature limits any mean-

ingful interpretation of the adaptive
value of seed ornamentation in this
group. Almost all of the species of

asitic Scrophulariaceae have stiff, erect
mting stalks which shake seeds from
the capsule. Likewise, the habitat of
many of these root parasites (Aureolaria
pedicularia, Seymeria cassioides) on dry,

“coarse sand would seem to preclude any

movement by water over a long distance.
The situation in Comopholis of the
Orobanchaceae has already been referred
to: the seeds of Epifagus 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 &
Musselman, 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

asites. Perhaps the small seed size
is an adaptation to filtering through
vegetation and litter so as to
mioned as close as possible to a
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