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Abstract

Systematic studies were carried out on Frankia strains isolated from
the root nodules of actinorhizal plants in Fujian. The main results were as
follows.

1. The root nodules were collected from nine species of actinorhizal
plants, el Alnus cremastogyne, A. formosana, A. traboculosa, Casuarina
glauca, C. equisetifolia, C. cunninghamiana, Myrica rubra, Elaeagnus
oldhami and E. glabra which belong to four families of Betulaceae,
Casuarinaceae, Elaeagaceae and Myricaceae. These plants distributed in
twenty-two sites including coastal sandy site, red soil, yellow soil and
mountain swampland in Fujian. Eighty-six isolates were obtained and the
nodulation experiment showed that all isolates were infective. The resource
bank of Frankia strains of Fujian was established and different preservation
methods were compared.

2. More than thirty strains were studied on the biological
characteristics, including morphology, culture, cell wall chemistry, nutrient
utilization, nitrogenase activity, growth under saline stress, host specificity,
and DNA molecular polymorphism.

(1) The observations by microscopy demonstrated that all the isolates
showed a typical Frankia morphology, with filamentous hyphae,
multilocular sporangia bomne terminally, laterally, or in an intercalary
position on branching hypha. Terminal or laterally bormne vesicles were
formed usually on lack of nitrogen in many isolates from Alnus. Casuarina
and few isolates from Myrica. Lots of isolates from Myrica and some
isolates from Casuarina, Alnus and Elaeagnus also formed vesicles in
presence of nitrogen. Variations in hyphal diameter, sporangia and vesicle
numbers were noted between media and isolates. The specialized

reproducrive torulose hyphae were found in some strains such as FCc64,
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FCc92, FCe33, FMr16 and FMr43.

(2) Comparison of culture characteristics of isolates in liquid media
and on the slant was conducted. Frankia isolates from Casuarina, Alnus and
Elaeagnus had similar colonial shape, color and pigment in liquid media,
whereas some isolates from Mpyrica had different colonial shape and
pigment. The colonial shape on the slant was divided into four types.

(3) Eighteen Frankia isolates were found to fall into three
physiological groups, three isolates were group A, ten were group B and
five were group AB. Three group strains were found to coexist in nodules of
C. cunninghamiana and M. rubra, and both B and AB group strains also
coexisted in a single tree of M. rubra.

(4) All Frankia strains utilized short-chain fatty acids such as
Tween-80, acetate, propionate, pyruvate and NZ amine, casein, whereas
potassium nitrate, sodium benzoate, sodium succinate and sodium citrate
were utilized only by some strains. Strains grew poor in presence of
monosaccharose, sugar and starch. There were some differences among
strains of Casuarina, Alnus, Myrica and Elaeagnus when utilizing
(NH,4),SO4, KNO; and beef extract. Cellulase, pectinase had not been found
in all isolates while proteinase was produced in some strains. All strains
could neither utilize phenylalanine nor produce H,S and hydrolysis pectin,
while they could hydrolysis urea. Nitrate reduction and casein hydrolysis
was observed in some strains. There was no apparent correlation among
physiological groups, host plant origin, and physiological characteristics on
utilization of carbon, nitrogen, organic acids and enzyme produced.

(5) Nitrogenase activity of twenty-seven strains was monitored and it
varied greatly.

6) Cell wall type of many Frankia strains belonged to type III, except
strains FCc02* and FMr16 of type I .

(7) Growth of strains under stress of salinity was measured. Nine

Frankia strains from Casuarina. three from Alnus. two from Myrica had a
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tolerance to 5% NaCl. Most of strains from Myrica and Elaeagnus only
grew in low NaCl or without NaCl.

(8) Inoculation of Frankia strains on seedlings of C.cunninghamiana,
C.equisetifolia, C.glauca, E.angustifolia, H.rhamnoides and M.rubra was
conducted to determine the host specificity groups (HSG). The strains from
Casuarina had a ability to infect not only Casuarina but also A.
cremastogym, M. rubra, E. angustifoli and H. rhamnoides, whereas the
strains from Alnus, Myrica and Elaeagnus were found to only infect A.
cremastogym, M. rubra and E. angustifoli. So two host specificity groups of
strains were divided, one was Casuarina group and the other was
Alnus-Myria-Elaeagnus group. Frankia strains from Elaeagnus were found
to have more widely infective than those belonged to HSP which Baker
established. The results also indicated that Frankia in Fujian had sufficient
diversity and actinorhizal plants of Casuarina had strict specificity than
those of Alnus, Myrica and Elaeagnus.

(9) Restriction fragment length polymorphism (RFLP) analysis of the
PCR amplified 16S-23S tDNA intergenic spacer (IGS) (rrn region) and nif
D-K IGS was made to screen and cluster Fankia strains cultured and living
in root nodules of Alnus, Casuarina, Myrica and Elaeagnus. Twenty-five
Frankia strains fell into three PCR-RFLP clusters: Casuarina clusters,
Alnus-Myria clusters and Elaeagnus clusters. Frankia strains from A.
cremastogym and M. rubra belonged to a closely related PCR-RFLP cluster,
whereas strains from Casuarina and Elaeagnus fell into their own clusters.
Results of PCR-RFLP analysis and cross-inoculation indicated that Frankia
in Fujian had a wide genetic diversity.

3. The Frankia inoculation experiments on the seedlings of Casuarina
and Myrica in nursery and in field were conducted, and growth, biomass and
nitrogen of seedlings were assessed. Height, diameter of base stem, dry
weight and total nitrogen of seedlings increased differently by inoculated

with strains. Greatest growth increment was obtained when Casuarina

ix
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seedlings inoculated with strains FCe33 and FCe90, as well as Myrica
seedlings inoculated with strains FMr59 and FMel6. Better growth was
obtained when plants inoculated with two strains mixed or strains mixed
with carbon powder.

4. Growth, nodule formation and nitrogen fixation of different
provenaces and families of Casuarina introduced from Australia were
investigated. Nodulation and nitrogen fixation of C. cristata, C. obesa and C.
collina introduced into Fujian first was observed in red soil, whereas there
was no nodules formed in root of Allocasuarina littoralis. There were
significant difference in the growth of provenaces and families of Casuarina. '
Better growth and high nitrogen fixation were obtained from family 15002
of C. cunninghamiana, family 13146 and 13987 of C. glauca, family 13892
of C. obesa and family 19111 of C. collina.

5. Inoculation of Hibiscus cannabinus with Frankia strains was carried
out in the study. Irregular root and low acetylene reduction activity was
observed in the treatment of Frankia strains and 2,4-D. The results showed
that Frankia strains were failed to introduce into the root of crop.

Key words: Nitrogen fixation Resource bank of Frankia strains

Biological characteristics Application trial
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