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RESEARCH INTO GERMINATION OF STRIGA SEED BY SORGHUM ROOT
EXUDATES *
D. . Hess |, G. Ejeta2ypd L. G. Buter 3

T\u—uﬂw%wdndwnhbumunyhmimo!mﬂnluhlw

of o the first gormination stimulant of Striga seed to be isolated from host root
exudate. wwwuhuthMmmwumMm
gormination of Striga seed. A convenient petri dish assey, described elsowhers, permits bost selection for
low stimulation of germination, Work (o isolate, assay and characterize these compounds is underway at
Purdue University.

INTRODUCTION
Witchweeds (Striga spp. Lour.) are angiospermous obligate root parasites of many important cereals and
legumes. As a result of successful adaptation to the parasitic habit witchweeds produce abundant, tiny, long-
lived seed that generally do not germinate unless aged, conditioned and stimulated by an exogenous germination
stimulant (Worsham and Egley, 1990). Stimulants are exuded by the roots of host and non-host plants (Doggett,
1988). Germination of Striga seed is stimulated by other compounds (Visser, 1989) which may occur widely in
nature (Dale and Egley, 1971).
Two witchweed species, S. A hica (Del.) Benth. and S. asiarica (L.) Kuntze, cause serious yield losses to
sorghum (Sorghum bicolor (L.) Moench) and pearl millet (Pennisetum glaucum (L.) R. Br.) in the semi-arid
tropics (Doggett, 1982; Gilliver, et al., 1985). Breeding resistant genotypes is the most promising approach to
reducing these losses but requires effective screening techniques, The complex interactions between host,
parasite and environment which influence establishment on the host root and subsequent growth have slowed the
development of reliable methods for large-scale screening of host genotypes in the field. Vasudeva Rao (1987)
has discussed the laboratory and field methodologies currently used.
The best-characterized of the several mechanisms of resistance to Striga which have been proposed (Doggett,
1988) is unusually low production by host plant roots of compounds stimulating germination of Striga seed
(Vasudeva Rao, 1987). “Sorgoleone” Is the first Striga seed germination stimulant to be isolated and identified
from a natural host (Netzly and Butler, 1986; Chang et al., 1986; Netzly et al., 1988). We have since
investigated the production of wrgoleone by [ vmety of wuhum cultivars and repon here the apparent lack of
relationship  between under conditions in the laboratory and
susceptibility/resistance to Strl,a in the fle the fleld.

Sorgoleone, a series of four llkyl substimted benzoqulrmes active in helr reduced hydroquinone form, “are
“chemically unstable and virtually insofuble-in w7, ThUI UTEy do not-aceeunt for the-more-stable-and water-
soluble germination stimulants previously reported to be exuded by sorghum roots, as summarized by Egley
(1990).
An assay utilizing preconditioned Striga seeds embedded in water agar was developed by Riopel and Baird
(1987) w0 investigate germination, radicle elongation and haustorial initiation in Striga. We have adopted this
technique in order to more effectively screen for the capacity of water-soluble root exudates to stimulate
germination of Striga seeds, rather than assay for a particular stimulant such as sorgoleons (Hess et al., 1991).
In order to study the production of water-soluble root exudates and obtain samples for analysis we have modified
the double pot technique first described by Parker et al. (1977) for identification of low stimulant producing
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sorghum lines. MmemmMymmeymmmt
roots are in a moist substrate rather than in air.

SORGHUM ROOT EXUDATES

Sorgoleone. Sorgulmbuudedonmhmupsofwummdlmpmwn in the dark in Petri dishes
(Netzly ot al., 1988). We observed that excessive moisture on the filter paper substrate strongly inhibits
ion by the roots of three- to seven-day-old sorghum seedlings. Sorgoleone production was
therefore carefully evaluated under identical levels of moisture for all samples tested. The amount of sorgoleone
produced by differing sorghum genotypes was the same within a factor of two (Table 1). Sorgoleone production
mmmuummqummumbmwmnmm As a result we have not further
refined or simplified the method of i
‘Watersoluble exudates. When grown in w-r agar eonulnln; pmon‘moncd Striga seeds, sorghum genotypes
muunlmmbnormmamﬂwlmlwdum farther away from the host root
those causing the germination of only a few Striga seeds. Between- and leIMIm variability of
germmukn distance was studied using one resistant and two susceptible sorghum cultivars (Table 2).
Variability observed was primarily due to differences between lines and not to variation within lines. To test the
reproducibility of the assay over days, we tested 43 F, progenies from the cross SRN39 X P954063. Two
samples from each progeny and of both parents were tested at intervals of one week for four weeks. The average
germination distance for woeks |-4, respectively, was 0.86, 1.16, 1.37, 0.99 ¢m (S.E. difference = 0.08),
indicating that significant differences existed among weeks. Progeny differences for stimulation of Striga seed
germination were also found (Table 3), allowing their separation into high or low classes,
Measuring the interval between the host root and the most distant germinated Striga soed is more rapidly
d than g percent ination of Striga seed. Since germinated and ungerminated Striga
seeds are not counted, results are not influenced by percent viability of Striga seed samples. The short time
period of 72 hours required for the assay permits the screening of large numbers of seeds. These features
constitute a major improvement over previous techniques (Vasudeva Rao, 1987). This assay, uniike the one
recently described by Ramaiah et al. (1990), makes possible the screening of individual seedlings, a prerequisite
for evaluation of early ion breeding progeni
The agar gel assay reveals large differences in the capacity of these sorghums to stimulate Striga seed
germination in contrast to their rather uniform production of sorgoleone (Table 1). These results indicate that the
assay is measuring not the production of sorgoleone, but Striga seed germination due to other as yet undentified
stimulants whose production is favored by the aqueous medium.
Despite reports to the contrary (Fate et al., 1990; Lynn and Chang, 1990), we have been unable to demonstrate
the production of sorgoleone in agar gels. This is p y to inhibition by the aqueous medium
of sorgoleone production.
It is important to understand that the agar gel assay does not specifically assay germination stimulant production
but is 2 measure of the many interactions of host root and conditioned Striga seed which result in germination of
the seed. These interactions may involve production by the host root of compounds that stimulate or inhibit
Striga seed germination, stability and mobility of the chemical signals, and specificity of receptor sites on the
seed, any or all of which may be altered by the environment. For example, the incubation temperature of the
assay strongly influences the results. Greater levels of germination were observed at 30 °C than at 27 °C for the
Jor;hum md# (Table 4). -Susceptible lnd ullmm wllivurl were more easily d dlﬂemldluﬂ at 27 °C than at

'Tbé lmms dlﬂu-rg:mm‘mmﬁrln -seed-gormination (Table1)
correlate well with resistance and susceptibility to reported to be eptible to Striga all
stimulated germination at distances greater than | cm the host root. Most resistant cultivars stimulated

gecmination no more than 1 cm from the root at 27 °C. High | of Striga seed gt by resistant

MN!)NWWWW“MWMWNM«WIMW:

al., 1984; Cherif-Ari et ol., 1990).

Tbudlkyollhmlyw- progenies from intercrosses among SRN39 (resistant),

Framida (resistant) and (.uuptf;lo) ulocud nnlur Striga-free conditions on the basls of yield and

;rulngn!ky ‘l‘humlumshwnln'rablos Low stimulant producing progeny resulted from crosses

low stimulant lines, whereas progenies from low X high stimulant genotypes included varying

umbmoﬂvvndhldndmdmpmdum

A subsequent field test of these same progenies provided preliminary evidence that low Striga seed germination

in the lsboratory assay corresponds very closely to field resistance, The Petri dish assay for Striga seed
Is an effective screening technique allowing selection of materials to be tested in naturally-Iinfested

flelds for agronomic adaptation and reaction 1o Striga attack,

The agac gol assay has significant advantages over previous ssssys for characteristics contributing to Striga

resistance (Vasudeva Rao, 1987). Minimal equipment is required for the rapid screening of large numbers of
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toadlings. The techaique.is carcied out on individual seeds, which, in locations where quarantine of Striga seed
.ulmmhmﬁwmemplmfollwlum uwmmun We

00% ings M.\‘rﬁn-&uunplmm«nhr Although our
fata is Dot yet complete on this point, the screening technique should work as well on other crops which are
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‘fu:é st g-u‘nm Germination requirements of some root-parasitic flowering plants. Naturwissenschafter

Table 1: of Striga seed ination by lo’u’ﬁm
Cultivar Striga Agar Gel Assay Sorgoleons
reaction 1 distance (mmi2 Agglo dry root
P954083 s 22 18.7
Babadia Fara s 29.6 184
SAN39 R [} 264
Framida R 43 210
N13 R 27 17.8
P967083 R 27 177
S.E 3.0
CV (%) 173

1:$ = susceptible, R = resistant.
2: Maximum distance from the host root at which Striga seed germinated.

Table 2: Within-line variation of three sorghum lines for the agar gel assay.

Uine minimum maximum mean 2 S.E

SRN39 [ .80 0.7 0.134
PIE408 118 T 230 1.80 0.098
$Shanqul Red 1.80 3.30 2.40 0.136

1: Maximum distanca from the host root st which Striga seed germinated.
2: Average of 15, 15 and 13 replications, respectively, for SRNI9 P954063 and Shanqui Red.
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Tovle3: 8 of Striga seed ion by 43 sorghum {rom the crozs SAN3® X P9S4083.
Germination Distance !

Progeny minimum 0.09 ¢cm

Resistant parent mean 0.24 cm

No. progeny < 1¢cm 2 19

Susceptible parent mean 1.78 cm

Progeny maximum 2.10em

Progeny mean 1.10cm

Standard devistion 0.68

1, Maximum distance from the host root at which Strigs seed germinated.
2. Getmination distance for high and low classes r 1 cm and < 1 cm, respectively.

Table 4: Etfect of genotype and on of Striga asiatica seed smbedded in water
agar,

Germination distance 1

Temperatwe Line minimum maximum mean 2 SE

27°C SAN39 0 0.9 0.14 0.070
Framida 0 08 0.04 0.040
P954063 118 2.30 1.80 0.008

30 SAN39 0 170 0.83 0.118
Framida 0.60 2.00 1.36 0.128

- P954083 145 3.30 238 L. 043 =

1: Maximum distance from the host root at which Striga seed germinated.
2: Averaae of 15 Putri dishes.
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Table8:  Stmulstion of germination of Stripa asistics seed smbedded in water agar by water soluble root exudates -
from Fg progenies of intercrosses smong tesistant (SAN3S and Framida) and susceptible (PS84083)
sorghum lines.

—  Gemintondimaceom’
028 0I5 128 175 225 275 .28

SAN39 X POE4083 1202 38
Framida X P384083 3 4
Framida X SAN3® 0 0

1: Maximum distance from host root at which Strige seed germinated.
2: Number of plents.
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