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PROSPECTS FOR EVALUATION OF FRANKIA ~CASUARINA
ASSOCIATION UNDER EGYPTIAN CONDITIONS
II- INTERACTING EFFECTS OF FRANKIA WITH CASUARINA
SPECIES, SOIL TYPES AND VA MYCORRHIZAL
INOCULATION
[10]

Selim!, Sh.M.; Wedad E.E. Eweda' and Mona S. Zayed'
ABSTRACT

The interacting effects of four isolates (UF010,UF011,UF012 and UF013) or two
reference strains (UF001 and UFO002) of Frankia and VA mycorrhizas on growth,
nodulation and N ,-fixation of C. glauca and C. cunninghamiana were evaluated in
loamy sand and clay soil. In the two soils, seedlings representing the two species of
Casuarina were either uninoculated or inoculated with Frankia, VAM or both where
VAM inoculum preceded or followed that of Frankia. Data showed that all studied
factors seemed to influence the performance of the 2 above mentioned hosts. Gener-
ally, the performance of inoculated Casuarinag was greater than those of uninocu-
lated control plants. This finding was more obvious in loamy sand so0il compared
with the clay one and with Frankia UFO 13 applied solely or when conjugated with
either of inoculation schedule of VA mycorrhizas. On the other hand, application of
Frankia UF010 or UFOll to C. glauca and UF001 to C. cunninghamiana prior to VA
mycorrhizas developed higher number and dry weight of nodules than the opposite
treatment. Athought it was also the case for N,fixation, significant amounts of
acetylene were reduced with Frankia applied singly or followed with VAM. My-
corrhizal infection did not show significant difference due to soil type, single or dual
inoculation treatment.

Key words: Frankia VA Mycorrhizas, Casuarina, Inoculation, Nodulation,
N,-fixation, Dual inoculation.

INTRODUCTION : Mullin, 1992 and Selim 1995) have a

wide range of potential use in forestry.

Actinorhizal plants, originating from  The genus Casuarina, is by far the most
diverse geographical locations and habi- intensively studied one and species of this
tats (Chouglu, 1990; El-Lakany, 1990;  genus are reported to be largely responsi-
Merwin, 1990; Midgley, 1990; Baker & ble for high levels of soil nitrogen
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worldwide (Chonglu, 1990; El-Lakany,
1990; Merwin, 1990; Midgley, 1990;
Diem & Dommergues, 1990; Baker &
Mullin, 1992 and Selim & Schwencke
-1995). Interestingly, Casuarina plants
depend on symbiotic associations be-
tween their roots and beneficial soil mi-
croorganisms for successful establish-
ment and growth. Two of these symbio-
ses are crucial for tree growth in infertile
soil, nitrogen-fixing nodules developed
by Frankia (Midgley, 1990; Baker &
Mullin, 1992 and Selim 1995) and ve-
sicular arbuscular mycorrhizal root infec-
tion, (Gardner, 1986; Russo, 1989 and
Diem, 1996) Both associations function
to enhance growth by increasing the nu-
trient supply available to the tree (Lu-
mini et al 1994). However, the tripartite
system of plant, nodules and mycorrhizas
is one of the most complex symbiotic
associations (Russo 1989 and Diem,
1996). Each endophyte interacts with the
other and the host plant with each micro-
organism (Lumini ef al 1994; Diem,
1996 and Hurd and Schwintzer 1997)
This paper comprise data on growth,
nodulation and N-fixation of C. glauca
and C. cunninghamiana as influenced by
inoculation with four isolates and two
strains of Frankia and/or VA mycorrhizas
in clay and loamy sand soil .

MATERIAL AND METHODS
Soils and seeds

Two representative samples of loamy
sand and clay soil were collected from El-
Bostan location, Beheira Governorate and
King Mariout city, Alexandria Governo-
rate, respectively. The samples were air
dried, ground to pass 2 mm sieve, mixed

thoroughly and analyzed for chemical and
physical properties (Table 1).

Seeds of C. glauca and C. cunning-
hamiana were kindly provided by Desert
Development Center (DDC), American
university in Cairo, Egypt, to be used in
this study.

Raising of Casuarina seedlings

Seeds of the two species of Casuarina
were surface sterilized by immersing for
2 min in concentrated H,So;, and then
washed with sterile water until reaching
to meutral pH (Selim and Schwencke,
1995). Two month old seedlings were
transferred into 20 cm diameter pot (two
plants), irrigated for at least 2 weeks
(twice a week) with ¥4 Hoagland solution
with (NH,") and then 3 weeks with NH,

free Y Hoagland solution under green-

house condition (Selim & Schwencke,
1995),

Frankia and VA mycorrhizal inocula

Four Frankia isolates (Eweda et al
2003) and two reference strains identified
by Selim (1999) were used for inoculat-
ing the 2 above-mentioned species of
Casuarina. The designations and origins
of those strains are given in Table (2).
Frankia inocula were prepared by inocu-
lating 1 pg of mycelial protein (Brad-
ford, 1976) per ml of-BAP liquid me-
dium (Fontaine et al 1986). The inocula
composed of exponentially growing
Frankia cells which were disrupted 5-6
times by a 0.6 mm sterile needle. Cultures
were incubated at 28+2°C for 5 days un-
der stirred conditions, then washed and
centrifuged (5000 rpm for 15 min) in
NH," free BAP liquid medium and once
in Hoagland solution without N-source

Arab Univ. J. Agric. Sci., 11(1), 2003
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Table 1. Some mechanical and chemical analysis of soils used in the greenhouse
experiments.

Mechanical analysis

. : EC
Sand Silt Clay o PH CaCoO,
% % % Soil texture 125 mmhlos %
cm
Type (1) 85.52 4 10.48 Loamy sand 83 0.16 3.2
Type (2) 35.52 16 48.48 Clay 8.0 0.85 40.8
Chemical analysis’
Cations mg L™ Anions mg L Macroelements ppm Microelements ppm
£ & 2 n 8 o 3 =z ~ = ¥ 2 & F

Type(l) 08 03 087 024 051 05 12 12 1 100 108 002 04 04
Type(2) 34 2 275 096 663 15 1 15 4 356 10 0.14 024 02
* Laboratory of soil analysis — General organization for Agric.

Equalization Fund. Ministry of Agriculture Giza, Egypt.
Table 2. Origin of Frankia used in this study

Frankia Original Geographical Reference
isolates host origin

UF 010 C. glauca Sadat City Eweda et al 2003

UF 011 C. glauca Nobaria City Eweda et al 2003

UF 012 C. cunninghamiana Cairo -El-Zagazigrood Eweda et al 2003

UF 013 C. cunninghamiana Kafr El-Sheikh Eweda et al 2003

UF 001 C. glauca Ismailia Selim 1999

UF 002 C. glauca Zagazig Selim 1999

Arab Univ. J. Agric. Sci., 11(1), 2003
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(Hoagland and Arnon, 1938). Cells
were resuspended in the same solution
and were homogenized by 0.6 mm sterile
needle.

VA mycorrhizal spores were extracted
by wet sieving and decanting technique
(Gerdemann and Nicolson, 1963) from
soil around the roots of wheat grown
on the Expermental Field, Fac. Agric,,
.Ain-Shams Univ., Cairo, Egypt The
spores used represented two main genera
of VAM, ie, Glomus and Gigaspora.

Experimental techniques

Interactions among Frankia, Casuarina
and VA mycorrhizas in two soils

A green house pot experiment was
conducted in the Unit of Biofertilizers,
Fac. Apgric, Ain-Shams University to
study the effects of inoculation with
Frankia alone or conjugated with VA
mycorrhizas at 2 reversed application
(before and after Frankia inoculation) on
the performance of 2 species of Casu-
arina in 2 different soils. For this pur-
pose, polyethylene bags (20x30cm) with
5kg capacity were packed with either of
loamy sand or clay soil. Two month oid
seedlings of C. glauca or C. cunningha-
miana were transplanted into polyethyl-
ene bags contained either of the 2 tested
soils. Seedlings were fed with Hoagland
solution containing NH,+ for 2 weeks
and for 3 weeks with the same solution
without NH,+ (Selim and Schwencke,
1995). Casuarina plants were then in-
oculated with either of the tested Frankia
by adding 20 pug of the mycelial protein
/piant into holes (3 cm depth) at soil
around the stem (Selim and Schwencke,
1995). Frankia inocula were applied
either singly or in conjugation with 2 ml

of .VAM spores (contained 50 spores/ml)

in 2 variable timing to give the following

treatments.

i) Inoculation with Frankia with

' planting (F)

ii) Inoculation with VAM with planting
™)

iii) Inoculation with VAM after 7 days
from Frankia inoculation (FM)

iv) Inoculation with VAM 7 days before
Frankia inoculation (MF)

v) Uninoculation (Control)

The above-mentioned treatments were
arranged in complete randomized design
with 10 replicates. Developed plants were
fed with Hoagland solution without N
source (Selim and Schwencke, 1995) for
6 months.

At the end of the experiment period
Casuarina plants grown under different
treatments were harvested to record:
shoot height (cm/plant), total dry weight
(g/plant), nodulation frequency (%),
number of nodules/plant, dry weight of
nodules (mg/plant), acetylene reduction
assay (Hardy et al., 1968) expressed inn
moles C,Hy/h/plant and percentages of
mycorrhizal root infection (Phillips and
Hayman,1970). The results were statis-
tically analysed according to Snedecor
and cochran (1969).

RESULTS

The interacting effects of Frankia and /
or VA mycorrhizas on performance of
C. glauca and C. cunninghamiana in
two soils

Growth

Results presented in Table (3) show
that shoot length of the 2 species of
Casuarina inoculated with Frankia

Arab Univ. J. Agric. Sci., 11(1), 2003
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Table 3. Effect of inoculation with different isolates and strains of Frankia and/or mycorrhizae on shoot length (cm/plant)
of C. glauca and C. cunninghamiana grown on clay and loamy sand soils for 6 months

Clay Loamy sand

C. glauca C. cunninghamiana C. glauca C. cunninghamiana

F MF FM F MF FM F MF FM F MF FM

UF010 440 573 340 52.7  39.0 26.8 76.8 66.8 65.8 60.3 72.0 71.0
UF011 500 523 708 658 670 380 64.5 63.0 783 53.8 43.0 62.0
UF012 560 7138 415 605 710 62.5 62.0 583 59.8 65.3 713 59.0
UF013 525 588 66.3 570 673 583 97.5 7.0 323 91.0 703 5.5
UF001 703 405 52.5 363 613 508 '53.0 60.5 65.5 56.3 61.3 65.3
UF002 73.8  55.0 473 670 753 82.0 62.8 70.5 62.5 573 7r5 715

Control 30.3 29.3 40.5 - 46.7
M 64.5 57.5 66.0 545
, 1% 5% 1% c5%
LSD Soil 29 ' 205 Soil x Plant 4.1 291
Plant 29 2.05 Soil x treatment 13.03 922
Treatment 9.19 6.49 Plant x treatment 13.03 9.28
Soil x plant x treatment 18.37 13.03
* Control without inoculation M :inoculated with mycorthizae .
F :inoculated with Frankia MF : Inoculated with mycorrhizae and after 7 days with Frankia

FM : Inoculated with Frankis and after 7 days with mycorrhizae

UONORIN UOTIBIDOSSE DULIDNSDI-DINUD A
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and/or VAM and grown in loamy sand
soil were significantly higher than those
of plants grown in clay soil. Among
Frankia isolates, the UF012 was particu-
larly superior to other tested isolates
when applied solely or proceeded with
VAM to Casuarina glauca grown on the
clay soil (56.0 and 71.8 cm/plant, respec-
tively). This observation was only re-
corded with dually inoculated Casuarina
cunninghamiana grown on the same soil.
Application of VAM following to inocu-
lation of C. glauca with the same Frankia
isolate gave lower records of shoot
lengths 41.5 cm/plant. However, the view
was changed in the loamy sand soil where
higher records of shoot lengths were ob-
tained from C. glauca and C. cunningha-
miana inoculated with Frankia UF013
solely. The recorded figures under the
above mentioned conditions were 97.5
and 91.0 cm/plant respectively. The same
finding seemed to be also true, but to
lower extents, with the2 other inocula-
tion pattern, i.e. MF and FM being more
pronounced with the latter treatment. The
recorded figures were 71.0, 82.3 and
70.3, 75.5 cm/plant for C. glauca and C.
cunninghamiana inoculated with Frankia
UF013 preceded and flowed by VAM,
respectively. Records of total dry weights
of Casuarina inoculated with Frankia
were generally greater than those of
uninoculated control plants (Table 4) and
also for plants grown on loamy sand soil
compared with the clay one. Again, the
dry matter contents of C. glauca grown
on clay or loamy sand soil, being higher
in the latter soil and inoculated with
Frankia UF013 solely or conjugated with
VAM were greater than other treatments.
The recorded figures were 2.3, 5.07. and
3.22 g/plant against 10.71,7.51 and 8.55
g/plant for C. glauca inoculated with

Frankia UF013 (F) and when preceded or
followed by VAM in the clay and loamy
sand soil, respectively. The pronounced
performance of C. cunninghamiana with
the same above-mentioned isolate of
Frankia solely or conjugated with VAM
was also true in the loamy sand soil.
However, the UF012 appeared to be more
effective in the clay soil.

Nodulation and N,-fixation

It is obvious from data recorded in
Table (5) that no significant differences
were observed in number of nodules due
to soil type or tested Frankia. The highest
number of nodules were obtained from C.
glauca and C. cunninghamiana plants
grown on the clay soil and inoculated
with VAM with planting followed with
Frankia-UF010 or UF001, respectively.
On the other hand, application of Frankia
prior to VAM developed higher number
of nodules on plants grown on clay soil,
than the opposite inoculation treatment.
This observation was shown in C. glauca
inoculated with Frankia UF010 or UF011
and also in C. cunninghamiana inocu-
lated with strain UF001. The percentages
of seedling that formed root nodules
(nodulation frequency) were generally
higher in clay soil than in loamy sand
except for Frankia UF002 (Table 6). The
above mentioned strain gave higher
nodulation frequencies on the roots of the
2 hosts in loamy sand soils in the pres-
ence or absence of VAM. The dry
weights of nodules obtained from C.
glauca and C. cunninghamiana grown on
clay soil and inoculated with VAM fol-
lowed with Frankia UF011 and UF001
were particularly distinguishable being
1485 and 1950 mg/plant, respectively.
Also, C. cunninghamiana inoculated
solely with Frankia UF012 and grown on

Arab Univ. J. Agric. Sci., 11(1), 2003
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Table 4. Effect of inoculation with different isolates and strains of Frankia and/or mycorrhizae on the total plant dry
weight g/plant of C. glauca and C. cunninghamiana grown on clay and loamy sand soils for 6 months.

Clay Loamy sand

C. glauca C. cunninghamiana C. glauca C. cunninghamiana
F MF FM F MF FM F MF FM F MF M

UF010 197  3.69 209 213 106 1.35 9.71 6.68 5.86 438 5.73 5.06
UF011 189 1.63 242 207 346 1.49 4,95 3.64 1426 430 2.69 3.66
UF012 206 448 223 38 545 475 3.61 4.16 7.79 434 7.25 4.95
UF013 230 5.07 3.22 262 3.66 208 1071 751 8.55 8.44 5.03 7.10
UF001 652 6.47 4.49 132 3.07 2.30 279 391 5.00 234 4.50 491
UF002 456 187 1.51 255 461 7.08 2.70 4.02 5.08 3.93 8.55 4.13

Control 1.41 2.41 2.00 2.11
M 2.90 1.99 9.38 7.40
_ 1% 5% 1% 5%
LSD Soil 0.54 0.38 Soil x Plant 0.76 0.54
Plant 0.54 0.38 Soil x treatment 2.39 1.69
Treatment 1.69 1.197 Plant x treatment 239 1.64
Soil x plant x treatment 3.39 2.39
* Control without inoculation M : inoculated with mycorrhizae

F :inoculated with Frankia MF : Inoculated with mycorrhizae and after 7 days with Frankia
FM : Inoculated with Frankis and after 7 days with mycorrhizae .
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Table 5. Effect of inoculation with different isolates and strains of Frankia and/or mycorrhizae on the number of nodules
per plant of C. glauca and C. cunninghamiana grown on clay and loamy sand soils for 6 months.

Clay Loamy sand

C. glauca C. cunninghamiana C. glauca C. cunninghamiana
F MF M F MF FM F MF FM F MF FM

UF010 1.7 14.3 1.7 1.0 3.0 1.3 53 33 33 1.0 1.0 13
UFO011 43 14.3 23 1.0 20 20 1.0 1.0 1.0 7.7 23 1.0
UFO012 4.7 6.3 13 12.3 5.7 37 1.3 23 23 23 2.0 20
UF013 27 20 23 1.0 2.7 3.0 2.0 27 30 23 4.0 11.7
UF001 87 5.0 43 20 14.7 1.0 1.7 7.0 1.7 3.0 3.7 1.7
UF002 20 1.0 1.0 1.7 2.7 1.0 6.0 3.7 3.0 3.7 4.7 317

Control 0.0 0.0 0.0 0.0
M 0.0 0.0 0.0 0.0
1% 5% 1% 5%
LSD Soil 1.3 0.9 Soil x Plant 1.81 1.28
Plant 1.3 0.9 Soil x treatment 5.44 3.85
Treatment 3.85 2.72 Plant x treatment 5.44 3.85
Soil x plant x treatment 7.69 5.44
* Control without inoculation M :inoculated with mycorrhizae
F :inoculated with Frankia MF : Inoculated with mycorrhizae and after 7 days with Frankia

FM : Inoculated with Frankis and after 7 days with mycorrhizae

CUOJA PUE PEPOA ‘UIT[OS



Table 6. Effect of inoculation with different isolates and strains of Frankia and/or mycorrhizae on the nodulation

frequency of C. glauca and C. cunninghamiana grown on clay and loamy sand soils for 6 months.

Clay Loamy sand
C. glauca C. cunninghamiana C. glauca C. cunninghamiana
F MF FM F MF FM F MF FM F MF FM

£00Z ‘(D11 “1§ "dudy [ "Anu qery

UF010 40 100 50 30 60 30 60 80 30 10 20 30
UF011 80 100 60 30 20 30 20 20 20 30 30 20
UF012 100 100 30 60 60 60 30 30 60 40 60 60
UF013 50 30 30 20 30 40 30 30 30 30 30 80
UF001 80 60 60 60 60 20 30 80 30 50 60 30
UF002 50 30 30 - 60 50 50 100 60— 100 60 50 100
Control 0 0 0 0
M 0 0 0 0
1% 5% 1% %
LSD Soil 0.54 0.38 Soil x Plant 0.76 - 054
Plant 0.54 0.38 Soil x treatment 2.39 1.69
Treatment 1.69 1.197 Plant x treatment 2.39 1.64
Soil x plant x treatment 3.39 2.39
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the clay soil gave high record of nodules
dry weights being 1029.3 mg/plant Table
(7). Lower amounts of dry matter were
observed in the 2 hosts when grown on
the loamy sand soil. Under that condition,
the highest nodule dry weight was ob-
tained from C. cunninghamiana inocu-
lated with Frankia UF013 followed by
VAM being 866.3 mg/plant. This superi-
ority of FM inoculation pattern in en-
hancing nodule dry matter content of C.
cunninghamiana was shown by the same
above-mentioned isolate applied alone
but to a lower extent being 640.0
mg/plant (Table 7).

Data presented in Table (8) show that
acetylene reduction activity significantly
differed according to soil type and plant
species in favor of loamy sand soil and C.
glauca. However, application of VAM
with planting followed with Frankia in-
duced higher levels of N, - ase activity
than application of Frankia alone or
Frankia followed with VAM .The highest
activities of acetylene reduction were
obtained from C. glauca plants grown on
loamy sand soil inoculated with VAM
followed with either Frankia UF010,
UF011, UF012 or UF002 being 8482.9;
7776.5; 5145.0 and 4801.3 nmol C;Hsh
plant respectively. The corresponding
figures in clay soil were, 9267.9; 10692.6
and 4429.9; 746.9 nmol C,H, /hu/ plant in
the same above — mentioned respective
order. Relatively pronounced acetylene
reduction activities were observed in C.
cunninghamiana when inoculated with
Frankia UF012 solely or combined with
VAM in the 2 inoculation pattern. The
recorded figure were 7610.7, 4667.0 and
2406.6 nmolC,Hy/N/plant for the UF012,
F. MF and FM, respectively. Although,
the latter inoculation treatment induced
lower level of N,-fixing activity inthe

‘clay soil, it was the most effective in the

loamy sand soil as it gave 5671.9 nmol
C,H/h/plant.

Mycorrhizal infection

No significant differences were ob-
served between VAM infection percent-
ages due to soil type or single inoculation
with VAM compared with dual inocula-
tion of VAM plus Frankia (Table 9).
However, distinguished percentages in-
fection were shown in the roots of C.
glauca inoculated with Frankia UF012
followed by VAM in the loamy sand soil
being 61%. The same level was also re-
corded in the roots of C. glauca with the
same above-mentioned inoculation pat-
tern but under clay soil condition. Appli-
cation of VAM prior to Frankia seemed
also to give similar level of infection
development. This finding was observed
when VAM inoculation preceded Frankia
UF010 or UF001 applied to C. glauca
grown in clay and loamy sand soil, re-
spectively. This inoculation pattern in-
duced the lowest level of infection in C.
cunninghamiana inoculated with the
UF012 isolate of Frankia being 28 and 38
% :in clay and loamy sand soil, respec-
tively.

DISCUSSION

Success in introducing Casuarina in
poor soil is often impeded by both nitro-
gen and phosphate deficiency. This defi-
ciency can be overcome by adding fer-
tilizers or cnsuring the establishment of
effective symbioses by inoculating the
plants with compatible endophytes Casu-
arina is among one of the most important
genus of actinorhizal plants that is capa-
ble of fixing N by virtue of root nodules

Arab Univ. J. Agric. Sci., 11(1), 2003
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Table 7. Effect of inoculation with different isolates and strains of Frankia and/or mycorrhizae on the dry weight of
nodules per plant (mg) of C. glauca and C. cunninghamiana grown on clay and loamy sand soils for 6 months.

Clay Loamy sand
C. glauca C. cunninghamiana C. glauca C. cunninghamiana
F MF FM F MF FM F MF FM F MF FM
UF010 1726 3270 253 13.5 1546 204 64.3 99.1 2352 10.7 8.60 472
UF011 3687 1485 2670 850 1790 1767 8.2 3.5 83 177.0 437 14.6
UF012 1214 2815 247 10293 1482 180.0 44.7 597 2017 1927 2697 2060
UF013 940 2343 2007 587 2097 1995 3257 1623 1905 640.0 5020 866.3
UF001 1257 1437 5497 448 1950 20.4 89.0 610.0 3603 2250 265.7 166.3
UF002 68.0 923 477 457  773.0 2263 1950 1613 71.3 827 4673 197.7

Control 0 0 0 0
M -0 0 0 ' 0
1% 5% 1% 5%
‘LSD Soil 69 49 Soil x Plant 97 69
Plant 69 49 Soil x treatment 119 84
Treatment 84 59 Soil x strains 168 116
Strains 119 84 Plant x treatment 119 84
Plant x Strain  516.8 119 Soil x Plant x Treatment 504 357
* Control without inoculation M :inoculated with mycorrhizae
F :inoculated with Frankia MF : Inoculated with mycorrhizae and after 7 days with Frankia

FM : Inoculated with Frankis and after 7 days with mycorrhizae

UOTIDRIOIUT UOTIBIOOSSE DUIDNSDI-DINUDL]
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Table 8. Effect of inoculation with different isolates and strains of Frankia and/or mycorrhizae on acetylene reduction

activity (ARA) n molC,Hy/h/plant root of C. glauca and C. cunninghamiana grown on clay and loamy sand

soils for 6 months.

Clay Loamy sand
C. glauca C. cunninghamiana C. glauca C. cunnihghémiana
F MF FM F MF M F MF M F _MF FM
UF010 713.5 9267.9 5437.7 651.3 1800.85 881.425 3137.0 84829 2610.35 790.6 79045  970.28
UFO011 21718 10692.6 1532.9 748.7 1327.95 1337.05 84135 77765 3460.65 4222.4 162405 8408
Ul.?012 24090.7 4429.9 900.93  7610.7 4667.0 2406.6 1068.0 51450 1635.9 1398.1 1480.13 5671.9
UF013 1762.2 1291.5 15486 10553 1876.6 1717.5 15125 14253 1800.5 1471.0 20159  1487.1
UF001 39123 3630.0 2836.0 13827 1216.2 796.5 1006.1 1208.8 5273.8 22155 23716 25413
UF002 1509.5 746.9 698.8 1239.5 806.0 856.8 656.1 4801.3 3276.0 29149  2926.03  2553.5
Control 0 0 0 -0 |
M 0 0 0 0
1% 5% 1% 5%
LSD Soil 134.47 95.1 Soil x Plant 190.17 134.49
Plant 134.47 65.1 Soil x treatment 23291 164.72
Treatment 164.69 116.48 Soil x strain 329.39 232.95
Strains 23291 164.72 Plant x treatment 23291 264.72
Plant x strain 329.39 232.95 Soil x plant x treatment 806.84 570.61

Tel
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Table 9. Effect of inoculation with different isolates and strains of Frankia and/or mycorrhizae on %o wau:cuos. by

mycorrhzae of C. glauca and C. cunninghamiana grown on clay and loamy sand soils for 6 months.

Clay Loamy sand
C. glauca C. cunninghamiana C. glauca C. cunninghamiana
F MF FM F MF FM F MF FM F MF FM
UF010 0 47 48 0 62 56 0 47 43 0 30 50
UF011 0 52 50 0 44 48 0 52 58 0 47 53
UF012 0 48 44 0 28 54 0 53 61 0 38 - 46
UF013 0 48 38 0 54 6! 0 48 42 0 48 56
UF001 0 38 50 0 58 47 0 61 47 0 50 42
UF002 0 52 38 0 48 49 0 42 45 0 46 42
Control 0 0 0 0
M 47 60 38 50
1% 5% 1% 5%
LSD Soil 1.21 0.86 Soil x Plant 4.396 3.11
Plant 121 0.86 Soil x treatment 2.11 1.49
Treatment 3.12 2.196 Plant x treatment 2.11 1.49
Soil x plant x treatment. 6.21 439

UORORISIUT UOLIRIOOSSE DULIDNSDI-DINUDA]
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formed by the actinomycete Frankia. The
roots of Casuarina species have been also
found to support vesicular arbuscular
mycorrhizas and ectomycorrhizas in ad-
dition to nitrogen fixing nodules (Diem et
al 1981). ' o

The. symbiotic fixation of atmospheric
N; by Frankia in root nodules forming on
Casuarina species is one attribute which
make these trees important for land rec-
lamation in infertile soils of the tropics,
agroforestry and fuelwood production
Midgley ef af 1983). Studies conducted
by Dommergues (1963) and Gauthier et
al (1985) on plantings of C. equisetifolia
under N-deficient conditions of coastal
dunes had estimated fixation rates of 40-
60 KgN ha'yr’. Other studies had dem-
onstrated that the amount of N; fixed in
nodules of Casuarina species can vary
considerably depending upon the strain of
Frankia (Reddell and Bowen, 1985), the
host tree genotype (Sougoufara ef al
1987 & 1989 and 1992) and soil char-
acteristics such as P status (Reddell et al
1986 and Selim ef al 2000), moisture
content (Kant and Narayana, 1978) and
other root associated microorganisms
such as mycorrhizal fungi (Diem and
Gauthier, 1982) which also reflected on
plant growth rates.

Differences between isolates of
Frankia in their abilities to increase the
growth of trees from one provenance of
Casuarina cunninghamiana were re-
ported by Reddell et al (1988). In that
study, Frankia ORS020607 was much
more effective compared to the other
strains of Frankia in stimulating tree
growth and height of these plants being
almost 3 times that of the uninoculated
treatment. These results are in agreement
with those reported in this study.where
Frankia isolates UF012 and UF013 were

more effective than other tested Frankia.
The overall data demonstrate the potential
to increase growth of Casuarina by se-
lection of effective strains of Frankia for
use in nursery inoculation programs. -
Vesicular arbuscular mycorrhizas are
association that function to increase the
efficiency of soil nutrient use by wide
range of host plants including Casuarina
trees. In an experiment conducted by
Diem and Gauthier (1981) using seed-
lings of C. equisetifolia inoculated with
Frankia, G. mossease or both and grown
on a sterile soil containing only 10 ppm
available P, the number of nodules and
the total N of shoots were more than
twice as great in dully inoculated plants
as in plants inoculated with Frankia
alone. It is well documented that the in-
timate physiological association existing
between actinorhizal plants and their
nodular endophyties could be enhanced
by VA mycorrhizal infection due to in-
creased phosphate uptake. This profound
advantage could establish effective
nodulation and N—fixation which result
in overall enhancement of plant growth.
The pronounced increase in shoot
height and dry matter in Casuarina plants
inoculated with Frankia and/or mycorrhi-
zas could be attributed to stimulation of
the nodule development and N,-fixing
activity of those endophytes and their
ability to modify the metabolism of
auxin, gibberellins and cytokinens in
actinorhizal root nodules (Miguel et al
1978 and Diem, 1996). In this study, the
timing of inoculating Casuarina seed-
lings with Frankia and VA mycorrhizal
fungi was investigated to verify the na-
ture of their interaction at early stages of
symbiotic association. Application of
Frankia prior to VA mycorrhizal (FM)
induced good responses on growth,
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nodulation, and N,-fixation than opposite
treatment (MF). However, mycorrhizal
infection did not show significant differ-
ences due to studied factors, ie., host
species, soil type and Frankia/ mycor-
rhizal inoculation. In this respect, the
study of Diem (1996) showed no compe-
tition between Frankia and VA mycor-
rhizas for infection sites of tree roots.

Further studies are needed to achieve
an improved understanding of other as-
pects associated with this symbiotic sys-
tem.
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