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In the Vicia faba-Rhizobium leguminosarum symbiosis defence reactions are established by a 
variable phytoalexin concentration in the nodules. N o differences were observed between 
effective (fix+) and ineffective (fix- ) nodules. In nodules o f field grown plants the average phy­
toalexin concentration was about 3 times higher than that from sterile pot-cultured plants in­
fected with different Rhizobium leguminosarum strains. A great variability o f phytoalexin accu­
mulation in nodules o f  single plants was observed. In field grown plants about 60% o f  the 
nodules o f each plant had very low levels (< 50  ^g wyerone g nodule fresh weight-1) the other 
40% had levels between 100 and 600 |ig wyerone-g nodule fresh weight-1 indicating different 
defence reactions in the nodules distributed over the root system of one plant. Phytoalexin 
accumulation was more affected by the cultivar o f the host plant than by the infecting Rhizo­
bium strain. Two inbred lines had the lowest concentration in nodules.

Introduction

Phytoalexins are antimicrobial compounds with 
a low molecular weight. They are synthesized and 
accumulated in plants exposed to microorganisms 
or other elicitors such as heavy metal salts, deter­
gents or wounding substances. Precursors of iso- 
flavonoid phytoalexins have found a new essential 
role in communication of symbiotic bacteria in the 
genera Rhizobium, Brady rhizobium and Sinorhizo- 
bium with their respective hosts [1-4]. In contrast 
to other legumes which mainly synthesize isofla­
vonoids as phytoalexins, Vicia faba  produces fura- 
noacetylenes. The main phytoalexins in faba beans 
are wyeronic acid, dihydrowyeronic acid, wye- 
rone, dihydrowyerone, wyerol, dihydrowyerol, 
wyerone epoxide and wyerol epoxide. In leaves 
and pods of Vicia faba  wyeronic acid and dihy­
drowyeronic acid are the major components, 
whereas in seeds mainly wyerone and dihydrowye­
rone are accumulated [5]. In nodules wyerone is 
the dominant phytoalexin. The induction of phy­
toalexin production is independent of the type of 
phytoalexins synthesized but follows similar gen­
eral rules and stimuli [6, 7], It is only part of the 
sequence of several defence reactions [8]. In phyto- 
pathogenic but incompatible (plant resistant) in-
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teractions the accumulation of phytoalexins is lim­
ited in a small area around the infection site [9, 10]. 
Tissue-specific mechanisms of phytoalexin induc­
tion and synthesis have also successfully been 
studied with tissue cultures [11, 12]. Very specific 
elicitors such as the peptide toxin victorin from 
Helminthosporium victoriae have been character­
ized [13]. The accumulation of the phytoalexin 
produced in this system (avenalumin) strictly de­
pends on a very narrow range of concentration of 
this elicitor.

The accumulation of phytoalexins in tissues of 
Vicia faba  can be used as a biochemical marker for 
different characters of cultivars or inbred lines. A 
correlation was found between phytoalexin accu­
mulation and resistance of Vicia faba cultivars to 
phytopathogenic fungi [14], The accumulation of 
phytoalexins in Vicia faba in tissue cultures can 
also be used as a marker for the regeneration 
capacity of these cultures [15].

Phytoalexins may be also a marker for the com­
patibility of a symbiosis. Werner et al. [16] found a 
high level of phytoalexins in nodules of Glycine 
max cv. M andarin infected with the ineffective 
strain (f ix )  of Brady rhizobium japonicum  61-A-24, 
characterized by an early degradation of the peri- 
bacteroid membrane separating the microsym­
biont from the host cytoplasm. The concentration 
of phytoalexins in soybean nodules with a stable 
peribacteroid membrane, i.e. in compatible sym­
biosis, is very low.
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In this study we can demonstrate that the sym­
biotic bacterium Rhizobium leguminosarum elicites 
a defence reaction in Viciafaba  but that the phyto­
alexin concentration in nodules is low. A signifi­
cant variability of phytoalexin accumulation in 
nodules of different cultivars and in single nodules 
from field-grown plant is demonstrated, indicat­
ing, so far unknown, differences within the nodule 
population of a single plant in the field.

Materials and Methods

Plant material, Rhizobium strains and inoculation 
o f  faba bean

Seeds of faba bean ( Vicia faba  L.) were received 
from Norddeutsche Pflanzenzucht, 2331 Holtsee 
(F.R.G.). Strains o f Rhizobium leguminosarum 
PF2, B 10, and F28 were obtained from Dr. Lotz, 
University of Erlangen, F.R .G ., and strain PRE 
from Dr. Lie, Agricultural University, Wagenin- 
gen, Netherlands.

Vermiculite was sterilized for 2 h at 200 °C and 
inoculated with strains of Rhizobium leguminosa­
rum PRE, BIO, PF 2 and F 28 grown in 20 E medi­
um [17]. The seeds of Vicia faba  cv. Kristall and cv. 
TP 667 were planted in the field and inoculated 
with the mixture of vermiculite and R. leguminosa­
rum strains. The titre was about IO10 bacteria per 
seed.

Cultivation and inoculation of faba bean in pot- 
cultures was done as described by Werner et al. 
[17]. The growth conditions in the phytotron were 
16 h light, 18 °C, 70% rel. moisture and 8 h dark, 
15 °C, 70% rel. moisture. Phytotron and field- 
grown plants were harvested after 7 weeks.

Extraction, identification and quantification 
ofphytoalexins

Extraction of tissues was as described by Thynn 
et al. [18], identification and quantification of phy­
toalexins by HPLC according to Wolff et al. [15], 
For determination of the phytoalexin content of 
single nodules these were homogenized in 1.5 ml 
Eppendorf cups with 300-500 |il ethanol, incubat­
ed over night and centrifuged 2 min at 10,000 * g. 
The supernatant was used directly for HPLC anal­
ysis of phytoalexins.

Light microscopical identification o f  fungal 
infections

Roots and nodules were examined for fungal 
infection by light microscopy as described by 
Brundrett et al. [19].

Results

Wyerone content in nodules of field-grown 
plants of Vicia faba  and pot-cultures differed con­
siderably. In addition to the growth conditions, 
phytoalexin synthesis was also affected by the 
Vicia faba  cultivar.

The average concentration in 7 week-old no­
dules of field-grown plants was about 80 ng wye­
rone g“1 nodule fresh weight for cv. Kristall and 
50 |ig for cv. T P 667 (Fig. 1) and <35 ng for pot- 
cultures infected with Rhizobium leguminosarum 
strains. In nodules from other cultivars even high­
er figures (>150 ng wyerone g“1 nodule fresh 
weight) were found (Fig. 3). As shown in Fig. 1, 
plants inoculated with defined Rhizobium legumi­
nosarum strains in the field had a lower level of 
wyerone than the not inoculated control plants, 
infected with endogenous Rhizobium strains from
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Fig. 1. Phytoalexin (wyerone) in nodules from field- 
grown plants o f Vicia faba  inoculated with Rhizobium 
leguminosarum and non-inoculated control plants o f cv. 
Kristall and T P 667.
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the soil. The cultivar effect on phytoalexin accumu­
lation could is demonstrated in Fig. 1 and Fig. 3.

The concentration of wyerone in different no­
dules of one plant is not uniform. When single no­
dules of one plant were analyzed, a great variabili­
ty in phytoalexin content was found. This effect 
was more obvious in field-grown plants than in 
pot-cultures. While about 60% of the nodules of 
field-grown plants had levels smaller than 50 ^g 
wyerone-g“1 nodule fresh weight, 35% had up to 
300 (ig and about 5% had about 600 |ig (Fig. 2). In 
nodules from pot-cultured faba beans infected 
with defined Rhizobium leguminosarum strains in 
no case more than 100 fig wyerone g*1 nodule 
fresh weight was found. The wyerone content of 
most nodules (90%) was lower than 50 |ig 
wyerone ■ g“1 nodule fresh weight (Fig. 2).

In most cultivars the phytoalexin concentration 
was higher in roots than in nodules (Fig. 3). This is 
remarkable, since 1 g of legume nodules includes 
more than 10" bacteria inside the tissue, in the 
compartments of the now so-called symbiosome 
[20]. Exceptions were found in the cultivars 
“Alfred” and “K om pakta” with significant higher 
wyerone concentration in nodules compared to 
roots. This may be related to the observation that
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Fig. 2. Phytoalexin (wyerone) in nodules from field- 
grown plants o f Vicia faba  cv. Kristall and cv. TP 667. 
Pot-cultured plants were infected with Rhizobium legu­
minosarum strain F28 and strain PRE.
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Fig. 3. Phytoalexin (wyerone) accumulation in roots and 
nodules o f different cultivars or inbred lines from field- 
grown faba beans. Vicia faba  cultivars or inbred lines: 
l: HV 130, 2: TP15700, 3: TP215, 4: STP470, 5: 120, 
6:121, 7: ST 693/84, 8 : Minica “ 115”, 9: ST8247, 
10: Alfred, 11: L G 4/17/8, 12: Troy, 13: Kristall, 14: Opti­
ca, 15: White Flower, 16: Kompakta. (Plant material was 
kindly received from Dr. Ebmeyer, Universität G öttin­
gen, F.R. G.).

the peribacteroid membranes of the symbiosome 
opens in the vicinity of the host cell nucleus in some 
Vicia faba  nodules [21]. The inbred lines TP215 
(No. 3 in Fig. 3) and 121 (No. 6 in Fig. 3) had very 
low wyerone concentrations in nodules as well as in 
roots. The effect of different Rhizobium leguminosa­
rum strains on phytoalexin accumulation in no­
dules is very low, with variations of not more than 
20 |ig wyerone per g nodule fresh weight (Fig. 4).
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Fig. 4. Phytoalexin (wyerone accumulation in roots and 
nodules from Vicia faba  cv. TP 667 inoculated with dif­
ferent Rhizobium leguminosarum strains (PRE, B10, 
F28, PF2).
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A concentration of phytoalexins comparable to a 
typical attack by phytopathogenic fungi has only 
been observed in nodules with a completely unsta­
ble peribacteroid membrane of the symbiosome
[16]. The same result can be observed in a combina­
tion of fix+ strains of Brady rhizobium japonicum  
with Glycine soja, but not with Glycine max [22], 
As in soybeans [16], we found no correlation be­
tween nitrogen fixing (fix+) strains or fix- strains 
and phytoalexin accumulation in the symbiotic 
organs of faba beans.

Roots and nodules were checked for fungal in­
fection. No infection in the nodules could be 
observed whereas some roots were infected.

Discussion

Little is know about defence reactions in the de­
velopment of the symbiosis between Fabales and 
rhizobia. More than 90% of the primary infections 
of root hairs are abortive [23] indicating a strong 
defence response by the plant. This was confirmed 
by electron microscopy studies by Djordjevic et al. 
[24], observing a hypersensitive reaction in root 
hairs after infection by rhizobia.

Our results indicate that also in legume nodules 
a slight defence reactions occurs together with an 
accumulation of phytoalexins. This very low level 
of phytoalexins was observed in sterile grown 
plants infected by defined Rhizobium leguminosa- 
rum strains. In 90% of the nodules of one plant 
<50 (xg wyerone-g-1 nodule fresh weight was 
found. Mansfield et al. [25] reported that in cotyle­
dons infected by Botrytis cinerea phytoalexin levels 
can increase to about 1300 jig w y e ro n eg “1 fresh 
weight. In Viciafaba meristem cultures infected by 
Botrytis cinerea up to 450 |ag wyerone g“1 fresh 
weight were determined [14], The phytoalexin con­

centration in about 30% of the nodules was higher 
under field conditions than in pot-cultured plants 
grown under sterile conditions in the phytotron. It 
is unknown, whether this is due to elicitors from 
partly incompatible Rhizobium strains infecting 
the plants from soil or due to other stress factors.

Phytoalexins such as phaseollin produced in 
bean hypocotyls can be metabolized e.g. by Fusa­
rium solani f. sp. phaseoli [26, 27], Detoxification of 
phytoalexins is a common mechanism of plant 
pathogens to break the defence reaction of the 
host plant. Wyerone has, compared to isoflavo- 
noid phytoalexins, a rather limited stability. An 
additional detoxifying effect by the symbiotic 
nodule bacteria is an unproven possibility.

We observed that nodules were not infected by 
fungi (e.g. mycorrhiza) although some roots were 
invaded. These results are consistent with observa­
tions of Bethlenfalvey et al. [28] that nodules of 
soybeans are better protected against fungal infec­
tions than roots. In contrast to the roots, nodules 
have an outer cork layer which perhaps prevents 
the invasion of fungi. The results confirm the idea 
that in a large number of cultivar/strain combina­
tions, the massive invasion of the host tissue by 
symbiotic microorganisms does not elicit a strong 
defence reaction in the compatible interaction with 
stable structures (symbiosomes). However, under 
field conditions a significant percentage of nodules 
produces such a defence reaction, indicating differ­
ences between laboratory cultures and soil 
systems.
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