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as lierras que los asistentes a este Simposio ven a su alrededor tienen una larga historia

de malas hierbas parasias. Un buen ejemplo es el fjopo (Orobanche) que eliminé en ef pasado no
pocos cultivos e impidio a otros cuantos ef establecerse en estas fértiles tierras. Y recienfemente,
se extiende con mayor rapidez de la que seria deseable por cultivos que, aungue modernos,
arraigaron profundamente en la regidn andaluza. Asi pues, nada mds claro que el interés gue para
Andalucia tiene este Sexto Simposio Internacional de Malas Hierbas Pardsitas.

La presencia de representantes de nada menos que 29 paises pertenecientes a los ¢inco
continentes, indica bien claramente, que no es ni mucho menas un problema local o regional. En
realidad, aun cuando el asunto parezca de afta especializacion, en pocas ocasiones nos
encontramos frente a un problema tar =xtendido y con una participacion tan auténticamente
internacional

Sies cierto lo que se dice de la eficacia de los Congresos, esto es, que lo mds imporiante
en elfos es el intercampbio personal de opiniones, ideas y datas, no cabe duda gue este Simpasio
de Cordoba ha de ser un éxito. Los cinco Simposios anterfores (que, por cierto, han tenido fugar
en cuatro continenies) produjeron no pocos resultados positivos, tanto en el avance del
conecimiento basico, como en el de la lucha diaria contra un enemigo sutil pero poderoso. El
Sexto los ha de producir por fuerza, no en vano, se han superado todas fas previsionss sobre el
ntmero de comunicaciones recibidas, lo gue ha obligado a una seleccion para no convertir una
reunion cientifica en algo de imposible realizacion prdctica.

Deseo hacer constar el orgadio ¢ . = e produce ¢l hecho de gue el nombre de Cdrdoba hava
figurado en la lista de prestigiosas ciudades que acogieron técnicos vy cientificos deseosos de
conocer un problema tan viejo, quizas como la propia agricultura.

a'aCa ras
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(1971} who used ma'’* ** chromosomal and
biogeographical info nation. They proposed two
major lines, one cor-aosed of Viscumn, Notothixos
and  Ginalloa, the second composed of
Phoradendron, Dendrophthora, Korihalsella and
Arceuthobium. Given their ¢ m ar distributions and
shared karyotype of 12 or 13 large chromosomss,
1 is logical to derive a relationship between
Ginalloa and Notothixos, as was done by Wians
and Barlow (1971). This relationship s nat
supported by either rONA (Fig. 3) or rbeL (Nickrent,
1995; Nickreni and Soltis, 1995; Nickrent, 1996)
sequence analysis whicl: ooth link Korthalsella with
Ginalloa. The array of chromosome numbers seen
in Viscum (N=10, 11, 12, and 13) suggests that
extensive genetic variance exists for s feature.
The basai position of this genus foliowing
bootstrap analysis (results not shown). although
not strongly supported, suggests radiation of the
major viscaceous lines from a Viscum-like
ancestor. Further studies of the molecular evolution
in this famiy using 265 rONA or other molecules is
required to elucidate relationships = s family.

Over the past century, traditioral means of
classifying Balanophoraceae, Hydnoraceas, and
Rafflasiaceae have met with difficulty owing to the
extreme reduction and/or maod ication  of
morphelogical structures that have accompanied
the evolution of these lineages. Moreover, the
features that remain are often enigmatic, i.e. they
are so unusual ({derived) as to confound
assessment of homology via character state
transformation series. The disagreement regarding
classification of these families can be seen by
comparing three current systems for angiosperms.
Cranguist (1981, 1988) placed Balancphoraceas in
Santalales and classified Hydnoraceae and
Rafflesiaceae together in the sister order
Rafflesiales. The systern of Takhtajan (1980, 1987}
was similar in that Hydnoraceae and Rafflesiaceae
were placed in Rafflesiales, however, this order was
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derived from within subclass Magnaliidae, not
Rosidae.  Takhtajan  (1980) stated  that
Balanophoraceas (in Balanophorales) were
“probably near to and derived from Santalalgs, but
the affir s not fully clear.” The system of Thorne
(1992) differe ' 2 from the above by classifying
Balanophorales near Santalales and Rafflesiales in
superorder Rafflesianae.

Resciution of phylogenetic relationships in
angiosperms has become increasingly refined
using molecular markers such as rbel and 185
rDNA (Chase et al, 1993; Nickrent and Soltis,
1995). For this reason, the analysis of
appropriately selected molecular markers holds
great promise in placing the holoparasites within
the giobal phylogeny of all angiosperms.
Unfortunately, the chloroplast genome of these
plants is likely highly modified, hence genes such
as rbel are not available for analysis (see below).
As already demonstraied for Santalales, 185 rDNA
sequences are appropriate molecular markers for
addressing phylogenetic relationships. Complete
185 rDNA sequences have heen obtained for
representatives of Balanophoraceag, Hydnoraceae,
and Rafflesiaceae. Analyses of sequences from
these three holoparasite families showed increased
nucieotide substitution rates as was first observed
in 185 rDNA of Arceuthobium. Using relative rate
tests, it was found that the holoparasites were, on
average, 3.5 times faster than nonparasitic and
hemiparasitic planis (Nickrent and Starr, 1994).
Elevated substitution rates in genes normally
considerad extremely conservative, such as
auclear ribosomal genes, complicates phyfogenetic
analysis. For example, when these divergent
seguences are included in an analysis with
nonparasites, the resulting topologies frequently
show aberrations such as  “lang-hranch
attractions” (Felsenstein, 1978) that artifactually
links clearly unrelated taxa with faster rates. When
fewer than 20 nonparasitic “guigroup” taxa are
used, the parasites with long-branches migrate to
the base of the angiosperm clade, intermediate
between the angiosperms and the outgroup
Gnetales. This same result is seen using
parsimeny, neighbor-joining and maximum
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plastid genome of sqguawroot documenting its size
as 43 kb, ie. the smallest ptDNA molecule vet
observed in planis. Much of this reduction is due to
the loss of one copy of the inverted repea.

In addition to parasitic Scrophulariaceas and
Orobanchaceae, molecular genetic investiga“ons
have also been focused upon Cuscuta. This genus,
somstimes placed in its own family (Cuscutaceae),
is widely recognized to share a common ancestor
with nonparasitic Convolvulaceae. As show~ ' /7.
1, Cuscula (like Scrophulariaceae), incl des
heriparasitic species (e.g. C. reflexa Roxt * as eli
as holoparasitic species (e.g. C. europaea L., nat
lack thylakoids, chlorc 1w, Rubisco and g™
dependent COp fixatior but (strangely) rete  rocl
(Machado and Zetsche, 1990). Although * 2 p 1stid
genome of Cuscitta 1s yet to ™ 7 .y S&  enced,
significant progress is teing made. Bommer et a/.
(1993). cloned and sequenced a 9 kb p~~ on of
ptONA from €. reflexa that includes 165 rDNA,
psbA, troH, ORF 740, ORF 77, trol, and ORF §5.
Later, Haberhausen and Zetsche (1994 clg and
sequenced a 9 kb portion of ptDNA from this same
species that included a large portion of inverted
repeat A spanning a segment from trnA to froH.
Although some sequences were ide zal to
Nicotiana [e.g. tral}, many Cdeietions ere
observed. For example, rpf2 and rp23 were both
deleted and ORF2280 was reduced to only 740 bp.
These results show that, like Epifagus, Cuscuta has
experienced major deletions in the plastid genome.
The complete loss of ribosomal protein genes such
as rpl2 invites guestions about how sugc 3
translational apparatus of the plastid functions and
its relationship to the other two subgellular
genomes.

In plants, the ribosomal cistrons are present on
both inverted repeats (when preseni) and are
composed of genes in the following order: 165,
frnl, oA, 235, 455, and 5S (Fig. 2B). This
arrangement is extremely conserved, yet some
variation can Dbe seen in Orobanchaceae,

Wolecular Studie~ »f Parasitic 2= s
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Conopholis retains an intact 165 and 23S - WA,
hgwever.t  intgryening 5 SPTE1C . L, 088
become a nseudog..e | " @ L 1992) 7
flanking «.3S art 35 DM As pr act, v
spacers betweenthe.. ... ..., . 1 .
length. Zpifagus alse ~ ains i > 165 ar ., 238

rDNA, but both ol an ' pA 1.0 Lo
pseudog 3 v ©Ut congt oot T ihe
o scistron (Mo era’, 1992).

Pror to 1985, -»ra o o - R,

available rega.. g . 38ENCT

gengome  foroomoo3g) ¢ ,
Hydnoraceae o F ... . e U :
gxpericmcing extensi - 08ses ¢ :
ar. other genes, both Epifagus and Co.. p.o’s
“oreoinfact ard foooticmt fhaseme it s
Given * is, v 135 reuSOMBL . L @ Larss L.
pres.... .0 *hase ho Dara ‘35, 0 ket ey
viould he rONA. The gor ~ 2es it |5 L BS
v.astouse PCRtoar 165 ™ A’ o -
these 'reages.

A multiple sequence  ~mmMeri was ¢ rtad oo

165 IDNA ns g w aobacterial 1 Ligooaes Lo
as publishea plart sec-—-es. Gomse i ~~in @
were ident 3:d and o+ v de pric g
deviloped for PCR ¢ .+ yu- "o
ce~restedusing fne 8t d aGAGAG O GAI
CCT GGG TCA G) and .. .10 ravire. "2G7 GAT
CCA GCC GCA CCT TCC AG 3 Imooars
based upon positiga or. . bacco). To date, .35
rONA has heen amplifiec from ge:amric DNA
samrles of representa o5 o7 Ja . phoracec..
Hydnoraceae and Ra™ isicseae  ickrent et al,
1995). We have also amp oo 235 .ONAa A7 ¢
spacer region betwee. ' - 18T _ 235 rDM" -
several taxa indica g . ~*a arge poi 0 {00,

ribosomal cistron is  zsent. ;0 g
compelling, these data dc =2t yel prove *
existence of a plastid genome sirce the poss™ ...,
of migration to nucleus has not been excluded.

A secondary structure of *=~ 163 rRNA of Cwtinus
ruber (Rafflesiaceae or Oy  aceas; Is presented in
Fig. 6 based upon the model of Gutel! et af, {1985
for Zea. This model corresponds well to previously
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Molecular Studies of Parasitic Plants
Using Ribosomal RNA
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Advances in Parasitic Plant Research
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EMMANUEL |, AIGBOKHAN and DANA K. B fesr ol Lo 20 F T pleat A s ria

Taxonoic studies of « L X ¢ s ey about Striga asiatica, S. hermontfifca, and 5. gesngrioides are prasented based
on a ciaciistic st y of Afran ~ients. T e 5. as, tica ciuster ciLces S. efegans. S. hirsuta. and 8. lutea. Striga asiatica
is considered tc 2~ d from a r2tive speces mer © S, ¢ egsns. Ariificial hybridization indicates a close relationship
between S e 70r* ‘ca a~d S. aspera. Sev~rw hos o atvpes of S gesnericides were examined. While each
morphotype ex' ™" 's * res of host spec icity, ure © ~g. and corolla color, there is o hasis for any formal
taxonomic recognition.
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This paper is part of a larger study on the evolution
and systematics of Striga in Africa. We have
emphasized three groups of witchweeds clustered
around S. hermonthica, S asiatica, and S
gesnericides. In addition, we present pre” “~ary
data on pessible evolution from indigenous fo
weedy Species.

Cladistic analysis was conducted by Mchamed
(1994) as part of a study of African witchweeds.
Cladistic analysis is presented in Figure 1.
Buchnera, Cycnium, Rhamphicarpa, Melasma, and
Thunbergianthus from the Buchnereae and
Scoparia from the Digitaleae were used as
outgroups. The laiter taxon was included to provide
a non-parasitic, distantly related taxon. Buchnera
was chosen because it is presumably closely
related to Striga (Musselman, 1987; Minkin, 1887}
and probably its sister group. The others were used
to provide features necessary to polarize
characters within the group under study.

Six vegetative and seven floral (reproductive)
characters were quantified for statistical analysis.
These were A=Stem height {cm); B=Number of
branches; C=Leaf length (mm); D=Leaf width
{mm); E=Internode length {mm); F=Inflcrescence
fength  (cm);  G=Number  of  flowers
open/inflorescence; H=Lower bract length (mm);
L=Calyx tube length (m~,, M=Calyx teeth length
(mm); N=Corolla tube length (mm), O=Lower
corolla iobe length (mm}; and P=Upper corolla
lobe length {mm). Weighting some of the
characters, i.e., requirement of a garmination
stimulant, host specificity, succulence, haustorium
size, and plant color, did not change the tree
topography when all characters were assigned
equal weight. Even taxa like S angustifoliathat are
uniguely defined hy a lack of need for a
germination stimulant and S. gesnerioides and S.
lepidagathidis that are the only species with
succulent stems, dicot hosts, and reduced
chlorophyll, retained the same position on the
cladogram with or without weight.

Evolution and Taxonomy
of Agronomicallv nportant
' Species

This analysis was based on herbarium spacimens
collected in Botswana, Burkinz Faso, Cameroon,
Mali, Nigeria, South Africa, and Sudan between
1987-89, and specimens cited in Mohamed (1994).

The procedure of multivariate statistics (multiple
analysis of variance) was used to compare the
effect of the groups (species, geographical
locations, hosts) on the measured variables and to
determine the correlated responses of the
dependent variables. The analysis requires and
must be performed on normally distributed data;
hence, transformations were made whenever
necessary. Since thirteen measured variahles were
io be assessed, the biclogical aipha level was
adjusted to 0.004 (0.05/13}.

Upcn the completion of the analysis, a matrix was
designed to enable camparison of any two groups
(Table 1). Results were plotted ¢on the matrix and
two of its axes were similarly labeled with the
species, subspecies, host specific-strain, or the
geographical locality in question. Latitudes were
plotted in ascending or descending order to detect
and associate the overall changes (if any) in the
number of measured variables with latitudes.
However, na attempt was made to trace and
correlate the changes in individual variables with
changes in latitude which was not the subject of
this study. In these matrices only the significant
variables are shown.

Hyhridizaticn studies were conducted under
complete insect exclusion in a screenhouse at the
International Institute of Tropical Agriculture,
lbadan, Nigeria. Staggered planting times of maize
cultivars 8333-1 and 8322-13,in . asperaand S.
hermonthica infested soll in pots were made to
obtain parasite flowers ready for crossing at the
same time. At flowering, emasculation was done by
the removal of the corolla tube and affixed
stamens.

Pollen was obfained from the male parent by
cutting open the corolla tube and collecting the
mass of whitish pollen grains on an inoculating
needle. Pollen was immediately transferred to the
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of an increase in the number of significant variables
with changes in latitude.

Like S. hermonthica, S. aspera is an outbreeder
(Musselman et al., 1991). Among populations
gene-fiow i1s expected to maintain a certain level of
homogeneity across the species range. This is
consistent with the results obtained.

A total of 385 and 315 measures for each variable
were taken from populations of S. hermonthica and
S. aspera respectively, and analyzed to estimate
their overall differences. The plants were gathered
from different hosts and fairly represent the
geographical range of the two species (between
latitude 3 degrees 00" and 14 degrees 00 N). Of the
thirteen variables, ten werg significantly different
{P=0.0001), with no significant differences in the
number of branches, inflorescence length, and the
calyx teeth length,

It is difficult to assess the magnitude of the
variation due to hosts in S. hermonthica and S.
aspera, because the former commonly parasitizes
cereal crops while the latter parasitizes wild
grasses, i.e., the two species do ngt occur on a
single nost at the same site. ... ' e few instances
where these data were ob* 1ed, it was insufficient
for a multivariate analysis and the resulis might be
misleading. However, in a preliminary analysis the
nost was found to have some effects. When the
two species were campared on simi‘ar hosts they
showed less differences than when compared on
different hosts.

Kenfack et al. (1996) have shown that in northern
Cameroon S. aspera has the broadest host range of
any species in the genus. If this broad host range
is a primitive condition, one could predict that a
derivative of S. aspera adapted as a weed would
have a narrower host range. This seems to be the
situation in 5. hermonthica. Further host range
studies in S. aspéra are needed.

Striga hermonthica and 5. aspera were similarly
sampled from herbarium specimens collected at
four geographical localities and then the data was

Evolution and Taxonomy
of Agronomically important
Species

assessed to quantify the variation between the two
species under similar environmental conditions.
Differences already established between the two
species (species induced variation) were similar to
those reported with only slight changes in the
means of the ten significant variables.

Geographical variation in S hermonihica and S
asperawere expressed in eight significant variables
(P <0.0025), five of whicl. .. . vegetative,

This study provides evidence that the differences
already established between S. hermonthica and S,
aspera are quantitative and greater than those
attributed to host and geographical location.

derbarium specimens of Striga hermonthicaand S.
aspera gathered at four latitudes were analyzed to
guantify the possible effects of the above three
factors on waniation. Results summarized; 1)
Variation aitributed to species effect under similar
geographical conditions, i.e., when S. hermonthica
and S. aspera were compared at the same latitude.
The magnitude of this variation averaged 7.5
significant variables at each siie. 2) Variation
attributed to geographical separation at the species
level were obtained when populations within the
same species were compared at different
geographical locations. This variation averaged 3
and 3.83 variables per site for S. hermonthica and
S. aspera respectively, intimating that they are both
homogengous over their range. 3) The combined
effects of latitude and species induced variation
were obtained when S. fiermonthica and S aspera
were compared at different latitudes. The average
variation here was 7.75 significant variables per
site, which was only slightly higher than that
attributed to species effect at the same latitude. It
seems that the two species expressed the same
magniiude of variation when they occur
sympatrically and allopatrically (7.5 and 7.75
significant  variables respectively). They are
outbreeders and among their significantly different
variables viere those associated with the corolla
tube length (N}, the lower (0}, and upper (P)
corolla lobes. Under sympatry, the corolla tube
length is significantly different among them in
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Herbarium specimens of Striga brachycalyx,
collected from fo rocalities betwee~ atitudes 09
degrees 08" and 13 degrees 08" N, were examined
to assess intraspecific variab’ity. 5. brachycalyx
was homogenecus over its range being
significantly different in only five variables (P <
.002), three of which were vegetative. The number
of significant variables showed a slight increase
. latitude especially for sites three and four.

The closely related species S. aspera resembles S.
brachvealyx in overall appearance. They are
sympatric in their distribution, frequently in large
demes, and occupying relatively drier savannas.
Unlike S. aspera wpich occasionally invades the
agroecosystem, S. brachycalyx is not known to
seriously attack fooa c¢rops although is very
common » natural grassfand.
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Generally, strains of 8. gesnerivides differed
significantly in four vegetative and five floral characters
(P < 0.0024), with the differences befween any twa
strains being less than six variables and averaging two.
The strain specitic to Fuphorbia species showed the
highest number of significant variables from the
remaining strains. It is consistently different from
them in its broader leaves (D) and longer corollas (N).
The remaining strains showed significant differences
in only one or two variables. When compared to each
other, strains specific 1o hosts within the same family
(Fabaceae or Convolvulaceag) showed the least
number of significant variables. The difference
between strains parasitizing Fabaceas was a maximum
of 2 with an average of 1 variable, while it was 3 and
1.33 for strains within Convalvulaceae. Nat all of the
host-specific strains were analyzed with regard to host
effects because they were not available from a single
site or the same host.

Hosts of S. gesnericides include Jacquemontia,
Merremia, and /pomoea in the family
Convolvulaceae, Nicotiana (Solanaceas), Fuphiorbia
(Euphorbiaceae), Vigna, /ndigofera and Tephrosia
{Fabaceae) with at least four host-specific strains
one each of Fuphorbia, Vigna, WNicotiana and
Convolvulaceae (Musselman, 1984; Musselman
and Parker, 1981). The Vigna-sirain is much
branched, with a green stem, and bluisn flowers
causing its greatest damage in the drier regions.
The Euphorbia-strain has a large single primary
haustorium, dark red stem, dark-purple flowers,
and is restricted to the drier regions.

The Nicotiana-strain is restricted to South Africa
and Zimhabwe. It is less branched but otherwise
resembles the cowpea-strain. The tobacco strain
has not been reported recently and it would be
interesting to know if it is still extant. As tobacco is
a new world species, the tobacco strain of S
gesnericides may have arisen in $ifu. The strain
specific to Convolvulaceae has a slender red and
less branched stem with pinkish flowers. The
machanism of host-specificity is not  fully
understood.  Wild (1948) attributed it to
germination stimulants; white Parker and Reid
{1979) provided experimental evidence that the

Evolution and Taxonomy
of Agronomically Important
‘ Species

small flower (Jacquemontia lamnifolia) morning
glory strain could he germinated by the cowpea
root exudate, but not be parasitized.

Musselman and Parker (1981) propose that an
incompatibility factor must he responsible for
some of the observed specificity. Host specificity
has developed under various habitats where the
survival strategy is to invade the hosts available in
that area, i e., attacking new hosts in the absence of
the conventional hosts. This allowed &
gesnerioides to invade new habitats and
contributed to its successful spread and
abundance throughout almost all Africa, parts of
the Arab Peninsula, Asia and the Uniied States of
America. Although S. gesnerioides has evalved a
strong host-specificity among its populations,
these “morphs” do not have significant
marphological and genetic differences and hence
they should be treated as host-specific “straing” of
the same species. Striga gesnericides probably
evolved from within the species group of S
lepidagathidis, S. gastoniiand S. chrysantha which
are confined to natural grassland.

This section deals with evolution within the genus,
summarizing the cladistic studies presented in
Mohamed (1994) and drawing upon our field
observations during the past ten years.

As noted above, the first invasion of
agroecosystems was probably within the S
gesnerioides group. The second was in the species
group of S. latericea, S. forbesii, and S asiatica.
These are likely descended from a species similar
to S. elegans, and the third was in the Pentapleurae
by S. densiflora, S. curviffora and S. hermonthica.

Angther character that showed homoplasy and
reversal was duration. It changed from perennial to
annual in S. chrysantha, S. lutea and S. hirsuta and
in all the species in the cladogram above S
masuria then was reversed at the node that gave
rise to S. bifabiata and S. aequinoctialis (Figure 1),
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b. jaegeri supporting its status as a subspecies of
S. bilabiata. Results alsc i'n  a close relationship
between e <ibs cies of S bifabiat” and S.
aequinactialis. « ~ elations )b o these taxa

and the.. oslion .. the “dogrert remained
constant * ~hp ' g - stages of the
prograr.. ..

Among the fea ..us uset. . ¢ urate Siviga from
other close y e **~ gene ,is* 07Q "4 0w
corolla . be 1adis nc . djustbelow
limband e b al’ ":corc. . Skiga bavmar " as
many feal -es tha! ¢ d be accepted as ancestral
that make it a suiiabiz | /nothetical rooting for
Striga. Features ‘nc'ude the ohsc -2l ent corolla
tube that scarcel, exceeds the calyx, and s five
similar and almos * 2e corolle 'obes. T-e arge
seeds of S. baumannii strongly mean "at it may
germinate independent 0 a host, a pleisomorphic
character, but this remains to be ¢ med. An
unusual feature found or'y in S, baumannii is the
indurate, woody carolla; e ' athor species hae in,
membranous corollas.

Several authors (Atsatt, 1977; Govier et al., 1968)
have emphasized the "mportance of g iraular hairs
as excretory grgans in pe,minarasitic plants. These
reduce the high ‘evels of potentially toxic
substances emanating from e host (Govier et al.,
1968), or play a dual role in some parasitic plants,
providing a tox'~ -esistance mechanism and an
herbivore repellent device (Levin, 1973). However,
S. baumanii lacks “1irs except for few stiff non-
glandular types aleng the leaf margins.

Perennial Striga species apparently have perennial
hosts and annual species are associated mostly
with annual hosts. Visser (1981} has asked
whether an annual parasite inguced to grow on a
perennial host vould assume the perennial habit
and if a perennial parasite on an annual host might
Ge able to complete its life cycle fast enough before
the host dies oif.

Vifith st 3 daestruct'on ;2 dis ~ces of na -al
grassland savanna of africa by humans and
livestock, Striga species bhecame ruderal and

Evolution and Taxonomy
of Agronomically important
. Species

probably tend to favor the naturally disturbed
habitats (r-selectio  over the more stable habitats
{k-selection). The develepment of annual forms
from perennial is of great survival strategy to the
parasiic and its host and in Striga is evident in the
shori life cycle, .0 less energy allocated to
veget “ve growth, and high production of ftiry
seeds ~at g~~~ate only under conditions *hat
guara ze the successful estatlistment of the
parasi‘e {8.¢. stimulants).

Although species of Striga are described as
peren™c gor gccasionally perennial (suggested by
this <.y as plesiomorphic) the existence of true
pere ~ il forms in most of them is questionable
except S. latericea (Parker, 1986, 1988), and the
host-specific strain of §. gesnerioides that parasitize
Euphorbia (Musselman, 1984). These exceptions
are confined to tall perennial grasses where
seasonality is less obvious or, in the case of &
gesnerioides, 10 the shrub Euphorbia in drier areas.

In the early stages of the diversification of Striga
species, two separate evolutionary lines may have
diverged in different directions. The first
evolutionary clade gave rise to & chrysantha, S.
lepidagathidis and terminated in S. gesnerioides,
the most derived taxon in this group. The S
gesnericides species complex (regardless of their
evolutionary positicn among cther species) are
characterized by many features not common to
other members of Striga. These include the
cespitose growth habit, succulence, reduction of
vegetative growth and tendency towards
holoparasitism (Thalouarn et al.,, 1991), the lack of
dense hairs or complete glabrosity, and
dicotyledon as common hosts.

The second evolutionary line gave rise to the
remaining Striga species. They are characterized by
the stiffly erect growth habit, developed leaves, and
hosts which are usually wild grasses or cultivated
cereals. Some parasitic planis have a low
photosynthetic etficiency compared o non-
parasitic members within the same family. Shah et
al. (1984) demonstrated that S. hermonthica has a
low photosynthetic ability and has a high
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1, SA
2. SH X

3. SA SH

4, SH X

5. #3 {SA X SH)
5. . (SA X SH)
7. #3 (SA X SH)
8. . (SH X SA)
g, 4 (SH X SA)
10. SH X

11, SA X

12. SA X

SH
#3
#4
SA
#3
#3
#3
#4

Table 2
>50
>50

83

>50

2

{SA X SH) 5
(SH X SA) 1
{SA X SH) 3
(SA X SH} 7
(SA X SH) 5
(SH X SA) 1

85
92

92
50
75
100

83
88
8b

34
38
600
25

94
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1100

Germination was measured over time anc -slative germination calculated as area under the resulting germination versus tims

curve.






The Orobanchaceae posess many hiological
features that make them interesting as unique
research materials. Among these features are: their
origin as holoparasites, their evolutionary
pathways, their physiclogical and anatomical
adaptation as obligate parasites, etc. These studies

can alsg have a practical side as new ways for their.

control as parasitic weeds can be developed.

Although we are surrounded by a “molecular biology”
atmosphere, and there is little doubt that the molecular
approach can be very powerful in solving taxonomic
as well as physiological problems, cytogenetic studies
could help in solving many important evolutionary
aspects. These include the origin of Orobanchaceae,
their evoiutionary roots, the origin of temperate
Orobanche species (most species of this genus grow
in cool regions), the origin of the most virulent species
parasitizing crops, etc. it would not he logical to
abandon a powerful fechnique just because other
powerful technigue has been set up, especially when
both techniques can complement to each other. But
the data are few: in a computerized search, no paper
on cytogenetics was found since 1980.

The purpose of the present work is.to review and to
discuss the cytogenetic studies performed on
{Orobanchaceae until now as well as to describe the
methods to fit their special cytogeneatic
characteristics. A preview of this subject was given
by Cubero and Mareno (1991}, The data collected
and presented in this chapter could help to raise
new interast on the subject. New methodologies,
as those based on molecuiar biology technigues,
do not preclude the use of traditional cnes; on the
contrary, they can complement each other.

This section would be unnecessary if not because
of the intrinsic difficulties of this material for

Cytogenetics in Orobanchaceae:
A Review

cytological observation. Most studies were
performed on meiosis because the main source of
cells for mitotic studies, the root tips, do not exist
in Orobanchaceae.

! . The few studies published until now on
mitosis have used, as favounte material, young
ovaries (Hambler, 1956; Greilhuber and Weber,
1975; Weber, 1976a; Palomeque, 1979) and tne
first pollen grain division (Palomeque, 1979;
Weber, 1976a). On occasicn petal buds, trichomes
(Greilhuber and Weber, 1975) and shoot
meristems (Gardé, 1951, Greilhuber and Weber,
1975) have also been used. The first stages of
development of the parasite, i.e., the “tubercules”,
seem not to have been used. However, as a
consequence of their fast growth rate, they should
be an interesting material because of their very
high mitolic index. They are, in fact, an excellent
source of DNA for molecular biology studies
(Millan et al., 1986).

The most common technique to study the
mitosis of young ovaries is very similar to that
used for meiatic studies, but Palomegue (1979)
modified it because of some difficulties with her
material: scarcity of metaphasic cells and a
large aumber of fatty cytoplasmic inclusions
that interfered with chromosome separations as
well as chromosome obsarvations. This material
was not easy for preparations because of iis
rigidity and its fatty inclusions. Palomeque’s
technique for young ovaries its summarized as
follows:

(1) Only cleaned young ovaries, without any other
floral structures, are used. It is useful to cut
them ir pieces to help chemicals penetrate. A
pretreatment with 8-hidroquinoleine 0.002 M,
at 0-5°C for a least 4 hours is recommended.

(2) Wash for 5 minutes with distilled water.

(3) Fixation in glacial acetic acid: absolute alcohol:
chloroform (1:3:4) from a least 24h at 0-59C.

(4) Wash with distilled water for several minutes.
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have 10 be stored in the refrigerator. Hambler
(1958) recommends soaking the anthers in
concentrated nitric acid for 20 min. in the case
ot Cistanche tubulosa, otherwise, the material
cannot be adeguately spread on the slide.

Table 1 updates chromosomes counts on
Orobanche. There are published counts of only five
out of the 17 genera of this family. Most species
studied belong to Orobanche. However, fthe
knowledge of the chromosome numbers and
morphology of other genera would be of great
imporiance to stablish evolutionary trends within
the family. For the taxonomy of the American
Orobanche treatments of Heckard (Heckard, 1973,
Heckard and Ghuang, 1975) and Thieret (1971) wiil
be followed. For the 0ld World Orobanche the Beck
von Managetta (1890, 1907) monographs as well
as that af Flora Europaea have been adopted here.
Only the mast common Syronyms are given.

The maost thoroughly studied sections (almost
100% of the species), are the American Gym-
nocaulis and  MNothaphyllon. Two species of
Gymnocaulis have been studied, especially @
uniffora whose interesting problems will he
considered below. For Nothaphylion the number
and names of species depend on the taxonomic
treatment accepted, 10 1o 13 according with Munz
(1931) or Heckard and Chuang (1975}). In any
event, it seems that some rare species like Q.
Hookeri Beck von Mannagetta (the only species
placed by Beck von Managetta in the Kopsiopsis
section) or the mexican 0. Dugesii Munz are still
unknown from the cytological point of view; O.
chilense BvM. was recognized by Beck von
Mannagetia to be very close to 0. fudoviciana Nutt.
in this case it wauld be a synomym of 0. cooperi
Heller accorging with Heckard (1973). It seems
that chromosome numbers of the rest of species
have been studied.

The basic number of American species seems to
be 2n=48, tetraploidy (2n=4x=96) being

Cytogenetics in Orobanchaceae:
A Review

common in Nothaphyllon. Parthenogenesis is
present in 0. wniffora, and there are probabie
triploids, arising from crosses between diploids
and tetraploids {2n=3x=72), in 0. cooperi An
atypical count of 2n=38 for 0. ludoviciana (Love
in Bolkhovskikh et al.,, 1969), a species
according to Munz (1930) but included in 0.
cooperi by Heckard. This couid be a mis-
identified specimen as this number fits in the 0ld
World Orobanche section Orobanche.

Twenty species of the Old World Orobanche were
included by Beck von Mannagetta in his section
Trionychon. This number can he reduced to 15
after eliminating accepted synonyms and with a
better knowledge of asiatic species it could be even
less. Chromosome counts for four spacies are
known and Zn=24 seems to be well established A
reference of 2n=38 for 0. aegyptiaca (Srivastava,
1939 in Bolkhovskikh et al., 1969) can be explained
Dy a wrong specimen determination, as that for 0.
ludaviciana referred to above. Among the mast
important  still  missing because of thair
geographical distribution are an Afghan species (0.
orientalis BvM.} and 0. mongolica BvM. The
gcomparison with the european 0. oxyioba, related
to them, could throw light on the evolutionary
pathways within the genus.

The most important section of the genus, and
probably of the whole fanuly, is sect. Orobanche,
with about 50 species, more than all the rest of
the genus. Removing synonymies, 43 species
have been considered in the present work; 24
(55%) out of them have been studied belonging
to eight out of the nine tribes (89%) originally
defined by Beck van Mannagetta {1890). Cnly the
tribe Amoenae (with three Central and Eastern
Asian species) remains cempletely unknown
from this point of view. For the rest of the tribes,
the number of species studied are: [nflatae or
Coerulescentes, 2 out of 6, Galateae 4/4;
Curvatae 6/9; Arcuatae 1/3; Cruentae 3/4; Glan-
dulosae 2/3; Speciosae 1/1 and Minores 512,
These are approximations because the taxonomic
difficulties of this section.
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Aneuploidy has been found in QO gracilis, O.
latisquarna, O. rapum-genistae, 0. crenata and 0.
coerufgscens. In fact, unreduced pollen mother
cells can be seen in most cases. Even in 0. ramasa
ssp. nana (Trionychion), three cells with 2n=42
chromosomes were seen by Palomeque (1979).
Three cells may not be significant, but they do
reflect the strong tendency for duplication
characterizing the whole genus.

A rather surprising fact is that multivalents are rare
in both Orobanche and Cistanche meiosis. Meiosis
is very irregular in most species (see below), but
trivalents and gquadrivalents have been observed
only in €. phelypeae and 0. rapum-genistae. This
fact in theoretically diploid material strongly
suggests polyploid ancestors. Among the
tetraploids of recent origin (i.e., relative to the
actual basic number characterizing tha species), 0
densifiora {2n=76) meicsis does not show
multivatents, and 0. gracifis only shows them in the
aneugloid cytotypes, not in its eutetraploids. The
very few hexaploid cytolypes analyzed so far have
oroduced very abnormal meiosis, as expected. The
small size of the chromosomes can explain the
rarity of multivalent associations even in recent
polyploids.

Among the American sections, the meiotic
behaviour has not been specifically studied, but the
plates and comments by Heckard and Chuang
{1975) suggest that meictic abnormalities werg
only found in a cytotype of 0. cooperi with 2n=72
as well as in the parthenogenetic race of 0. uniflora
studied by Jensen (1951; see helow). Diploidisa-
tion seems to be in a very advanced stage in this
material.

As Heckard and Chuang (1975) pointed out
“...polyploidy is certainly partly responsitle for the
taxonomic difficulties in the group™, a sentence
referred to 0. cooperi but that may be extended to
the whole family. Polyploidy, interspecific crosses,
nybridisation among different ploidy levels,
aneusomaty, parthenogenesis, chaotic meiosis and
mitotic abnormalities....: all these facts in the same
family cannot be indegendant as regularity in

Cytogenetics in Orobanchaceae:
A Review

mitosis and meiosis is genetically tightly
controlled. The obvious questions are: What is the
cause of such a chaos?, Is it advantageous from an
adaptative point of view? We cannot know without
a better knowledge of the Orobanchaceae
phylogenetic roots. On the other hand, these
studies are necessary to discover such
phylogenetical roots. This cycle could be broken
with the help of molecular biolagy techniques.

The number 2n=24 in Orobanche was first
discovered by Gardé (1951). He suggested n=6 as
the basic number instead of n=19, until then the
only known number. Orobanche ramosa (and then
Trionychon) would have criginally been tetraploid
(2n=4x=24); the other two species studied by nhim,
0. crenata and Cistanche spp. would be
heteroploids (6n+2 and 6n+4 respectively),

As 2n=12 (n=6) has not yet been found in the
family, Heckard and Chuang (1975) suggested a
polyploid series with x=12 as the basic number.
The two American sections (2n=48) fit well in this
hypothesis, but the count 2n=36 for Q. uniflora
ssp. uniflora does not. As this species is
parthenogenetic, the reason for this number could
be found in a commaon process leading both to
parthenogenasis and to a different chromosome
number. The cytotype with 36 chromosomes could
have been produced within a population with
2n=24 chromosomes by unreduced ovuies (n=24)
fertilized by normal pollen (n=12). Such a
mechanism is known in Sclanaceae, for example.
But this hypothesis would require a very fast and
efficient process of diploidization of a triploid with
36 chromosomes. Aiternatively, this probiematic
cytotype could have originated by a cross between
two populations with 48 and 24 chromosomes, the
latter still to be discovered in America. A simpler
explanation was proposed by Heckard and Chuang
(1975), they suggested that the 2n=36 was a
wrong number (they had recorded 2n=48 on 0.
unifiora ssp. occidentalis), the mistake being likely
produced by six pairs of small chromosomes. A
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All possible meiotic anomalies are found:
anaphasic bridges, uni-, tri- or quadrivalents and
secondary associations, lagging chremosomes,
complete failure of the meiotic process, erroneous
cell wall formation in dyads or tetrads, etc.
{Marenc 2t al., 1979; Palomegue, 1979; statistics
of these data are not shown in Table 2.) The very
frequent association between tivalents, as well as
the tendency to chromosome agglutination (shown
by O purpurea and 0. elatior) again strongly
suggests a polyploid crigin.

There are only three species with a completely
regular meictic behaviour, but very likely this result
cannot be taken as definitive as in all three the
number of PMC observed was very small (6, 15
and 30). On the other hand, the specimens with a
very high chromesome number are characterized
by very abnormal meiosis, as expected, reaching a
total abnarmality in some cytotypes of 0. gracilis
and 0. rapum-genistae.

Table 2 shows a tendency of the species studied to
present a greater number of anomalies in the first
meiotic division. This fact is clear when comparing
sections Trionychon and Orobanche, the former
gnly shaowing anomalies in the first meictic
division. It is not & characteristics separating both
sections as (. foricata aiso shows that feature. The
two Cistanche species studied also show the same
difference, but obviously many more studies are
required in order to establish sound conclusions.

The general picture shown by the results in Table 2
is a polyploid origin even far those species with a
less irregular meiosis (e.g., C. violacea. 0. ramosa,
0. loricata) which could be undergeing @ process
of diploidization {the three species with aparently
reqular meiosis are excluded from this comment
for the reason given above).

A direct consequence of the meiotic abnormalities
could be a loss of pollen fertility. The usual
technique to evaluate this is to stain the pollen

Cytogenetics in Orobanchaceae:
A Review

grains with aceto-carmine to avoid the difficulties
of a true “in vitro” test. Although there are several
sources of error, most authors accept that stained
e normally shaped pollen grains are fertile or, at
‘gast, tnat their proport s well correlated with
1at gof the functional po

The relationship between pollen fertility and
meiotic abnormalities must be vary carefully
gvaluated, because an irreqular meiosis is not the
only source of pollen sterility. The correlation
coefficient between pollen sterility and percentage
of meiotic abnormalities, calculated by Palomeque
(1979) was 0.73 (p < 0.01, n=28). But neither the
most perfect meiosis vieided 100% fertile pollen
nor the only case she registered of 100% meiotic
abnormalities produced fully sterile pollen (the
actual figure was a 60%) Thus, the melotic
behaviour of the QOrobanchaceag so far studied
suggests an effect on the loss of the pollen fertility
but it dees not explain all this loss. Even with anly
a small percentage of fertile pollen graing the
reproductive potential of the Orobanchaceae is still
inmense.

There are no studies on the ovule fertility, but
cytogeneticists think that the egg cell is much
better buffered than the pollen against
chramosomic unbalanced structuregs. Thus, the
limiting factor in Orobanchaceae would only be the
male gamete, and as it has been seen, the
maximum proportion of pollen sterility occurred in
a material showing a 100% of irregular meiosis,
and that proportion was only 60%.

Mitotic studies, which are necessary 1o establish
the main morphological characteristics of the
chromosomes, are particularly  difficult  in
Orobanchaceae. This is why chromosome
descriptions are far less in the liferature than
counts in this familly. Palomeque (1979)
performed a study on several species of Cistanche
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(a) The Cistanche primitive chromasome is derived
from a smaller one (similar to that of
Orobanche) by tamden duplications or
endomitosis.

(b) The Cisfanche chromosome is closer to the
primitive one than that of Orobanche; in this case,
the latter would have been the consequence of
chromatin loss during its evolution.

If the data for 0. cernuya are confirmed
{measurements were taken in this case only in
young ovaries), the easiest way to explain this
difference is, as in other genera, through a loss of
chromatin, possible in certain circumstances as,
for example, redundant DNA. Thus, the original
chromosome of the family would have been long
(perhaps around 10-127) and succesive genomic
rearrangements would have produced a loss of
chromatin compensated by an increase in the
number of chromosomes by polyploidy. A certain
proof of his suggestion is given by the
chromosome size of a cytotype of O rapum-
genistae showing the maximum number of
chromasomes recorded in the Orobanchaceae
(n>100). Palomeque (1979} was not able to
measure them accurately, but their medium sizes
varied between 0.3 and 1.0, thus, number and size
seem 1o be in an inverse relation. Greilhuber and
Weber (1975) were not able either fo describe the
- chramosome morphology of pelyploids.

Orobanche would be, in this way, a mare evolved
genus than Cistanche.

Three indices are presented on Table 3. The value r
is the averaged ratio betwen chromosome arms
(large/short)y; Cistanche chromosomes show the
greatest similarity bhetween arms: the averaged
chromosome is clearly submetacentric. Grobanche
chromosomes have maore diverse chromosomic
arms, especially sect. Trionychon, its largest arm
being, on the average, more than twice the short

Cytogenetics in Orobanchaceae:
A Review

one. The ratio largest/smallesi chromosome (z) is
around 2 for Cistanche, a little lesser than 2, on the
average, for sect. Trionychon and clearly largaer
than 2 for sect. Orobanche. Finally, the s . arity
index s measures the proportion (in 5) of
chromosomes with .2, Cfsfanche chromaosom, g
are very similar 1o each other, 87-85% of them
belong fo the same architectin  ype whereas
Orobanche sect. Trionychon chromosomes are
mare irregular, the index being, on the average,
close to 40%. Finally, Orobanche sect. Orobanche
shows itself again to be more variable than the two
other taxa. Even remov.ng 0. cernua, its similarity
index varies betweeen 5 o and 100%.

If genomes with more or less similar chremosome
lengths are primitive, as seems to he tha rule, sect.
Orobanche is obviously derived from others,
probably through chromosomic rearrangements at
it was suggested above. Cistanche retains some
primitive features in its chromaosomes.

in this section three cases are presented to show
how the variability in chromosomic, genomic and
caryotypic structure can bg ext-~~- *large ' hon
in-depth studies are performed. Parthenogenesis
in 0. unifiora, aneusomaty in 0. gracilis and the
meiotic behaviour of 0. crenata populations are
presented.

According to Jensen (1851), the first notice of the
meiotic behaviour of 0. uniffora is credited to
Jeffrey, who never published he findings of his
studies, which started at leas. '~ 1927. Jensen,
under Jeffrey’s supervision, was ahle to compare
preparations made in 1927, 1932 and again in
1947, All this material was collected in the vicinity
of Cambridge, eastern Massachussets.

The finding that set up the study of meiosis was
that castrated flowers were able to produce seeds.
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Cytogenetics in Orobanchaceae:
A Review

There are many fields, as those gutlined abave, that of traditional techniques and the molecular biology
produce fruitful cooperation among different methoas. Difficult problems, as parasitism s,
disciplines: histology, physiology, ecology, require complex approaches.

systematics, cytogenetics and many others by use

Beck von Mannagetta, G.R. {1890) Manographie der Gattung Orobanche, Cassel, Vienna. 275 pp.

Beck von Mannagetta, G.R. (1907) Orobanchaceen. In: W.D.J. Koch’s Synopsis der Deutchen und Schweitzer
Flora, vol. Ill, Hallier and Brand, Leipzig. pp. 2070-2105.

Bolkhovskikh, Z., Grift, V., Matvejeva, T. and Zakharyeva, 0. (1969) Chromosaome numbers of flowering
plants. Komarov Botanical Institute, Leningrad. p. 477.

Carter, K.M. {1928) A contribution to the cytology of the avule of Orobanche minor. Journal of the Royal
Microscopical Society 48: 388-402,

Cézard, R. (1973) Orobanchacées: IV. La germination d’Orobanche rapum-genistae Thuill. Bulletin Académie
et Societé Lorraine des Sciences 12:269-288.

Cubero, J.I. and Moreng, M.T. (1991) Chromasome numbers and reproduction in Orobanche. In: Ransom,
J.K., Musseiman, L.J., Warsham, A.D. and Parker, C. (eds) Proceedings of the Fifth Sympostum on
Parasitic Planis. CIMMYT, Nairobi, Kenya. pp. 298-302

Darlington, C.D. and Wylie, A.P. (1855) Chromosome Atlas of Flowering Plants, George Allen and Unwin Ltd,
London, UK. pp. 316-317.

Gardé, A. (1951) Nota cariologica sobre tres orobancaceas portuguesas. Genetica Agraria 3: 133-142.

Delay, J. and Petit, D. (1971} Litcral Atlantique du Maroc. Informations Annuelles sur Caryosystematique et
Cytogenetigue 5: 1-6.

Goldblatt, P. {1981) Cytology and the Phylogeny of Leguminosae. In: Polhill, R.M. and Raven, PH. (eds)
Advances in Legume Systematics Part 2, Royal Botanic Gardens, Kew, UK. p. 427.

Greithuber, J. and Weber, A. {1875} Aneusomaty in Orobanche gracifis. Plant Systematics and Evolution 124:
67-77. ,

Hambler, D.J. {1956) Further chromosome counts in Orobanchaceae. Nature 177: 438-439.

Hambler, D.J. (1958) Chromosome numbers in some members of the fe- v Orobanchaceae. Journal of the
Linnean Society (Botany) 55: 772-777.
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Cytogenetics in Orobanchaceae:
A Review

O.gracilis
n=50 j
n=48 ‘ O.cooperi, O.parishi
N P P |
L t s (
\ )
n=40 f[Sect. OROBANCHE] -
:
[Sect. \ORCBANCHE] O.uniflora O, californica E§
A
T
D_ .
n=24  [77] | [ sect. GYMNOCAULIS | ] [sect. NOTHAPHYLION ]

/D | J

n=20 [Seot OROBANCHE] | CISTANCHE CONOPHOLIS

Sect OROBANCHE] \ LATHREA
K / OTHER

n=12 [ sect. rmowcmwj[” ’”]

OROBANCHE 77

n=6 77
Figure 1
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ssp. amathystea
0 caryopl, . a Sr.
O. 1y 'SP il

0. cernua L.
(0. comanaWe I

0. coerulescens Steph. ex Willd,
(=0. ammophyia)

0. crenata Forsk.
(=0. speciosa D.C.)

0. densiflora Salzm.

0. elatior Sutton
(=0 majorL pp.)

0. flava Martins

0. foetida Poiret
0. gracilis Sm.
(=0. crugnia Bertol.)

0.hederag Duby

0. faserpitii-silerss Reuter ex Jordan
0. fatisquama Balt.

0. fgricata Reich.
{incl.0. picridis EW. Schultz)
0. fucorum Braun
0. lutea Baumyg.
(=0, medicaginis Baum.)
0. mingr Sm.

Cytogenetics in Orobanchaceae:

Table 1 (Cont.)

38
38
38
38
38
24
38
38
38
38
40
38
38
38.39.40
76

38

33

38

38

76
76.78.80.82
76.100.120
76(73-91)
114 {112-116)
38

38

38

38

76
82-86.76-79
38

38

38

38

38

38

38

38
38

IsLkia
RN

¢

kg, "varies
PG
pro* ¢
BC, Lteo oy,
Oaries
probably PMG
nrobably PMC
PMC
pMC

1c
PMC
BN
Ovaries
PMC
PMC
nrobab:y PMC
PMC, ovaries
PMC
PMC
Pollen
PMC. ov.. stem
trichomes
ovares
PWiC
PMC
PMC.MMC ovaries
PMC poilen.ov.
PMC. ovaries
Qvaries
MMG. ovaries
probably PMG
probably PMG
MM pollen.ov.
MMC
PG

probably PMC
PMC pollan

A Review

Dinlava A Al 197
A TE
Vv er L9763
oo e 405F 1958
... .97
.o nB

Jler 1956, 1958
Pal . eque 1979
Weber 1976a
Mats =~ - B
Sigivrain B
Garde 1951
Moreno et al. 1979
Panmeque 1979
Delay and Petit 1971
Palomeque 1979
Vo Luer 1976a
Hambler 1956. 1958
Palomegue 1979
Skalinskaet ' i~ 3
Weber 1975
Palomeque 1979
Palomeque 1978
Palomeque 1579
Palomeque 1978
Greifhuber and Weber 1975
Weber 1976a
Hambler 1956, 1958
Palomegue 1979
Weher 19762
Palomeque 1979
Palomegque 1978
Hambler 1958, 1858
Weber 1976a
Paimgrenin D & W
Zhukov in B
Weher 19762
Carter 1923
Hambler 1956

Lovein B
Palomeque 1879
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CISTANCHE

C. phelypasa 40
ssp. futea 40
C. violacea 40
OROBANCHE

Section Trionychon

0. ramosa

$sp. ramosa 24
ssp. mutelii 24
$sp. nana 24

Section Orobanche
0. amethystea

ssp.amethystea 38
0.caryoph.(3) 38
0. cernua 38
0. crenala 38
38-40

0. densifiora 78
0. elatior(d) 38
0. foetida 76
0. gracilis 76
100-120

73-91

0.hederae(5} 38
0. lericata 38
0. minor 38
0. rapum-gen. 38
>200

Cbservations:
{1y Recalculated from data from Palomeque (1979)
(23 1.1k first and second meiotic divisions.
d. m. t: respectively: diakinesis, metaphase, telophase.

Table 2

12.0
8.3

6.3

13.0
15.4
23.1

(3)(4)(5): respectively 15. 6 and 30 poilen mother cells only

Cytogenetics in Orobanchaceae:

36.4
11.8

11.8
12.8
10.0

23.1

16.9
9.1
222

10.7

25.0
222

100
38.9

231
18.5
100

41.2
9.1

6.3

1.8
7.1
30.2

5.0

25.0
23.5
76.9
44.4

9.1
18.8
100

A Review

23.3
9.9

2.0

58
8.9
9.4

215

23
10.0
21.0

20.4

36.5
254
944
415

6.9
13.0
30.0

100
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Advances in Parasitic Plant Research

CHARACTERIZACION
OF THE PLasTiD GENOME
IN HEMIPARASITES

N RUSSO-SOREL and P THALOUARN, Laboratoire de Cytopathologie Végétale, 2. rue de la Houssiniére, 44072 Nantes
cedex 03, France..

The degree of sequence conservation aof the plastid ONA (cpDNA) of ihree hemiparasites. Thesium humife. Striga
hermonthica and Striga gesnerioidles nas been established We found that Thesium humile and Striga hermonthica
cpDNAs are al ~* 130 kb and Striga gesnerioides cpDNA is about 115 kb as compared with tobacco cpDN - ichis
155.5 kb. The most conserved regions within the cpDNA are the inverted repeat that contain genes for ribosomal RMAS.
All of the photosynthelic genes studied are present in the hemiparasites. whereas the rpo genes coding for RNA
polymerase subits exhibit some differences those of tobacco. Expression of the rpo genes has nof been
demonsirated. This would * 1ply *he necessity t¢ irmport Yrese subunits from the cytosol to express ail the photosynthetic
genes which nave been maintained i the plastid genome. Moreover, rpoA has probably migrated to another region of
the cpDNA.
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hermonthica and §. gesneriofdes ¢cpbNA no signal
could be detected suggesting deleticn or important
changes in the nucleotide sequence. PCR was used
to demonstrate that the coding region of these
genes has been wholly maintained. Amplification
and control by Southern blotting led us to conclude
that these genes have the same size as those of
tobacco. However, to obtain an amplification of
rpeA of S hermonthica and S gesnerioides or of
psaBin S gesnerioides and afpB-£in Thesium and
S. gesneripides, the annealing step of the PCR
programme  was conducted at 50°C and 45°C
respectively instead af 55%. This suggests that
gene nucleptide sequences which correspond to
the primers are somewhat different from those of
tohacco.

The most striking result was obtained vith rpoB
gene from S. hermonthica and S. gesnerivides
which is impossible to amplify as a whole (3.2 kb)
while amplified products of 1.6 or 1.4 kb resuit from
this attempt. Nevertheless, analysis of the 1..iclectide
sequence of the Striga 1.6 ko PCR product showed
high homolegy with tobacco, especially in .. &
coding regian. Very little 1 known about the rpo
gengs encoding for a2 plastid RNA polymerase in

Characterizacion of the Plastid
Genome in Hemiparasites

parasitic plants except that these genes do not exist
in Epifagus, a finding which raised the possibility
that gene transcription is not possible in Epifagus
plastids. Yet, evidence of transcription of some
plastid genes. such as 16SrRNA, was obtained by
Northern hybridization (de Pamphilis ana Palmer,
19903, | e case of Striga, further work is needed
" rrder o test the following hypothesis © are rpo
genes markers of a slig:.. ‘sgradation in the plastid
DNA of hemiparasites? However the functionality of
this DNA .. Thesium and Striga, evidenced by
Morthern Sybridization (v 1 rbel transcripts)
remains beyond doubt.

From this work, it could be concluded that ~ e
“e “‘parasites studied here, the plastid genome,
thiisignificantly reducea ~ size, has been
roughly ...a.‘ained in orge. zation, gene content
and order. However some ¢f **3 genes may have
undergone changes in ihe length or » cleotide
sequence a~d t"erefore des-rve to be stualed in
further detai’. Tt < ig certainly the case for the rpoB
gerz. Such a study might give rise to important

w 105 related to the occurrence of the first
effects of parasitism on cpDNA or ideaty a gene
interesting in phylogenetic studies.

Delavault, P. and Thalouarn, P. (1994) Plastid gencme evolution in Orobanchaceae and other holoparasites.
In Proceedings of the third international Warkshop on Orobanche and related Striga research,

Amsterdam, The Netherlands, pp. 80-93.

Delavault, P. et al. (1995) Civergent evolution of two plastid genes rbel and atpB in a non-photosynihetic

parasitic plant. Plant Malecular Biology (in press).

De Pampbhilis, C.W. and Palmer, J.D. (1990) Loss of photosynthetic and chlororespiratory genes from the
plastid genome of a parasitic flowering plant. Nature 348 ; 337-339.

Haberhausen, G. and Zetsche, K. (1994) Functional loss of ail ndh genes in an otherwise relatively
unaltered plastid genome of the holoparasitic flowering plant Cuscuta reflexa. Plant Molecular

Biology 24 @ 217-222.
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Characterizacion of the Plastid
Genome in Hemiparasites

Figure 1
Plastid DNA organ ¢ ~ - gene map of * acco (N.L), Thesivm bumide (Th.) end Striga gesnerioides (5.a.}. C 3
propartic~ to the circls sizes. | segmentsaze i “*thic =0 4 =ns, Black triannles represert the reg’a s w o tions

fave occurred. Regions delsted i g lesser extert ara indicate in dashed wiies.
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Advances in Parasitic Plant Research

AN HyYyPOTHETIC HISTORY
OF = = A PRELIMINARY
DRrAFT

A. RAYNAL-ROQUES Museum National d'Histoire Naturelle, 16 rue Buffon, 75005 Paris, France.

Several species of Striga and one of Buchnera are crop parasites. We propose a comparison of these close 5
genera, concerning : floral organization, parasitism and distribution. Striga can be considered as more a ~.han
Buchnera in specialization of floral biology as well as in parasitism. Because of their distributions. Bu © ¥ have
originated around the end of Palzocene, while Siriga probably arose much later, around the = ¢ _ocene. The
differentiation of Striga species occured probably in successive phases. in the evolutionary trend 1] Species, the
adaptation to crops is considered as the maost advanced behaviour.

Additional key words : Scrophulariacez, evolution, speciation.
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shows the closest adaptation to this man-modified
ecology, and is also the mast noxious weed. Some
other species are less adapted to crops and less
noxious. Their evolution in this way is likely more
recent, and they are moving towards a weady biology.

An Hypothetic History
of +~ a Preliminary Draft

The anly crop-parasitic species of Buchnerais at an
garly stage of adaptation to cultivated fields. This
genus, though older than Striga, is less specialized.
[t seems to have, up 10 now, less evolutionary
potentialities .

As a consequence, the number of crop-parasites is
prebably going to increase while the agronomic
importance of each of them will grow in importance,

Linné, C. (1753). Species Plantarum. 2 vol., Stockhalm.
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hemiparasites, but occasioi 1ally able to carry plants alvays connected to a host. nemiparasites

Ou. uieir hiclogical cyc + out a host or holoparasites (4 species holoparasitic).

the seed has no resting period the seed needs a resting period before beeing able
to germinate,

the seed needs no germination stimulfant germination depends onache 3 % e produced
by a host root.

a single species (B. hispida) is. 11 species have adapted to cuitivated hosts and some

occasionnally and scarcely. a crop parasite of them are effective pests on food-crops.



S. angustifolia
S. aspera
S.densifiora
S.forbesi
S.latericea
S.multiflora

S parvifiora
S. passargei

S. asiatica

S. gesnerioides

S. hermonthica

o

Eastern Africa, Asia,
Indonesia

Africa

Asia (mainly Indiaj
Africa, Madagascar
East Africa
Australia

Australia
Western- and Central-Africa

Africa, Madagascar. Asia.

Africa, Caho Verde

Istands. western Asia

Northern East Africa

Table 2

East Africa Ma-zwi and Tanzania),
Asiaffro. " "ato” 7 od)
West Africa

India
East Africa

Ethiopia, Somalia
Austratia

Australia

Burkina Faso and Mali

Africa {mainly East-Africa),
Madagascar. Asia; {U.SA.

not nafive).

Africa, India ; (U.S.A.. not native)

Africa. Madagascar, western Asia

An Hypothetic History
- a Preliminary Draft

Maize, .., Jiy rice,
sorghum, sugar-cane.
Digitaria exilis, maize .14,
rice, sorghum, sugar-cane.
Maize, millet, sorghum.
sugar-cane.

Maize, dry rice, sorghum,
sugar-cane.
Sugar-cane.

Sugar-cane.

Sugar-cane.

Sorghum,

Maize. millet. dry rice.
sorghum, sugar-cane

Cowspaa, sweet potatoe. tobacco

Digitaria exilis, Efeusine
coracana, Eragrostis
abyssinica, maize, miliet.
oats, dry rice, rye, sorghum
sugar-cane

1 - Minor pests on crops : they are jocally damageable, and widespread in native vegeration. Thelr distribution as crop-parasites
is restricted to patches, enciosed in their distribution in the wild.

2 - Major pests : very damageable. Their distribution as crop-parasites is wider than their naturazl one.

3 - The most important pest on crops. 1t is widely distributed on crops but it is very localized in native vegetation.






Advances in Parasitic Plant Research

1.6
AN INSIGHT INTO
THE POl . _.ATION STRUCTURE
Al ') GENETIC DIVERSITY
oOF ' .
IN WEST AFRICA

A OLIVIER, Dépariement de phytologie, Universits [aval. Québec. GTK 7P4. Canada.
J-C. GLASZMANN, Agetrop-IRAT CIRAD, 34032 Montpellier cedex, France.

C. LANAUD, Agetrop-IRAT CIRAD, 34032 Montpaliiar cedex. France.

G. SALLE. CEMVY, Universiié Pigrre et Marie Curie, 75252 Paris cedex 05, France.

G.D. LEROUX, Département de phytologie, Université Laval, Qusbec, G1K 7P4, Canada.

The population structure and genetic diversily o Striga hermonthica was studied using gel electrophoretic analysis of
proteins from seeds of individual plants from 14 popuations growing on sorghum. millet, maize and wild gras

Burkina Faso, Mali and Niger. The genotypic constitution of each sample was depicted for two loci using the " *'re
intensity of the different bands ~ *~in a pattern. Genotypic frequencies conformed to Hardy-Weinberg exper 13
populations out of 14 for eac .ocus. Heterozygote deficiencies could be the rasult of the Wahiund eff. . .1 onthe
loci that were interpreted, the genetic divergence between populations appears to be low. The physio'~ scialization
for a particular host co . then be a recent phenc enon. A low host-specificity of 8. hermo — Lapulations could
affect the efficiency of intreducing new resistant cultivars as a control measure against the E

Additional key words: witchweed, isozymes.
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been reported in a few plant species (Gottlieb,
1981; Elistrand et al., 1983). It is unlikely, however,
that this rare event would apply 1o Striga species.
S. gesnerioides, for example, always shows one-
band patterns. It is unlikely that a duplicate gene,
e.g. two loci, have the same fixed allele. All the
results obtained with S. hermonthica are alsc
cohierent with the simpler single gene model. We
also used simple rules for translating the banding
intensities in terms of bulk genotypic constitution,
These rules may have some exceptions, hut they
appear relevant in all the abundant literature on
isozymes. Similarly, we omiited to consider
possible sources of deviations, such as gametic
selection, in calculating theoretical genotypic
frequencies. All the results, however, form a
scheme which is likely to be valid, given its global
coherence.

in this report, the two loci analysed are in Hardy-
Weinberg equilibrium for most populations. This is
consistent with the notion of an outcrossed species
where the populations are panmictic through
random pollinization and fecundation. The
zymograms observed within each population were
also consistent with allogamy and panmixia for
both Adh and Got loci. With most of the
zymograms, there was a concordance between the
pollen contribution to the mother plant that vould
explain the banding pattern ooserved with the
progeny, and the calculated aligle frequencies in the
popuiation, Thus, it is likely that the mating events
happen randomly wiih 2 trend towards the
panmictic equilibrium.

Although heterozygote deficiencies were observed,
using Wright's fixation index, this occurred with
only one population out of 14 for both Adh and Got
loci. Such rare events could have happened at
random. They could also he the result of non-
rangom  pollinization, as  suggested by
Bharathalakshmi et al. (1990). Most likely, the
cause of this would be the Wahlund efiect, .. the
population studied would be divided into
subpopulations slightly different for their allele
frequencies, and inside which the pollinization
would occur randemly. It is possible that a few

An Insight into the Population
Structureand Genetic Diversity
o in West Africa

plants in & population escape from panmixia
because the pollinic near-environment is distinct
and the pollinization involves more polien from the
nearest neighbors than from the rest of the
population. Effectively, the pattern of distribution of
S. hermonthica in the field is rarely uniform. Thus,
the possibility that some populations are divided
into subpopulations cannot be completely rejected.
Haowever, the low gccurrence of heterozygote
deficiencies through the populations studied would
be in agreemen v~ the hypothesis that &,
hermonthicais a highly allogamic species which is
under panmixia.

The results of aur study seem to cate that the
allelic divergence among po~ wwons of &S
hermonthica is low for Adh and Gof toci. All the
genetic variability observed at these two loci was
generally present in every population, with the
exception of a few rare alleles. The interpopulation
diversity appears to stand only on differences in the
frequencies of the main alleles, and on the
introduction of new rare alleles. Although it would
be hazardous fo extragolate from these resulis as
they concern a very low number of loci, the trend is
consistent with what we could expect from an
outcrossed species like S. hermonthica, which is
widespread throughout Africa. This 15 also in
agreement with the study of Bharathalakshmi et al.
(1990), which revealed high valugs of idenfity
between three 5. hermonthica populations.

The investigation of the results also indicates that
there does not seem to he any geographical cline
amaong Burkina Faso, Mali and Niger populations.
Furthermore, no obvious correlation could be
established bet een allele frequencies and the host
plant species. ~ he analyses of gopulations of S
hermonthica growing on mixed crops provided
similar information, as subpopulations did not
present any difference related to the host. This
suggests that the specialization of S. hermonthica
for its host is likely 10 be a recent phenomenon,
although the hypothesis of fixed specificity cannot
be rejected because the loci studied may not be
representative of most other loci. It is possible that
every S. hermcnfhica population, because of its
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An Insight into the Population
Structureand Genetic Diversity

of : 1in West Africa
Table 1
3 F

i 20 9 9975 0.098 N.S. 20 3 2.775 -0.081  N.S.
2 20 7 9.975 0.298 N.S. 17 1 0.971 -0.030  N.S.
3 47 28 23.489 -0.192 N.S. 36 10 17.944 0.443 i
4 22 8 7727 -0.035 N.S. - - - - -
5 28 12 14.000 0.142 N.S. 14 ) 6.429 0.067 NS
6 17 9 8.029 -0.121 N.S. 9 4 4444 0.100 NS,
7 57 30 26.526 -0.131 NS. 39 14 13.846 -0.007  N.S.
3 18 9 8.972 -0.003 N.S. 18 3 4.219 0.289 N.S.
9 45 23 22.100 -0.041 N.S. 35 B 5.486 -0.084 NS
10 22 9 10.795 0.166 N.S. 10 3 3.750 0.200 NS
11 19 5 9.500 0.474 * 16 7 5.489 -0.280 N.S.
12 35 22 16.800 -0.310 N.S. 13 3 2.654 -0.130 NS
13 24 15 11.813 -0.270 NS, ¢ 3 3.611 0169 N.S.
14 23 " 11.152 0.014 N.S. 17 6 7.059 0130  N.S.

45 13 & 4615 -0.300 N.S. - -
4Ma 9 2 3111 0.357 NS - - - - -
95 35 17 16.986 -0.001 N.S. 29 3 4.569 -0.094 NS
SMi 10 5 4.950 -0.010 N.S. B 1 0.917 -0.091 NS
125 24 15 11.813 -0.270 NS, 3 1 0.938 -0.067 NS
12Ma 11 7 4773 -0.467 N.S. 5 2 1.600 -0.250 ALS,

* Significant (P < 0.05)
* Significant (P < 0.01)
N.S. Non significant






Striga hermonthica (Del.) Benth. is one of the
econamicaily most important species of the
parasitic weed Siriga, causing losses in the yields
of a number of crops in sub-sahelian countries in
Africa. Although it mainly occurs on crops and
grasses nearby arable fields and seems 10 be
completely adapied to the agroecosystem, it is
occasionally found in the natural vegetaticn, far
from agricultural land, in Sudan and Ethicpia
(Musselman et al, 1991, Reda. personal
communication). Striga aspera (Willd.) Benth. is
considered a minor parasitic weed, mainly
occurring on wild grasses. In the last 10 years it
has been found more and more often on maize and
appears to be a potential threat to crops
(Raynal-Roques, 1994).

The species are closely related, both in their
physical appearance as well as in their biology.
While allogamy is the usual mode in Striga, these
are the only two species which are obligate
outcrossers (Musselman ef af, 1991). It is (often)
difficult to distinguish between them in areas were
they overlap in West Africa. Usually the bend in the
corolla tube is used as a character for distinction
between the species (Parker and Riches, 1994).
Striga hermonthica flowers have the bend almost
exactly half way while in S. aspera flowers it is at
least two-thirds up the tube. This character is
reliable to distinguish both species in West Africa,
but in East Africa, especially Kenya, there is a lot of
variation in the location of the bend in the corolia
tube of 5. hermonthica flowers (personal
observation). In some fields most plants had
flowers with a bend distinctly above half-way
{Kenyan form}, making it closer to the S. aspera
pattern. Planis with this marphology are also found
in Uganda and Tanzania (Parker, 1991). However, in
Kenya there were also fields were plants had
flowers which resembled more the West African
pattern.

Because the distinction between the two species on
morphological criteria is biased at least in some
areas, it would be interesting and worthwhile to

Genetic Variability of
anc _
Are they Really Two Distinct Species?

evaluate a possible genetic differentiation based on
molecular genetic markers (allozymic). The main
objective of this study is therefore to determine
differences in genetic diversity between S
hermonthica and S. aspera from West and East
Africa. In addition it could reveal whether the
difference in flower morphology of Kenyan S
hermonthica populations is due to a genetic
differentiation.

The results of the allozyme screening are
discussed in view of additional crossing studies
and the potential impact this species complex
could have on crop Species.

Seeds of S. aspera populations were collected in
West Africa. Seeds of S. hermonthica populations
were collected in hoth West and East Africa
(Kenya). Kenyan S. hiermonthica populations were
subdivided on the basis of their flower marphology
(bend in the carolla tube). Populations from cereal
haosts were collected in the fields, populations from
wild hosts were collected far away from
agricultural fields, unless specified otherwise.
Poputations came from the following sites
(numbers correspond to those in the text):

1 & asperafrom maize, Gargua in Camergon,
1989.

2 5. asperairom maize, Dedougou in Burkina
Faso, 1994,

3 S aspera from upland rice, Kouto in Ivory
Coast, 1992.

4 & aspera from wild grasses, Sotuba in Mali,
1994

5 S aspera from wild grasses, Cinzana field
station in Mali, 1994.

6 S hermonthica from maize, Zakpota in Benin,
1993.

7 S hermonthica from wild grasses near a maize
field, Rice Station near Kana in Benin, 1993.
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The homogenates were centrifuged at 15000 rpm
in a Kontron T-124 centrifuge (30 min at 4C). 0.8
mi of the supernatant of each sampie was collected
and filiered through Costar Spin-x 0.22 m micro
centrifugal filters in an eppendorf centrifuge (5 min
at 4C) Subsequentiy 400 | filtrate of each sample
was transferred to microtiter wells and 5 |
bromophenaol blue was added as an indicator of the
front during ihe allozyme run.

25 | of each sample was loaded onto a 6%
acrylamide gel (Vertical PAGE; Desaga, Heidelberg)
as described by Verkleij ef al (1986). Buffer
systems used were: Gel buffer: 2.0 M Tris (pH 9.1);
electrode buffer: 5.0 mM Tris, 38 mM glycine (pH
8.4 £ 0.1). Runs were performed at 50 mA constant
current. Previous to each electrophoresis a pre-run
was done for 20 min at 50 mA. The electrophoresis
was terminated 45 min after the front had migrated
out of the gels (total run time approximately 5 h
and 30 min).

Eight enzyme systems were tested for their
variation. These were (with enzyme commission
number and staining procedure references in
parentheses): Esterase (EST; E.C. 3.1.1.-; Soitis et
al, 1983), Glutamate dehydrogenase (GDH; E.C.
1412, Soltis et al, 1983), Leucine
aminopeptidase (LAP, £.C. 3.4.11.1; Shaw and
Prasad, 1970), Menadione reductase (MDR; E.C.
1.6.99.2; Shaw et al, 1988), Malic enzyme (ME;
£.C. 1.1.1.39; Siciliano and Shaw, 1976),
Phosphoglucoisomerase (PGI; E.C. 5.3.1.9; Shaw
and Prasad, 1970), Phosphaglucomutase (PGM;
E.GC. 2.7.5.1; Vallejos, 1983) and Shikimic
dehydrogenase {SDH; EC. 1.1.1.25; Vallejos,
1983). :

Staining protocol for LAP (usually run under
neutral pH conditions) was modified by increasing
the strength of the Tris-maleate buifer to 0.6 M at

Genetic Variability of .
and ! . .
Are they Really Two wuistinct species?

pH 5.4. At lower concentrations Fast Black K salt
precipitaied from the solution shortly after a gel
was placed in the staining buffer and no staining
was observed.

Genoctypic loci were inferred directly from
electrophoretic phenotypes and must therefore be
considerad putative since no crosses and genetic
analysis were used to establish inneritance
patterns.

Parameters for intrapopulation variability and
interpopulation divergence were calculated from
observed genotypic frequencies with the computer
pragram BIOSYS-1 (Swofford and Selander, 1981).
Due to the overwhelming amount of data obtained
when anaiysing 20 populations, only banding
patterns, F-statistics (Nei, 1977) and the cluster
analysis (using the UPGMA algorithm (Sneath and
Sokal, 1973) with Nei’s (Nei, 1978} unbiased
genetic identity} will be discussed in detail.

Migration distances of all alleles of the eight
enzyme systems are shown. in figure 1 we found a
total of 14 loci for 8 enzymes. PG| showed four
different foci (assuming it is a monomeric enzyme),
EST, LAP and PGM two, and GCH, MDR, ME and
SDH one. Mean number of alleles per locus was 2.8
in S aspera, 2.4 in S. hermonthica from West
Africa and 2.3 in S hermonthica from Kenya.
Observed heterozygosity values ranged from 0.091
to 0.239 and did not differ between S. aspera
(mean Ho=0.170) and S. hermonthica (mean
Ho=0.180). In several population significant
deficits of heterozygotes were found for EST, GDH,
LAP MDR and PGM.

A remarkable fact is that S. hermonthica and S,
aspera share nearly alt allozymic loci. There are
only two species-specific loci; Pgm-7 and Lap-7
were present anly in S, aspera.
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Orobanche is a genus of holoparasitic plants that
includes several important agricuitural pests. As
noted by Musselman (1994), reliable taxonomy
within  Orobanche is desirable for improved
understanding and access o the literature,
especially for scientists concerned with control
measures. However, this  genus  remains
taxonomically difficult and imperfectly understood
{(Hepper, 1873; Musselman, 1886), partly because
of the large number of characters with overlapping
variation (Rumsey and Jury, 1991). These
problems apply in particular to taxa of section
Trionychon, including the ramosa-aegyptiaca
complex and the unbranched broomrapes such as
0. arenaria Borkh., 0. caesia Reichenb. and 0.
purpurea Jacg. The large number of taxa previously
ascribed to this section have recently been reduced
to twelve species (Abu Shaih, 1995). In this study,
the relationships among these iaxa is evaluated by
cladistic analysis of morphological data. The main
objectives of this analysis are to clarify the
taxonomic status of section Trienychon within
Orobanche and to determine relationships among
its constituent species in relation to their
biogeographical implications.

In addition to the twelve species belonging to
section Trionychon, four species from section
Orabanche and Cistanche phelypaea (L.} Coutinho
are included in the analysis. Each species was
scared for twenty characters as listed in Table 1.
The data matrix was analyzed using the Branch
and Bound search Algorithm of PAUP
(Phylegenstic Analysis Using Parsimany) version
3.1.1 (Swofford, 1991). in initial searches, 700
equally parsimonious trees were found.
Characters were reweighted by their rescaled
consistency indices on these initial trees (Farris
1969, 1989) and the Branch and Bound search
was repeated. This iterative reweighting process
was continued the list of most parsimanious trees
did not differ between iterations.

A Cladistic Investigation and Key
to the species of the Genu ; L.
Section ° Wallr

After four rounds of character reweighting a set of
six most parsimonious trees was retained (L=
30214, Cl= 0.765 and Rl= 0.835) The 50%
majority-rule consensus of these is shown in
Figure 1. Synapomorphies of the genus
Orobanche are the presence of glandular hairs on
the stem, irregular flowers, corclla length and the
presence of glabrous filaments. Section
Trionvehon is resolved as a monophyletic group
defined by the presence of coth tricin and and
absence of luteolin aglycones (Aou Sbaih, 1995),
presence of tricolpate pollen, pollen surface
sculpturing, presence of bracteoles, shape of the
calyx teeth, corolla colour and seed coat
ornamentation (Fig. 1). Section Orobanche also is
resolved as a monaphyletic group by the absence
of bracteoles, anther villosity, calyx tube and teeth
shape, pollen type, corotla colour, corolla
divergence and seed coat stratification. Although
the two sections appear as sister taxa in our
analysis, failure to include representatives of the
other sections in Orobanche means that other
relationships cannot be ruled out. Within
Trionychon, 0. caesia and (. lavandulacea
Reichenb. form a sister group united by the
presence of more inclined corollas and more or
less rounded-ovate lower corolla lobes, which 1s
sister 1o the reminder of the section. The
remaining species form a clade on the basis of
less inclined corollas and the degree of stamen
insertion. Orobanche purpurea is resolved as an
early divergence from these taxa. The remaining
species form two clades according to anther
villgsity and the shape of the lower corolla lobss.
The branched members of section Trionychon [0,
ramosa L., 0. aegyptiaca Pers., 0. oxyloba (Reut.)
G. Beck and 0. schultzii Mutel] represent one
clade united by the possession of branched stems
and a microreticulate pollen surface sculpturing.
Although 0. aegvptiaca and 0. schuftzii are placed
unambiguously with 0. ramosa-0. oxyloba clade,
relationships within this group canngt be furtherly
resolved with the present data. Orobanche nana
Noé, 0. rechingeri Gilli and 0. bungeana G. Beck
form a monophyletic group defined by stem
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A Cladistic Investigation and Key
to the species of the Genus L.
Section . Wallr

9 Calyx teeth distinctly longer than tube; corolia not blackish, but

mostly yeliow upon drying . ... 4. schultzii
Stem simple

10 Plant 15 cm or less, inflorescence whitish, villous, corclla mostly
pale yellow at base, not brownish whendried. ... .. . . ... ... .. .. . ... ... 8. rechingeri

10 Plant mare than 15 ¢cm: inflorescence pale bluish- violet, villous;

corolla bluish-violet, brownish when dried
11 Corolla tube exceeding 22 mm
12  Bracts broadly ovate 7 mm or less; bracteoles less than 7 mm;

calyx teeth distinctly shorter than tube; corolla tube narrow

infundibular, less dilated above .. ... ... 9. bungeana
12 Bracts ovate-lanceolate more than 7 mm; bractecles more than

7 mm; calyx teeth equalling tube or longer; coroila tube divergent-

infundibuiar, erecto-patent, dilated above ... ... 10. arenaria
11 Corolla fube less than 22 mm
13 Corolla tube strongly curved forward, blackish when dried;

caiyx teeth t egue’ ngtube .. .. .. . .. 11. lavandulacea
13 Corolla tube not strongly curved forward, colour not

blackish when dried; calyx teeth distinctly longer than tube
14  Stem up to 20 cm; corolla tube fess than 17 mm, lower

lobes + acufe-acuminate . ... ... 4. schultzii
14 Stem above 20 cm; corofla tube 17 mm, ar mare, lower
lobes + rounded-ovate .. ... ... 12. trichocalyx

Abu Shaih, H. A (1995). The Taxonomy and Biodiversity of the Genus Orobanche L. section Trionychon
Wallr. Ph.D Thesis of the University of Reading.

Farris. J. S. (1969). A successive approximation approach to character weighting. Systematic Zoology 18:
374-385.

Farris, J. S. (1989). The retention index and the rescaled consistency index. Cladistics 5. 417-419.
Hepper, F. N. (1973). Problems in naming Orobanche and Striga. in Edwards, W.G.H., Kasasian, L., Parker,
C., Saghir, A.R. and van der Zweep, W. (eds), Proceedings of the European Weed Research Council

Symposium on Parasitic Weeds, 1973: 8-17. Royal University, Malia.

Musselman. L. J. (1986). Taxonomy of Orobanche. In ter Borg, S.J. (ed.), Proceedings of a Workshop on
Biology and Contro! of Orabanche, 1986: 2-10. LHAPO, Wageningen,
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C. THEODET and P THALOUARN P, Laboratoire de cylopativlogie végélale, Facuité des Sclences, 2 rue de la
Houssiniere. 44072 Nantes Cedex 03 - France.

C. FIGUREAY and P FFRARD, Jardin Botanique. Ville de Nantes, 15 uc Gambetta. 44000 Nantes - France.

As a resuit of the lack of photosyi.. etic act ", **  Qrobanchaceas plasts ~=nome has evolved under conditions of
reduced selective pressure. T"is has ed toalarge varia  /between species whereas all the individuals within a definite
species exhibit an ide, icul  astid DNA. A large number of individuals belornging to several Orobariche species™ or
supposed species were collected for DNA a~~"-sis and pativui ly for a comparison of their rbel gene. Based upon
RFLP analysis of this gene we can easily cistinguish species a’ belong to different subsection (0. caryophyliaces
rapum-genistag, 0. gracifis). This is "¢t ie case ¢f *~2 subsection Minores, since among four supposad spec’
minor, 0. amethystea. 0. hederae and 0. loricala) o ., .... groups can be evidenced with molecular charac
morphological character. the stamar filamert colour, also separates the four sc-called species in the tw .ups.
However, 0. hederae exkibits p~ ¢ mo abr Lgical 1 erence In comparison with the other s 5 uf the
subsection Minores : the yellow colour of thz stigma.

*taxonemie ot 35 accordng to Flora Europasa

Additional key words : plastid DNA, rhcl, axonomy






According to Musselman (1924), taxonomy is the
most neglected aspect of the biology of Orobanche
in spite of its value for scientists concerned with
their control. Taxonomisis are faced with conside-
rable variations in morphological characters whose
number is largely reduced by holoparasitism.
Modern methods of taxonomy have been used
during the last few years, including pollen morpho-
logy (Abu Sbaih et a/., 1994), seed micromarphc-
logy (Abu Shaih and Jury, 1994) and chemotaxo-
nomy (Andary, 1994 ; Georguieva and Edreva,
1994). Unfortunately, these attempts have not been
entirely successful and with some of the criteria
distinction between some Orobanche subseciions
is not yet possible. This is particularly the case of
the subsection Minores to which 0. amethystea, 0.
minor and 0. hederae belong. In recent years,
molecular criteria, such as the nucleotide sequence
of genes encoding ribosomal RNAs, have been
widely used in phylogenetic studies. Such criteria
have also been used in some taxonomic studies,
particularly in the case of restriction endonuclease
analysis af chloroplast DNAs. Such analyses have
revealed that related taxa, even within the same
genus, exhihit variaticns (Palmer et a/, 1983). The
main advantage of this method lies in the fact that
individual variations among members of one spe-
cies very seldom happen, in contrast with molecu-
lar analysis of the nuclear genome. Moreover, the
plastid chromosome is particularly convenient for
such a study since its length is approximately 1070
10 1077 that of the nuclear DNA. The plastid DNA of
holoparasitic plants has recently been shown o be
both reduced in size and largely divergent in its
gene content from those of autotrophic plants. This
15 due to the evolution of such a plastid genome
under the conditions of reduced salective pressure.
Consequently restriction endonuclease analysis of
plastid DNAs in holoparasitic plant could be an
interesting tool to investigate the taxonomy of
Orobanche whose identification an morphological
characters is known to be somewhat uncertain. In
the present work our goal was to seek easily appli-
cable plastid DNA related malecular criteria that
would allow us to identify Orobanche species. The

A New Approach to
Species [dentification

ultimate aim is to marry morghological characters
with those obtained from molecular analysis.

. Orobanche specimens were
collected in the West of France during spring of
years 1994 and 1995. Before DNA extraction and
molecular analysis, morphological characters were
carefully studied. During the 1994 harvesting
period, all samples were checked for numerous
morphological characters (49) used io establish
the determination keys in several flora. A first com-
parison of variability of the specimens of 1994
according to molecular analysis on the one hand
and to morphological variations on the other was
established. This allowed us to select a lesser num-
ber of morphological characters for the second
year of collection although some other were chec-
ked only in 1985. These characters are listed in
table 1.

. Total ONA from 2 to 3 g of inflores-
cence of each specimen coliected was extracted in
liquid nitrogen following the method of Doyle and
Doyle (1990). Genes to be sought were amplified
by polymerase chain reaction (PCR) as previously
described (Thalcuarn et al., 1994). Either total DNA
or PCR products were digested with restriction
enzymes purchased from Boehringer Mannheim
under conditions recommended by the manufactu-
rer. Total DNA restricted with endonuclease BamH]I
was hybridized with a tobacco plastid DNA frag-
ment (pTB18 prooe) produced by partial digestion
with BamHl, cloned in pBR322 (kindly provided by
Dr. Sugiura). Restriction patterns obtained from
rbcl gene digestion or from Southern blot using
pTB18 probe were shown to differ between speci-
mens. In each case (several resiriction enzymes
were used) two or maore restriction patterns werg
observed and numbered from 1 to n. The rbcl gene
of each specimen could therefore be dascribed by
a six-figure number (g, 1 12 12 4 with 1 for
rbcl obtained by PCR, 1 for RFLP type obtained
with EcoR [, 2 for RFLP with Pst {, 1 for RFLP with
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0. gracilis can be identified or at least regarded as
different. This is confirmed by the molecular appro-
ach, thus proving its validity. However the main
interest of this approach would be as fo provide a
powerful tool for identification among the species
belonging to the same subsection. For this reason
we have focussed our studies on the subsection
Minores which is known to be the most controver-
sial subsection of the genera. In a previous
aitempt, Chater and Webb (1972) broke 0. minor
into a ten taxa group devoid of formal taxonomic
standing. The extreme individual variability in
marpholagical characters amang the individuals
belonging to the species of that subsection make
the identification very difficuit , particularly for 0.
foricata, 0. amethystea, 0. minor and even 0.
hederae. According to Musseiman ef af. (1982),
this may be due to their strongly autogamous cha-
racter, a process which is suggested as & possihle
explanation for the numerous races that have ari-
sen in these species. It is therefore not surprising
that only two groups can be distinguished among
these species after molecular analysis. Tie most

A New Approach t«
Species ldentification

surprising finding is that cne marphclogical cha-
racter, the stamen filament colour separates the
four so-called species in the two same groups. In
conclusion, we do not claim that the four species
do not exist, but we do believe that those divisions
in the subsection Minores remain to be demonstra-
ted whereas the division in two groups that we
have evidenced, is found on objective criteria since
two plants exhibiting different plastid genomes
cannot belong to the same species. Moreover the
evolution of parasitic plastid genomes under a
reduced selective pressure has increased their
variations. This is another reason that led us to
believe that there are more likely two species than
four among the specimens of the subsection
Minores we have studied. The new approach of
Orobanche species identification above described
fs probably suitable for the other species of this
genus and particuriarly for the taxonomic tangles
like 0. ramosa ! 0. aegyptiaca or 0. cernua / 0.
cumana. Moreover other taxonomic problems rela-
ted to holgparasitic weeds might be attempted and
perhaps solved using this molecular approach.

Andary, C. (1994) Chemotaxonomical study the genus Orebanche (Orobanchaceae) In: A.H. Pigterse, J A.C.
Verkleij and 5.J. ter Borg, Biology and management of Orobanche, Proceedings of the Third
International Workshop on Orobanche and related Striga research. Amsterdam, The Netherlands,

Royal Tropical Institute, pp. 121-126.

Doyle, FJ. and Doyle, J.L. (1990) Isolation of plant DNA from fresh tissue. Focus 12: 13-15.

Musselman, L.J. (1994) Taxonomy and spread of Orobanche. In: A.H. Pieterse, J.A.C. Verkleij and S.J. ter
Barg, Biology and management of Orobanche. Proceedings of the Third International Workshop
on Orobanche and related Striga research. Amsterdam, The Netherlands, Royal Tropical institute,

pp. 27-35.






Orobanche species identification is a major
prablem in agriculiure because of the differences in
host preference. However, Orobanche taxonomy is
a proplem for several reasons (Musseiman, 1994):
First, there is an inherent morphological variability
within the plant populations. Second, they are non-
photosynthetic, they have no leaves, and they
produce only short abnormal roots. In addition, the
host may influence the morpheliogy of the plant.

A caontroversy exists as to the validity of some
species. 0. mutelii EW. Schultz and O. ramosa L.
(Chater and Webb, 1972, Feinbrun-Dothan, 1978)
are regarded a single taxon by Musselman (1966).
Further, the distinction between 0. ramosa L. and
0. aegyptiaca Pers. in the field is sometimes
difficult due to the inconsistent characters used in
keys: plants of 0. aegyptiaca of the same maternal
origin differ in size and morphology when
parasitized by different hosts, some of which
carrying small flowers that very much resemble 0.
ramosa (Musselman, 1986; Joel, unpublished
results).

0 cernua Loefl. is known in two different forms.
One attacks sunflower, the other attacks vegetables
{Kleifeld and Herzlingar, 1984, Parker and Riches,
1993). Whereas these forms are regarded by some
researchers as variants of 0. cernua (e.g. Chater
and Webb, 1972) others separate them into two
species: 0. cumana Wallr, and 0. cernua Loefl.,
respectively (Joel, 1988), based on both
morphological and behavioral characters.

Orebanche population genetics was discussed
earlier (Castejon-Mufoz et af., 1931, Moreno et al.,
1979; Musselman, 1986, 1994; Verkleij et af,
1386, 19%1a,b; Verkleij and Pieterse, 1994). Some
information on species polymaorphism was gained
from isczyme analysis of 0. erenataand O, cumana
(Castejon-Mufioz et al., 1991; Verkleij ef al,
1991a,h; Verkleij and Pieterse, 1994). However,
isozyme markers may be affected by environmental
conditions and are expressed deferentially at
different stages of development.

Molecular Markers for the Identification
of i ' Species

DNA-hased markers are not dependent on
gnvironmental and developmental factors and have
been applied successfully to discriminate between
individual genotypes. The random amplified
polymerphic DNA (RAPD) technigue (Williams ef
al., 1990), hased on the use of short primers of
arbitrary nucleotide sequence in the polymerase
ghain reaction (PCR}Y, has been useful for DNA
fingerprinting (Keil and Griffin, 1994) and can be
used for the estimation of genetic relationships
within and between species.

In this paper we preseni the results of a study
demonstrating the potential of RAPD markers as a
raliable tool for Orobanche species identification.

Orohanche plants used in this study were collected
in the field, or raised in the greenhouse from seeds
collected in the field, or grown m-vitro.

Freshly harvested flower buds were stored at -80°C
until used. Orobanche genomic DNA was prepared
after Fulton et al, (1995). RAPD analysis was
performed according te Williams et af, (1990)
using ten-mer arbitrary primers. The primers were
obtained from (a) the University of British
Golumbia ( designated UBC followed by serial
number} and (b} Opercn Technologies Inc.
(designated OP followed by number). Tag DNA
polymerase was used at 0.5 unit in each sample.
Amplification products designation included both
the primer name and estimated size of the product
in bp. 31 ten-mer arbitrary primers were used to
amplify DNA of samples from five agricultural
important Orobanche species.

Southern nybridization of RAPD gels was
performed as described by Sambrook et al,
{1989). The probes were prepared by excising the
amplification products from the relevant lane in
an 1.4% agarose gel, and purifying them using
the Genclean 1l kit. *P Radiolabeling was
performed with the rediprime™ random primer
fabeling kit.
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The patential ¢f the use of DNA ~~ ters of -
genus Orobanche is clearly demons 2d . .~
study. The difference between the agriculivrar ¢
important taxa can be shown using RAPD
croducts. and mor~ so ~** speci“c DNA probes
for Southern hyb-idization {g RAPD proc icts,
Hybridization is very important 2specigly in
species diagnostics, because pa~ | RAPD bands
of a specific primer are enly <. lar in moisc
size, whereas para'el hybridizet'~~ bands o
similar also in molecular sequence. 7 e diag wstic
information obtained from RAPD pro -¢*3, =

is summarizec ... Table 1, s valua. 2 7ar 1 uuy
of Orebanche in agricultural areas. Probes a2 now
available for maost relevant specias. Usi ~ RAPD
primers we were able to conlirm . & separation of
species belonging to section 7 anychon e
species belonging to section Osprolecn and to
characierize problematic species.

0. ramosa and 0 aegyptiaca are ofier  ““cult %o
separate in the field due to incaonsistent characters
used in keys {Musselmar, 1986). 0. aeg, 'aca,
when grown on some host plants, can ¢~ w9 o
stunted piants resembling 0. ramosa . el
marphological characters fung bished -es 5
RAPD analysis easily overcomes . 's Sl 4,
clearly distinguishing between these two taxa. © e
difference between C. aggyptiaca and O. ra1 sa

Molecular Markers fo * e 'dentification
of i . . Species

was sk using a vasisty ¢ “mers, and in a

0re atu o ° ar _sing specific DNA probes
“o=c speciest CSC. el Yridization of RAPD
iducts.

boagir it man v . ~emrnng thod mser s only in
agrsui .. Tlelds, ci .o oeasit. be distinguished

™o oauritgg por s of 0. cernua,
QcC ... g both *. agriculurar fizlds = d in native
mobofgts g pars of srael. The ¢80 otien
wee we 388 .0 species is highly re ar
hecause 2 a ack Ziare' crops, and shoi " e
id .Jaccordingly for - benefit of the farmers.
T ovva ity of our RATD markers obtained for
Orobanche species '~ sqae: was also tested for
Orobanc’ e of the same specie. .. ar countries.
T™e ma <ers tor 0. cumana and 0. crenata
raspec. e r 0 L.ed vt samples of Orobanche
colle = Bu'g: “1and Egypt. Samrzles fre  other
go ntriag are ne Lader examination i g lab,

This research is supporte” oy a grant No. 138-
0282 fro~ *-2 Chief Scier st of Israel . ‘stry of
Agric.. 3 anr, Develnnr | Contributic~ fram

oAg ¢ ore Rese 0 Org..7ion T3R0),
we 2-Ya'ar Research Center, Wo. 1816-E, 1996
s2'es. We thank Dr. V. Venkov for the kind

a“or of 0 cumana seeds frem Buiomn
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Cordoba, Consefo Nacionai« - e 12 .50 ...zasv Zcicas Cas” =~ Correo 495. 5000 Corgoba, Argentina.
An up to date revievs - * ~s ' -2 and olagy oF Prosopanche is given. The somatic organs are analyzed with regard
to ~arphology »~ 2 oo S, 00 Ty structures covers the sporophytic as well as gametophytic
featires. ..... s ghis o oUmezhas 00 a o Jcispersion provide a better picture ©7 nology. The above

data supori ¢ - ™ ogene © 'ma g Prosopanche and Hydnora with Mitrastremon and- Annonaceae.

Key Words: Prosgpanche ion, Hydnoracaae, reproduction.






The gerus Proscenanc o ads 0.0 . 2 species and
fogether .~ 77 -7 speciest aele g 2 o
family | »droraceag. A v, L. oare

DRrL LJSTOCL D Dratas s

N

Exc e for ool Ll onec roohers
have leaves or scales ¢f ~™r s

Thewv "0 st ™ was asai o of
the o e are cc ay 8w oTAngE.., C..o Uil
perianth lobes a- ¢ Sl - |

anthesis, its i~ or ovary rem. .3 under ihs
ground . 1 . developr ent

The pecuiiar nature ¢ the vegetative structure is a
matter of co~'ac* -3 One “ea  ernre; the
somatic body as bt g formed only by roots, a _
the other considers it a stem.

Materials wg "7 " o I ‘“ "
nature of these pl ts ¢ ") . eir seasonal
appearance. Up . U pres. * Pocortghe
appears not to be an agro ~mic o or 0 ever
som. Jications suygest it as @ sossiblc -asite
of non conver*-=~" ~"aps.

The complete absenc~ ~f eavas, scales &7 npdes
together v.... w2 suoterarca helter - somatic
structures are suggestive, at firsi sigh of a root
structure. Their anato ‘cal structure 15 raiher
complicated and o scured by ¥+ ~esence ¢t ierge
schizogenous rucilage contaning ducts (Fig. 2+,
So they have bec. ~ erpreted as roots, and th
body is said to be comnosed of pilot roots (K.,
1968).

However e anatomical structure does not
correspo " ‘o arootl; thatis, alternating b.. les of
phicem ¢ ., x em. On the cc. ‘rary, their b ndles
are ¢ ' 'eral a~d arranged a steley h g
conspicuoss niv The arrangement of the vascular

bundles follows a star like contour rather thar

. (Hydnoraceae):

Somatic and Reproductive Structures,
Biology, Systematics, Phylogeny

and Potencialities as a Parasitic Weed

cyiindrical one. Large mucilage and tannin
corfair g ducts are located inthe =" “Fig. 2H).

The size o e bundles and the mucilage
containing « ~'s 's ~rger '~ "7 @ :4§ facing the
sides of o r 0re cross-s c.ons, but it
graduaiy d. shes as the ~ = es and ducts
~~~rgenh - vangles of the sections, th ... Tact
are . &8 ...,28 00 a three dime sicn2 hody. Such

“dges are ' site of re¢ .art ¢isiributed
adve . Jus t. . mordial roots © o dnvelop
intc  ~sr st rras; they o contact

vy ahost, oreven . another structure of the
parasi': | 2. so™a‘c hody or a flower pedicel or
ova~ T e anatemical . .ciure of the
adven..0.s 'oofs are "~ agreement vith v hat is
expectec *9 ne a root, (i is, a cylinder without
pitvofa . 1zl , phloem and xyiem s*-ands.

't is conc ...d here that the somatic body of
Prosopznche is an ang'ues rhizome with
adver inus roots at its ridges. The material
analyzed never showed buds except for flower
buds. So appare y there are no secondary
branches, the ocasional apearance ¢f dichotomaous
~-oches e rpreted as a result of the activity
afthe L., alcapex.

erg¢ 1, not a single rhizome has been found
.. secondary structe " ~he vascular syste
gr s osecondary ¢+ v ure is a peridermis
...cl. develops very esrly. In fact & nrimary
~wier g g ued a few centimeters from the
cauline apex. The suberous ta '~ impregnated
peridermis is extensively developed covering the
hole rhizome, flower buds, flowers an fruits.

This lack of secondary growth raise a questions
because ~ * e field living material is always
accompanied by a considerable amount of dried
dead material. A fundamental question arises: How
long do these plants live?

of the lack of secondary structures in the vascular
sys* ~—, and consequently by ‘he lack of secondary
b _gening. Then possibilities are that this plants
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inactive parietal layers. Both epidermis and
gndothecium have wall thickenings located in the
radial and outer tangential walls (Fig. 4A, B).
Although they are of different nature {cutin in the
epidermis and lignified fibrous thickening in the
endothecium) both behave in the same manner
under desiccation. They roll toward the inside,
gradually occupying the loculus lumen, and
consequently extruding a pasty mass of pollen
(Fig. 2C)

Gynoecium organization is no less complicated
(Cocucci op. cit.). In fact the carpels, ca. 30
{usually 27) are fused following a parietal pattern
in 3 groups. Placentae are laminar, vertically
oriented occupying the entire loculus (Fig. 3H).
The ovary in sunked into the receptacle, in a way
similar to the Cactaceas, but with the striking
feature that no foliar remnant of the carpels are
left. No leafy carpel is present at the cvary
bottom, the sides or the top, nor is & style or a
stigma formed. In fact the stigma is formed by
the upper part of the placental lamina (Fig.
3D,G).The carpellate whort may be considered as
a nude one reduced only to the placental tissue;
the ovary wall would thus be formed solely by the
hyganthium.

Ovules are sunk into the laminate placentae to
which the integument is fused, anly the
micropyle being evident (Fig. 5B, E). The
nucellus or gynosporangium is completely
separated from the integuments and follows a
tenuinucellate development pattern (Fig. 5C, D).
Gynosporogenesis (megasporogenesis) is of the
Allium type.

The gynoecium undergoes great changes as a
consequence of the fertilization. Placental tissues
grow, their parenchyma cells enlarge and multiply
to obliterate the loculus. Placental sheats become
fused in a single mass, inside this mass seeds
compleie their development. The growth of the
placental tissue is not accompanied by growth of
other floral tissues of the gvary wall, so a more or
less irregular transverse dehiscence takes place

(Fig. 6)

‘Hydnoraceae):

Somatic and Reproductive Structures,
Biclogy, Systematics, Phylogeny

and Potencialities as a Parasitic Weed

The androphyte is a 3 celled individual, as in all
Angicsperms. The first division of the androspore
gccurs inside the androsporangium prior tg
dehiscence. As is usual the generative cell
differentiate parietally and later on it is included
within the generative cell cytoplasm (Fig. 41, J)_ It
has a conspicuous wall of optically active
carbohydrates traversed by a large number of
plasmodesmata (Cocucci op. cit.). Sperm
formation and differentiation is accomplished
during pollen tube development.

The gynophyte (embryo sac) (Fig. 5B, F, H) follows
the Allium type pattern of development resulting in
a 7 cell siructure with a very well differentiated egg
apparatus, 3 very small antipodals and a large
highly vacuolate central cell bearing 2 polar nuclei
that finally fuse in one while maintaining individual
nucleoli {Cocucci op. cit.).

Fertilization and seed formation (Cocucci op. cit.):
Fertilization is porogamic and pollen tube entrance
takes place through cne synergid. The egg cell plus
one sperm give rise to the embryo zygote, the other
sperm plus the central cell give rise to the
endosperm zygote.

The embryo zygote remain undivided for a while,
Its resting period ends when the endospérm has a
considerable numbers of cells. Embryogenesis
follows the solanaceous type but usually it does not
prfoceed beyond the globular stage reaching only
rarely the guasi trapezoidal (Fig. 5A, I).

The endosparm zygote starts dividing immediately
atter syngamy. Cytokinesis is accompanied by wall
formation following a cellular pattern. First division
is by formation of a transverse wall and subsequent
divisions are by vertical ones in each of the sister
cells. Later, wall orientation becomes irregular.
Endosperm cells accumulate proteins, starch and a
large amount of other reserve carbohydrate in their
cell walls (Fig. 5A). Nucellar cells behave in a
similar manner to endosperm cells regarding their
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The interface of the haustorium of higher parasitic
plants with their hosts is still @ gap in our
knowledge. Bui the cellular connection between
host and parasite is of central significance as the
exchange, presumably especially the withdrawal of
substances from the host and consequently the
nost’'s main damage, occurs via this pathway. So
the occurrence and the fine structure of the
interspecific contacts need to be considered wnen
we discuss the phenomena of parasitism (Kuijt
1991). The points of question are interspecific
plasmatic connections, the plasmodesmata and
sieve pores, as well as the non-plasmatic contacts
between the dead xylem elements.

Results on three host / parasite combinations are
reported in this paper:

Striga gesnerioides Willd. {Scrophulariaceae) on
Pisum sativum L. cv. Kleine Rheinldnderin
(Fabaceae).

Orobanche crenata Forsk. (Orobanchaceas) on
Vicia narbonensis L. (Fabaceae),

Striga hermonthica Benth. {Scrophulariaceae) on
Zea mays L. cv. Plata.

The plant material was cultivated in culture boxes
with a transparent Plexiglas front for better control
(Linke and Yogt 1987). Culturing was carried aut in
controlled environment chambers with 22C for
Orobanche and 30C for both Striga species, relative
humidity of 80%, and a permanent irradiance of
300-330 mol m? s In the appropriate
developmental stage, specimens were dissected,
fixed and embedded for light- and transmission
electron microscopy (Ddrr and Kollmann 1995).

The selected embedded haustoria were cut on a
Reichert OM U2 ultramicrotome, investigated
gither in a Zeiss Axiophot light microscope, or a

New Results on Interspecific Bridges
Between Parasites and Their Hosts

Philips GM 10 electron migroscope. For scanning
electron micrescopy the infected roots were split
longitudinally in two parts. Specimens of about
1em length were left in 70% ethanol for 24h at 64C
and fixed in FAD (Formaldehyde dimethyl acetate)
at 82C for 16h. This fixative was evaporated from
the specimen by critical point drying in a CPD 030
(Balzers). The roots were affixed to a specimen
holder with the split surface upwards and coated
with gold and cbserved with a scanning electron
microscope AR 1000 (Leitz) operating at 20kV.

Striga gesnerioides grows on Pisurm Sativum not very
vigorously. Nevertheless, both tissues interdigitate
strongly. The attacked host root increases its tissue
under the influence of the invading parasitic cells with
large area of intermingled cells. To identify the exact
haustarial inierface a discrimination between the cells
and their assignment to one or the other partner was
necessary. This can be achieved only by cell specific
markers. The nuclei and ihe plastids turned out to be
dgifferent in the particular Striga/Vicia combination.
Muclei of Siriga were predominantly euchromatic in
contrast to those of Vicia which appeared
heterochromatic (Fig. 1). The plastids of Striga
(arrows) show dark inclusions and no thylacoids
while the host cells have plastids with some internal
membrane structures hut without electron-dense
inclusions (arrowheads). This method allows us to
clearly identify the common cell wall. If this wall is
investigated closer, numerous plasmodesmata
connecting both foreign tissues can be seen (Fig. 2).
These plasmodesmata appear predominantly in areas
where the common cell wail {of both partners) is
especially thin

Orobanche crenata grows vigorously on Vicia
narbonensis and the foreign cells intermingle
strongly. Up to this point a complete demarcation ling
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To optimize the treatment with 2 4-D, we suggest
the schedule reported in figure 1

- afirst treatment carried out when the first flowers
of Striga appear in the field. This kills the parasite
and the seeds at the very young stage of
development;

Embryological Studies as an Efficient
Strategy to Control Production
of ' Seeds

This protccol implying and at least 2 treatments
presents three advantages: (1) it is cheap,
accessible to small holders; {2) it is more efficient
(3) 1t is environmentally sound. However, even
scientists are confident in this new method of
treatment, it remains now to convingg the farmers
of its efficiency.

—a second freatment and eventually a third at
intervals of 10 to 12 days, to destroy newly
emerged Striga or regenerated ones developed
from axillary buds before fruiting. In this case,
lowest doses of 2,4-D are successful.

This wark was supported by an E.C. grant: TS3-
CT1-0020.
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Assuming a vertical gradation in Stiga seed
density (Rebinson and Kust, 1962), the distribution
of root length density {RLD) in the soil will affect
the number of Siriga attachments that are formed.
If Striga seeds are predominantly present in
surface soil, there is a potential to reduce
attachments by means of a root system that forms
a smaller proportion of its total root length in the
top soil. In contrast to other proposed means of
host resistance, such an escape mechanism is
based on exploiting the environmentally
determined distribution of Striga seed in the sail,
rather than physiclogy of Striga or host, and is
therefore not open to caompromise oy natural
selection operating on Striga.

A few studies (Baltus ef a/,1994; Cherif-Ari et
al,1980) indicate that differences in host root
characteristics may confer avoidance of Striga
attachment. However, these studies did not attempt
to consider all of the rgot characteristics that may
be important in the avoidance of Striga. RLD in any
given layer of the soil depends on 1. the proportion
of resources allocated to roots or shoots (root
fragction) 2. the thickness of roots ({specific root
length) 3. the pattern of depioyment of roots along
the length of a root systemn (root architecture). The
picture is further complicated in the case of maize
and sorghum in that the root system produced
from the seed (seminal root system) is later
avgmented by nodal roots which develop from
further up the stem. Establishing the degree of
variation between cultivars in each of these
characteristics is a prerequisite to any selection of
cultivars which may avoid Striga attachment.
Furthermore, if selection can be made from
cultivars grown under controiled conditions
screening would be expedited.

In this study we investigate 1) whether plants of
four sorghum cultivars, grown in a uniform
environment and supplied with three widely
varying levels of nitrogen, differ substantially and
consistenly in total root length and root system
architecture or not, 2) to what extent differences in

Sorghum Root System Architecture
in Relation to : Parasitism

root architecture observed under c¢ontrolled
conditions are reflected in field- grown plants, 3)
whether probability of attachment is related to root
length and how the number of attachments per m
root length differs among cultivars.

Germinated seeds of four sorghum cuitivars
(Ochuti, Seredo, Serena and SRN-39) were planted
in a cylinder of sand {height:40 cm, diameter:12
cmj. Each plant was given daily 100 ml of 2 0.4 x
Long Ashton solution with 0.33, 1.0 or 3.0 mM
nitrogen as ammaonium nitrate. Plants received 16
hours light/day, day/night temperatures of 27/20 C
and a relative humidity of 75%. The experimental
design was factorial {4 cv's x 3 nutrient solutions x
2 repl). After 17 days roots were carefully
separated from the soil, stained, spread on a glass
plate and photocopied. Dry weights of roots and
shoot were determined.

Seeds of sorghum cultivars Ochuti, Serena, SRN-
39 and CK-60 were planted at the Kenyan National
Sugar Research Station in Kibos, Kenya, in an
experimenial field with a loamy clay soil
Seventeen days after planting between 8 and 20
plants of each cultivar were harvested with all
roots in a block of soil. Photccopies of root
systems and dry weights were obtained in a
similar way as described above.

Sorghum cultivars Ochuti, Seredo, Serena, and
SRN-39 were grown during the summer of 1995






The presence of phloem has been convincingly
demonstrated in the haustoria of only a few
parasites, such as Phoradendron (Calvin, 1967) and
Viscum (Salle, 1976) of Loranthaceae, Castilleja
{Kuijt and Dobbins, 1971) and Alectra (Dorr et
al,1979) of Scrophulariaceae and Orobanche {Dorr
and Kollmann, 1975) of the Orobanchaceae. The
present study demonstrates the occurrence of
phloem and the presence of callose deposition on
sieve plates in the haustorium of Scleropyrum
wallichianum an arborescent root hemi-parasite of
the Santalaceag for the first time.

The haustoria of S. wallichianum were collected in
and around Perdoor, and Dharmastala of Dakshina
Kannada District and Hulical Ghats of Shimoga
District in Karnataka State, India. Young and old
haustoria, carefully dug out from the soil along
with the host roats, were fixed immediately in FAA
(40% formalin-glacial acetic acid-70% ethanal).

Standard microtome procedures were followed for
dehydration, imbedding and serial sectioning
(dohansen, 1940; Sass, 1958). Sections were
processed through xylol-ethanal series far staining
and mounted in DPX mountant.

Northern’s wariation of tannic acid-ferric chloride
technigue with aniline-blue in clove oil as counterstain
was employed for routine anatomical observations
{(Johansen, 1940; Cheadle ef 4/, 1853). Lacmoid-blue
was employed as the critical stain for locatizing
callose on the sieve plates of phloem (Krishnamurthy,
1988). The fluorescence was observed when viewed
under Leitz fluorescence microscope using
appropriate fitters (Currier and Strugger, 1956).

The haustorium of Santalacean root hemi-parasites
passes through aunique ‘gland’ stage during the

Ocurrence of Phloem in the Haustorium
of Arn., a Root
Hemi-Parasite (Santalaceae)

course of its development {Kuijt, 1977;Niranjana,
1994). In S. walfichianum distinct vascular strands
are seen extending from the parasite root
vasculature to the zone of meristematic ceils,
above the gland (Fig. 1). These strands consist of
both xylem and phloem elements. The phloem
includes fully differentiated sieve tube elements,
companion cells and phloem parenchyma. The
sieve plates are situated on the transverse walls
(Fig. 2). Individual sieve elements are recognized
by their conspicuous flugrescent sieve plates.

The mature haustorium of S, wallichianum s
composed of a central parenchymatous region
flanked on either side by vascular strands arranged
in an arched manner (Fig. 3} (Niranjana and
Shivamurthy,1987b). The vascular strands consist
of xylem towards the centre and phloem towards
the periphery (fig. 3. The phloem inciudes sieve
tube elements, companion cells and phloem
parenchyma (Fig. 4). The phloem is observed
consistently in both younger and older haustoria at
the primary and secondary growth stages
respectively,

Simple, and occasionally compound sieve plates
are present on the transverse or inclined end walls
of sieve tubes. Callose, deposited around the sieve
pores responded positively to lacmoid-blue
staining (Figs. 2, 4-7). Normally sieve tubes are
seen as 1-2 seriate strands in younger haustoria
while they are multiseriate in the older ones
{Fig. 7). Normal phloem could be traced from the
parasite root vasculature through the interrupted
zone and the vascular core up to the point where
the xylem strands curve for the second time
towards the host root {Figs. 3-4).

However, the phloem is not found in the endophyte
region.

Many of the earlier researchers have reported the
absence of phloem in the haustoria of root parasitic
Santalales (Kuijt, 1969, 1977). Even when a
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nutating plants reach. with the last growth impulse,
their vertical position which can only be explained
by an orientation to gravity. The mistietoe
distinguishes itself from other plants by the fact
that it does not orientat iiself by gravity. It acts
independently of gravity. Future investigations
should adress this problem. The different
concentrations of the mistletoe compounds in
different organs and at different stages of
gevelopment were mentioned in the introduction.

Scheer (1992) stresses with respect to the
preparation of medicines that “The results showed
the necessity of defining harvesting times and

Synchronous Differentiation

of the Meristem into Vegetative

and Generative Primordia and Nutation
Movements in

recipe of collection organs for the standardisation
of mistletoe preparations”.

It is ciear that a particular stage of development is
meant by defined harvesting times (as opposed to
a particular date). With this work we have made a
step towards being able to define the stages of
development of the mistletoe.

Material for histological investigations has been
prepared parallel to the harvest for investigations
of compounds. We thus have the possibility for a
further investigation of the correlation between the
mistietoe compounds and stages of development.

Grbel TH. and Dorka, R. (1986) Zur Morphologie und Zeitgestalt der Mistel In: Tycho de Brahe-Jahrbuch,

Niefern-Oschelbronn. pp. 167-192.

Gradmann, H. (1921) Die Uberkrimmungsbewegung der Ranken. In: Jahrbuch der wissenschaftlichen

Botanik 60. pp. 411-457.

Kunze, H. (1984) Zur Phancmenologie der pflanzlichen Wachsiumsbewegungen. In: Beitrdge zu einer

erweiterten Heilkunst, 37. Jg., Heft 2. pp. 53-63.

Scheer, R. et al. (1982) Two harvesting times, summer and winter. are they essential for preparing
pharmaceutics from mistietoe (Viscum album)? Abstracts of short lectures and poster presentations.
40th annual congress an medicinal plant research, Trieste 1992, p. 20.

Scheffler, A. (1994} Schiufbericht zum Forschungsprojekt Optimierung von Mistelprdparaten.

Férderkennzeichen: 01 KB 8902/4

Schrader-Fischer, G. and Apel, K. (1993) Plant Physiology, 101. pp. 745-749.
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flowers  {flowers  with  reduced  pollen
viability,stigma receptivity and less nectar), when it
is asscciated with change in the petal calour, which
¢an play an important rele in directing pollinators
towards a more promising reward. This association
is advantageous for both fiowers and their
pollinators (Eisikowitch and Lazar, 1987).

Santalum album comprises of several blooming
flowers per plant at the same time. All those yellow
flowers on the dark background of the reddish
brown flowers can easily be defined as signals
anouncing “full reward, ready for a visit”. This
method of signalling improves the efficiency of
vigitation of pollinators to suitable flowers (Cruden
and Hermann Parker, 1979; Qtte, 1974). Therefore
this method of signalling may be important both to
plant and pollinators.

Nectar is a very important floral reward secreted by
floral nectaries. The amount of the reward
presented to a flower visitor is an important factor
which determines the behaviour of the visitor
(Heinrich and Raven,1972).The amount of reward
offered to a flower visitor also depends on the
concentration of sugar in the nectar. This varies
consideranly from species 10 species and shows a
clear relation with the predominant pollinator.
Since sandal is pollinated by tutterflies, bees and
wasps, the nectar is hexose rich which coincides
with the characteristics of shorttube bee and
butterfly flowers as explained by Ananthakrishnan
and Raman {1993).

Amino acids are always present in nectars,
afthough in small amounts when compared with
sugars. The amino acids occur in amounts thai

Floral Chanaes As s;ociated
with PoHlination in ! . Linn

may be significant nutritionally to the pollinator
gither in protein building or as gustatary stimuli
(Baker and Baker,1973 a,b; 1975).Apart from their
ootential nutrition function, nectar amino acids,
with their differing presences, proportions and
concentrations can modify the taste of nectars that
cantain them. So in combination with the sugars,
the amino acids may contribute in determining the
taste of the nectar to a discriminating flower visitor.
Since Santalum album is mainly pollinated by
butierfiies, bees and wasps which depend on the
aming acids in the nectar for protein-building
(Baker 1975), it contains relatively high amount of
amino acids.

One of the important observations pertained to
the difference in the quality and quantity of the
amino acid / sugar constitution of the nectar
produced before and after pollination. The most
important among these is the presence of
arabinose in the post- pollination nectar and its
absence in the pre-pollination stage. Similarly,
galactose, although found in Loth stages, is
significantly present in the post-pollination stage.
Our field studies have revealed that Santalum
album has a gametopnytic incompatability
system where the incompatible poilen tubes are
arrested in the style. Previcus studies have
indicated that in species with gametophytic
incompatability the style produces
arabinogalactan-rich-proteins (AGPs) and these
have been implicated in the control of
incompatability systems ( Fincher et al. 1983).
Probably in Santalum album arabinose and
galactose are also invelved in the formation of
stylar arabinogalactan- proteins to have an
effective gametophytic incompatability system.






According to Teryokhin and Anisimova (1980),
speciss or populations of Grobanche parasitizing
perennial wild species of host plants are
perennial achlorophyllous parasitic herbs too.
Weed populations of this species are annual
herbs. These authors have fo-und two modes
{types) of vegetative propagation in the genus
Orobanche: “the peren-nial haustorial root type”
(in most species of Orabanche) and “perennial
tuber type” (in 0. Kotschyi, related species and
some others).

The mode of vegetative propagation in weed
populations of 0. cernua parasitizing sunflower in
Europe is a reduced form of “perennial haustorial
root type” with very small potential for a
multiplication of shoots in tissues of the tubercle.
Tneir secandary haustorial roots (“secondary
roots”, after Kuijt, 1969; “crown roots” after Kuijt,
1969 and Dorr et al., 1994) possibly can not form
secondary haustorial contacts with roots of host
plant and produce additional shoots. Wild hosts of
0. cernua are species from the genus Arfemisia (A.
maritima and others) and species from the genera
Lactuca, Xanthium etc. of the family Asteraceae.
(Beck-Managetta, 1930; Tzvelav, 1981}). Basic host
plants are perennial Artermisia spp. 0. cernua
usually attacks Hefianthus annuus in Europe and
Nicotiana tabacum, Lycopersicum esculfentum and
other annual solanaceous plants in Asia.

We have studied the population of O cernua in
India that atfacks tobacco. Plants from this
population have the original made of development
and vegetative propagation.

The plant material (seeds, fixed and dry plants) was
collected at the experimental farm of Central Tobacco
Research Institute (Rajanmundry, Andhra Pradesh,
India). Seedlings were grown in the greenhouse of
the Komarov Botanical Institute on tobacco by the
modified method of Kadry and Tewfic (1956).

Two Mades of the Vegetative Propagation
in ) ’ {Orobanchaceae)

A seediing’s development of O cernua on
sunflower (Teryokhin and Anisimova, 1978} and
tobacco is very similar at the first stages: the
penetration of germ-tube (tube - like stage of
seedlings) in the tissues root of the host plant, the
formation of a tubercle at the place of invasion
(Fig. 1-3’). Following are the endogenous or
exogenous produc-tion of the main shoot and
endogenous production of 1-3 additional shoots
from the tubercle as well as a girdle of crown roois
{Fig.3,3"). We can see strong differences in the
development of seedlings at this stage. A
vegetative multiplication of 0. cernua on sunflower
is limited to formation of 1-3 additional shoots
from the tubercle. A tubercle is transformed into
the base of the main stem {or stems) with a system
of crown roots (Fig.3,3",4). A tubercle of 0. cernua
parasitizing tobacco developes in annual tuber with
many additional reproductive shoots (up to 50,
C.A. Raju personal communication) (Fig.5). The
point of a parasitic invasion in root of host plant
strong extends (Fig.6,2). Tissues of a parasit and
root of host plant are mixed in this region (Fig.9).
What is why, an annual tuber of 0. cernua is some
like perennial tubers of Conopholis.The first crown
roots arg situated at the girdle, following roots
arise in different places in the tuber (Fig.7-9). New
shoots can form between crown roots and above or
below others (Fig.8-10).

Crown rocts (branched and with thick basal
portion) loss their function of secondary haustorial
contacts, but have reproductive functions. New
shoots can arise from basal or lateral parts of
crown roots (Fig.11,12). We have named this mode
of vegetative propagation the “annual tuber type”
(Fig.5).

Orobanche cernua parasitizing tobacco in India has
the original mode of development as well as
vegetative propagation. It is, in our view, the
adaptation to tong vegetation and peculiarities of
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TYPES AND FORMS

OF VEGETATIVE PROPAGATION
IN THE OROBANCHACEAE

AS A RESULT OF DIFFERENT
ADAPTIVE STRATEGIES

£. TERYOKRIN, Komarov Botanical Institute, Prof. Popov Str. 2, 197376, St. Petersburg, Russia
B SCHUCHARDT, Ins**..c ~f Plant Biochemistry, Corrensstr 41, U 72076, Tiibingen, Germany

K. WEGIMANN, Instifute of Plant Biochemistry, Corrensstr. 41, D 72076, Tibingen, Germany

We have for ' -~ type of vegetative propagation in weed populations of Phelipanche spp.(= Orob. *mely
P aegypliaca, P muteliiand £ ramosa: the annuat bulb-like type. Thus there are four types of vey ' pagation in
the Orobanchaceae | i.e. two perennial types and two annual types. Adaptive peculiarities of t 5 afe discussed

in connectior wwith the modes of life of host plants.

Key wards: Phelipanche, Orobanche, evolution, tubercle, tuber.
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Types and Forms of Vegetative
Propagation in the Orobanchaceae
as a Result of Different Adaptive Strategies

In the Orobanchaceae there are four types of
adaptations for vegetative propagation, today.
Anew type of vegetative propagation (annual "bulb-
like" type) is described in weed populations of
Phelipanche (= Orobanche) species.

Beck-iMannagetta, G. {1930} Orobanchaceae. In: Engler, A.(ed.) Das Pflanzenrgich. Engelmann, Leipzig. IV.
261 1-348.

Teryokhin E. and Anisimova G. (1980) Vegetative regenerafion and reproduction in the Orobanchaceae.
Botanical Znurnal. 65: 617-626 (in Russian).

Teryokhin E., Chubarov S. and Raju C. A. Two maodes of a vegetative propagation in Orobanche cernua
Loefl (Orobanchaceae}. (This volume).






Somag vomeragpft o and Hitemgng
species Cuscu'a ved .0 L UL Lk Ty
07 SSises ag T TUS C v s §h0 ed interns
«apt o9 stusties. S L .. T ology changes
R [ 7' “dpapt csap ttoces ton mriee
onvhi 1 orseedse o 0ls., g LCf,
Based on o 'x . _Jsigrsted ctei v e
seeds ~~ agdarte oo G odigpors | the ng 3
appe. 2 ..cie AL ‘iker D oo¢ "1
tio~ 1 ~ade, 1984 <nenmorata v 890 i
poss . n ide 7, seeds of o U..e Cuso .
subgenera using size, shape, ** ™ * =~~~ d pos

¢ ' "~ seeds. The seed coat consists of an epidermis,
two diffe. :r” Halisade layers, and a ~ *ple la~ ~f
compressed parenchyma cells. The outer palisade
cells develop an additiona’ = .- wall layer. *~1s
resemplinc *~  U-shaped palisade cells of  any
cruciterpus seed coats (Lyshede, 1984, 1992). The
inner paiisade layer is s ~"r*o the ! ighian cells
in legurminous seeds, In . ¢ < forms the seed coat
epidermis. The emb 7 5 embedded in the endo-
sper™hich 1sara her, irk cyticle or 'ts outer cell
walls and .0 or 0 wises ar - ot eer
surrpunded by ce ulose ¢ aceous cell walls,
some rows of sta..n ce.s, and thick masses of
hemicellulosic cell walis. The endosper™ cell walis
become mucilaginous and swell in iinbibed seeds
(Lyshede, 1992). I C. campestris Yunck. the endo-
sperm is absorped drring seed development. Due to
the similarity ¢i the ¢ 1dosperm in C. pedicellata to
that of so™= leg™in~ug sgeds with galactomannan
cell walls (Reid, 197 ., its polysaccharic @ composi-
tion was studied. The results  eof are brought in
this repart together .. further structy al investiga-
tions of the seed coat, especia =~ *he »  Seed stu-
dies of the temperate species C. europaea L. was
carried out for comparison.

Water-imbibed seeds of C. pedicellata and C. eu-
ropaea were opened v a slit or ¢ © 1. halves.

Seeds of some Species,
Structure and Biology

Folioving fixat.... .. FAA and dehydration in an
alcohol series the seeds were embedded in
Technovit 7100, sectioned, and stained with va-
rious histoct~~ cal stains to detect lipids,
proieins and polysaccharides.

Wa i bed seeds of the two species ware cut
a0z ves, Sooie were fixed in 3% glutaraidehyde,
“ - Arated in an acectone series prior to critical
point drying and gold sputtering. Some were
cryo-fixed 1 liquid nitrogen and fransferred 1o a
cryo-stage 'n a JEOL 840A SEM for examination.
Dry seeds were only gold sputtered before
investigation.

Water-imbibed seeds of C. pedicellata were fixed in
3% glutaraldenyde and 1% 0s04 in 0.1 M
phosphate  puffer.  After  dehydration and
embedding in Epon ultrathin sections were stained
in uranyl acetate and lead citrate Dbefore
examination in a JEOL 1200 EX transmission
electron microscope.

* Batches of twenty seeds
were soaked in water over night and the
endosperm separated from the seed coat and
embryo by hand under a dissecting microscope.
The endosperm was treated with hot 70%
methanol (MeOH) to remave soluble aligo-
saccharides followed by enzyme treatment
{salivary amylase and pure endo-(14)-8-D-man-
nanase, respectively), hydrolyzation with trifluoro
acetic acid (TFA), and analysis by injection into a
Dionex HPAE comparing with a standard sugar
sol “on and by thin layer chromatography. A hot
water extract was purified by copper-
precipitation, TFA hydrolyzed and analyzed for
polysaccharides.
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border between different chemical substances in
the cell walls (e.g. Harris 1983). The localized
bulging in the palisade cell walls, seen in cut seeds
of C. europaea, is at the same measured distance
from their outer part as the light line seen in the
LM. A similar bulging was also noticed in the
palisade cell wails in the seed coat of Trifolium
repens L. in which additional foldings of the distal
pait of the cell walls were observed (Martens et al.
1995). The bulges make a tight interconnection be-
tween the palisade cells. Most species of Cuscuta
have dormant seeds. The ght line may play a role
as one reason for dormancy in Cuscuta as it may in
legquminous seeds. Ancther cause may be the outer
suberized palisade layer. Dormancy may depend on
whether the large intercellular spaces of tha same
length as the palisade cells pass the light Lne in
intact seeds. The interceilular spaces may
otherwise funciion in efficient water uptake.

In the hilum, the seed coat structure changes
abruptly. The inner palisade cells become longer,
mare thick-walled and divide periclinally in their
inner part. The outer palisade cells change
completely from cells with a large lumen to dense
thick-walled cells, each one tapering inio the disc
of narrow epidermal cells. The differences in
stainability with Sudan IV, PAS/ABB, and Safranin
from the non-hilar cells are noteworthy. There are
some similarities between seeds of the Legumino-
sae and Cuscuta regarding cell types and
specialized hilar areas. In leguminous seeds, Hyde
(1954) described the wvalve-like function of the
hilum responsible for the drying of post-ripening
seeds. During lower relative humidity in the
surrgundings the hilum opens due to the differ-
ences in cell wall composition between the palisade
and counter-palisade layers and moisture is able to
escape from the seeds. With higher relative
humidity in the surroundings the hilum closes and
moisture cannot enter the seed. Whether a similar
mechanism is present in Cuscuta cannot be told
from structure alone, but it seems a possibility. The

Seeds of some ' Species,
Structure and Biology

endosperm galactoglucomannan cell walls in C.
pediceliata become mucilaginous and swell during
imbibition. This ensures a good contact with the
embryo during initial germination as seen by
imprints of the embryo. The water does not easily
evaporate due to binding forces and the cuticle.
This is of importance under semi-arid conditions
where drought may follow rainy periods and it
ensures that germination is not halied and that the
seedling keep alive. This was also suggested by
Reid (1971) for the legume Trigonella foenum-
graecum L. which has a galactemannan
endosperm with similar properties. The temperate
C. europaea is also similar, but may have an
endosperm of different compaosition as seen by its
“fibrillar” appearance. Cuscula campestris without
endosperm in mature seeds may have a differant
germination strategy. The endosperm is complately
digested during germination. The embryo cells do
not, however, contain structural features such as
transfer cells as an indication of metabolite uptake.
This is a feature of the embryo in other plant
species: Trifolium repens (Jakobsen et al. 1994)
and Vicia faba L. (Johansson and Walles, 1993)
which, however, both digest the endosperm during
seed development.

The seeds of Cuscufa contain a food package
consisting of proteins and lipids in the aleurone
cells, starch, and a mucilaginous hemicellulose in
the endasperm. In addition, the embryc containg
protein and often lipids. but little starch. This en-
sures a reasonable start of the hazardous life of
these plants.

The author is indebted to Professor J.S.G. Reid and
Dr. M. Edwards for their assistance with the
identification of the endosperm carbohydrates and
their hospitality during my 5 weeks stay at The
University of Stirling in 1994.
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Advances in Parasitic Plant Research

THE EFFECT OF NITROGEN
ON AND -
STATE OF THE ART

A.H. PIETERSE, Royal Tropical institute (KIT), Department of Agriculture & Enterprise Development, Mauritskade 83,
1092 AD Amsterdam, The Netherlands

Recent literature an the effects of nitrogen on Orobanche and Striga is reviewed and discussed in relation to previcusly
published research. 117 ling with results of earlier studies on varigus Grobanche and Siriga species. it was confirmed that
ammonium-N direct . 0 its fa vitro seed germinatior in Orobanche crenaia. In addition it was shown that ammonium-
N inhibits attachment of Striga fiermonthica radicles to host roots and development of S. hermanthica shoots. Howe'

it appeared that the effect of ammonium-N in the form of ammonium nitrate is different from the effect ¢

ammonium co. 1nounds, Ammanium nitrate did not directly affect germination of S. hermonthica seeds, e
inaccordance  han earlier report on Orobanche ramosa. Maoreover, in contrast to ammonium suiphate an onium
chloride, ammonium nitrate did no. ihit shoot development of S. hermonthica on a nutrient mediu ¢ ISENce
of a host. It was concluded that the  “act of NH4+M03- ratios on the development of these parasit”  _3ds merits
further study. in addition, it was ¢ .. ed that N-fertiizer inhiaits stimulant production in so o field studies it
was again shown that application of nitrogen fertilizer may reduce infestation by Orobanche . =~ . iga.

Additional key words: broomrape, «itchweed. faba bean. cereals
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development on host plant roots (Cechin and
Press, 1993a.b; Press and Cechin, 1994).

Cechin and Press (1993b) and Press and Cechin
(1994} also reported that ammonium nitrate
stimulates photosynthetic activity of both parasite
and its sorghum host. An increase in the
ammonium nitrate supply resulted in a decrease in
the inhibiting effect of Striga on its host’s Giomass
accumulation. In rice, on the other hand,
ammaonium nitrate did not bring about a marked
aileviation of the effect of S. hermonthica (Cachin
and Press, 1894). In addition it was found (Gechin
and Press, 1983¢) that the influence of S
hermanthica on sorghum growth depends on the
provenance of the parasite seed and also that the
effect of nitrogen supply on the relationship
between host and parasite differs according to
seed provenance.

This year, Igbinnosa et al. (1996) reported the
effect of various forms and various rates of
nitrogen compounds on shoot development of S.
hermonthica on a sterile nutrient medium in the
absence of a host plant. Increased concentrations
of potassium nitrate, sodium nitrate, calcium
nitrate and magnesium nitraie led to a significant
ingrease in 5. hermonthica shoot development. On
the other hand, increased concentrations of
ammonium  sulphate, ammonium phosphate,
ammonium chloride and urea significantly reduced
5. hermonthica shoot development. Ammonium
nitrate did not suppress the shoot length and dry
weight of S hermonthica plants.

Gworgor and Weber (1991) observed that osmotic
pressure in S. hermonthica parasitizing sorghum
decreases in the presence of N-fertilizer.
Conseguently, the flux of water and nutrients to the
parasite is decreased.

In ftrials with N-ferilizer in Southwestern Kenya
(nitrogen source not specified) and India (nitrogen
source was urea) no significant reduction of Striga
infestation could be observed (Smaling et al., 1991;
Osman et al,, 1991). On the other hand, more
promising resuits were gbtained oy Odhiambo and

The Effect of Nitrogen an .
and ) - State of the Art

Ransom (1994} and Ransom and Odhiambo (1994}
They conducted field experiments in Westarn Kenya
for four successive seasens to determine the long-
term effects of stover management, fertility level and
hand-weeding on the density and seed numbers of
S. hermonthica in the sail and on maize vield.
Fertilizer applications (the nitrogen source was not
specified) substantially reduced Siriga numbers by
the fourth season, particularly if combined with
hand-weeding.

Verkleij et al. (1894), waorking in the Republic of
Benin, observed that a single urea treaiment 5 days
after sowing, more or less irrespective of the
concentration, eventually led to a higher number of
Striga plants compared to the control. On the other
hand, when the urea treatment was repeated 21
days after sowing, the average number of Striga
plants was lower than in the conirol. It was
concluded that the timing of the urea application
was more important than the total amount applied.

When & commercially available, liquid formulation
of nitrogen fertilizer (containing 174 g ammonium
nitrate and 137 g urea per litre} was sprayed on the
soil surface at rates higher than or equal to 44
ml/m2, it had an adverse effect on S. asiatica seeds
at or near the soil surface (Eplee et al.,, 1994).
When this nitrogen fertilizer, together with a
surfactant, was applied to Striga seed pods, it was
effective in killing 98% of the Striga seeds. In the
absence of a surfactant 64 of the seeds were
killed.

The effects of nitrogen on in vitrg germination of
Crobanche and Striga have besn confirmed in
recent studies. For Orobanchethis is a direct effect,
which was previously also observed for Striga. For
Striga seeds in the vicinity of sorghum roots there
is also an indirect effect via decreased stimulant
production. The direct effect is caused by
ammonium-N, not by nitrate-N, whereas the
indirect effect is caused by ammaonium-N as well as
by nitrate-N.
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In view of the complex inter-relationships between
the crop hosts and the attached root parasites, it
has been difficult to study the growth
characteristics and requirements of the parasites in
order to enable development of effective and
sustainabie control measures. Aseplic culture of
embryos facilities experiments to determine the
factors that regulate the growth and development
of the organs of the seedling plant. 1t also aids the
study of the biochemistry and metabclism of
germination, otnerwise difficult io assess in the
embryo enclosed within seeds. Culture of isolated
parasite seeds, embryos, and seedlings in the
absence of the host provides a unique opportunity
for assaying various growth regulatory functions in
the parasites, and the effects of specific
metabolites and substrates on the development of
the parasitic plants, and thus infer the extent of
their dependence on their hosts. Emphasis in this
overview of aseptic culture studies and their
implications on the bioiogy and control of parasitic
weeds will be focused mainly on Striga as it is, by
far, the most economically important of the
parasitic weeds, and the most intensively studied.

Development of Striga  seedlings  without
attachment of a host was first reported by
Warsham et al. (1959} who observed that S.
asiatica seeds treated with cytokining e.g. kinetin
and other 6-substituted aminopurines led to seed
germination and elongation of plumule beyond the
cotyledons, but with no further development.
Suosequently, Williams (1961) reported that light,
GA, and kinetin induced morphogenetic changes in
Striga seedlings, and that certain factors in the host
rhizosphere influenced the morphogenesis of the
seedlings. Then followed the report of Okonkwo
(1964, 1966) on definitive aseptic cultures and
achievement of flowering in cultured Striga
hermonthica, foliowed by other studies as
summarized in Table 1.

Aseptic Culture of Parasitic
Weeds - an Overview

Okonkwo's results with S. fiermonthica (1968), S.
gesnerioides (1982), and S. asiatica (1991), as well
as on Alectra spp.(1975), and studies by Chidley
and Drennan (1987), and by Riopel and Baird
(1987) showed that shoot development in these
parasites would be dependent on supplies of water,
mineral salts and sugar. This would suggest that
these are the minimal requirements of the parasites
from ihe host in order to develop a shoot system
and achieve normal growth. However, the results of
Yoshikawa et a/. (1978) indicated that §. asiatica
requires cytokinins, in addition to mineral salts
and sugar, to develop a shoot system in vitrg,
suggesting its host-dependence for mineral salts,
sugar, and cytokinins. Cai et al (1993) have
attributed these differences in resulis to differences
in seed treatment since Okonkwo (1982, 1991) and
Chidley and Drennan (1987) used conditioned
Striga seeds stimulated to germination by strigol
analogues, GR - 24 and GR - 7. On the other hand
Yoshikawa ef al. (1978) tested unconditioned seeds
and Cai ef al. (1993) tested both conditioned and
unconditioned seeds, and neither inoculated
pregerminatec¢ Striga seedlings on their culture
media.

Okonkwo's (1966 point was determination of the
minimal requirement from the host for a
germinated parasite seedling to initiate shoot
development.  The rooted parasite seedling is
apparently capable to make hormones such as
auxins and cytokinins, and thus would not
mandatorily require these hormanes to be supplied
by the host, after germination. It is known that
cytokinins are synthesized by roots in plants. Even
the radicles of germinated Alectra seedlings have
been shown to produce hormones capable of
stimulating root initiation in the legumea haost
(Visser, Dorr and Kollmann, 1977; Dor, Visser and
Albers, 1977. More recent studies (Cai et a/., 1993)
indicated that isolated Sitriga cultured root
produced cytokinins that stimulated shoot
development in the culture. The results of
Yoshikawa et al. (1978) and Cai ef a/. (1993) on the
role of cytokinin in Striga marphcgenesis can be
interpreted as  stimulation of (abnormal)
germination, followed, by shoot development
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Advances in Parasitic Plant Research
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G. GLATZEL, Institute of Forest Ecology. UNF BOKU Visnna, Peter-Jordan-Strasse 82, A-1190 Vi- ., Austria

Amyema mackayense is a fai"y common parasite of Avicennia marina it coastal mangrove communities of South
Queensland, Australia. The mangrove host takes up salt from the saline soil so.ton, transports it to the leaves ¢ |
excretes excess salt through special glands. The mistietoe has no mechanism to effectively prevent saft uptake om
xylem water, Its way of coping with excess salt is a high turnover rate of 'eaves. which become succ = .even
bloated before they are shed. Faliar salt content is extremely high in old leaves. when based on dry ma™ - 1 remains
more or less constant throughout the lifetime of a leaf. when based on foliar water content. Yellow/ing  wmawdves before
shedding indicates re-franslocation of nii*rients into the branches, to conserve this resource.

Additional key werds: sodium, chloride. salt accumuliation, salt stress. succulence, adap £gy.
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again is not surprising, considering the fact that
mistletoes have a strong tendenrcy to accumulate
potassium (Glatzel and Balasubramaniam, 1987).
The relatively modest accumulation of potassium
points to rapid turnover rates of leaves once again.

In conclusion, this study has shown that even within
the family Loranthaceae, considerable variation
exists with regard to the adaptation to the
physiology of the host trees. On trees growing on
leached soils poar in salts, high transpiration rates
and low photosynthetic carban gain (Schulze et al,,
1984, Glatzel and Balasubramaniam, 1987) seems
to be the strategy of mistletoes to avoid outgrowing
the nutrient supply previded by their hosts. Under
conditicns of high solute supply, modest
transpiration, succulence, and, in this case, probably
high turnover rates of leaves are the means to caope
with potential damaging salt accumulation. Many

Econhysiology of .
a Mistletoe on: 3ann
Excreting Mangrove Host

interesting guestions could not be addressed in this
small study. Of particular interest would be an
investigation of turnover rates of leaves in host and
mistletoe, as well as carbon economy. Of equal
interest would be a study on the organic solutes
(Popp, 1983) in this mistietoe host association.

This work was supported by the Austrian National
Science Foundation (FWF). | owe special thank to
Dr. B.A. Barlow, CSIRO, Canberra, who introduced
me 1o the biology of Australian mistletoes and
helped me in many ways to get to interesting
mistletoe sites. Many thanks also to Dr. Bernie
Hyland and his crew for their hospitality at Atherton
Tropical Forest Research Center, and their help with
fieldwork and identification of host trees.
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Parasitic weeds are depende ~ . el host plants,
to varying degrees, *o- *"~ supply of v~ or

inorgar ¢ and orge o &0 s, T oremowl. L
these :sources by ™ narasite car ¢ "
gro.. o, ocen oS, sueh L0 L omatyy

accu™ _'a o ‘s ower *har ¢ - o~~fegted plarts
grov A r he game cor itigns. Diffare ges o
biomass acct . “tion and yield Fo 00 it
and 1~ ¢t oroents may r o e rectly
fro... .2 loss of resources .. v ras’tl, Lo
represents & =~ sink, o Mypoarmgho oy
processes res g from the gresence of the
parasite and *e conco~*~t remova' of resourras.
Hibberd ef al. (1996a,b) show that for associations
of Orobanche aegyptiaca and Striga gesnerioides
with broad [zaf hosts, differences in biomass
accumulaiion between infecte © and 1~ fected
plants may be explained ir parasite
imposing an additional sink on e host. [ this
paper we suggest that S. harr~rthice "t mnges
biomass accu .. ation and a‘ocation in 20l Cg
and Cy4 cereals in ways wrk* = car ~ot be explai~ed
with respect to sink demal 4, and | 1ons 3 that
the extent to whick 2 parasiie ~ “uer 3¢ the host
is dependsnt on both  ust geno ype and
environment, for example, nitrogen suon'y.

-mg nfy

Striga hermonthica (De' ) Be=*h. "““om a so-7"~~
host) exerted @ marked i uence on host growth
and allometry almost . ediately follov™ -
infection. The distance from 2 base of the stem fo
the youngest . "y emerged ligule on 28 day old
piants (two sarghum genotypes (CSH1 and Ochuti)
and one rice genotype) was significantly lower on
infected cereals cor*, ~~~d to unnfected controls
within 4 days from the first observation of S
hermonthica plants on the host root system (Fig.
1). At this stage the young Striga nl= its were
approximately 1-2 ™1 in leng 1. Care‘ul
monitoring of *heir developm ~t was possible
since plants were grown in sand in a rhizotron
systerr, {This comprised tv'o perspex sheets, 30 x

How Does the Parasitic Angiosperm
fluence Host
Grown 1 and Carbon Relations?

40 cm, separated by a 1 cm gap. fillad with sand
andg with a drip-feed nutrient supply). There was a
good corre ““n between the ~fivenge of S
hermonthic on cereal s :m lergth and stem dry
we "' At tis stage the biomass of the parasies
was neglig *' compared o the ¢ ., nce between
n...ec.d a d infected plarts. e difference
b~ mhoights ~f T acted ard 1 vinfacted roante
increasec . time, and by 48 days for sorgt -
~~~ 41 days *or rice, the height of infected plants
was .. veeii 229 and 4« I er L., Lat of
co "' pav s To ' hiomass of both infected
sorghvim ¢ vars was approximately 30% lower
than that of e controls. whitst infected rice plants
were half the biomass o woninfected plants. A
marked shift in allocation of dry matter to roots
was also observed (data not presented).

When the plants were harvested, Striga had not yet
emerged above the soil surface, and the biomass of
parasite tissue was negligible in comparison to that of
the host. Both sorghum cultivars supported the same
mass of Striga tissue (0.24 g dry weight), st rice
supported considerably less (0.05 g dry weight).
Gi . that the effects of the parasite are so dramatic
- g days follov ~~ infection, and that the final
»mass of Siriga was s lovs in comparison .70 e
1i%erence in dry - 2ight between infected and
uninfected cereals, ‘T is unlikely that we ¢an account
for the effects on the nost in terms of the parasite only
~gsing an additional sink for carbon and nutrients.
In particular the effects an rice were so severe that the
parasite caused the death of the host by 45 days after
planting. These findings contrast with those for
associations of dicotyledonous plants with &
gesnerioides and Orobanche aegyptiaca (Hibberd et
al. 1996a,b; Barker &t al 1996), where differences in
biomass accumulation between infscted and
uninfected plants are of a magnitude which can be
accounted for by sink demand by the parasite.

In addition ‘o growth and allometry, gas exchange
measuremer:s were made on the leaves of infecied
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How Does IR
Influence the Carbon Relations
of Tobacco and Tomato?
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A reliable interpretation of Striga response to
several control strategies, e.g. use of nitrogen
fertilizers, has been hampered in the past partly
because of the confusing role, interaction, and
influence of the host plant. Ability to grow Striga
plants alone until flowering in aseptic media
removes this censtraint.

It has been reported in the past that nitrogen
fertilizers suppress the severity of Striga attack
while simultanegusly increasing host vield
{Okonkwo, 1991). Using the aseptic culture
technique, 1t can be shown that nitrogen fertilizers
exert their influence on Striga by directly affecting
the parasite seed germination, growth and
development (Igbinnosa et af, 1996). Low
presence of inducible and non-ingucible nitrogen
assimilation enzymes, leading to an accumulation
of ammonium and nitrate ions to foxic lavels, is
reported as being part of the underlying
physiclogical factor responsible for nitrogen
action (Igbinnosa and Thalouarn, 1996).

This paper aims at locking at the potentials of
Striga growih in aseptic media in host abence. It
alsp looks at the nitrogen effect on nitrogen
assimilation enzymes in Striga , and for the first
time reports the presence of the NR gene in Striga

Spp.

S. hermonthica (Del.) Benth. seeds were collected
from a maize farm in 1890 in Mokwa, Zaria,
Nigeria. Methods of seed sterilization,
preconditioning in water, seed germination in
synthetic stimulant, media preparation, growth of
S. hermonthica in aseptic media, and growth of
parasite and host in pots were adapted from
lgbinnosa (1993). S. hermonthica seedlings were
grown in aseptic media in a growth chamber with
12:12 hrs light and dark cycles with light intensity
af 100 mal.2 s°1. Screenhouse condition was 16

The Potentials of : Growth
in Aseptic Media as a Guide
to the Use of Nitrogen for Control

hrs per day with light intensity of 200 mol. m2s
T ot photosynthetic active radiations.

o The cloned nitrate reductase (NR)
gene probe was prepared from tobacco and
generously provided by Dr C. Meyer (INRA,
Versailles, France). DNA ourification and probe
labelling were performed as previously described
(Thalouarn et al., 1994).

DNA amplification and Scuthern hybridization were
conducted as described in Thalouarn et af (1994},

Vaucheret ef al. (1989) cloned and characterized
tobacco NR siructural genes, and identified 4
exons of 1012, 141, 233 and 1326 base pairs (bp)
gach. Due to difficulties encountered in amplifying
the large NR gene from tobacco (6087bp) as a
whole, amplification af individual exons was
decided as a solution to this problem. This reportis
therefore hased cn the ampiification of the exon of
1012 base pairs {figures 1 and 2).

| Using
(NHy4) 9S04.and KNOg as NH4* and NO3™ sources
respectively, 5. hermonthica seedlings were grown
in media containing 60mM NH4* and NO3™ as sole
nitrogen sources at ratios 0:1, 1:3, 1:1, 3:1 and 1:0.
Seedlings were grown for 15 days in continuous
darkness and ftransfered to another growth
chamber with 12 ;12 hrs light and dark cycles for
another 25 days.

Method of NRc measurement on plant leaf
strips was as previously described by Hunter and
Visser (1886). Each treatment had 3 replicates and
NRc was expressed in enzymatic units, with one
unit (U) equal to the quantity of enzyme which
catalyses the transformation of T mole of substrate
per hour and per gram fresh weight. For control,
KNO5 was replaced with distilled water.

. All experiments were repeated
2 to 3 times, with each having 3 replicates. Data
collected were analysed using the Least Significant
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The Potentials of Growth
in Aseptic Media as a Guide
to the Use of Nitrogen for Control

Table 1
Aseptic media 1.41 1.48 ) 5.63
Potted soil 0.38 2.06 1.34
+N 0.63 - -
maize host 6.89 36.12 2.92
LSD
5% 0.01 1.53 0.63

1% 0.02 2.54 1.05

o

+N = 30 mM NH4ND4q and 30 mM KNOg solution added to soil in pot.
Dashes indicate that no data were coliected.

Table 2

01 20,98 0.68
1:3 61.00 1.24
11 46.25 1.53
3:1 33.70 0.89
1:0 0.00 0.00
control (1:2) 55.60 149
LSD

5% 14.85 0.06

1% 20.34 0.08






Striga spp. are a significant constraint to crop
production particularly in sub-Saharan Africa.
Striga is especially problematic for the small-scale
farmers who have limited resources, limited access
to inputs and limited flexibility in the crops grown.
Furthermore, hand-weeding, the traditional method
of controlling weeds, used by the small-scale
farmer, is ineffective since a significant amount of
crop damage caused by Striga occcurs before it
emerges fram the ground. The crop losses caused
by Striga can be considerable, and far exceed
losses that can be explained by competition for
resources by the parasite (Parker and Riches,
1993). This suggests that, in addition to competing
for water, nutrients and carbohydrates, Striga
exerts a potent toxic effect on the host. Symptoms
of Striga parasitism such as stunting, chlorotic and
necrotic lesions and wilting under wall-watered
conditions support the concept that Striga is
phytotoxic to its nost. Furthermore, crude extracts
of Striga leaves were found to induce chlorophyll
loss ang wilting when injected into the stem of
susceptible hosts (Ejeta and Butler, 1993).

There are few gquantitative data available on the
magnitude of Striga's phytotoxic effect on maize,
particularly from field-based experimentation.
Understanding the relative importance of the
competitive and phytotoxic effects of Striga can
provide direction on the type of research that
should be undertaken to understand and control
Striga-induced crop losses.

The objective of this study was to estimate the
phytotoxic or non-competitive effect of Siriga on
maize from field-based experiments.

Data for this study were obtained from field
experiments conducted in the USA (temperate
environment), Kenya [mid-aitiiude tropical
environment) and lvory Coast (lowland tropical
environment) during the period 1989 and 1992

Estimates From Field Studies
of th: Phytotoxic Effects
of =~ ° Spp. on Maize

Experiments that were selected for inclusion in this
study met the following criteria; precise
measurements of Siriga dry weight and crop vield
wera taken, and the range in the level of Striga
infestation within the experiment was large. In the
experiments included from the USA, involving S.
asiatica (L.} Kuntze, treatments focused on
methods of Siriga seed augmentation; two of the
sites nad previgusly been fumigated with methyl-
hromide to allow for greater control in the levels of
infestation. In the Kenya experiment, treatments
were: natural levels of Striga hermonthica (Del.)
Benth. seed , artificially augmented levels of Striga
seed, and application of ethylene gas 3 weeks after
planting to reduce the natural level of Sfriga seed in
the soil. Finally, the treatments in the lvory Coast
experiment consisted of eight genotypes which
varied in their response to S. hermonthica with and
without artificial augmentation. Additional details
on each of these experiments are summarized in
Table 1.

In all experiments, Siriga dry weight was
determined by hand-pulling and oven-drying all
emerged Striga planis shortly after the most
mature plants began to senesce. At this time, maize
was in the late grain-filling stage (approximately
100 days after planting). There was no significant
emergence of additional Striga after this initial
harvest, so no additional harvests were carried
oui. Maize grain yield was obtained by harvesting
the bordered center of the plot in all locations
except Ivory Coast, where the complete plot was
harvested. Moisture content was determined from
a 500 g sample of shelled grain. Total above-
ground maize biomass was estimated from the
dried grain weight using a harvest index of 0.40, as
no actual measurements of maize stover were
taken. The same net plot area was used for
determining bath Striga dry weight and maize grain
yield. For ease of interpretation and presentation
all gata were converted to g/mz.

In order to estimate the effect of Siriga dry weight
on above-ground maize hiomass, linear regression
gquations were calculated for each experiment with
Striga dry weight/m? as the independent variable
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Photosynthesis in the host is also significantly
reduced by Striga. From a field experiment in
western Kenya, Gurney et a/. (1995) found a 31%
reduction in photosynthesis in maize infested with
Striga compared with the control at 63 days after
planting. This Striga induced decline in
photosynthesis progressively increases with time
after parasitism. The combined effects of
increased partitioning to the roots and the
decreased rate of photosynthesis can explain
abaut 60% of the above ground losses caused by
Striga. Since the measured phytcioxic effects of
Striga averaged 90% of the total Striga related
losses, additional physiological processes other
than partitioning and photosynthesis are also
negatively affected.

These data verify results of others working in more
controlled environments, that Striga does exert a
potent phytotoxic effect on its host. Because of the
magnitude of the yield losses caused by these
phytotoxic effects relative to Striga’s competitive
effect, addition research on identifying the toxin(s)
praduced by Striga and their mode of action is
justified. The data also suggest that breeding for
tolerance to Striga, although less desirable than
breeding for resistance as resistant cultivars will
produce less seed, would result in vyield
improvements nearly as great (within about 10%)
as those that could be achieved through breeding
for resistance. Tolerant varieties may also assist
farmers in reducing Striga seed banks by enabling
them to increase farm cutput in the short term, and
thereby providing them with morg resources and
incentive to invest in Striga control, such as hand-
weeding. Good tolerance to Siriga in sorghum has
been observed. Gurney et al (1995) found no

Estimates From Field Studies
of the Phytotoxic Effects
ot spp. on Maize

significant yield loss under high levals of Striga in
a tolerant local variety "Ochuti”. Interestingly,
photosynthesis was not effected by Striga
parasitism in this variety. In sorghum, Ejeta and
Butler (1993) have also found variability for
tolerance to extracts of Striga and are currentiy
using tissue culture meaia containing Striga
exiracts to select for tolerant types. If the principal
toxins could be identified and isclated, this work
could proceed more efficiently.

Unlike strictly competitive effects, phytotoxic
effects are cumulative. We have observed that early
Striga parasitism is much maore damaging than
later parasitism. The maore than three fold increase
in vyield of sorghum compared to maize in an
experiment in western Kenya was thought to be
related to the 2 week delay in Striga parasitism of
the sorghum as the final levels of parasitism werg
similar (Ransom and Odhiambo, 1993). Berner &t
al. (1995) also found large increases in productivity
with delayed parasitism in both maize and
sorghum. Management praciices that delay
attachment of Striga will aid in minimizing yield
iosses and should be developed. Low doses of
herbicides dressed 0 seeds of maize cultivars,
including those that are harbicide resistant, may be
one such management practice that can be used 1o
reduce the effects of early parasitism (Ransom et
al, 1995 and Berner ef al, 1995).

The financial support of the Canadian International
Development Agency (CIDA) through the Eastern
Africa Cereals Project is gratefully acknowledged.
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Estimates From Field Studies
of the Phytotoxic Effects

of spp. on Maize

Table 1
Bouake, Ivory S. hermonthica 8 inbred lines with and Striga. 0-34 65-886
Coast, 1992, n=32" without artificial
Homa Bay, Kenya, S. hermonthica Natural, augmented, 5-53 0-910
1990, n=68 ethylene at 3 wks.
Evergreen. NC., S. asiatica Natural and augmented. 0.1-33 23-500
USA, 1989, n=42
Dilion, S.C. S. asiatica Fumigated. artificially 1-36 783-1887
USA, 1989. n=21 infested. early planted.
Dillon, S.C., 5. asiatica Fumigated, artificially 4-45 121-642
USA, 1989. n=17 infested, late planted
1. n = the mumber of abservations in each experiment used in the regression analysis.

Table 2
Ivory Coast y=539-12.5x 3.26 -0.57**
Homa Bay y=709-12.0x 2.57 -0.50*
Evergreen y=302-8.3x 219 -0.51"
Dillon early y=1660-14.4x 5.81 -0.49"
Diflon late y=604-7.7x 1.75 -0.75"

1. y = above ground maize biormass (g/mz). x = Striga biomass (g/mz).
2. *7. “indicate statistical significance at the 1% and 5% level. respectively.
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Estimating Maize Yield Losses Caused
by =~ in Malawi
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Estimating Maize Yield Losses Caused
by . in Malawi
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its hosts via xy *m and especially phloem, but also
out of 'inuid grow* media in sterile cu'tures
(Baumel, 1994; Ehrer ..d, 1994). The mechanisms
of this uptake are stll unknown, but there - st
also be an active transport into the cytoptasm. This
speculation is supported by the observation that
berbering, which at a pH of 5.8 in M ¥ m
exists as a protonized ion, can be accumulated in
the cells, hence ~*sion cannot be the orl
mechanism. Otherwise since :here is no selection
of the ¢'kr'o™ - <« out oi “nsts and growth
media, the mes wanism can e specific (Baum..,
1994; Ehrenfald, 1994).

Wink and Witte (1985) could show that ‘up.
seedlings are able to use ‘he accrmudted
quinchiziding alkaloids as a mitrogen source for
growth. Cuscuta shoot and callus * *hout any
further nitrogen source except alkaloids ca also
grow, especially when they are fed with ow-
molecular alkaloids such as nicetine and cvtisine
where we ¢an find metabolites of the raspective
compounds. This metabolism might only be an act
of detoxification but while observing growth we
think it micht be —- an aftempt to use the
nitrogen component af the alkaleid-maolecule fo. s
own physiologice' —etabolism. This speculation is
also supported by the fact that especially nicotine
can only be detect: 3 plant tissue in very low

Alkaloid Uptake and Matabolism
in Sterile Cultures of - :
' Roxb. (Cuscutaceae)

concer rations (10-157%) and sometimes was no
more detectable = *~~ *issue, compared " its
concentration at the beginning of the expe.” nent,
but alsg sa=-~* be founr = the ~~d'um again
(Bauma 1894: F entald 1994). So we speculate
that Cuscuta ™' e sa'usare apparantly m-'e to
me  Doliie ana usy . a8 a nitrogen sorce.
The localization of bert .~ "~ Cusciia celis /a8
very astonishing for us becalse we expectec the
alkaloids to .. accumulated in © va ... 3ut
Tabata (199"} showed ‘*kat clants v ~inbk
themselves canno. produce alkaioids of a spec
type are t=s o 1~able to transpors the
accumziated alka aids 0 their vacuoles, .
no 1a' race of acc ition, and s¢ ust e
place” ~ '~ gytoplasm. For Cuscuta it seemed to
be the sc...e situation. Berberine is also known as
an anthiotic substance which 1s able to intercalate
inside the DNA of bacteria (Tabata, 1991). Perhaps
this observatior ~ig~* be an explanation for the
phenomenon that we mostly can = d only one
berbt -ap *leperce ' appa - slocated in the
region of the nucleus.

Financial support by the DFG (SFB 251 and
Graduiertenkolleg) is gratefully acknowledged.
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The sieve tube connection from the haustorium of
the holoparasite Cuscuta reflexa Roxb. to the host
is established by a nighly differentiated hypha cell
gn the tip of the haustorium; the so-cailed
absorbing cell. It clasps, with fingerlike
pretrusions, around the host sieve tube. The
common wall shows labyrinthic structures which
are orientated towards the lumen of the hypha
{Dorr, 1972). There are no sieve pores or
plasmodesmaia in this region, so that the transfer
of substances from the host phlcem to the parasite
reguires transport through the apoplast. This
transfer comprises at least three processes:

1. The release of substances from the hast phloem
into the apoplast between the sieve tube and the
absorbing hypha. This step appears to
correspond to an apoplastic unloading, which
has been described in the petioles of celery and
in the stalks of sugarcane. However, the release
of substances in these plants occurs in typical
sink organs, which are programmed by the
ontogenetic development. The attack by Cuscuia
is, more or less, accidental. The site of the
release is not predetermined.

2. The transfer through the apoplast. This could be
connected with some metabolic conver-sign of
the released substances, for instance, sucrose
hydrolysis by extracellular invertase.

3. The uptake of the released subsiances and/or
their metaholites intc the absorbing hypha.

Until now the mechanism of ihe reiease of
substances from the host sieve tube is, to a large
extent, unciear. Wolswinkel and Ameriaan {1983)
concluded from their results that the relsase of
sucrose is accomplished by a specific carrier and
under metabolic control. However, the release is
not anly restricted to the biotic suhbstances. [t was
found to be the case for ail compounds
transiocated in the host phloem including alkaloids
and xenobiotics. In contrast to biotic substances,
the membrane transport of these compounds is

Transfer of Assimilates
and Xenohiotics from Host Plants
to the Parasite Roxb

accomplished by diffusion. To compare the extent
of the release of biotic and xenobiotic substances,
we investigated the transfer of these compounds
after their simultaneous application to the host.

In Vicia faba L. the attachment of Cuscuta is
connected with an increase in the invertase activity
n the host fissue that seems to be similar to the
infection of mesophyll cells with brown rust
{Strobel et al, 1969, Tetlow and Farrar, 1993). We
investigated whether an increase in the invertase
activity is a prerequisite for the transfer of
assimilates.

. C. reffexa parasitising Pefargonium
zonale L. was cultivated in the green-house at 18-
24C and 60-80 % relative humidity with a daily
regime of 16 h hight (daylight + fluorescence
lamps) and 8 h darkness. For the experiments a
well-grown Cuscuta shoot was cut off and affixed
to the middle part of petioles of P Zonale and
Frimufa obconica L., respectively. 16 days later the
plants or their excised petioles were used for the
experiments.

L 24 h
before the translocation experiments with 14(302—
photosynthates the host-parasite-systems were
transferred to a growth chamber (15 h light, 17-
165 Em'25‘1) at 20C and 9 h darkness at 12C. A
part of the parasitised host leaf was exposed to
14602 for 5 min. After 3 h the parasitised petiotes
were divided into the different parts. Radioactivity
of methanol extracts was determined by liguid
scintillation counting (LSC).

) . Methanol extracts of the different
parts of the host-parasite-systems were
lyophilised, dissoived in tridest water and purified
by ion exchange (AG 50W-X4/ AGIW-X4 Bio-Rad
USA). For detection on HPLC several c¢olumns
(Biorad HPX 87-C, ERC-CA8S-100, Polysper CH-
CA) were used.



16

197:11-18.

v

7- 84,

e

75:



50 —

% of the total peak area

101

w
S
I

I
o
|

N
S
{

40 —

30 —

20 —

£

[

1
B

% of the total peak area
w
o
[

Pelargonium peticle

Primula petiole

Pelargonium peficle

Primula petiole

Figure 2

Transfer of Assimilates
wd Xenobiotics from Host Plants
to e Parasite - ) - Roxb

oligesaccharides |:| sucrose

% galactose

mrT
w o glucose
L fructose Fﬂ nj sugar gicohols

i I oligosaccharides D sucrose

immw glucose % galactose

fructose - sugar alcohols




(]

N - . ]

. . G
S 5 ,
. '
e - [ - I
-0
12
v A - -
. ’
s .
.
v - '
'

. . -
.
cem s " - - P
- .
- 1
. . S '
R 4 R Coeee - -
. ,
( H
. A S . g
- . .
. .
. L ' ] 1 .
'
. : - : : -~
- o s !
.
- - - L. - Kl N
. . R
-
{ 1
- o, . . "o
[ 3
.
v . . .
. - . . . .
_ >
. C . . R
. . . T
f < . \ A~ A . . P
- A} v N N ~ ~

i - -- . , < -

. A N s §- -

C. b e Oy AN
¢ A g N

. - . \ ; e [v3 ' ’,

- i I AN el

N L .
' '
- R . - !
i . ok va '
B 1 >
. o . . P
v v .
'
h ¢ .
N s " vos '
. L - PN -
-
. . N PR - -
, ' - [
- | x
. -
= - B - B v '



transferred from host to parasite. However we
suggest that it is 358042'which is taken up by the
parasite and that inorganic sulfate is metaholized to
a higher rate in dodder tissues than in the host.

0 verify tha' tissues of the
parasite do have the ability to reduce sulfate, slices
cut in the stem of C reflexa growing on
Pelargonium were incubated for 12 hours into a
355042' solution, in the dark.

This experiment clearly shows that isolated tissues
of the parasite reduce inorganic sulfate (Table 5}.
Moreover, the amounts of compounds centaining
reduced suifur, expressed as percent of total 358,
exhibit values very similar to those found in the
tissues of the attached parasite after feeding on
host source leaf with 358042‘ {Table 4). Here also
cystein is the most heavily labelled metabolite
(Fig. 3). So it can be concluded that dodder, in the
parasitic stage, obtains sulfur mainly as inorganic
suifate from host phioem.

Sulfur Nutrition and Metabolism
in a Parasitic Higher Plant,

This result demonstrates that in autotrophic host
plants such as Pelargonium zopale and
Phaseolus aureus, sulfur taken up by the root and
transported wia the transpiration stream 1o
mature leaves is then mainly distributed to sink
organs via the phloem pathway as suliate. This
provides additional proof that inorganic sulfate is
the main phloem-mobile form of sulfur in non-
parasitic higher plants, a question which has
been actively debated ({Anderson, 1980 and
1990).

In dodder stem tissues where photosynthetic
activity is very low (Fer, 1977}, sulfate reduction is
achieved and is not light-dependent. This is an
important result since suifate reduction in non-
parasitic higher plants has always been considered
to accur mainly in photosynthetic tissues of the leaf
and to be light-dependent {Cram, 1990).

In conclusion, our results, as a whole, provide
experimental evidence that dodder is not
dependent on its host for reduced sulfur supply.

Anderson, J.W. {1980) Assimilatio  of inorganic sulfate into cysteine. in: B.J. Miflin (ed) The Biochemisiry
of Plants, Aming acids and derivatives, Academic Press, London, Vol 5. pp. 203-223.

Anderson, W (1990) Sulfur metabalism in Plants. In: B.J. Miflin and P.J. Lea {eds) The Biochemistry of
Plants, Intermediary Nitrogen metabolism, Academic Press, London, Vol 16 pp. 327-381.

Boireau, E. (1989) Eiude préliminaire de I'alimentation soufrée d'une angiosperme parasite: la cuscute.
DiplOme d'Etudes Approfondies de Biologie cellutaire, Université de Nantes, France. 28 p.

Cram, W.J. {1990} Uptake and transport of sulfate. In: H. Rennenberg, CH. Brurold, L.J. Dekok and |. Stuien
{eds) Sulfur nutrition and sulfur assimilation in higher plants, S.P.B. Academic Publishing by, The

Hague, The Netheriands. pp. 3-11.

Fer, A. (1976) Absorption, migration et utilisation des phosphates chez les plantules de Cuscuta gronovii
Willd., au cours de leur vie préparasitaire. Biologia Plantarum 18: 450-459.
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Recently the relative dependence of the angiosperm
parasite Cuscuta reflexa Roxb. on nutrition from the
phlgem and the xylem of its host Lupinus albus
(white lupin) has been determined and the
proportion via the phloem varied from 98.5% for
carbon, 93.6% for nitrogen, 74% for potassium to
close to 0% for calcium (Jeschke et al., 1995), the
remainder being supplied by the xylem. When
parasitizing this host, £ reflexa formed an
overriding sink, attracting 56% of the current
photosynthate and all of the fixed N and also a more
than equivalent (123%) amount of N mabilised from
N reserves previously accumulated 9y the host. As a
result of this sink activity the net photosynthesis of
the host appeared o be stimulated whilst nitrogen
fixation was severely inhibited (Jeschke et al., 1994).
Considering the enormous sink strength of C. reflexa
the question arises whether the supply of either
carbon or nitrogen limits growth of the parasite. In
the case of suboptimal supply of N and excessive
availability of C, Cuscuta in pringiple is able to
excrete  sucrose from  extrafloral nectaries
{(Schaffner, 1979), however, it is not known whether
this is @ means of regulating the relative supply of G
and N in this parasite. Interestingly secretion was
high when Cuscuta parasitized L. afbus  but
negligible when Coleus was the host.

In order to study possible growth limitations C.
reflexa has been grown on Ricinus communis
(castor bean) planis fed with varied N-supply. The
growth of host and parasite, nitrogen
concentrations, secretion of sucrose and the
photosynthesis o the host were measured.

Ricinus communis was grown an quartz sand, as
detailed by Jeschke and Wolf (1988) and one third
pach of the plants was watered daily with a nutrient
solution containing either 0.2, 1 or 5 mM nitrate.
thirty five days after sowing (DAS) shoot tips of C.
reflexa were allowed to aftach to the lower stem of
the host plants. Successful haustoria were formed

Does Assimilate or Nitrogen Supply
from the Host Limit Growthof
Experiments with .
ana -

within 6 days, plants were harvested 24 or 32 days
after establishing the parasite. Host piants werg
divided into the individual leaves, stem parts and
roots, the parasites into the haustorial region, shoot
axes and the 5-10 cm apical tip region, the samples
were weighed, freeze dried and analyzed for C and N
in a CHN-Analyzer (Herdus, Hanau, Germany).
Photosynthesis was measured using a LCA 2
portable IR analyzer (ADC Instruments, Hoddesdon,
UK). Sucrose secretion was measured by washing a
known surface area of Cuscuia with deionized water
and dete-~- 1g the sugar by refractometry.

Dry weights of shoot and the whole plant of
Ricinus  decreased almost linearly with lower N
supply (Fig. 1), while the root to shoot ratio
increased. When parasitized by Cuscuta shoot and
particularly root growth (see the difference
between plant and shoot in Fig. 1) were
substantially depressed at each lavel of N supply,
but the decrease was somewhat larger under
limiting N supply: Shoot dry weights were
decreased by 30, 35 or 43% in the presence of
Cuseuta at 5, 1 or 0.2 mM nitrate respectively. The
growth of Cuscuia was strikingly depressed by
limiting N supply to a similar degree as was the
host, so that the sum of dry weights of parasite and
host ¢losely resembled that of the non-infested
Ricinus. The dramatic decrease in growth of (.
reffexa on N-limited hosts is also seen fram the
development of the stem length (Fig. 2). While in
29 days the parasite reached a total length of 40 m
on Ricinus fed 5 mM nitrate, it was merely 13 or
3.5 m on hosts supplied with 1 or 0.2 mM nitrate.

N levels in shoot and root tissues of control
Ricinus plants decreased strongly with lowered
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. ¢ GROWTH AND
1 "7 ZINT OF

SEEDLINGS

1
]
[ ]

|

[ |

N ZERHAR and A, .7, Grouss de Physio.. et Paun i vEgetales, Faculté des Sciences 2, rie de la Houssiniére,
44072 Nantes Cedex 03. France,

P MNICOLET.  w.oratcia dy S i i~ culaire, ' 3 des Sciences 2. rue de la Houssiniére, 44072 Nanies
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Redimee = mqg e 00 T et T L F L, o attach to & host piant. High growth rates of seedling
stems ~CTAce~fa k. sc cmoor fratures also found in etiolated autotrophic plants where ethyiene is
knov - aplaye moac ol e U580 Su,Qests that ethylene may corteal the growth of the dodder seedling
stem. Since  derapnd e e gsherrace amen pocursor (S, adenosyl methionine) the possible role of ethylene
and pol, © o lrec. T oooodouulr seed. g growth weas westigated.

£ repodtr ~ e Nigt C e thar in th. oot, the highest value being measured in the apical part of

the dodder seec g stem i .. 3 20 < During seecling stem grow'h the highest ethylene production coincides
ke lgyest grott vt Soef e atively controls the gre... of dodder seedling stem. This effect of ethylene
was Col .INAL . U g niorsof gy sy~ sisorac -~ (i oroetryl phosphonic acid and 2.4 D both inhibit

thec— - ~‘ses  gst™ 'we' . . ge’,.aeinvivoand sti... .. igendogenous ethylene production respectively.
Regarding polyar 2, it was gl ~ ~» g idi~e and spermite concentrations were highest in the upper part of the
stern. ~ " oputres . el ras  ghest L1t lower Lart of the stem. Hence spermidine and spermine seem to be
o oovedinttecentr et siom - ttescine T oaplicated in the control of cell elongation.

Thesgresu’s, asawho' . strong., sL, .5t Tthe grov thirate of the dodder seedling stem is controlled by the balance
cohirsre / nmirog T Mg work o 7 ew strategies for dodder control.

Adc iory ey words ;- Pe s angiosperms. cell division, cell elgngation, hiormonral control.



J
. N
\
- . -~ -
P n \
- Y
)
)
Lo
o
oo
' -
)
-~
u
e
. I ' N s
‘-Z‘ ¢ A 3
, b
< ]
) r e
\ .
w oa ! .8 e Cen e
PR -L - -~
| | SRR 5 N
-
- . e N
. "
Ched L

Luvy 3y -1 Cpw e e e .
st G 4,99 hest of
24 C hse L ul b VL -

ney ,
perhaps e oXf o~ L i

St S )

seeC s

v i SaUx 3 5ize L e
g e el Uyl red vt
o e 1S s ever f g
eh VRV ..

sta e

.ois
. the sl
cIE s oo e
wLd BesaE L

o A S

X Sy

$ 2

st R . v

C. . T8 L0 “oge -

s - e

b S, . 5 W . LR
: !S ) -~ = A~ Cema Akle F‘

Six day-cio coll ' se
58g™"T S

R S . S
~ [T Sy ,
. VTR L
g~ Sz | 1 s,
. "
) ) L - -



the lower part of the stem. Consequently, it is clear
that the highest ethylene production and Spd and
Spm contents occur in the upper part of the stem
exhibiting high cell division activity. On the other
hand, the highest Put content is observed in the lower
part of the stem where mainly cell elengation occurs.

Ethylene negatively controls the growth of the
Cuscuta seedling stem as is clearly shown by
measuring erdogenous ethylene production and by
application of several effectors acting on
production ar action of the gaseous hormone. The
very high ethylene production rate occurring in the
apical part of the seedling stem might inhibit cell
glongation, a weli-known acticn of the hormone. In
the same stem part, the high contents in Spd and
Spm might stimulate cell division. Moreover it
could be suggested that the high Spd content is

Role of Ethylene and Polyamines
in the Control of Growth and Development
of — T ’ " Seedlings

responsible for the stimulation of ethylene
synthesis, but this hypothesis needs to be verified.
It seems that the additive effects of ethylene Spd
and Spm in the stem tip may éxplain the intensive
cell diviston activity which is necessary to sustain
the high growth rate observed in the stem.

In the lower part of the stem, the high level of Put
seems tg be partly responsible for the cell
elongation that occurs in this region. Endogenous
auxin exported from the stem apex probably also
contributes o the controi of cell elongation.

Ethylene and polyamines are clearly involved in the
control of dodder seedling stem growth, but the
respective action of these substances and their
interaction needs to be further investigated.
Nevertheless on the basis of the results presented
here it is possible to envisage the use of auxinic
herbicides or ethylene releasing agents such as
ethephon to lower Cuscuta attack in several crops.

Agaev, R. Lecocq, FM. Fer, A. and Hallet, J.N. (1988) Etude de 'action d’'un herbicide, le chlorthal, sur I3
prolifération cellulaire et la croissance de la tige du Cuscuta lupuliformis. Canadian Journal of Botany
66 : 328-338.

Beyer, E.M. (1979) A potent inhibitor of ethylene action in plants. Plant Physiology 58 : 268-271.

Flores, H.E. and Galston, AW. - 1982 - Analysis of polvamines in higher plants by high performance liquid
chromatography. Plant Physiology 69 : 701-706.

Flores, H.E. Protacio, C.M. and Signs, M.W. (1989) Primary anrd secondary metabolism of polyamines in
plants. In J.E. Poulton, J.T. Romes and E.E. Conn (eds) Recent advance in phytochemistry Vol. 23
Plenum Press, pp. 229-393.

Perez-Gilabert, M. Ortuno, A. Acosta, M. and Sanchez-8ravo, J. {1991} Variations in ethylene production
rate, ethylene forming enzyme activity and 1-aminocyclopropane-1-carboxylic acid content during the
growth of etiolated hypocotyts of Lupinus albus. Plant Physiology and Biochemistry 29 : 319-325.

Zehhar, N. (1985} Contribution a I'étude du rdle de I'éthylene et des polyamines dars la croissance et le
développement d’une angiosperme parasite (Cuscuta lupuliformis Krock). Thesis University of Nantes,
France, 166 p.
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Radicle diffusates =1 farugreek (Trigonelia foenum graecum), lupins (Lupinus termis). coriander (Coriandrum satifum)
and turnip (Brassica rapa) were s Inificarntly reduced the st .. atory effect of GRo,. Results showed the possibility of
using these crops inan tercro,. @ systen wit  #aba hean and tomato to reduce the infection rate of Orobanche plants
attached to their hosts. Hydrogen peraxide a 4 soar hypoctlorite significantly decreased the germinatio of Orobanche
seeds. Inhik o . effect increased |, 1creasing i e ¢c ~ 1tration of the tested solution or/and the duration of seed
treatment. 4~ iver the wetabe s - decreased e germination percentage of Orabanclie seeds. Such reduction
increased by increasing su.isir contant in GRog seliton.
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Bioloc ‘'ca’ ind Chemicai inhibition
of Seed Germination

intercropped plants and their seeding rates. It broomrape attachements on this economic crop.
could be also concluded that the use of sulphur to From the experimental point of view, coution must
contral some pests other than broomrape (i. e. be taken in consideration v ..en HoOp and NaQCl
insects and fungi) in tomato fields may reduce the used to sterilize Orobanche seeds.

Abu-lrmaileh, B.E. (1984). Effect of planting flax on the subsegquent infestaticn of tomato by Orobanche
ramosa. In; Proceedings of the Third International Symposium on Parasitic Weeds (Parker, C.;
Musselman, L.J.; Polhill, R.M.; and Wilson, AK. eds.), ICARDA, International Parasitic Seed Plant
Research Group, 7-9 May 1984, Aleppo Syria, pp. 250-255.

Abu-Shakra, S.; Miah, AA. and Saghir, AR. {1970). Germination of seeds of branched broomrape
(Orobanche ramosa L) Horticulture Research 10 (2): 119-124.

Al-Menoufi, C.A. (1991). Crop rotaticn as a control measure of Orobanche crenata in Vicia faba fields. In:
Wegmann, K. and Musselman, L.J. {eds), Progress in Orcbanche research, Eberhard-Karls-Universitat,
Tubengen. FRG, pp. 241-247.

Al-Menoufi, O.a. {1992). Cultural practices to control Orobanche crenafa in faba bean fialds in Egypt. Final
report. Project financed by Alexandria University, Egypt {1991-1992).

Al-Menoufi, C.a. (1994). The Orobanche problem and management in Egypt. In: Pieterse, A.-H.; Verkleij,
J.A.C.and ter Borg, S.J. Biology and management of Orobanche. Proceedings of tr 2 T! ~ternational
Workshop on Orobanche and related Striga research. Amsterdam, The Nethertands, Royal Tropical
Institute, pp. 663-671.

Bouhatous, B and Jacquard, P. (1994). The effect of combinations of hosts on infection capacity of
Orobanche crenata Forsk In: Pieterse, A H.; Verkleij, J.A.C. and ter Borg, S.J. Biology and management
of Orobanche, Proceedings of the Third International Workshop on Orobanche and related Striga
research. Amsterdam, The Netherlands, Royal Tropical Institute, pp. 320-333.

lbrahim, LA Elarosi, H.; Hassouna, G.M. and Al-Menoufi, 0.A. (1973). Studies on the parasitism of
braomrapes in Egypt. Series 1: Certain factors affecting seed germination of Orobanche crenata and O.
ramosa. Egyptian Journal Phytopathology 5: 43-54.

Krishnamurty, G.V.G.; Lal, R. and Nagarajan, K. (1977}. Further studies on the effect of various crops on the
germination of Orobanche seed. PANS. 23 (2): 206-208.

Musselman, L.J. (1980). The biology of Striga, Orebanche and cther root-parasitic weeds. Annual Revevs of
Phytopathology 18:






GRoy4 Tppm

H202 oV
+ GRoy

HpOp 15V
+ GRay

Ho0p 30V
+ GRyy

L.S.D.
GRogq Tppm

NaOCl 1.30%
+ GRoy

NaQCl 2.70%
+ GRoy

NaQC! 5.25%
+ GR24

L.S.D.

GRoy 1 ppm

GRpg +0.25 S g/l
GRoyg + 0.50 S g/l
GRog +1.00 8 g/l
GRog +2.00 S g/l

Water

Water + 0.25 S g/L
Water + 0.50 S g/L
Water + 1.00 S g/L
Water + 2.00 S g/L

L.5.D.

i0
20
30

10
20
30

10
20
30

0.01

10

15

10
15

0

15
0.01

0.01

Table 2

Biological and Chemical Inhibition

of

79.62 (63.25) a

58.22 (49.25) b
40.25 (39.34) ¢
36.80 (37.22) ¢

13.25 (21.16)
175 (7.52) ¢
0.00 (6.25)

0.00 (6.25) e
0.00 (6.25) e
0.00 (6.25) e

2.56
80.07 (63.54) a

66.07 (54.38) b
57.05 (49.08) ¢
41.95 (40.35) d

14,7 (22.11) ¢
9.25 (17.65) f
3.50 (10.64)

0.00 (6.25} h
0.00 (6.25) h
0.00 (6.25) h

1.98

79.87 (63.40) a
59.00 (50.18) b
57.40 (49.26) b
44.75 (41.97) ¢
45.55 (42.43) ¢

9.90 (18.33) d
4.00 (11.30) ef
175(7.913 g
5.25 (13.28) e
365 (11.06) f

212

— Values between brackets are the arcsin Sguare root of the germination percentage.
- Values folloveed by the same letter within the same columi are not significantly different.

- Seed Germination

60.42 {31.02) a

23.00 (28.59) »
20.30 (26.73) ¢
19.62 (26.38) ¢

0.00 (6.25)
0.00 (6.25) d
0.00 (6.25) d

0.00 (5.25) d
0.00 (6.25) d
0.00 {6.25) d

147
817 (51.46) a

46.25 (42.82) b
30.87 (33.71) ¢
27.00 (31.38) ¢

9.75 (17.93) d
0.00 (6.25} e
0.00 (6.25) &

0.00 (6.25)
0.00 (8.25) e
0.00 (6.25) e

1.76

60.30 (50.94) a
53.22 (46.34) b
51.82 (46.02) b
43.75 (41.39) ¢
40.60 (39.54) ¢

2.20 (8.54) de
0.75 (6.59) &
1.00 (7.05) de
1.25 (7.44) de
2.50 (8.84) d

2.07
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GERMINATION OF
SEeps AT A WIDE RANGE
OF ALTERNATING
AND CONSTANT TEMPERATURES

E.K WELDEGHIORGHIS and A.J. MURDOCH, Department of Agriculture, The University of Reading, Farley Gate, P.0.Box
236. Reading RGE 6AT UK.

Germination of Crobanche crenata Forsk. was tested in o rkness with GR24 at 169 different constant and aiternating
temperature reg'mes on a two-dimensional temperature gradient piate. Results were analysed in terms of characteristics
of alternating te. erature " ic’. appeared to control germination; i.e.. mean temperature, amplitude, daily maximum
temperature and ermoperiod (defined as the fime spent ai the maximum temperature each day). Germination was
optimal at mean constant temperature of 18°C. Alternating temperatures appeared to be slightly promotive at very small
amptitudes (defined as the difference between daily maximum and minimum temperatures) of about 2.5°C in 8h but ot
in 16h thermoperiod. Germination was, however, i ited at higher amplitudes. In general, increase of maximum
temperature (at a given mean temperature) decreased germination.
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maximum temperature and the amplitude of the
temperature fluctuation. Additional work on other
species is currently underway which, after testing
against the hypotheses outlined, could be used in
predicting patterns of germination in the field.

Germination of . _. . Seeds
at a Wide Range of Alternating
and Constant Temperatures

We would like to express our gratitude to Dr
Maohan Saxena (Germplasm programme, ICARDA,
Syria) for providing us with 0. crenata seeds.

Foy, C.L., Jacobsohn, R., Bohlinger, B. and Jacobschn, M. (1991) Seasonal behaviour of broomrape species
as determined by host range and environmental factors. In: J.K. Ransom, L.J. Musselman, A.D.
Worsham, and C. Parker {eds.) Proceedings of the 5th International symposium on parasitic weeds.
CIMMYT, Nairohi. pp. 454-457.

Kasasian, L. (1973) Miscellaneous observations on the hiology of Grobanche crenata and 0. aegyptiaca. In:
Proceedings of the 1st EWRC Symposium on parasitic weeds, Parasitic Weed Research Group,
Wageningen. p. 68-75.

Magnus, EM., Stommen, PLA. and Zwanenburg B. (1992) A standardized bioassay for evaluation of potential
germination stimulants for seeds of parasitic weeds. Journal of Plant Growth Regulation 11: 91-98.

Murdoch, A.J., Roterts, EH. and Goedert C.O. (1983) A Model for germination responses to alternating
temperatures. Annals of Batany 63; 97-111.

Pieterse, A.H. (1979) The Broomrapes (Orobanchaceae) - a review. Absiracis on Tropical Agriculture 5 (3): 9-23.

Pieterse, A.H., and Verkleij J.A.C. (1994} Germination ecology of Striga and Orobanche - an overview. In:
AH. Pieterse, JAA.C. Verkleij and S.J. ter Borg (eds) Biology and management of Orobanche,
Proceedings of the Third International Workshop on Orobanche and related Siriga research.
Amsterdam, Roye' iropical Institute. pp. 36-47.

Racovitza, A. {1959) Nouvelles observations sur la germination des graines d 'Orobanche ramosa L. Journal
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Roberts, E.H. (1988) Temperature and seed germination. In: 5.P. Long and FI. Woodward (eds.) Plants and
Temperature. Symposia of the society of experimental biology, 42. Company of biologists Ltd.,
Cambridge. pp. 108-132.

Sauerborn, J. {198%) The influence of temperature on germination and attachment of the parasitic weed
Orobanche spp. on lentil and sunflower. Angewandte Botanik 63: 543-550.
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Seeds of Siriga hermoninica (Del) 3enth. were
collected at differe, - sas from mu7e, pearl m ...
and sorghy™ - - Ataceraa  3orgou prov 1ces
in Novermher 1994, See for . nrovenance of  2se
seeds T..e 1. Ir. lese provinces the ~ n |
pattern is —~~~gdal.

The seeds fro~ *»~ different sites were ke~ ''nder
dry conc ons at room teriporature s the
laboratory (“laboratory seeds™ att e Ina Research
Station, situated 70 km 101, of Parakou in Borgou
Province. '~ adgition, pa 1 of the seeds coliected in
the field at 'na Statior were put in 4 x § cm nylon
gauze bags (approximately 1,000 seeds pe hag).
These bags v.are subsequenty buried »thefiiu w
Ina Station. There were two replicates of 25 bags
for seeds collected from S. hermonthica plants
parasi®zing maize {"Striga/maize strain”), as well
as for seeds collected from S hermonthica plants

A Study on Primary Dormancy of B
Seeds in the Northern
Provinces of the Republic of Benin

poaczing sorghum (“Striga/sorghum  strain™).
av 1ag was buried at a depth of 5 ¢cm in the
iddle of a 0.5 x 0.5 m plot. The plot was kept
~ad-free.

Moreninet e orates of “laboratory seeds”, as well as
those of 7 1 seeds”, were regularly tested. For
~ach  ~s* ihe seeds were first conditioned
o sure 1o moist conditions): approximately a
t ousard “lanoratory seeds” per sample and “field
s ds" om four exhumed bags of the
“Strigaimaize st and from four bags of the
“Striga/sorror~ g vain”. "Field seeds” were also
testzd for wiability by means of the tetrazclium
colour test.

Before conditioning the seeds were spread on a
f ter paper and surface sterilized for 5 minutes with
a " solution of commercial sodium hypochlorite
(NaOCl). Subsequently, the seeds were thoroughly
rinsed with distilled water and for conditioning
transierred to a 47 mm diameter glass fiore filter
paper moistened with 1 ml of 0.3 mM MES [2(N-
merpholine) ethane suiphonic acid] buffer in a
petri dish (60 nm diameter). The petri dish was
sealed with parafilm, wrapped in aluminium foil
and subsequently kept in an incubator at 309:5°C
for 14 days.

After conditioning, approximately three hundred
seeds of each “laboratory seed” sample were
placed on a 47 mm glass fibre filter paper disk in a
petri dish {60 mm diameter) for the germination
test. Each sample was divided into three clusters of
approximately a hundred seeds, which were
considered to be replicates. To trigger germination,
1 ml of a1 ppm solution of GR24 (a synthetic
germination stimulant) was added to the petri dish.
(For the preparation of the 1 ppm GR24 solution
see Gbahounou et al. 1998). The petn dish was
wrapped in aluminium foil and incubated for 48
hours at 309+50C. At the end of the incubation
period, the petri dish was opened, and the
germinated seeds were counted wunder a
microscope. The germination iest of “field seeds”
was performed in the same way. Approximately a
hundred seeds of each bag was tested in a petri
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Striga populations play a role in this respect, which
could be connected with adaptations to the
different host crops.

It is remarkable that before primary dormancy was
terminated in May, germination rates in those
populations where dormancy was not absolute,
tended to decrease until a low was reached in April.
The cropping season in Northern Benin usually
starts at the end of May or beginning of .. e
Earlier sowing 15 too risky for farmers, due to *--
irregular rain pattern. However, conditioning of
Striga seeds in the soil will start after the first rains
which, depending on the latitude, may already fal.
in March or April (Gbéhounou et al. 1994).
Conseguently, it could be hypothesized that the
survival strateqy of S. hermonthica seeds is
particularly aimed af preventing germination early
in the rainy season.

A Study on Primary Dormancy of [=
i Seeds in the Northern
Provinces of the Republic of Benin

Seeds kept in nylon bags in the field at Ina Station
field seeds”) showed a similar pr nary dormancy
pattern as seeds kept in the laboratcrv (“laboratery
seeds”). In general, “viability” (ietrazclium
colouring) of these seeds seamed to increase
during the dormancy period. However, it should be
noted that there was a large variability and that the
TTC testis not quite reliable. Decreased viability of
non-dormant seeds, which became apparsnt in
May and June, could be connected with the dy'ng
off process of 5. hermonthica seeds in course
of the rainy season (Gbehounou et al 1994,
Ghehounou et al. 1996},

This research was partly financed by the European
Union (DG Xil, STD 3) with.1 the framework of the
praject TS3-CT 91-0020.

Gbahounou, G., Pieterse, A.H. and Verkleij, JAC. (1996) The decrease in seed germination of Striga
hermanthica in Benin in the course of the rainy season is due to a dying off process. Experientia (in

press).

Ghéhounou, G., Pieterse, AH., P.J. van der Hulst and J.A.C. Verkleij (1894) A field study on seed germination
of Striga hermonthica in the Republic of Benin. In: AH. Pieterse, J.A.C. Verklei] and S.J. ter Borg (eds)
Biology and Management of Orobanche, Proceedings of the Third International Workshop on
Orobanche and related Striga research. Royal Tropical Institute, Amsterdam. pp. 180-186.

Pieterse, A.H. and Verkleij, J.A.C. (1994) Germination ecology of Striga and Orobanche - an overview. In:
AH. Pieterse, JA.C. Verkleij and S.J. ter Borg (eds) Biology and Management of Orobanche,
Proceedings of the Third International Workshop on Orobanche and related Siriga research. Royal

Tropical Institute, Amsterdam. pp. 36-48.












Recently it was observed that germination and
viability of Striga hermonthica (Del.) Benth. seeds
in the Republic of Benin decreased steadily in the
course of the rainy season (Gbéhounou ef al. 1994;
Gbéhounou et al. 1996). This was due to a dying off
process and the seeds did not enter a stage of
secondary dormancy. These results do not seem to
be in accordance with earlier work of Vallance
(1950}, who reported that after prolonged
conditioning under laboratory conditions S
fermonthica  seeds hecome dormant.  This
secondary dormancy, which Vallance (1950) called
“wet dormancy”, could ne hroken by drying the
seeds and repeated conditioning. Although
decreased germination in vitro as a result of
prolonged conditioning was confirmed by
subsequent researchers, it was not clarified
whether this was due to secondary dormancy or to
dying off of the seeds (see Pieterse and Verklei]
1994,

To determine whether seed mortality in the field
during the rainy season is a phenomenaon which
also occurs in other regions, germination rate and
viability of §. hermonthica seeds in the western
part of Kenya were assessed during the long rainy
season of 1995,

Striga hermonthica seeds were used which were
collected at the end of the long 1994 rainy season
in July 1984 and at the end of the 1994 short rainy
$eason in January 1995

Trials were conducted at Kihos, the KARI Natignal
Sugar Research Centre near Kisumu in Nyanza
Province (latitude 094'S; longitude 34948'E;
altitude 1214 m). In the first trial, which started on
March 14, 2 x 2 cm nylon gauze bags containing S.
hermonthica seeds were buried in a2 9 x 3 m field.
In previous years sorghum had been grown at this
experimental site. However, during the 1994 short
rainy season the field had been left fallow. As it was

Gern nation and Viability of
Seeds in Western Kenya
in the Course of the Long Rainy Season

overgrown by wild plants the field was cleared by
means ¢i hoeing and subsequent ploughing. Plant
roots were removed as much as possible before
burying the bags and during the experiment the
field was kept weed-free. The field was divided into

three 9 m2 plots and, to separate these plots, only

4 m2 of each plot was used.

Seeds of each cahort were put in 54 nylon gauze
bags (approximately 1,500 seeds per bag).
Subsequently, in each piot 36 bags (18 bags of
each cohart) were buried at a depth of 10 cm.
These bags were connected by a string to marking
sticks put into the soil (each stick was connected to
two bags, one containing “long rainy season”
seeds and cne containing “short rainy season”
seeds). Once a week two bags connected fo the
same stick were dug up frem each plot. The bags
were transferred to the laboratory where they were
opened and the seeds removed. Subseguently,
seeds from each bag were washed and divided into
three groups. The seed germination rate of seeds
of the first group was immediately tested in the
laboratory with the synthetic germination stimulant
GR-24 (Gbehounou ef a. 1996). In addition to
counting the number of germinating seeds, after
May 15 also the number of empty seed coats was
determined. The second group of seeds was
conditioned after surtace sterilization {Gb&éhaunou
et al. 1998). Subsequently, germination of one hali
of the seed sample was assessed by means of GR-
24, whereas the other was tested by means of
ethylene gas. The ethylene treated petri dishes
were kept in a separate room. The third group of
seeds was used for a tetrazolium colour test (see
Gbehounou et al. 1996).

In the second trial, which started on April 18, a6 x 2
m weeded field was used. On March 15 this plot had
been treated with 86 g methyl bromide gas per m2.
The field was divided into three 2m2 plots and for the
experiment 15m? in each plat was used. Nylon
gauze bags with seeds from the two cohorts were
buried in the same way as described for the first trial.
The numoer of germinated seeds was assessed,
after conditioning, by means of ethylene injection. In
addition, empty seed coats were counted.
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HosTts OF EIGHT
SPECIES (SCROPHULARIACEAE)
IN CAMEROON

D. KENFACK. Departement de Biologie et Physiologie Vegetales, Faculte des Sciences, Universite de Yaounde |, B. P 812
Yaounde, Cameroon.

LYTTON J. MUSSELMAN, Department of Biological Seiences, Old Dominion University, Norfolk. Virginia 23529-0266 USA.

H. J. HOEVERS, International Rice Research Institute, Post Office Box 933, Manila, Philippines.

Host ranges of Striga aspera (Willd.) Benth., S. brachycalyx Skan. S. forbesii Benth., S. gesnarioides (v Vatke, S.
hermonihica (Del.) Benth., S. federmannii Pilger, S. macrantha Benth., and 5. passargei Engler were s lied in northern
Cameroon. As expected, most hosts were grasses except for S. gesnerioides. Caryophyliaceag.and Apiaceae are
documented as the first dicot host families for §. aspera. .. ecotypes of S. aspera are noted.

Additional key words: witchweeds. host selectionunge.
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Striga aspera

Striga brachycalyx

Striga forbesii

Striga gesnerivides

Hosts of Eight |

- Species

) (Scrophulariaceae) in Cameroon

Table 1

Alysicarpus ovalifolius (S. et Th.) Leon
Andropogon fastigianits Sw.

A. laxatus Stapf

Aristida hordeacea Kunth

A. kerstingii Pilger

Brachiaria comata (A Rich.) Stapf

8. villosa (Lam.) A.Camus

Buibestylis coleotricha (A Rich.) C.C.Cl.
Commelina benghalensis L.
Dactyloctenium aegyptivm (L.) PBeauv.
Digitaria sp.

Echinachioca cofona (L.) Link

Eragrostis tremula Hochst. ex Steud.
Fimbristylis cioniana Savi

F. hispidula (Vahiy Kunth

Hackelochloa granulfaris (L.} O Kize
Loudetia togoensis (Pilger} C.E.Hubbard
Polycarpaea corymbosa (L.} Lam.
Schizachyrium exile (Hochst.) Pilger

S. nodulosum (Hack.) Stapt

Setaria anceps Stapf ex Massey
Spermacoce radfata (DC.) Sieber ex Hiern
S microprotus

Zea mays L.

Schizachyrium sanguineum (Retz.) Alston
Loudetia togoensis

Bractuaria brizantha (Hochst. ex A Rich.) Stapf
Echinochloa colona

E. oblusiflora Stapf

Fimbristylis hispidula

Setaria anceps

Centella asiatica (L.) Urb.

Desmodium hirtum Guill. & Perr.
Indigofera hirsuta L.

f. prieureana Guill. & Perr.

1. secundifiora Poir.

| stenophyiia Guill. & Pert.

Indigofera sp.

Ipomoea coscinosperma Hochst. ex Choisy
Tephrosia linearis (Willd ) Pers.

T. pedicellata (Bak.) C.E.Hubbard






Host preference or physiological specialisation in
the genus Striga has heen reported several times,
The first observation of the existence of
“biological strains” of Striga asiatica was in the
garly thirties by Lewin (Jones, 1953). Jones
reported the presence of two host-specific S.
hermonthica forms in the Sudan; one was
preferably attacking scrghum, and the other
Pennisetum. The existence of at least two distinct
“races” of S. hermonthica in West Africa, one
parasitizing pearl millet and the other sorghum,
was described by King and Zummo (1977). They
also identified a possible third race, primarily
parasitic on maize. Host specificity depending on
a germination stimulant was demonstrated by
Parker and Reid (cf. Vasudeva Rao and
Musselman, 1987).

Preliminary evidence for cultivar-specific
physiglogical variants of 5. hermonthica was
described with respect to germination. Samples
of 11 8. hermonthica populations from sorghum
and pearl millet were allowed to germinate in the
presence of root exudates of 27 sorghum
populations (Bebawi, 1981). This experiment
showed that sorghum cultivars differ in their
ability to stimulate Striga seed germination,
providing additional evidence for the existence
of intraspecific variants of §. hermonthica. Both
intercrop and intracrop adaptation of &.
hermonthica were observed in three cereal
crops (maize, sorghum, and millet) in an
experiment in Nigeria (Kim, 1994) Adaptation
of S. hermaonthica to specific host crops (three
pearl millet and ane sorghum cultivar) was also
reported in Niger (Hess, 1994). The study
presented here was a continuation of this
factorial infestation experiment. We investigated
the parasitic abilities of & hermonthica
collected from millet and sorghum at different
locations in Niger. Through a factorial pot
experiment we wanied to determine to what
extent Siriga populations harvested from miilet
and sorghum were adapted to their
corresponding host.

Pearl Millet and Sorghum Specific Races
of - in Niger

Seeds of seven Siriga hermonthica populations
were used in this study. They had been collected in
1991 from farmers fields in five locations in Niger:

. Bengou, Guéza, Sadoré, Birni N'Konni and Maradi

(Figure 1). In all five locations pearl millet is the
most important cereal species. At four locations
{Bengou, Guéza, Birni N'Konni and Maradi) farmers
additionally cultivate sorghum. In two of these four
locations (Bengou, Birni N'Konni) Striga attacks
sorghum. Striga populations were subdivided in
two main groups, millet-Striga and scrghum-
Striga. Host crops used in the experiment were
exclusively landraces ¢ollecied in the same
locations as the Striga populations (Table 1).
Studies were done at two levels of infestation: level
one with 1,000 viable seeds per pot and level two
with 16,000 viable seeds per pot. Nearly uniform
infestation was obtained by estimating the viability
of seeds and counting the number of Striga seeds
per mg. The triphenyl-tetrazolium-chloride test
(TTC-test) was used to estimate the viability (Linke,
1987).

The trial was conducted outdoors in pots at
ICRISAT (International Crops Research Institute
for the Semi-Arid Tropics) Sahelian Centre in
Sadoré (near Niamey, Niger) during the period of
May to December in 1994. Eleven-liter-pots were
used filled with a Striga-free soil mixiure (1/4
farmyard manure, 5/8 river sand and 1/8 clay).
Developmental and virulence characters were
studied during the experiment in weekly
intervals. Traits studied in Striga were date of
emergence, date of flowering, number of
emerged and flowering plants per pot, and dry
biomass at harvest. In addition the date of
heading, plant height, dry matter weight, and
grain vield of host plants were recorded. The
experimental  design  was a completely
randomised block design with four replications.
All 126 factor combinations (seven local Striga
populations x ning hosts x two infestation levels)
were used and additionally one uninfested check
per host population per replication. A total of 540
pots were used. To infest the pots the upper 1 ¢m
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Table 2
Northern 1-Beheira Trichoderma Fusarium
Egypt Pea Fusanium Penicillum
Alternaria
2-Dakahlia
faba bean frichoderma Fusarium
3-Gharbia
Cabbage - -
Cauliflower Fusarium -
Tomato Trichoderma Trichoderma
Middie Egyot 4-Bani-seuf
Camomile Fusarivm -
Geranium - Fusarium
Faba bean Alternaria Fusarium
Souther 5-Assiut
Egypt Faba bean Trichoderma Trichoderma

Fusarium

213

Aspergilius

Aspergilius
fusarium
Trichoderma

Aspergiflus
Flisarium
Penicillum

Penicillum

Aspergilius



Test of Different Isolates
of Fungal General
for their Pathoaenicity Against

ipp.
Table 1
L *-Betelra
aBu ) Fusa. '™ Aspe. s Pea
T T Penicillum Pea
2.-Gharbia
infacted * - Fusarium, Aspergiiius Cahbage, Cauiit.ower.
Tomato
uninfected (B) Trichoderma Gabbage,
Cauliflower. Tomato
Middie Egypt 3-Dakahlia
infected (A) Fusarium, Aspergilius Faba bean
uniniected (B) Penicillum and Faba bean
Cladosporiinm
Souther Egypt 4-Bani-Seuf
infected (A) Fusariuny, Aspergilius Camomile, Geranium.
Faba bean
Alfernaria Faba bean
uninfected (B} Penicilfum and Camomile, Geranium
Trichoderma
5-Assiut
infected (A) Fusarium; Aspergiflus Faba bean
uninfected (B} Penicillum and Faba bean

Rhizopus
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1 7.8 14
2 6.0 15
3 27 12
4 2.0 19
3 0.5 22
6 0.6 2
7 1.3 23
8 1.2 21
MEAN 2.7 16

Table 1

21
28
35
19

5

2
4
28

225

") cafcviated as the percentage of the total number of seed capsules.

yrem=

Number of Striga plants per me
Striga planis per ha
Viable seeds per Striga plant (Sprich. 1894)

Table 2

Viahle seeds per ha without Smicronyx infestation

Striga plants infested with Srmicronyx galls (%)
Healthy Striga plants per ha

Viable seeds produced by healthy plants
Number of infested Striga plants per ha
Smicronyx galls per Striga plant (%)

Viable seeds per infested Siriga plant

Viahle seeds produced by infected Striga plants
Viable seeds per ha with Smicronyx infestation

Reduction of Striga seed production by Smicranyx (%)

|
1

78.0 14
100.0 10
7.7 5
83.7 12
412 15
100.0 6
66.9 8
76.5 20
773 1.3

27

27,000

23,119

624,213,000

225

20,925

483,765,075

6,075

77.3

5,257

31,937,858

515,702,933

17.4
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Figure 1

Effect of chiorsulfuron on 0. aegyptiaca development in PE bags Applied at preconditioning (a),
germination (b) and tubercles (¢} stages. Attachment (radicle penstration into root epidermis), parasites
(tuoercles, spiders, stems). DAA-days after application. Bars in each observation period, followed by a
different letier days significantly at P=0.05 according to Duncan’s multiple range test.



ERRATA

Please correct

or substitute the following
pages/tables/figures

o SEIL












! ' 7 n
R
f
Coaew e
Vi
- 1
' -
\ "
' o
Al ' 1
. !
'
. o ‘e
B
3 1
I L
oy
1
' 1
i 1 B
' 1
[ . e .
O
e e . .






o

[
0

mi1 17

v
S

e
e
e
IS
[#%]

a7

e -y B N LR

o Olaceae
‘ (-~ - .

Ca

S e 1S
Or~ L 30na- 58,
e—— - “ OS}’\ - = 1Y 27

2, . * Dinzrac A
Pozear "9
.l Pe, jaicles ...
e TR Pse.dos~ ag 2.

Quenopodiaceae Vi3

TR Rafflesiaceae 11.1, */..7 3.
. Ca ' 1.2, 1V.8 thr nraceg 13
e 3. R wideae 11.2, 1 ",
v . 3. Rl.ani.ceas 1.
©o3s T3 Josidae ||.-
Y * Miaceae V.9

Se~ aceae .5 N7

S¢ uraceae .. .
AT [P Scoiodocarpaceae 1.1
B CEellt Schoepfiaceae i 1.
v 3 Schoepfiodeae 1.
Scre ~ceas L1203,
e 22l CLB UL 29,

REVRVE: J.









Advances in Parasitic Plant Research

Trigenella foenum graecum V.3,
Trienychon [1.9, 11.8, 113, 11.112.
Tsuga canadensis V.17,

Turpeia 111,
Ulmus I11.2.
Vicia 111, V1.

articulata V.17,
atropurpurea V.11,
benghalensis V.17.
gracca V.17.
ervilia V.17, V113,
faba 11i.21, V.3, V1.5, V.18.
fulgens V.17,
hirsuta V.17.
hybrida V7.
hyrcanica V.17.
luiea V.17,
monanthos V.17,

narbonensis 1.2, V.17,
palaestina V.17.
pannonica V.17,
peregrina V.17,
sativa V.17, V.11,
var amphicarpa V.17,
sicula V.17,
villosa V.17,

Vigna I1.2,
subterranea IV.11.

unguiculata 1.2, V.4, V.11,

Viscum L1, 101, 1101 115,
abietis IV.15.
album 1116, V.15,
austriacum 1V.15.
mali 111.6.

Xanthium 111.8.

Zea mays 1111112,
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ieng  of sheot and conntar megsured
a d secongar, 00 ; vEre cou T 3rTttra vt
extracted fro »aets by o« g 2715 n10
mlof st..22 08, NaCl w . ¢ . o, “zer
(Usraturax). Apprc v~ A g of ©0 ey act
~arospread onto ML omel Lo ¢ ol g
cyclehex' 1+ (200 g™l ~ memvpn nnn
or 0 Bac.r . celoniEs os e .aoo T o 4

days of incubation at 28°C.

S ‘ o oday o
sorgh=m™ 1 an ot ise ahoveiwe noo0 o -
aga. Petdisi.s, or s

Lq, Lp, Ly~ _g). Broge disks covere ,
vith seeds of Striga, we.. .21 lac . 0. _ots 0]
Sarghum. C~ *rels v itho !

[

Ctrinn \miH—\n
«

Sorghum or  .n.. bactaria v ore p nared.
Germination ~* seeds of $*-7a s sco-~d @~ 3
days, under a hinocular :2ns, X o 3T was

repeated five times.

Anal sis of variance
was e-fermad 1o fagt ¢ Herer 51 men up
condt on of Sorg' . . ..oc..on and Strige
germination. Diffe *~nes were considered to be
significant at the p<0.05 i=vel.

Resulis are sho- Fig. 1,2. 32771 4.1 e strain
noted as 4B, used as PGPR sta ard, is an
Azospiriifum lipoferum strain isolated from rice
rhizosphere (Thomas-Beauzon et al, 1983).

From these results, a significant PGPR effect was
observed by inoculat... of . 2 A. brasifense strain
L4: increase of *~32root ™ - dueto a~ imnorant
increase of the m of secondary roots
{compared to co  ~' Fig. 3) and a'sp ‘ncrease o
shoat length =g, 2).

;0 caused a
of roots (Fig.4).

Another strain. A brasilense L1
sigrifica _effect on the frash we'

St dard strain 4B shoiv.ed also a significant
post 2e “ctem fagh i af roots, numher Af
seconda . . oc.s and sheot ength.

. nrasence 0 1 nngates hacteria on roofs,

ot T onowert resent (106 to107
¢ s oot 30 ron. Wbt end of the
experisiant.

A usilense b~ anc b+ e 3 the onlv se'ns to
e co Loooroctation ~f 0 Shrga
comnared ©pntre A ut acteria (Fig. 5). A
brasilense Ly also had a significantin ibitor effect
~n the germinatian of Siriga compared to control

“liout bacteria. Nonetheless, this effect was
~uch lower thar *hat produced by strains Ly and

Ls.

T seresuris showed that an A brasifense strain
_ dyisoiater o g 50 nder sorghum was able,
in vitra, both . "l “bit germination of Striga and to
pror ~*2 gro ~ cf Sorghum. Another strain (L2)
siowed the sal tor effect on the parasite
seed germination ut failed to ircrease growth of
the cereal. These strains were isolated from an
urcontamined area in the field. Therefore we
s ~pose 1 at »nder natura conditions, these
bacteria have a major impact on both parasite
germination and cereal growth.

Today, PGPR bacteria are used in several
cou ries as inoculants in agronomy. Their
beneficial effects on plant growth include a
siprificant reduction (about 30%) of nitrggen
fertilization. A, brasilense L4 could be a good
candidate as an inoculant for growth promotion
and {_itilizers economies and, at the same time, it
v 3t % alsc be a good tool to reduce parasitic
nistation; a double benefit for Striga
¢--t~~fated e Ut~ deficient soils.
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Sprich. H. 11894) Be  ~'ng der Frichtfoige zur Ertragssicherung in getreidebetonten Produktionssystemen
der Guinea-Sava...e ... .  besonderer Bericksichtigung des parasitischen Unkrautes Striga
hermorthica (DeiY Benth, PLITS 12 (3), Margraf Verlag, Weikersheim, Germany.

V'iees Ol mmd Casy GUH (1959) Aninsect attacking Striga. Nature (London) 184, 1668.
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The larvaa of Smicronyx spp. ikt the
pro. cl.... of 5. hermonthica seeds .0 "' ..
feed’~g ab™ '~ seed ca~s 2l Inoomr o
85 L8 . is mpact wn’ - aiwal conditions
da“a pasis ~“t=~ 2ight fir' 55 2yvedin 1994 was
use foocast one s VL di L. Lanval s
¢ te S “athica ¢ ton (0 ots per —2),

e nerc age of S aermonthica p! 1S v es
w0 Smicronyx galls e Tomooar of o
ca'~'ated as the percentage ol e oiai v~ 2r of
seed capsules per S fermo.lca pla.  ere
determiprad. In addition, 200 g 5 were ¢ Ced
anc onened V... a scanel to determ ne the
nu o er o° 'arvae and viabie seeds per gal M-
regard to investiga. s carried out by Sprich
(1994) on t e nur ber of viable seeds produced
per Striga ' art 2 reduct > of the seed
proguction J.. tc .2 nfestation of Smicronyx
Spp. was assessed.

In order o consider herbivores in biological
control programmes rearing methods have to be
established. With regard to Smicronyx spp. and
J. orithya no rearing methods have been
described in the literature. Therefore, some
preliminary autecological studies have been
carried out.

Smicronyx adults were removed from S
hermeonthica plants in the field by an exhaustor
(suction method). Shce Siriga spp. ara the only
host plants, in the growing seasons 1994 and
1995 respectively, six pols prepared with S
hermonthica seeds were planted with sorghum. In
order to determine the reproduction rate per
female, after the emergence of S. hermonthica
ane pair of S umbrinus (male and female) was

placed in 2ach poi and the pot was surrounded
with 2 st plastic foil and covered with nylon
gauze. The 1 ..uber of galls produced per female
was racorded as well as the time when the first
larvae left their galls. In addition, for further

Yodor ¢ the life cycle of Smicronyx spp.
larvae  .e collected aiso by removal of fully
developed galls from Siriga plants in the field,
wiich were put '~ ~ontainers with a 10 cm wet
SC.. .ayer. The larvae lgit the galls and pupated in
gar ~~~ zells '~ *~~ soil, where they could be
sieved out a~d recorded.

v Omiga s 0 oers either caught in the field
' a ~sectne ¢ ' arvae were collected
from & ‘93 riants by hand ard put in cages
made out of .;ood ar.? osquito wire, T 3 larvae
were reguiariy feo v~ fresh Striga plants from
fields . .. pupation. In each insectary a potted
Striga 1 ant was situated and sugar water was
provided to ¢ie adults for food to stimulate egg-

laying.

In order to prove whether the polyphagous
Junonia larvae attack food crops cuitivated in
northern Ghana non-choice tests were carried out

*y food crops of northern Ghana. Therefore,
leaves of sarghum (Sorghum bicolor (L))
Moench), maize (Zea mays L.), pearl millet
(Pennisetum americanum (L) Leeke), yam
(Dioscorea rotundafa L.), cassava (Manihot
esculenta Crantz), okra (Abelmoschus esculenfus
L), cotton (Gossypium spp.), cowpea (Vigna
unguiculata L), soybeans (Glycine max L.).
groundnut {Arachis hypogaea L.). congo jute
(Urena fobata L), kenaf (Hibiscus cannabinus
L.), tomata (Lycopersicon esculentum L.} and
ch.l pepper (Capsicum annuum L.} werg
co ected in the field and offered to ten Junonia
larvae of the third and fourth instar. After 24
hours it was recorded whether they feed on them
or not. The exper enis were done with three
reolications.



o
i
PR
- N
. 3
¢ oa ¢
I
-
——
. ,
N ' -
-
L
. '
{ !
....... [T
( o .
) .45‘[
R .
-1 P

BYS)

' B
30,

.o

. . -
8. 5.
! PR
- .
[arunH -
SRRt S
PR S, &
[fs] r f | Lal
H Je
L RN
| [
- [

©“

¢
- -I
an 3 '
- IO , \
. .
~ ' I'
IS o - '
. , 5
, . .
; N s
' . ] . -
,
'
v S - o
< ¢ W . 5 '
. - : - - o
s N
N
. - e e - .
- A}
I D T ) |
N -
[V 1 1 -

v un WS,
Las s
2 J-..j E
et s
s € . "
was .. sl ow

v of 0 ga) o -

[V 8
P .
. N
S 2 5
_~l -
.
S >
.
, Lo
!
| .
.
“ '
4

v .
p sl X sl
.
s 's r.
ad
é oo w36,
r 5
: WSS
’I
3 1 ’ 1} I






<




Y

-
<
N
- Lo . e
- '
i | i ‘
A
‘, ) l y o - i
[ «
N .
~ ; v
4
" ; S
o O .
R NP >
>3 <
P C & 6( 2 ! L
Ex S 30 S, 22
I \ . -
' R, e e ,
A e Grin
I:A“\KH & ”nTP\ ¢ 997 e,

String (St oo e

Procee” 5 24> o S
A la F 4‘ 955 v_8i [l

461-462,

I

» o~ . 8, 463-489.

has e L0980 T s LT

s

(S - - n ' g :' [s1 e €
> 5 , K 76-82.

Yoomools & e

.. i L gl "
- 35, -2
meorou, ¢ ed. B
v i 0,287 s 6

Poozen s Lo of

r w V0 i Botanica,

T oo ey development of
A& P s e ter W, oeds.
.73, FRG, 501-509.

.,
AmAnaa

'ﬁi".'o ... g Plants,’

v

LT gy 54,

LT S "001t8 | e
' vooresistll o

- s e T g 3n stoe-
- . wo, 347363,



- St ; y
v
; 4 N W M -t -
D . we :
5" - " -
¢ - < -
- C3sT L VI iy
oL g_ - M ‘
X 0 g s “ .S «
. , . :
n - ¢ RS B T
Soser .. SC S
: oosen -
«36 v JI0 .o KT g
e e L C
18588 i 1795% Be o moav 198,
reported .7 LT L0 G veillwae bR
OXYSPGr ™ SP. v W77 00 00 e

SCTUssUe 02 st A nd. S
Seroarhom 992 ~otc e
S. herr on. ca ge

v Abbasher &
‘ ‘ral. es of
yS "or afed I F

aygar~ o over, 17 o s cuserved ., P
VRO T IR CY u g in speds after
ino- la inroot " LLlla L2 Gl Striga

fermopthing seeds v~~~ ordidore  prior the
ingcwation.

Variab "0 orosults forexcos 2 . 3 v )
alg el oo dett T appropriate
EXPOSLis required for o-o e Striga

B & ¢ 5t .
X - - 2- : .
R . y
SRR [:1:

. SO

- T L2 v

RN . S "o ¢ . S
T _.0s, -
. 1S, nodeme e S
s T m s LS v “
seed U'ssues. o mgho it O N e oo
L. Taus Lds LS 4. er
aconer g reeden : OCUS ... ...
mo ... 'ogical . ..Nges ocgurtrg o S

hermor*ticaseed ¢ 'seed coi’ . UL [..8enn of
F oxyspo Jm oacrospores and ¢ e ottt as

R 1) cagofpell 0 G0 L guS

vowoalthoms » s o oextress n2ic tanks to
e, Dey ove Researgt O

Cd - ‘ \n’:: . )r: ]E,:-,} SU ﬁ \..‘.v a“SC .
Jr Uiey,., Benhgmo, o ¢ ne Foprisiprine
oeotrom 800, L&



Advances in Parasitic Plant Research

by germinating surface sterilized sorghum seeds
and placing them in test tubes filied with a 28 ppm
Drew & Saker solution (Drew & Saker, 1986). After
7 days, the root exudate collected in the growth
media was filtered through a 0.45y Whatman®
filter.

After the 10 day
perlod S. hermonthica seeds from all treatments
were washed with sterile water and inserted into
wells of a microtitre plate (Plate 1). Each well
received 50-100 seeds from dishes of the various
treatments as well as a volume of 0.1 ml of
germination stimulant extracted from sorghum
roots. Microtitre plates were wrapped in aluminum
foil and placed in an incubator set at 30°C. Each
treaiment consisted of 12 replicates. Seed
germination was assessed after 24 hours. The
experiment was repeated once.

- Data were expressed as
percent germmanon and were arc sine sguare-root
transformed before statistical analysis (MANGVA).
Means were separated using the Neuman-Keuls
(NK} multiple comparison test.

Striga seeds of each treatment were embedded in
agarose blocks prior to the fixation of the material.
The procedure used to prepare samples for TEM
(transmittance  electroen  microscopy) was
described by Otivier e al. (1991). Fixation of the
samples was carried out using the double fixative
technigue wiin glutaraldehyde (3%) and osmium
tetraoxide (1%) with a cacodylate buffer.
Following the dehydration of the material in a
graded series of ethanol, infiltration was
performed using a resin composed ¢f Epon 812,
DDSA, NMA and DMP 30 and polymerization was
activated. Aiter hardening, samples were cut in
thin (1 pymj and ultrathin (0,1 pm) sections using
an ultramicrotome.

Given the results of the analysis of variance where
we found a significant effect of the trial factor, each
experiment was treated separately.

There was a sharp reduction in germination for
seeds treated with either macrosgores or crude
filtrate from F oxysporum for all three exposure
periods (10, 5, 2 days) {Figure 1). Crude filtrate and
macrospore treatments for each exposure period
were all significantly ditfferent from the control
(Figure 1, Table 1). The lowest germination (15%)
was observed for the 2-day exposure treatment
using a fresh Fusarium macrospore solution. This
treatment accounted for a 71% reduction in
germination compared with controls. In this
treatment, seeds were immersed in water for 8
days prior to inoculation. This soaking period could
help soften the seed teguments thereby making
seeds more permeable and/or more easily
penetrable by the fungus and its filirate. Valance
(19503 suggested that the aleurone layers of the S.
hermonthica seed become more permeable during
preconditioning. When the experiment was
repeated, Fusarium treatments (crude filirate and
spores) resulted in similar germination levels for
each exposure period (Figure 2, Table 2). Although
the reduction in gemination recorded in trial 2 was
lower than in trial 1, significant reductions in S.
hermonthica seed germination were, nonetheless,
obtained. The highest suppression in germination
(41%) was found for seeds incubatea with
macrospores for a 10 day period (Figure 2, Plate 2
a, b). Signs of radicle infection were also recorded
for samples inoculated with £ oxysporum M12-4A
(Plate 3). The possibility that wvariation in
germination rates were due to changes in the
microenvironment of seeds is unlikely since seeds
for all treatments were rinsed with sterile water
prior to their stimulation with the sorghum root
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rains) was hand planted. A spacing of 75 cm by 50
cm (2 plants/hill) was used resulting in a plam
population of 53,000 plants/ha. All plots except the
weedy fallow were kept free of all weeds except
Striga by hand-pulling. For the trap crops, a dual
purpose cowpea (variety ‘M15°) and a commercial
cotton variety ('BKA 757 were used. Siriga counts
were taken from the six center rows of each plot
after the first emerged Striga plant was observed
and continued after every two weeks until maize
reached physiclogical maturity. Striga counts were
then converied 1o plants/m2. Where hand-puliing of
Striga was to be done, this started when the first
blossom appeared n any of the plots. In most cases
two to three hand-pullings was done before the
crop matured. All fertilizer was applied at the time of
planing in treatments requiring . The ethylene
treatment was applied at 3 weeks after planting
maize at a rate of about 15 kg/ha. Maize was
harvested from the six center rows and grain yield
determined and adjusted to 15% moisture content.

The data were subjected to statistical analysis of
variance. Treatment effects were separated using
the Least Significant Difference (L.5.D.) method.

The beginning leve! of Striga infestation was high at
both sites {data not shown). At Alupe, after four
seasons (1993 LR), Striga density was the greatest
in the treatments which had continuously been
cropped to cowpeas or cotton and had been
fertilized, or in fertilized maize (Table 1). This was
largely due to the fact that the soils at this site had
been seriously depieted of its fertility after four
seasons of cropping. and only in the plots which
had previously been fertilized was there sufficient
maize growth to support Striga. This is further
substantiated by the fact that plots receiving
fertilizer were the highest vielding, even while
supporting the most Striga. Among the various
treatments, continuous maize with ethylene
resulted in the lowest Striga numbers, and
continuous maize with fertilizer and hand-pulling of
Siriga resulted in the highest yields.

At Alupe, after eight seasons of cropping, fertilizer
was applied uniformly to all treatments to minimize
the confounding effects of crop vigor and Striga
density in the soil an Striga parasitism and maize
vield. All treatments except unfertilized cotton reduced
Striga numbers compared to the control (continuous
maize with no fertilizer and no hand-weeding Striga)
(Table 1}, Cotton with fertilizer, and maize with
ethylene were the most effective treatments in
reducing Striga numbers. Although there was no
doubt some significant carry-gver of fertility in the
continuously fertilized treatments, there was greater
correlation between Striga numbers and yield this
season. The best yield was obtained with continucus
maize with hand-weeding and fertilizer, and
continuous maize plus ethylene. Continuous maize
with no fertilizer and hand-pulling yielded as well or
better than any of the trap crops or the weedy fallow.

At Kibos, there were large difference between
treatments after five seasons in both Striga
numbers and maize yield (Table 2). Treatments with
continuous maize generally supported less Striga
than those with trap crops. Cotton was significantly
better than cowpeas when fertilized. The most
effective treatment was continucus maize with
ethylene. The woil fertility status was much higher
at Kihos compared to Alupe and yields were higher
in both the fertilized and unfertilized plots. All
treatments vielded better than the continuous maize
control. The highest yielding treatments were
continuous maize with fertilizer and hand-weeding,
followed by continuous maize plus ethylene
followed by continugus cotton with fertilizer.

After seven seasons, however, there were no
significant differences between treatments in both
Striga density and maize vield (Table 2). Furthermore,
there was a large decline in Striga emergence in
regardiess of treatment, including the control where
Striga seed production was not curtailed.

In general terms, trap cropping was far less
effective in reducing Siriga numbers than was
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Emphasis in Skriga research will be the
definition and regional conduct of ISM trials using
available technologies. At the Sorghum Projects
Meeting held in Bamako, Mali from 9-14 December
1995, the following countries were recommended
for participation in this activity: in West and Central
Africa (WCA), Burkina Faso, Cameroon, Mali, Niger
and Nigeria; in Southern and Eastern Africa (SEA),
Botswana, Ethiopia, Kenya, Sudan, Tanzania and
Zimbabwe.

) Three categories are included:
1) Academic: training of students; 2) Group:
collaborative (PASCON/ICRISAT/IITA) training
courses for NARS technicians engaged in Striga

research, IGRISAT also participates in training
through the GTZ/Univ. of Hohenheim supra-
regional project, Ecology and Management of
Parasitic Weeds, and; 3) individual: working visits
of scientists and technicians.

- activities resulting
from technology generated by NARS and/or
ICRISAT will be conducted by NARS and facilitated
by ICRISAT,

Through assuming a leadership role and
intensification of collaboration with its partners,
{CRISAT will contribute to effective Striga
management on and increased and sustained
yield of pearl millet and sorghum in the African
SAT.
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subsistence farmers (hand-pulling, crop rotation,
burning) were investigated in close collaboration
with the national program (Institut d’Economie
Rurale).

Millet Striga research was conducted through the
Pearl Millet Improvement Program at ICRISAT’s
Sahelian Center near to Niamey, Niger. Although
Striga is a destructive weed, it is impaortant to
recognize that multiple factors contribute to grain
yield reduction in marginal fields. In a handpulling
experiment conducted at two locations in Niger,
reguiar (every 2 wk) Striga removal strongly
reduced infestation in pearl millet fields from the
second year (Fig. 1). A corresponding increase in
grain yield was observed at Bengou (Fig 1A), but
on less fertile soils at Sadoré, grain vield slowly
declined over the five yr of the experiment {Fig.
1B). Thus, management strategies for subsistence
farmers should target both Striga seed bank
reduction and enhanced host productivity.
Traditional technologies inciuding crop association,
crop rotation and delayed planting were adapted
for Striga management. Rotation of a nonhost
(groundnut) with pear! millet reduced the Striga
seed bank while improving grain vield (Fig 2).
Intercropping with another nonhost, cowpea, was
less effective than the rotfation (Fig 2).
Development  of  simple laboratory  assays
permifting selection of nanhosts for ability to
stimulate Striga seed germination may permit
selection of effective nonhosts to employ in
rotation or intercropping systems (Alabi et al.,
1994). Other strategies inclucding delayed sowing at
high plant population {Hess and Williams, 1994)
and transplanting from Striga-free nursery beds
(Berner and lkie, 1994 DE. Hess, unpublished
data) can contribute to  efiective  Siriga
management in Africa.

} . Although
Striga is present in dry, agricufturally marginal
areas of the Southern African Development
Community (SADC), it was identified by Mational
Agricultural Research Systems (NARS) scientists
as an economically significant production
constraint in only three countries (Botswana,

Tanzania and Zimbabwe). Together with NARS
scientists, the regional SADC/ICRISAT Sorghum
and Millet Improvement Program (SMIP) at
Matopos works to centrol Striga through breeding
of resistant sorghum lines. Of ihe nine endemic
Siriga species, three (red-flowered S. asiatica, S.
forbesii and S. hermonthica) were identified to
cause significant damage to sorghum in
Zimbabwe, Botswana, and Tanzania (Riches et al.
1987; Obilana et a/. 1988).

Between 1987 and 1992, testing and screening of
490 sorghum germplasm from 10 SADC countries,
together with 35 scrghum lines {SAR lines)
selected earlier for resistance to S. asiatica in india
occurred. Using ‘hot-spot’ fields at Sebele,
Botswana; Ukiriguru and Humbole, Tanzania; and
Kwekwe, Zimbabwe; a total of six genctypes were
identified as resistant to the three species (Obilana
ef al, 1991). The genotypes selected were: SAR18,
SAR19 and SAR35 for red-flowered S. asiatica in
Botswana; SAR28 and SPL38A x SAR29 for S
hermonthica and red-flowered S. asiatica in
Tanzania; and SAR19, SAR29 and SAR33 for S.
forbesii and red-flowered S. asiatica in Zimbabwe.
Only 2.9% of the sorghum germplasm showed
resistance to S. asiaticared flowered and S. forbesis
in Botswana and Zimbanwe. Resistance to al! three
species was identified in SAR 19 and SAR 28,

Research at ICRISAT has been restructured so that
projects, and no longer programs, are the hasic
unit of operation and management. Striga
management research is conducted through
Integrated Siriga Management (ISM) subprojects
within the global the Pearl Millet Projects and
Sorghum Projects. The principle research objective
is to facilitate the definition of ISM trials using
available technologies in collaboration with
national scientists of countries in which Striga is a
serious problem. Strategies are hased on cultural
techniques which reduce Striga seed number in the
soil and stabilize crop yield with supplemental
components drawn from the varietal resistance,
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are counted after 48 hours. For most legume
cultivars there is a guadratic response in amount of
S. hermonthica seed germination as distance the
seeds are placed from the root pieces increases. To
standardize different germination responses and
evaluate relathve amount of S. Aermonthica seed
germir  on induced by each cultivar, the area under
the germination curve, reflecting overall germination
induction, is calcufated with a Genstat™ 5 release 3
computer program for each row of disks in each
petri dish. Four petri dishes (replications) are used
for each cultivar and statistical analysis is based on
ind” “.ual petri dish means for area under the curve,
Only one replication per cultivar is done on any test
day. On each test day two petri dishes = *~ ~0 root
pieces are included as checks. To one of these
dishes 300 pl of distilled water are added to the
empty central ring; to the other, 300 ul of an agueous
10mg LT solution of GR24 are added. Areas under
the germination curve are calculated as for the other
dishes and the germination (area} induced oy both
distilled water and GR24 are used as covariates in
the statistical analysis of cultivars. The assay is
simple and inexpensive and is being adopted by
national programs for routine testing of promising
legume cultivarg that are already adaptad to the
specific locality. A typical range of relative
germination efficacy of soybean cultivars from
Nigeria ig shown in Table 1.

Field validation of the laboratory assay was carried
out with separate rotations of 4 soybean culiivars
(varying in laboratory evaluated efficacy from
extremel efficacious (Soy 1 to no maore
efficacious than distilled water (Soy 4)), and a
cowpea cultivar (ranked as very efficacious in the
laboratory) grown prior to planting a local S
hermonthica susceptible sorghum cultivar. A
sorghum-sorghum rotation was used as a check.
The fielg in which e eva'uation was conducted
was uniformly infested with S. hermonthica seeds
at the end of the growing season that preceded the
start of rotation study. Each legume cuttivar or
sorghum '»as planted i1 plots consisting of 8 10-
m-long rows. Four replications were used. In the
season following cultivation of the soybean and
cowpea cultivars, the local sort ™ ¢1 “var used

in the sorghum plots was planted in the respective
former legume or sorghum plots. Sorghum grain
yield and maximum numbers of emerged S.
hermonthica per sorghum plot were recorded.
Results of this one season rotation are shown in
Figure 2. There was a rank-order correlation
between laboratory efficacy and emerged S.
hermonthica of r = -1.00 (P < 0.01). Between
laboratory efficacy and sorghum vield the rank-
order correlation was r = 1.00 (P < 0.01).

Thus, the laboratory assay was shown to be an
accurate predictor of field efficacy of selected
fegume cultivars in reducing S. fhermonthica
parasitism and increasing sorghum grain yield. The
results show the benefit in being able to make an
gducaied specific recommendation for use of
effective legume cultivars and the danger in making
generic recommendations for crop rotations. A
generic recommendation to plant soybeans in
ratation with sorghum for S. hermonthica control
could have disastrous resuits if the only cultivar
available was Soy 4 {Fig. 2). Most significantly, the
benefits of an effective legume rotation were
demonstrable within only one rotation cycle.
Sorghum grain yield increased over 30 times with
the Soy 1-sorghum rofation as compared to the
sorghum-sorghum rotation and over § limes in
comparison with the Soy 4-sorghum rotation.
Maxir wm numbers of emerged 5. hermonthica in
the Soy 1-sorghum rotation were half that of the
Soy 4-sorghum rotation. The substantial and
relatively rapid effectiveness of legume cultivar
rotations, and the side benefits of improved soil
fertility, have also been demaonstrated with cowpea
(Carsky and Berner, 1995) and Aeschynomene
histrix (Weber, et al., 1995). Farmer demand in
Nigeria for not only soybean but also forage legume
seeds has now skyrocketed, and these rotations are
the focus of our integrated control program.

To ascertain the extent and degree of natural soll
suppressiveness in Nigeria, soils were collected
fraom farmers’ fields in 11 locations in Nigeria
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Figure 1
Effect of soil-incorporated herbicides on seed germination (0) and shoot elongation (x) of

field dodder. (a) pronamide, (b} pendimethalin, (c) fr™*uratin. (d) progiamine, {e) thiazopyr,
and {f) iscxaben.

Figure 2
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Experiments were performed under controlled
conditions (25C), using commercially available
herbicides at various concentration, expressed as
active ingredient. Herbicides were thoroughly
mixed in Rehovot soil, the soil brought to 50% field
capacity and put in petri dishes (90x15mm).
Twenty dodder seeds were planted in one row, and
covered with a layer (2mm) of treated soil and the
lid. The petri dishes (5 replicates/treatment) were
held in the dark, at 60 angle, to allow shoot growth
on the soil surface. Six days afier planting,
emerging dodder seedlings were counted and their
length measured. Herbicides tested were:
pendimethalin, trifluralin, prodiamine, pronamide,
thiazopyr, isoxaben, rimsulfuren, imazethapyr, AC-
263,222, imazaquin, flurochloridone, alachicr,
vernolate, metribuzin, and ethofumesate. Carrot
plants were grown in pots to the 3 leaf stage, then
10 acid-scarified dodder seeds were planted in
each pot. Herbicides were applied (5 replicates)
post-emergence at various rates starting when
dodder haustoria were connected to the host. Host
and parasite injury were visually rated periodically,
Five to six weeks after tfreatment, carrot plants were
harvested, shoot fwith the attached dodder) and
roots separated and fresh weight determined.

Germination started at 10°C, but very slowly, such
that more then a month was needed before first
germinating seed was observed (data not shown).
Maost seeds (80%) germinated within 2 to 4 days at
temperatures between 20°C and 35°C, whereas 11
days were needed at 15°C. At 40°C, germination
was below 20%. No differences were observed in
dodder germination rate between seeds that were
in dark or in continuous light. Field dodder
emergence is largely influenced by the depth of
sowing with maximum emergence occurring within
2 days on the soil surface. At deeper sowing

depths, the emergence was delayed and speed of
emergence decreased. No seedlings emerged from
depths below 10 cm. When similar experiments
were conducted in a silty-clay soil (Givat Brener,
41% clay) emergence was ca 75% at 0.5 and 2 cm
depths, but declined to 25% from 5 ¢cm. In Alumim
s0il (clay-loamy loess, 28% clay) emergence was
very poor at all depths tested {20% at 0.5¢cm, 5%
at 2 cm, and no emergence observed from 5 ¢m),
perhaps due to the hard crust that rapidly develops
on loess soils.

Our results are generally in agreement with
information reported by Hutchison and Ashton
{1980) in California. The wide range of potential
host plants and the adaptation of field dodder
seeds to germination in a wide range of
temperatures, allow the parasfte to germinate and
develop in places like Israel almost the whole year
round. Moreover, the seedlings capacity to emerge
from a deep layer of the cultivated soil (0 to 8 cm),
further broaden the ecological niche where it can
parasite, which may explain why field dodder is
such an extremely troublesome weed.

[n the three burial depths examined (5, 10 and 20
cmy, the number of seeds remaining intact
gradually declined with time. During the first 10
weeks (starting December 1993), a sharp decline
by 20 to 25% in the number of the remaining seeds
was observed, followed by much slower rate of
seed decay During the winter and spring of 1995
however, the number of remaining seeds declined
again thus, on the 67th week from burial, the
number of surviving seeds is 60, 80 and 40% of
the initial number at 5, 10 and 20 ¢m, respectively
(data not presented). The differences between the
shaliow burial depths (5and 10 cm), and the 20 cm
depth in terms of the number of recovered seeds,
increased with time. 1t seems that the missing
seeds either germinated inside the nylon mesh or
decayed in such a way that we were not able to
identify them. These data may indicate the potential
of using soil cultivation, such as ploughing that can
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Table 1

Soil {control} 100 a 100 a 100
Gliridicia sepium 79 ab 91 ab 85
Leucaena leucocephela 73 bc 86 abc 80
Croton rmegalocarpus 63 bed 84 abc 74
Markhamia lutea 58 bed 54 d 56
Maize (H512) 56 cd 454 51
Sorghum (Serena) 514d 58 cd 55
Seshania sesban 50d 66 bed 58
Calliandra calothyrsus 48d 107 a 78
Leucaena diversifolia 47d 68 bed 58
Coefficient of variation 27 27

For gach species seperately, means followed by the same letter within a column are noft significantly gifferent at the 0.05 lavel
according to Duncan'’s multiple range fgst.

Table 2
Sorghum (contral} 1002 100 a
Letcaena leucocephela 46 b -
Leucaena diversifolia 43 b i00a
Sesbania sesban 20¢ -
Markhamia lutea 15¢ -
Calliandra calothyrsus 15¢ 22h
Gliridicia sepium - 17 b
Coefficient of variation 25 22

" For analysis. percenlage data were transformed using arcsin.
For each species seperately. means followed by the same letier within a column are not significantly different at the 0.05 level
according to Duncan’s multiole range test.
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(hybrid "H512") were sown as controls and also
pots with only soil and Striga seeds were used.
After three months, Siriga seeds were exiracted
from the soil and counted using procedures
described by Ndungu et a/. {1995). Striga seed
counts were analysed with an Analysis of Variance
and then presented as percentage of counts from
the bare soil contro! (Table 1).

Seeds of the same set of tree species were sent to
Germany ic be evaluated in a laboratory
experiment using root chambers according to the
method described by Linke and Vogt (1987) and
modified by Vogt (1993). The design was a CRD
with three replications. Each root chamber
contained one germinated tree seed and S
hermonthica or S asiatica seeds. Sorghum
(variety "Mankaraga’ from Ghana) was used as a
control. Striga seeds were sown on the filter paper
using a template to apply the same amount of
seeds in the same pattern to all chambers. An area
of 7.5 mm on either side of the growing reots was
marked on the plexiglas of the chambers with a
felt-tip pen and the germinated Striga seeds within
this area were counted at weekly intervals. After
five weeks the experiment was terminated. Data
were set as percentage of seeds germinated by the
control. The percentage data were transformed to
arcsin and then analyzed using an Analysis of
Variance and means separated using Duncan's
multiple range test.

Seeds of all tree species except Grevillea robusta
germinated well and developed into viable plants
for the pot experimenis in Kenya. After 3 months,
less than 20% and 40% of the initial Sfriga seeds
were recovered from the elutriation system for S.
hermonthica ana S. asiafica, respectively. This was
largely thought to be due to natural aftrition and not
loss in the extraction process (Ndungu, etal,
1995). Only Gliricidia sepium failed to reduce

Striga seed numbers compared to the control, for
S. hermonthica, and G. sepium. Leucaena
feucocephala, Croton megalocarpus and Calliandra
callothyrsus for S. asifatica (Table 1),

In the labgratory experiments the growth of the
tree seedlings was a major proilem for the root
chamber trial. Several of the trees failed to
establish and the slow growth made it difficult to
compare the tree species with the cereal check
when germinated at the same time. All trees
induced some germination, though the rate of
germination was very much reduced compared to
the sorghum, due to the fact that the germination
of the parasite depended on the extend of the
fiosts” root system as well as the activity of the
exudate. Markhamia lutea, Calliandra callothyrsus
and Sesbania seshan, particularly, induced litile
germination of Striga hermonthica, Leucaena
diversifolia was as effective as the susceptible
crop sorghum in germinating Siriga asiatica
(Table 2).

The two series of experiments showed that some
leguminous tree species have the potential to
reduce Striga seed banks in the soil and could be
used as a component in controlling this weed. Cut
of eight species tested, three (Markhamia lutea,
Seshania seshan, lLeucaena diversifolia) were
consistent in germinating Striga across  all
experiment and their effectiveness should be
further verified In the field. The use of Sesbania
sesban in a managed fallow system directed
toward controlling Striga appears especially
encouraging, as this species can induce high levels
of suicidal germination, it can be established by
seed, grows quickly relative to other species, fixes
nitrogen, and can be easily removed from the field
at the end of the fallow (ICRAF, 1994). Other native
trees and plants may have similar or better
potential for Striga control, and additional
screening should be carried out.

However, the methods used for this screening need
further improvement. For the root chamber
technigue it is essential to keep the germinated tree
and plant seeds alive for a longer period of time, to
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0 {control)@
7

14

21

28

364 a
345ab
26.3 ab
25.9 ab
16.8 b

Table 1

Striga germination %

463 a 482 a
38.6 ab 41.7 ab
2o 32.8 be
296b 30.4 be
26.1b 27.8¢

48.2 a
417 ab
329 he
305 be
279¢

* Controf treatment consisted of directly sovwp sorghum to the roel chambers at the time of fransplanting significante at P <
0.05 is ingicated by various loveer case letters.

0 (control)d
7

14

21

28

20a
202
i7a
1.2a
0.0a

Table 2

Striga attachment (%)

74a 136a
50ab 93b
3.0bc 40¢
2.8 be 42¢
09¢ 4.2¢C

1444
930
42¢
46¢
44¢

* Control ireatment consisted of directly sown sorghum to the root chambers at the time of ransplanting signiticante ai P <

0.05 is indicated by various iawer case lefters.
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along the host root. The experiment was
terminated four weeks after transplanting of
sorghum 10 the root chambers. Four replicates
were used for each treatment which were arranged
in completely randomized design. The experiment
was carried out twice.

The experiments were carried out in a glasshouse
at 35-30/25-20C and 12/12 hours day/night
conditions. Plastic pots {18x18x18 cm) filled with
2.1 (v/v) loam : sand were sown with 15 sarghum
seeds in weexly intervals for four weeks and
thinned a week after sowing to 10 plants/pot. For
transplanfing sorghum seedlings were extracted
with the help of a small stick, while extra soil on
the roats was removed carefully by shaking. Two
sorghum seedlings per pot were then transierred
to pots of the same size which contained 100 mg
of preconditioned S. hermonthica seeds (collected
from Ghana, 1991) in the upper 10 cm. Treatments
were direct sown sorghum either four weeks
before transplanting or at transplanting date and
sorghum that was transplanted at 4 different ages
(7, 14, 21 and 28 days old). Liguid fertilizer, 2 %
Wuxal super (8:8:6), was applied at a rate of 200
ml/pot two weeks after sowing. Four replicates
were used which were arranged in completely
randomized design, the experiment was
terminated 12 weeks after sowing and/or
fransplanting and was repeated twice.

For data collection the number of emerged Striga
shoots/pat were counted weekly starting from the
first parasite occurence. Dry weight of both, Striga
and sorghum, was determined at harvest.

For statistical analysis, the data were subjected to
an analysis of variance, where F-test was
significant, comparison between means was
performed using Duncan’s Multiple Range Test at
PZ(.05.

Transplanting of 14 to 28 days old sorghum
seedlings reduced the germination of S
hermonthica seeds significantly compared to the
directly sown crop (Table 1). This effect can be
attributed to the fact that the production of the
germination stimulant is confined to a restricted
zone just near the root tip (Brown and Edwards,
1944). The number of Striga attachments were
also significantly reduced in transplanted
compared to directly sown crop (Table 2). In
addition, negligible attachment was observed o
sorghum roots that were developed before
transplanting of the crop. Transplaniing also
resulted in a fower number of parasite shoots
(Table 3). The resistance of older sorghum roots to
Striga penetration could be due o the development
of substances like lipids, phenols, suberin and
lignin in the roots, which are deposited in the walls
of epidermal, hypodermal and endedermal cells.
These cell wall modifications were reported to
appear at a short distance from the root apex of
sorghum (Rolando ef al, 1992). However,
sorghum roots that were 39 to 111 hours old were
found to show no resistance to the parasitism by
S. asiatica (Ramaiah ef al, 1991). The authors
explained the nan-significant effect of sorghum
roat age on the parasite incidence by tha relative
youth of the sorghum root. They also claimed that
the presence of cell wall thickenings and
lignification of the pericyclic cells in the host root
tissue may delay the penetration process of Striga
haustorial cells to the extent that it consequently
fails to establish. The difference to the results of
gur study could be atiribuied to the difference in
sorghum rootf age. In the presented study sorghum
seedlings used were 7 to 28 days old, while
Ramaiah and co-workers used sorghum seedlings
that were less than five days old. With the increase
of the age of sorghum roots more deposition of
thickening and lignitying materials can be expected
(Rolando et al,, 1992).
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Table 3

Untreated control 6.12 3.40 2.66 421
Urea {U) 9.32 11.01 5.88 9.04
Dicamba (D) 9.01 10.52 313 579
D+U 15.81 12.19 7.04 8.04
Chlorsulfuron (Ch) 12.92 9.53 8.41 7.80
Ch+U 16.17 12.31 13.63 10.39
Ch+D 13.25 12.29 977 740
Ch+U+D 16.04 12.64 12.83 12.27
SEx 1.03 0.903

* Urea at 190 kg/ha, dicamba 300 g/ha, Chiorsulfuron 2.4 g/ha, G/H = Gadam.
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Table 1
Controli 0 13.5 179 242 394
Imazapyr i5 13.0 619 27 187
Imazapyr 30 1.8 538 25¢ 324
Imazathepyr 70 a9 399 19.2 22.0
imazathepyr 140 92 218 3.4 23.7
Chlorsulfuron 10 10.0 307 55 16.0
Chiorsulfuron 20 10.7 456 47 124
Rimsulfuron 15 117 355 29.2 332
Rimsulfuron 30 8.4 249 14.5 21.0
Halosulfuron 60 85 364 48 10.0 .
Halasulfuron 120 8.5 260 7.7 353
Metsulfuron 5 75 215 5.0 175
Metsulfuron 10 6.2 17 52 13.7
Sulfometuron 50 3.8 86 0.5 74
Sulforneturon 100 3.2 86 0.0 84
LSD 0.05 25 77 17.3 287

? two weeks after emergence. plot size = 3.75 me.

b Striga  rowth was assessed visually, where: ) = no emergence; 1 = small plants. no floy »ring:

2 - medium plants. some flowering: 3 = larger plants. full flowering, 4 - large plants, some capscles;
5 = large plants. full capsuides.
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infested with Striga hermonthica. PH 3245 IR, a
maize hybrid commercially available in the USA,
which has homozygous target site resistance to
imidazolinone herbicides, was used in both
experiments. Plots consisted of two 2.5 m long
rows with a 75 cm spacing. Within these rows,
maize was planted two seeds per hill, with hills
spaced at 50 cm. Seven herbicides within the
imidazolinone and sulfonylurea herbicide groups
were applied to the seed in the planting hole as a 1
ml aqueous solution. The list of herbicides and
rates used is found in Table 1. The rates utilized
were hased on the rates that were found to have
some post-emergence efficacy in IR maize in the
USA (personal communication, T. English) or from
published rates for other uses. The experimental
design was a randomized complete block with 3
replications. No fertilizer, insecticide or fungicide
was applied and all weeds except Siriga were
removed by hand.

Maize stand establishment was determined about
2 weeks after planting. Striga counts were made
an the entire plot every 2 weeks beginning when
the first emerged Striga was noted (about 6 weeks
after planting). A visual rating of Striga growth
was made at 12 weeks after planting tc appraise
their potential to reproduce. Grain vyield was
obtained by harvesting the entire plot, and was
adjusted to 15% moisture. These data were
subjected to analysis of variance (ANOVA)
combined across locations and means were
separated using the least significant difference test
at the 5% level of probability.

For the variables measured in these experiments,
there was no significant locaticn by treatment
interaction, so all data are presented as a mean of
the two locations. Locations differed significantly,
however, in number of emerged Striga at 12 weeks
and in maize vyield (separate data not shown).
Averaged across all treatments there was
significantly more Striga at Aluge (7.7/m2) than at
Kibos (2.9/m?) at 12 weeks. Conversely, the

average yield at Kibos (1050 kg/ha) was greater
than that at Alupe (520 kg/ha).

Maize stand was significantly reduced compared to
the untreated control by a number of treatments
(Table 1). Sulfometuron was the most damaging to
maize of the herbicides included, followed by
metsulfuron and halsulfuron. Stand establishment
was not affected by either rates of imazapyr or
chlorsulfuron nor by the lower rate of rimsulfuron.
There was good uniformity in distribution of Striga
within both experiments. There was a relatively
large increase in the number of Striga between the
8 and 12 week counts at Alupe (2.2 to 7.7
plants/m2) compared to Kibos (2.4 to 2.9
plams/mz) (data not shown) There were
signiticant differences between treatments in the
number of Striga supported 8 weeks after planting
(Table 1). Rimsulfuron, a herbicide with very short
persistence, did not contro! Striga at the rates
included in the experiment. The best early season
control was achieved with both rates of imazapyr
and the highest rate of sulfometuron, although the
latter can be explained by poor maize olant stand.
By 12 weeks after planting there was an increase in
Striga numbers in all treatments. However, the size
of the Striga was very reduced by imazapyr,
chlorsulfuron and sulfometuron, so much so that
there was little or no Striga seed set (Table 1).

PH 3245 IR was poorly adapted to Kenya, as it was
developed for and marketed in the corn belt region
of the USA. PH 3245 IR was susceptible to
northern corn leaf blight (Setophaeria turcica) and
maize streak virus which were prevalent within the
experimenis. These diseases did not affect all plots
uniformly, making an accurate assessment of
treatment effects on vyield difficult. In general,
yields were very low relative to the potential for
maize in this area. Nevertheless, there were
significant differences hetween treatments (Table
11. Treatments which were partially phytatoxic to
maize, such as metsulfuron and sulfometuron of
that allowed for early season Striga parasitism,
such as rimsulfuron generally had the lowest
yields. The highest grain yield was achieved with
imazapyr at 15 g a.i/ha.
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glyphosate treatment. Researchers in Spain
(Garcia-Torres and  Lopez-Granados, 1991),
ICARDA (Saxena ef al., 1994) and Egypt (Saber &f
al, 1994) found similar resuits when using the
same three herbicides against 0. crenata on faba
bean.

Hand pulling of orobanche shoots did not result
neither in seed yield increase nor in improving the
vield components. The damage caused by
underground stages of the parasite seems to be as
important as the emergent shoots in affecting
considerably and negatively the yield. Kharrat et al.
(1994) found that the non-emergent orcbanche
affect the growth and the seed yield of faba bean
regardless of the number and biomass of emergent
broomrapes.

it could be concluded that 0. foefida could be
controlled by pre-emergence application of
tmazethapyr or imazaquin at the rate of 0.08 kg
a.i./ha. Integrated control of the parasite could also
e achieved in heavy infested fields by using one oi
these herbicides, moderately resistant lines and
delayed planting as already shown (Kharrat and
Halila, 1994).

The authors wish to thank the GTZ/Faba Bean
Maghreb Research Network (REMAFEVE) project
for its financial support of this study. The authors
are thankful to technical staff of Beja Research
Station for their assistance.
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concentration ranges: triasulfuron at 0.01-10.0
mg/l a.i., chlorsulfuron at 0.01-10.0 mg/! a.i. and
rimsulfuron at 0.25-12.5 mg/l a.i. Treatments were
replicated 5 times (5 bags). Expeiiments duration
was 7 weeks.

All three herbicides at all
concentrations (0.1-10.0 mg/), applied at the
germination stage, reduced radicle elongation by
45-56% as compared to the untreated coriroi
{Table 1}. At the lowest concentrations (0.1 m¢. .
radicle appearance was not affected. High
concentrations  (1-10 mg/l)  significantly
augmented the percentage of necrotic radicles and
the damage to radicles, as was observed at the
10.0 mg/l chiorsuliuron treatment that caused 81%
necrotic radicles (Table 1).

Sequence of
events of 0. aegvptiaca development in
polyethylene bags was as follows: 3-4 days after
GRoy4 injection, seed germination rate reached 60-
80%; 1-3 days after germmation the first
attachments  appeared; 10-15 davs after
germination, maximum attachmoris  were
cbserved (40-80 per bag v 1out GRy4 stimulation
and 160-260 per bag = 1 GRog stin . ation).
Ninety percent of the attachmanis developec nto
tubercles and spiders and a few into stems and
flowering inflorescences. New ger~inati~g seeds
continued to attach to the host roots for a period of
one month but at a low rate.

© When ¢hlorsuifuron was applied at
the germination stage, damage to Orobanche
radicles was detected 5-7 days after harbicide
application . Ten days after application a decline in
the number of attachments and fubercles was
observed in all freatments. The parasitism process
continued, but many of the attached radicles turned
necrotic (Fig.th). Few attachments developed into
tubercles, but these turned necrotic after one week.
The same effect was cbserved, when ch.orsulfuron

was applied at the preconditioning stage (Fig.1a).
When * » hg picide was applied at tubercle stage,
80% of the tubercles turned necrotic after 10-15
days (Fig.1c). Eighteen -30 days after application,
big spiders and stems turned necrotic tco.
Development of new attachments vas not
cornpletely stopped, but the attachments failed to
develop into tubercles. Application of chlorsulfuron
(0.1 mg/l) at the three different parasite
developmental  stages  prevented  further
development of young tubercles. New attachment
formed after 21 days and continued to grow into
tubercles, but these were deformad, having
stubbed  papillae.  This  phenomenon s
characteristic of sulfonylurea herbicides damage to
Orobanche as exhibited throughout this study.
Ghlorst * -on and triasulfuron at 0.01 mg/l did not
reduce the number of attachment and parasites on
tomaio roots, but 10-20 % of the tubercles
acquired a strange form. High concentrations of
chigrsulfuron (1 and 10 mg/l) were phytotoxic to
tomato plant.

Triasulfuron aprplied at  u¥farent  parasite
development stages significantly reduced the toial
numper of parasites attached to tomato rocis (data
10t presented). The gamage caused by triasulfuron
at 0.1 mg/l as compared to chlorsuliuron at the
same concentration was minor and disappeared
a*~ 34 days , so that the number of parasites

found on . tc roots after  is peric | 'vas the
sa~? as on the _ni-eated control. ligh
concentrations of Triasulfuron (10 ~7 ' were

phytotoxic to tomato piant.

Rimsultu-o~ appled at
preconditioning  stage, delayed Orobanche
development. The irhibition disappeared after 28
days at 25 m | and after 35 days at 12.5 mg/l
(Table 2). " ~st' pnat2.5and 12.5 mg/l applied
at germination or tubercle stages, delayed
Orobanche development. and atiac.. .2nts and
tubercles appeared necrotic. Four veeks ~‘ter
herbicide appiication most of the new attac  .2nts
and tubercles began to appear healthy. After 28
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Table 1
Chigrsul 1 375 + 25.0 ab 17.5 a-¢ 45534 0b
28.4 3 20.3 ab 3.82ab
7.50 + 21.4 ab 18.6 ab 3.56 ab Ob
- 23.0zab 171 a-c 3.20 a-c
15.00 + 16.8 b 126¢ 234 be Ob
- 13.8 b 8.6cd 148¢
Triasulfuran 375 + 322a 20.1 ab 363 ab Ob
- 306 a 225a 472 a
7.50 + 338a 19.7 ab 3.65 ab 0b
- 3302 18.7 ab 3.58 ab
15.00 + 3443 226a 4714 0b
330a 21.6a 427a
Untreated + 254 ab 143¢ 262 be 228a

T Tomato transplanted in (+)  Orobanciie u ssted o {-j = Orobanche frag soil. on Mareh 21 Msans in each column followed
by the saniz letter dp pot o o Significantly {P= 0.05.)
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Figure 1
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C 93 19.8 37 70% 0 0 0 0
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3 18.3 4 a0 1 2 2 3 < 6 meters
4 19.8 36 80 _ 0 1 2 3 < 2 meters
5 10.7 20 0% 2 2 Z 6 < 5 meters
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Table 1
Striga source 1 705 **
Serghu , genotypes 80 480 -
Parents 8 948 **
Pare s vs hybrids i 64
Hybrids 71 430 **
GCA g 2920 **
SCA 27 66 **
Reciprocal differences 36 765 ¢
Sorghum genotype "Siriga source interaction 80 g2 7
Parents “Striga source 8 52
(Parents vs. hybrids) “Striga source 1 1.9
Hybrids "Striga source 71 64 *°
GCA "Striga source 3 4.1
SCA “Striga source 27 6.0 °
Recipr. diff. "Striga source 36 73 **
Experimental error!) 289 3.5
1) Degrees of freedom reduced due to heterogeneity of error variances and deductions for missing values; *. *~ Significant af

the 0.05 and 0.07 probability levels. respecth-~"
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Table 3
PARENTS
CG14 - 0 - 0
WAB 56-104 38 16.3 3.3 105
Progeny
WAB450-18-3-2 4.1 18.5 2.0 4.0
WAB450-24-2-17 3.0 95 28 70
WAB450-24-3-6 4.4 20.3 256 78
WAB450-25-1-9 43 208 2.5 6.3
WAB450-25-2-9 50 26.8 2.1 55
WAB450-25-3-9 3.8 148 20 35
WAB450-25-3-2 4.5 20.3 1.8 3.3
WAB450-29-3-18 28 83 27 7.5
SE 0.8 0.7

Table 4
1R49255-BB-5-2 1,00 0
0. punctata 1,85 2.8
B3193F-165 3.07 8.8

SE 0.66
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IR47255-BB-5-4. These also appeared resistant in
pot cufture to S. hermonthica collected from
Dokaha, Cote d’ivoire and Homa Bay western Kenya.
All other 0. safiva lines proved susceptible. Low
levels of susceptibility to S hermonthica, were
observed among 0. glaberrima accessions and a
number which appeared completely resistant to S.
aspera did not support emergence of S. hermonthica
from Cote d'lvoire. This pattern of response was
confirmed in a subsequent pot trial (Table 1). The
introduced 0. sativa cultivars lguape Cateto and
IAC165, which are widely grown in northern Cote
d’lvoire, are highly susceptible in pot culture to both
S. aspera and & hermonthica, as is commonly
observed in the field. Of other 0. safiva accessions,
the iowest susceptibility was observed for WAB0688
(T1}, a traditional landrace. In a series of field trials
in western Kenya, lines 1R49255-BB-5-2 and
IR47255-BB-5-4 supported less than 10% of the S.
hermonthica dry weight observed on susceptible
check fines (Harahap ef al, 1992). Resistance to S.
aspera from Cote d’lvoire and S. hermonthica from
both West and East Africa was confirmed during the
current study. A high levels of resistance to both
Striga species from Gote d'lvoire was demaonstrated
for O. glaberrima lines ACC102196, Makassa and
1610 although these did support the emergence of
the S. hermonthica sample from Kenya. Striga did
not start to emerge on these until between 13 and 21
days after it was first observed on the susceptible
cultivar Namroo. Striga growth following emergence
was also limited onthe 0. glaberrima accessions. On
ACC102196, for example, mean dry weight of
emerged parasite stems was (.44 g at 96 days after
planting, compared to more than 2.2 ¢ on Namroo.

The very high levels of resistance, in terms of
parasite emergence observed in pots, were not seen
at parasite infested field sites in Cote d'lvoire (Table
2). However, S hermonthica emergence was
delayed and total number of parasite stems were
less on 0. glaberrima lines, 1R49255-BB-5-2 and
{R47255-BB-5-4 compared to the check 1AG165.
This response was less evident at the 5. aspera
infested site. Here, due to the effects of Siriga, there
was a considerable difference in the growth of rice
lines. TAC165 and the traditional 0. sativa landraces

T1 and M2 produced stunted plants from which little
biomass was harvested in comparison to (R48255-
BB-5-2, IR47255-BB-5-4 and . glaberrima lines.
Further field testing is needed to assess the yield of
these lines at infasted sites.

The resistance observed in pot culture of 0.
glaberrima CG14, to both S. aspera and S.
hermonthica, was not expressed in the F7
generation of the progeny resulting from the cross
of this line with the susceptible O. sativa line
WABS6-104 (Table 3). In order to increase the
fertility of the hybrids, it was necessary 1o
backcross the F1 generation twice to the 0. safiva
parent. This process appears to have produced
progeny with Striga susceptibility similar to the
susceptible 0. sativa parent rather than transferring
resistance to the hybrids. This suggests that it
would be difficult to use 0. glaberrima as a source
of Striga resisiance in a breeding programme,

A sample of the red flowered morphotype of S.
asiatica, collected from upland rice in Zanzibar, was
also included in the initial pot screening trials. With the
exception of IR49255-BB-5-2 and IR47-BB-5-4 all
lines tested, including O glaberrima types, supported
parasite emergence indicating that cross resistance of
rice lines to different Striga species is not general. 0.
sativa line B3193F-165, reported to be resistant to S.
hermonthica in Kenya (Harahap et a/, 1992) was
particularty susceptible to S. asiatica (Table 4). The
resistance of IR49255-BB-5-2 was confirmed in this
subsequent trial.  The wild species 0. punclaia
(sample from Zanzibar) supporied emergence of the
red flowered form of S. asiafica in pot culture. In the
single test conducted to date, this wild rice appeared
resistant to the yellow flower morphotype of the
parasite (sample from Cote d'lvoire). These results
should now be verified at S asiatica infested field sites.

C.R. Riches and D.E. Johnson were funded by the
UK Overseas Development Administration’s
Renewahie Natural Resources Research Strategy
through The Natural Resources Institute.
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Total
T menis
Environment (E)
Replicates within €
Genotype (G)
GxE
IPCAA
IPCAZ
IPCA 3
Residual
Error

i

& Mgan Square x 109

747
186
16
51
10
160
25
23
21
N
510

Table 1

7.1
20.64
187.40 **~
5.94
1203 "~
450
168.59 "
4357
3.08 NS
1.04 NS
2.29

b Fraction of sum of squares associated to each term or interaction.

€ figan Square x 107
? gi=112,

Hvpothesis constructed based on a mixed model, the significance of the AMMI models based on postdiction.
NS, = 2 P0.05:0.05:P>0.01,0.015P>0.001,.0.001>P>0.000. respectively.

AMMIO
AMMIT
AMMI2
AMIIZ
AMMI4
AMMIS
DATA

43015
416.69
44279
453.85
471.49
484.62
493.56

Table 2

72.3
56.4

5.7

2.3
136
576
13.6

9.0
19.8
220

9.43
21.68
138.21 =*~
18.27
47.82 ©-
8.38 "’
45.82 " -
5.08 NS

0.72 NSt
409

213.43
187.46
223.34
226.66
228.33
228.40
229.65

572
31.3
132

6.8
19.1
85.3

8.7
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Both postdictive and predictive assessments were
used to analyze the GxE interaction (Gauch and
Zobel, 1988). In the postdictive assessments,
those IPCAs which were not significant were
pooled into the residual term. In the predictive
asessment, two random replications for each GE
combination were used for construction of the
model and the other two replications were reserved
as validation observations. The Root Mean Square
Predictive Difference (RMS PD) was used as the
criterion for predictive success; the RMS PD is the
square root of the squared difference between the
predicted values and validation observations,
summed over all genotypes and environments and
divided by the number of validation observations
(Nachit ef al 1992). A small value of RMS PD
indicates good predictive success. The average
RMS PD value of 25 validation runs was used.

When ane IPCA axis accounts for most GxE, a
related graphical aid in interpreting the GxE
interaction effects is the biplot suggested by Zobel
et al. (1988) (Fig. 1,ab). Genotypes and
gnvironments are plotted on the same diagram,
facilitating inference about specific interactions of
individual genotypes and environments by using
the sign and magnitude of IPCA1 values.

Genotype and environment main effects and their
interaction were highly significant {0.001>P>0.0001)
(Table 1), suggesting a broad range of genotypic
diversity and environmental vanation. Based on
postdiction, the AMMI2 model for this study was
stafistically significant. However, in the predictive
sense, the AMMIT model was superiar, showing the
least deviation from validation data, based on 25
randomizations (RMS PD of 416.69 kg/ha, Table 2).

The biplot shown in Figure 1.a, simultaneously
summarizes information on genotypic and
gnvironmental main effects and interactions
(IPCA1) as defined by AMMI1. Displacement along

the abscissa reflected differences in main effects,
whergas displacement along the ordinate
illustrated differences in interaction effects.
Genotypes with IPCAT values close to zero show
wider adaptation to the tested environments. A
large genotypic IPCAT values reflects more specific
adaptation to environments with IPCA1 values of
the same sign.

Three groupings of genotypes are evident from
Fig. 1,a:

includes Genotypes 2, 8, and 11, that is,
Orobanche resistant genotypes. They show a
nomogeneaus mean yield response close to the
grand mean and a similar large negative
interaction. For these genotypes, the AMMIT model
predicts genotype vyields that are close to those of
the AMMIO model in environments with JPCAT
values near zero, larger yields than the AMMIO
model in environmenis with negative environment
IPCAT véalues, and smaller yields than the AMMIC
modgel in environments with positive environment
IPCAT values.

. consists of Genotypes 1 and 6, two
commercial genotypes, susceptible to Orobanche
Their IPCA1 scores are positive and large while
their mean yields differ from each other.

‘Tconsists of Genotypes 3,4,5,7, 9, and 10.
It is a very heterogeneous group, consisting of
experimental and commercial genotypes. They
show a similar mean response above the grand
mean. They show the smallest interactions, and are
therefore the most stable genotypes.

The environments show much variability in both
main effects and interactions, 1PCAT for
environments showing no clear patterns {(Fig. 1,a).

Additive main effects and multiplicative interaction
analysis showed that environments, genotypes and
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Table 1

V articulata 5 0.38 6.15 6.6 (0-23)
V benghalensis 5 1.60 4.36 332 {0-110)
V ervilia 4 3.39 521 64.5 (11-166)
V. hirsuta 3 0.96 5.22 7.7 {4-10}
V. hybrida 3 2.50 6.64 378 (22-55)
V. lutea 3 128 784 16.0 (7-22)
V. pannonica 2 1.66 576 23.0 (23-35)
V peregrina 4 0.00 5.85 0.0 (0-0
V¥ sativa 17 1.82 6.01 303 (2-99)
V. viflosa 10 1.87 7.84 239 (0-49)
V ecracea 1 550 450 122.0

Y fulgens 1 1.00 571 18.0

V. hyreanica 1 4.00 9.94 40.0

V. monanthos 1 5.50 8.34 66.0

V. narbonensis 1 675 7.51 90.0

V. palaestina 1 0.75 7.25 10.0

V sicula 1 1.50 7.29 21.0
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VE45
VF34
VF132
YF131
VF121
VF47
VF61
VF49
VF36
Prothabon
\/Fd4
VE{67
VF43
VF59
V89
VF46
VF181
VFA1
VF73
VE147
VF40
VF2
VF72
VE22
VF39
VE27
VF124
VFG4
Va7
VF100
VF164
VF54
VG2
VF35
VF38
VF173
VF119
VF26
VFHT

1. Means with the same number are not significatively different (test LSD. F < 0.05).

7.64
7.06
4.09
4.34
5.03
5.70
3.51
4.45
3.36
4.52
2.90
3.34
339
2.67
344
317
1.82
3.23
215
3.15
2.71
1.90
2.25
2.83
2.31
2.67
1.89
1.88
179
1.83
153
1.13
1.49
1.06
1.36
1.12
1.46
0.72
0.82

Table 1

4.96
478
3.50
424
4.21
5.23
3.83
4.44
3.89
4.52
3.42
470
434
4.02
5.33
4.53
3.70
5.26
3.88
5.18
4.39
3.85
4.04
5.75
4.75
5.69
474
4.51
4.88
4.56
4.99
3.52
5.80
4.20
4.61
4.49
543
3.91
4.40

168.9 21
164.8 a
138.3 ab
j21.3 abc
119.9 abe
112.0 abed
101.7 bede
101.1 bede
100.5 bede
100.0 bede
82.8 bedet
796 bedef
78.9 bedef
75.4 cdefg
70.9 cdefg
65.4 cdefy
62.0 cdefg
61.8 cdefy
61.6 cdefg
59.0 defg
58.4 defg
57.0 defg
53.8 defg
52 0 defg
438.3 efg
46.1 cefg
44 3 eig
441 efg
38.5 Ig
368.31g
3061y
30.2 fg
28.2 fg
281 fg
275%
26.0 g
254 1g
184 ¢
1724

Gr o
Green
Dead with pods
Dead with pods
Green
Green
Dead with pods
Green
(Green
Green
Dead with pods
Dead
Green
Dead with pods
Dead
Dead with pods
Dead with pods
Green
Dead with pods
Dead with pods
Dead
Dead with pods
Dead with pods
Dead with pods
Green
Dead with pads
Dead with pods
Dead with pods
Dead
Dead with pods
Dead
Dead with pods
Dead
Dead
Dead with pcds
Dead
Dead with pods
Dead
Dead
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As the result of the directed selection during the
pericd 1987-1995, the developed ling-restorers of
fertility had to be resistant to two main pathogens,
Orobanche and downy mildew. These lines also
possessed other valuable characters: higher oil
content, good combining ability and branched
habitus (Table 1).

In 1994 the best lines were selecied- as male
components of new hybrids. The data in Table 2
present the results of phytopathological avaluation
of these hybrids in the greenhouse on the basis of
their seed yield. All hybrids possessed full
resistance to Orobanche, five of them possessed
resistance hoth to Orobanche and to downy
mildew. The hybrid combination 2607 x 271 was
characterized by 27.5% seed yield above the
standard, and the combination 2607 x 2381 by an
addition of 11.8%.

Seeds from hybrids shown in Table 2 were sent to
Trace Agricultural Research Institute at Edirne,
Turkey and to VanderHave in Spain, where their

reaction to local populations of Qrobanche was
evaluated. The results demonstrated that the
resistance in our hybrids is also effective against
Turkish and Spanish races of Orobanche, that are
not more virulent than Bulgarian races.

As a result of our purpeseful and long-term research
new line-restorers of fertility, resistant to Orobanche
and downy mildew, have been developed. They have
been used in nev: resistant hybrids with high seed
yields. It might be possible to grow them in regions
with high Orobanche infestation in Bulgaria, as well
as in Turkey and Spain.

We would like to express our thanks to our
colleagues A. Aydin from Trace Research Institute
at Edirne, Turkey and A. Thompson and E. Vranken
from VanderHave for their assistance in testing of
the breeding materials for resistance to Orobanche.

Panchenko, A. {1965). Rapid method for evaluation of resistance to downy mildew. Selekiia |

semenovodstvo 2: 52-54.

Vranceanu, A, Tudor, VV.A., Stoenescu, FM. and Pirvu, N. (1980). Virulence groups of Orgbanche cumana
Wallr., differential hosts and resistance sources and genes in sunflower. Proceedings, IX Conference

Int., Girasol, Torremolinos, Espana, pp. 74-82.
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Table 3
CM51132 80 6.2 100 19.6
R1818 ] 0 0 0
CMS1132 x R1818 30 10.2 100 18.8
CMS106 100 14.6 100 204
R1522 30 06 55 2.1

CMS106 x R1522 95 11.4 100 204
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When race group (n-1) severity is lower than race
group (n) severity, the presence of {n-1) race can
not be detected, thus, the value to use for
calculating the propartion is the race group severity
corresponding to (n-2) race group, and o on.

The values of the incidence (frequency) and severity
of Orobanche infections for each differential in each
experiment are given m Table 1. The incidence in
experiment 2 {(Ecija), was 100 % for all the
differentiais, except P-1380-2 which was resistant
while differentials showed different degrees of
incidence in experiment 1 (La Carlota). According fo

the data of severity, it seems that ail races, except
race B, are present in experiment 1. The presence of
races D and E, already detected in Spain by Refoyo
and Fernandez (1994), is confirmed now, therefore
suggesting the inadequacy of growing cultivars that
do not carry the Org gene. The situation is even
more extreme in experiment 2 (Ecija), where only
races C and E have been detected, both in high
proportions. The fact that race E is in such a high
percentage {411 %) and that the majority of
cultivars cropped in this area are resistant to this
race, therefore carrying the Org gene, might be of a
certain danger, since the possibility of mutation or
recombination giving raise to the seiection of a new
and more virulent race is higher than in the fields
surrgunding experiment 1.

Dominguez, J. 1994: Resultadoes de los ensayos de girasol. R A.EA. Direccion General de Investigacion
Agraria. Consejeria de Agricultura y Pesca. Junta de Andalucia. Sevilla, Spain.

Refoyo, A., and A. Fernandez, 1994: Caracterizacion de 1as razas de jopa (Orobanche cerniya) de girasol en

Espafia. Phytoma Espana. 61,49-51.

Vranceanu, AV, V.A Tudor, F Stoenescu and N. Pirvu, 1880: Virulence groups of Orobanche cumana Wallr.,
differential hosts and resistance sources and genes in sunflower. Proc. IX International Sunflower

Conference. Torremolinos, Spain, Vol. |, 74-82.
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Table 2
463415 H. agrestis 34 0.0 0.0
413017 H. annuus 34 100.0 i2.5
468638 H. anomalus 34 0.0 0.0
468651 H. argophylius ) 34 100.0 4.0
468660 H. bolanger! 34 100.0 14.0
H. debilis
435667 ssp. cucumerifolius 34 80.0 3.0
458674 ssp. sfivestris 34 80.0 8.0
468668 ssp. tardiflorus 34 71.0 2.0
435664 H. exifis 34 0.0 0.0
H. niveus
435772 $8p. canescens 34 100.0 32
468741 $8p. nivets 34 100.0 2.2
H. petiiaris
468810 ssp. fallax 34 80.0 3.0
503232 ssp. petiolaris 34 65.0 3.0
H. pragcox
435884 S8p. hirsutus 34 65.0 1.2
435847 $8p. praecox 34 65.0 2.0
468860 S8D. ruyomni 34 65.0 2.0

& Suntiover seedlings were polted in sterile soil infected vith seeds (200 mg/kg of soil) of population SE184 of 0. cernua.
b. Average mumber of emerged brooinrapes per sunflower plant.

Table 3
H. exilis 1 x 559 3 3 0
H. exilis 4 x 559 2 2 0
H. exilis 3 x 558 1 1 0
H. exilis 1 x P24 22 19 3
H. exiifs 3 x P21 25 25 0
H. exilis 5 x P21 1 1 0
H. exilis 3 x HA89 1 1 4
H. exilis 1 x RS i 1 0
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Cuberg, J. |. (1994) Breeding work in Spain for Orobanche resistance in faba bean and sunflower. In: A
H. Pieterse. J. A. C. Verkleij, 5. J. ter Borg {eds} Proceedings of the Third International Waorkshop
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Dorr, 1., Staak, A and Kollmann,R. (1994) Resistance of Hefianthus to Orobanche - histological and
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Tropical Institute. pp 276-289.

Foy, C. L., Jain, R. and Jacobsohn, R. {1989) Recent approaches for chemical control of broomrape. Review
of Weed Science 4: 123-152.

Gil, J., Martin, L. M. and Cubero, J. |. (1987} Genetics of resistance in Vicia sativa 1o Orobanche crenata
Forsk. Plant Breeding 99: 134-143.
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years (Table 3). However, higher percentage of
infested plants was observed during 1994-95 in
case of Bright Caspalia and Bel 61-11, in
comparison to earlier years. Coker 254, though,
showed higher percentage of infested plants, but
had less Orobanche spikes per plant in all the three
years. With regard to green weight of spikes per
plant, Bright Caspalia recorded lowest in 1992-93
and 1993-94 seasons and Coker 254 recorded
fowest in 1994-95 season.

The results indicated wide variability among the
accessions tested with respect to percentage of
Orobanche infested plants, number of Orobanche
spikes per plant and green weight of Grobanche
spikes per plant. Only three accessions namely
Bright Caspalia, Bel 61-11 and Coker 254 showed
promise with lower values. Percentage infested
plants was higher in these three accessions only
during 1994-95 season compared 1o 1992-93 and
1993-94, but the infested plants were lowest when

compared to the other accessions fested during
1994-95 Such reports of inconsistency of
tolerance to Orobanche over seasons have been
cited in literature (e.g. Kabulov and Tashpulatova,
1974). 1t is proposed to confirm the reaction of
these three accessions for two more seasons;
these will e utilised in breeding programme for
producing FVC tobacco with less susceptibility to
Orobanche. Similar assessment and breeding
programmes were carried out by different teams of
Soviet and Bulgarian scientists but so far no variety
with a complete Orobanche resistance was
released for cuitivation.

The author is thankful to Dr. M.S. Chari, Director
and Dr. K. Nagarajan, Principal Scientist and Head,
Division of Plant Pathology, Central Tobacco
Research Institute, Rajahmundry for their
encouragement in conducting the experiments.
Technical help rendered by Mr. V. Rabu Rao is
gratefully acknowledged

Kabulov, D.T. and Tashpulatova, S.Z. (1974). Investing the tolerance of some varieties of tobacco to Egyptian
broomrape. Nauchnye Trudy Biolog icheskogo Fakulteta, Samarikandskii gosudarstvennyi Universitet
imeni A. Navai (Botanika) No. 207, 146-158 (RU). (Seed Abstracts 26(7): 2093).
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peroxidase, HpOn and phenolic substrates are
present in the cell wall, all components, capable of
reactions form a non-specific net work. By locally
activating the peroxidase and increasing secretion
of the phenols capabie of reaction, the cell wall is
strengthened much quicker in a distinct area than
by a lignification and suberinisation respectively,

However, extra cellular peroxidase could also be
involved in the production of toxic compounds,
possibly participating in defence reactions (FOrster
et al. 1995} or in the metabolism of Ho0p

produced via conversion of active oxygen species,
which are also discussed as being involved in
plant defence reactions (Doke 1983, Vera-Estrella
et al. 1992).

In summary we can ascertain that the different
reactions of tomato plants, €.g. their susceptibility
or resistance to Cuscuta, depending on their age
during infection, is an impressive illustration of the
competitive character of the two processes: the
attack of the parasite and the defence reaction of
the infected plant.

Al-Menoufi, 0. A. and Ashton, FM. (1991) Studies on the parasitism of Cuscuta ssp. Series 8: Susceptibility
and resistance of some Lycopersicon species to Cuscuta campestris infection. In: Ramson, J.K,,
Musselmann, L.J., Worsham, AD. and Parker. C. (eds.) Proceedings of the 5th international
Symposium of Parasitic Weeds, Nairobi, Kenya pp 293-297.

Ashton, EM. and Santana, D. (1976) Cuscuta spp. (Dodder): A literature review of its biology and controf.
University of California Coop. Ext. Bulletin 1880: 2-20.

Doke, N. (1983) involvement of supercxid anion generation in the hypersensitive response of potato tuber
tissues to infection with an incompatible race of Phytophthora infestans and the hyphal wall
components. Physiological Plant Pathology 23:345-357.

Forster, H., Groger, W., Porzel, A, Schierhorn, A. and Pommer, U. (1995) The participation of 2 basic
peroxidase formating lignans microsomes of maize. In: Manka, M. (ed.) Environmental biotic factors in
integrated plant disease control. 3rd Conference of European Foundation for Plant Pathology, Poznan,

Poland. pp. 233-236.

Gaertner, E.E. {1950) Studies of seed germinalion, seed identification and host relationships in dedders,
Cuscuta spp.. Cornell University Agr. Experiment Station Memoir 294: 1-56.

Hutchinson, J.B. (1977) Control of dodder in tomato. Proceedings of the 29th Annual California weed

Conference, Sacramento, U.S.A. pp. 48-50.

thi, B.,Tuakhil, N., Hagen, A and Jacob, F (1988) Studien an Cuscuia reflexa ROXB. Vil. Zum
Abwehrmechanismus ven Lycopersicon esculentum Mill. Flora 181: 383-393.
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supernatants dried under a nitrogen stream and
dissolved in 1001 methanol for HPLC analysis
{Sahm et al.,, 1995).

For quantitative determination, kaempferol was
used as internal standard. The content of the
unidentified hydroxycinnamic acid derivative was
calculated as kaempferol equivalents, whereas the
contents of chiorogenic acid and rutin were
corrected accerding to their specific extinctions.

Fresh tissue segments were crushed in the
presence of liguid N» in a test tube containing 2501
buffer  (100mM  sodium  borate, 10mM
mercaptoethanol, pH 8.8 for PAL extraction;
100mM sodium borate, pH 7.5 for peroxidase
extraction) per 100mg fw and Polyclat AT
(10mg/100mg fw). After remecval of the tissue
residues by centrifugation (10.000rpm, 2min) the
supernatants were stored at -80C. Protein was
determined according to Bradford (1976).

The assay for determination of the activity of
phenyialanine ammonia-lyase (PAL) was modified
from Koukol and Conn (1961). Assay mixtures
containing 901 ¢rude protein extract and 10} L-
phenylalanine (20mM) were incubated for 40min at
50C. The formation of E-cinnamic acid was
measured by HPLC (Sahm ef al, 1995).

Peroxidase activity was measured as ferulic acid
dimerization capacity according to Pfanz and
Oppmann {(unpublished data) modified from
Machackova et al. (1975). 10mM HoQ» and 5mM
ferulic acid were added to Tml of 100mM
NayHPQ4 buffer {(pH 7.8). After slarting the assay
reaction by addition of 51 of the respective crude
protein extract, azhsorbance changes due to
production of diferulic acid were detected at
400nm.

The defence reactions of tomato against Cuscuta
ssp. were rather similar for all Lycopersican
species and cultivars employed in this study. A
detailed description of the time-dependent
processes involved in resistance is given for the
host-parasite-system Lycopersicon esculentum cv.
Hellfrucht and Cuscula reflexa.

Within 10-12 days following infection the defence
reaction became visible by brown spots on the
stem surface of tamato just below the prehaustoria
of the parasite, as already described by Ihl ef af
(1988). No development of functioning haustoria
was observed.

Microscopical analysis of the infection sites revealed
a gradual enlargement (up to three times the normal
size) of external host cells (belonging to the
epidermis, hypodermis and collenchyma) below the
parasitic prehaustoria followed by a compression of
these cells and ultimate cell that (2-3 days following
infection). Depending on the intensity of the defence,
the cell layers below the collenchyma aiso reacted
with a cell elongation (3-7th day), that pointed
towards the infection site. The deteriorated walls of
the elongated and subsequently collapsed cells
formed the visible necrotic plaque surrounding the
prehaustoria. These ce!l walls were not suberized or
lignified, as evident from lack of reaction with Sudan
11 or phloroglucinol/HCL.

Cortical parenchyma cells showed tangential cell
divisions {starting approximately at the 4th day of
infection), which resulted in the formation of a
hemispherical scalariform boundary tissue beneath
the haustorial region. The involved cells were
suberized and lignified, demonstrated by the positive
reaction with Sudan 1l and phloroglucinol/HCI,
respectively. Light-blue autofiuorescence (excitation
with  366nm-light) indicated incorporation of
phenylpropanoids into these cell walls.
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Table 1
2 17 (2) o 0{1)
4 30 ,10) 1045 7(4)
6 15 (ND) 10 (ND}
8 ND ND 0.2
10 ND ND 1
Te =22
Arval 09+086 31
CK* 05 025 3+£72
Framida 0.35 : 0."5 06+0.20

T
Five per en

Cne  stor v

S atnnst 50% oy ths hoostoria tav Ty

mnig were used far gt a2 wit 6o repetitions.

Tyas used fars ge 3w ™ 15 mzpettions.

3132) 2 (21) 0(6)
15 (35) 20 (32) 15(50)  0(2)
18 (ND} 20(NDY 1
ND ND 5
ND ND 8
19+ 11 6,7 104
1349 52104
ip=24 6.1 104
11 .7 ey are not taken nin ace in the
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Sorghum leaf n2 was abraded and soaked 10 hours
in NaH'4C03 2t 1 mM with 1.85 1058q of total
radipactivity, under a 150 mol. m2g illumination,
at 33 C. After a 15 h dark-period sorghum and
subterranean Striga were separated. Radioactivity
was measured in nost plant and Striga haustorium.

he roots 1o be
analysed were separated from Striga seedlings,
shoots, and haustoria. Proteins were extracted
from roots of parasitized and non-parasitized
{controf) sorghum using the phenol-chloroforme
method adapted from Camacho-Henriquez and
Sanger (1982).

Electropharetic analysis of proteins was performed
following the procedure described by OFarrell(1975)
with some modifications. Separation in the first
dimension was in a 4% acrylamide gel confaining
8M urea, 2% triton X100 and 5% (v/v) ampholines
(4.5% pH 5-7, 0.5% pH 3-10) for 15 h at 400 V,
followed by 2 h at 800 V. The proteins were then
separated on a 12% (w/v) SDS polyacrylamide gel
(Laemmli, 1970) for 4 h at 150 V. Proteins were
vizualized by silver staining (BIC RAD) according to
the manufacturers procedure.

Framida is a g@enuinely resistani variety as
compared to CK-60 B and Arval since the number
of Striga emerged 70 days after sowing is 8 times
higher with susceptible varieties than with Framida
{see Fig.3).
’ ! ' Percentage  of
germination  of non-attached  seeds  of
S.hermonthica was determined weekly after
sorghum sowing. A slight decrease in this
percentage was observed from the fourth week, but
five weeks after sowing there were still newly
germinated Siriga seeds in pots. No significants
difference among the three varieties were observed
(Fig.1). The amount of germinated seeds results
from both germination stimulant production and
sorghum root development in pots. This led us to

perfarm in vitro germination tests with reot exudate,
and to determing sorghum root biomass in pots.

in witre germination tests show that Framida root
exudate stimulated Siriga germination in an
infermediate range between CK-60 B and Arval
(Fig.2). These results also demonstrate that the
production of the Striga germination stimulant
does not vary to a large extent during sorghum
root deveiopment. On the other hand, no
significant difference in the host plant grewth could
be evidenced between susceptible and resistant
varieties, neither on shoot biomass nor on root
piomass (Data not shown).

It couid therefore be concluded that the resistance
of Framida is not related to Siriga germination,
although other agroecological conditions might
lead to results somewhat different from ours.

. . At the
young hanstorium stage (stage 1), the numbper of
fixations on Framida roots are not inhibited and this
ciearly shows that the resistance of Framida does
not occur at this stage. By contrast, at four weeks,
haustoria developed as buds an host roots (stage
2} are more abundant in susceptible varieties than
in Framida. A similar result can be observed wi
subterranean (stage 3) and emerged shoots (E).
However it should be noted that such results are
somewhat different when other populations of S.
hermonthica seeds were used. Indeed, Framica
roots were seen to be more resistant to S
hermaonthica collected in Gezira (Souaan), even at
the fixation on host root stage (Table 1). This could
be regarded as an interesting case of virulence
variation among Siriga populations.

However in the first case (Striga seeds collected in
Mokwa, Nigeria) we can conclude that the
mechanism of Framida resistance to Striga takes
place during the transformation of the young
haustorium into a functional haustorium. Figures
show that this change begins during the second
and third weeks after sowing. This led s to
investigate histological and molecular aspects of
haustoria formation during this key period.
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Germination (%)

14
21

0.75
0.83
.81

86 =12

0.82
1.18
1.42

35+8

Table 2

18
32+8

I+
w

Table 3

0.50
0.20
0.30

43+ 12

22+8
38+7

2.78
0.43
1.80

23+ 6
40 £8

2.62
.00
415

16 + 10

23+8
43 + 11

6.75
10.40
5.80
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emplaved. Sunflower root fragments were used
instead of germinating seeds. COrobanche
germination rates, the number of aborted seeds,
and germinafion distance from the root were
guantified at different times of incubation. Both

conditioned and non-conditioned breomrape seeds -

can be used with this bioassay.

. The
procedure is a modification of that previously
reported by Lane ef al. (1991) and is performed as
indicated in de Ruck ef al (1995). The infection
process was foliowed visually with a binocular
microscone. AL diurent time after inoculation,
sunfley ir 700! issue was nteegively washed i
tap water. croomrape seeds el ninated, dried with
filter pape- *-ozen in liquid nitrogen a~d stored at -
70 °C for subsequent biochemical analysis.

Surtlower plants
were grown v 1n sand in boxes with two plexiglas
covers in a similar way to the described by Dorr et
al, (1994): When piants grew for 10-14 days
conditioned or non-conditioned broomrape seeds
were distributed homogeneously through the
sunflower root. Plants v:ere watered with nutrient
solution (Tena et al, 1984). The course of the
infection was followed visually. The numoer of
installed seeds and ncdu:es and size of them were
recorded.

Coumarins and lignin
content were deter~ ~2d "~ sunflower (susceptible
and resistant} root tissue inoculated with
germinated broomrape seeds (installation bicassay
on plastic tray). The methodology for coumarin and
lignin extraction and analysis has been reported by
Gutiérrez-Mellado et a/. (1995a,b) and de Ruck et
al, (1995).

Depending- on e concentration utilized scopoletin
and ayapin induced broomrape seed germination

or inhibited GRo4-induced germination (Table ).
When high phytoalexin concentrations (above 10
M) were added to GRp4, lower percentage
germination was obtained, with both compounds
acting sinergically. At low concentrations (befow 10
M) they on * slightly induced parasitic seed
germination i1 the absence of GRoy.

Orebanche cernua seeds were germinated in pedr
dishes containing agar in the presence of isolated
sunflower roots. Germination was observed both
with conditioned and non-conditioned seeds and in
the presence of phenotypic-susceptible and -
resistant sunflower varigties. A lower percentage of
germination  were obtained with the resistant
variety (Table I1).

This bioassay is very usetul for following the
infection process and tubercle development
Haustorium formation, adherence to the root and
tubercle development (in number of 17 to 23 per
plant, 25 days after inoculation) was only observed
in the susceptible variety, but not in the resistant one.
In the former case, the broomrape tissue necrosed 2
to 4 days after the haustorium adhered to the root.

10 to 30 days after the infection of the plants small
fubercles appeared, in the arder of 2 to 14 per plant
in the susceptible but not in the resistant variety.
Some tubercles, 1-3-per plant, grew to give mature
Orobanche plants.

Tne coumaring scopoletin and ayapin and lignins
were analyzed in infected and non-infected root
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Table 1

absent

very sporadic

rare

widespread. common
abundant

very large quantities

L1 & LN = O

Table 2

20%
14%
29%
23%
12%

2%

B L = O
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trees with many mistletoes or groups of trees with
medium quantities of mistletoes at a few locations
is classified as 3. Single trees covered wilh
mistletoes at more or less regular distances or a
few groups of trees with many bushes at a few
places within the 8-10 km search was assessed as
4. The maximum index of 5 was introduced for
large groups of trees covered with mistletos
occurring at shorter distances. We wish to stress
the fact that the index numbers 0 to 5 do not
correspond to a linear increase of mistletoe
frequency. An illustration of the gradation of
mistletoe abundance corresponding to the six
described indices is given in Fig. 1.

As already mentioned, the indices of mistietoe
abundance were directly noted into a road map. In
order to aliow a further evaluation of the enormous
amount of data, the indices were digitized. This
happened with the aid of a graphics tablet and
special computer software {“Tracking”, by A.
Fritschy Umweltinformatik, CH-8031 ZArich,
Switzerland).

About 10.000 registrations of the abundance of V.
a. ssp. album along the roads have been made in
France. A distance of about 100.000 km was
covered for this study.

The distribution of the different abundance indices
is meaningful structured (Tab. 2). In 20 % of all
observations no mistletoe could be detected. Index
2 was the most frequent. Very large quantities of
mistietoe were rather seldom. This indicates that
the classification of mistletoe abundance into six
steps as used in the present study is accurately
defined.

It is evident that V. album ssp. album is not
uniformly distributed over the territory of France
(Fig. 2). There is a decrease in freguency of

mistletoe from the center of France towards the
southern parts. North of a line La RochefYon -
Poitiers — Montludon — Villefranche/Saine ~ Geneva
mistletoe can be found almost everywhere except
for a few interspersed areas. Mistletoe is virtually
absent in most coastal regions. The Beauce
{between Paris and OriCans) represents ane of the
most conspicuous regions without mistletoe within
this northern area .

In the southern parts of France, however, a few
centers of diffusion of mistietoe lie within large
areas lacking any mistietoe. Such clearly limited
concentration centers of mistletoe could be
detected in the Limousin, in the region of Sainfes
and of Bordeaux, and a smaller one could be found
near Toulouse. Further south towards the PyrenCes
mistletoe is more frequent again.

The Bordeaux region has the biggest mistletoe
concentration in the scuthern parts of France. But
also in the central and nothern parts similar areas
of mistietoe concentrations couid be detected. The
mast important mistletoe centres lie in the Bresse,
in the region of Langres, in a tract between St
Dizier, Troyes and St Fiorentin, around Digoin
(Charollais, Bourbonnais), around ChEtillon/indre
and in the region of the Loire around Chinon.

it is evident that mistietoe accumulates along
streams and rivers. Loire, Loir, Vienne. Indre, Cher,
Armandon, Seine, Aube are responsible for the
linear course of some mistletoe occurrences,
which traverse the landscape like veins (results not
shown).

The method for the evaluation of e frequency of
V album ssp. alburmn presented here allowed the
definition of diffusion centres of mistletoe and
mistletoe free areas in France.

It should be noted that one irdex number
represents the frequency of mistletoe or a linear
distance. This means that the individua: indices
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SCROPHULARIAGEAE

Aleclra sessiliflora (Vahl) O Ktze. var, senegalensis
(Benth.) Hepper

Buchnera hispida Buch.-Ham. ex D.Don

B. leptostachya Benth.

Rhamphicarpa fistilosa (Hochst.) Benth.

Striga macrantha (Benth.) Benth.

S. forbesii Benth.

S. bifabiata (Thunb.) Kuntze. ssp. rowfandii (Engl.}
Hepper

S. aspera (Wilid.) Benth.

S. hermonthica {Del.) Benth.

S. gesnerioides (Willd.) Vatke

A record not cited by Hutchinson and Dalziel
(1954-1972) was that of Jarvis {1980), who listed
Englerina lecardii (Engl.) Balle {Loranthaceae), yet,
data was not provided on the location of voucher
material. In addition, Terry (1981), made reference
to Striga asiatica (L.) O. Kize. (Scrophulariaceag)
occurring in The Gambia as a weed of upland
crops, but he was unable to confirm any records.

Study of herbarium material provided an
unlocalised record of Berhautia senegalensis Balle
{Loranthaceae) from northern Gambia held at K.
Whilst the herbarium housed at the Dept. of
Livestock Services confained specimens of
Englerina lecardii to support the information in
Jarvis {1980}.

Field work confirmed 8 of the above records and
added Tapinanthus dodoneifolius (DC.) Danser
{Loranthaceag) to the species list, however, | was
unable to confirm records for Alectra sessififlora,
Buchnera leptostachya, Rhamphicarpa fistulosa,
Siriga macrantha, S forbesli, S. bilabiata and §.
asiatica.

The following species were recorded during field
work:

Cassvtha filiformis 1s a pantropical species usually
growing amongst coastal vegetation. In The

Gambia it is locally frequent along the coast.
particularly south of the river, although it is also
found upriver as far as Georgetown. It has a wide
host range of trees and shrubs and a heavy
infestation may cloak the host. The parasite flowers
in Dec/dan., however, the open flowers look
unopened.

Tapinanthus globiferus (West African mistletoe,
Mandinka: Dungo, Wollof: Bentenkeh) is the maost
widespread mistletoe species in The Gambia.
ocours throughout the country, although 1s more
frequent in the Western Division. It has a wide
host range of both native and introduced frees
and is particularly common on baobab
(Adansonia digitata L.}, Albizia lebbeck (L)
Benth. and Citrus species. Heavy infestations may
kill the host and T globiferus could become a
serious weed species it Citrus was grown in The
Gambia on a commercial scale. The mistletoe is a
serious pest species in other West African
countries, for example on cocoa in Ghana
(Pmllips 7991) and on shea trees in Burkina Faso
(Boussim et al. 1991). Although the plants can be
found in flower throughoot the vear, there is a
noticeable flawering period in Jan./Feb. Field
observations suggest that the flowers are
primarily pollinated by sunbirds, the seeds are
alsg hird dispersed.

According to Hallam (1978), mistletoe growing
on Pterocarpus erinaceus Poir (Gambian
rosewcod or keno- Fabaceae) can be used in a
rite to obtain protection from a person with evil
intentions. “One first has to make a cross from
dry grass stems. Then, climb the KENO tree
naked late at night and light the three ends of the
grass under the out-growing DUNGO. Coflect the
ashes of the burned paragite, take it home and
when the first cock crows the following morning,
put the ashes into some water and drink it”. In
addition, Hallam (1979) states that dried
mistletoe leaves and flowers can be used to “get
rid of worms” and to treat “swollen body
diseases”. He also reports that powdered leaves
can be mixed with seeds when sewing and act as
a fertiliser.
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