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ABSTRACT

Three VAM-fungi were isolated from roots of onioill{um cepa,
Liliaceae), broad bearvicia faba, Leguminosae) and Swiss cheeborfstera
deliciose, Araceae). Another isolate was isolated from radtmaize Zea mays
Graminae) plants raised from sterilized seeds sowsterilized soil. All fungi
have coenocytic coarse aseptate mycelium and repeddasexually by sporangia
and sporangiospores. Chlamydospores with diffesizets were produced also by
all fungi. Chlamydospores were formed apically andntercalary, either singly
and/or in chains.

Fungal growths on barely-sand medium and suspensiari
sporangiospores (obtained from cultures grown dil soedium) were used for
inoculating sterilized soil (at different levels)days before and after sowing,
respectively. Maize (Zea maize) seedlings showgdifstant improvement in
their growth when grown in sterilized soil inoc@dtby these isolated fungi.
However rate of growth improvement was quite vaa@d depended on source
of fungal isolate and its inoculum level. Onioni&e was more effective at the
lowest inoculum level and this trend was completelyersed in Swiss cheese
isolate. Broad bean-isolate gave the best restltheaintermediate inoculum
levels. Roots of maize plants raised in soils itat@d with fungal materials
showed structures characterizing mycorrhizal inbest i.e. inter- and
intracellularly aseptate hyphae, chlamydospordsjsaules and vesicles.

These findings are innovative and reported hemirthfe first time.

INTRODUCTION
The VA mycorrhizae have a little effect on root mpioology, not readily

distinguishable from uninfected roots and have bveen isolated from infected
roots except for arendogone-like fungus isolated by Barrett (1961). Hawker,
(1962) stated that the endophyte in garlic rootdated in pure culture and
described as #ythium considered to be the VA endophyte which produced
mycorrhiza when back-inoculated into the host. Als® VA fungi could not be
grown in pure culture and do not form colonies ba traditional soil dilution

plates of the soil microbiologist even though tlcay constitute a major portion
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of the hyphae present in soil (Warcup, 1957, amkstan, 1965). The strict
application of Koch's postulates Endogone was not possible because of its
inability to grow in pure culture The inability ¢fie VA endophyte to grow alone
in pure culture is surprising in view of its lack specificity in the host plants it
will infect. The same isolate oEndogone, for example, can establish VA
mycorrhiza with completely unrelated plants suchoa®n, strawberry, violet,
sweet gum, and diverse legumes and grasses.

The VA fungi were classed as phycomycetes becawse lack regular
septa. They have usually been assigned to the g&mdsgone, family
Endogonaceae, and order Mucorales. The nomenclafutee spore types or
species ofEndogone is somewhat confusing. Mosse and Bowen, (1968a¢ gav
the different spore types descriptive names basedistinctive morphological
features. While Gerdemann and Trappe, (1974) daem wifferent generic and
species names, partly according to whether theylalismydosporic, zygosporic
or azygosporic. The latter scheme includes foueggnviz.Glomus, Gigaspora,
Acaulospora and Slerocystis, which contain species forming VA mycorrhiza.
The nameEndogone is restricted, in accordance with taxonomic priorities
those species forming sporocarps that contain zygespores (Gerdemann and
Trappe, 1974) and does not embrace any speciesnkimofgrm VA mycorrlhiza.
Ultimately it is hoped that different species via# established in pure culture and
specific isolates compared and their life cyclesedeined to confirm species
separation. At present different VA species arentasmed in pot cultures with
host plants grown in sterilized soil.

Various species oEndogone differ in the extent to which they stimulate
plant growth. This specificity is more related tmlsype than to the species of
host plant, the most effectiviendogone species in one soil, for example, being
surpassed by four others on the same host in anstiidMosse, 1972).

The present study concerned mainly to isolate fuegponsible for VAM-

infection from roots and other organs of differ@dnts belonging to different
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families and growing them in axenic cultures. Effetsoil inoculation with the

isolated fungi on some growth criteria of maizengdawas also investigated.

MATERIALSand METHODS

I solation of fungi from healthy roots:
The MS-medium (Murashige & Skoog, 1962) modifiedEyFiki et al.,

(1999a & b) was used in this study. Isolation teghe was similar to that used
for isolation of the ordinary root pathogens. Healtoot samples were taken
from onion @llium cepa, Liliaceae), broad bearvicia faba, Leguminosae)
plants grown under field conditions as well as fragrial roots of 3-years old
Swiss cheeseMonstera deliciose, Araceae) plants grown in pots. The root
samples were washed in tap water, surface stetiligedipping in 2% sodium
hypochlorite solution for approx. 2 min., thoroughivashed with sterilized
distilled water, dried between sterilized filterpes, cut into pieces and placed
onto plates containing modified agar MS-medium. Ppleges were incubated at
25 °C for 3-5 days and observed daily. The fungal ghosgreading from root
pieces were purified using both hyphal tip and msporic culture techniques.

The resulting purified fungi were repeatedly suhaald on the above medium.

I nfectivity of theisolated fungi:
Pots containing sterilized loamy clay soil (withoamendment) were

prepared and sown with maize grains, 5 grains peh @ot. Sterilized soil was
inoculated with modified barely-sand cultures édls of 0.1, 0.2, 0.4 and 0.6%,
w/w) 7 days before sowing or with suspension ofgainsporangiospores at the
rate of 0.5, 1, 2 and 3ml /pot (each containing kaef soil) 7 days after sowing.
Four pots were used for each particular treatnférg@paration of fungal inocula

was as follows:

Preparation of modified bar ely-sand cultures and soil inoculation:
Modified barely-sand medium (referred here as mediBS medium) was

prepared in 100 cc conical flasks each containtig Darely grains and 25 g of

clearly washed sand. Flasks were supplementedenitigh amount of the liquid
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modified MS-medium (El-Fiki et al., 1999a & b) aadtoclaved as usual. Flasks
were inoculated with equal discs of 7 day-old a@t{grown on modified MS-
agar medium) of each fungal isolate and incubabe®{3 weeks at 28C. The
resulting BS-culture for each isolate was used goil inoculation at the
aforementioned rates. However, sterilized BS-medivas used at the same
levels for soil inoculation in control treatment.

Preparation of suspensions of fungal sporangiospores and soil inoculation:

The isolated fungi were grown for 7 days at°Z5on plates containing
modified MS-agar medium. Each plate was floodechwi® ml of sterilized
distilled water, subjected to ultrasonic waves 36r min. The resulting spore
suspension(s) were collected (for each particglalate), filtered through 2-layer
sterilized cheesecloth. For each isolate, 0.5,2.Mand 3 ml of spore suspension
(250.000 spores/ml) were taken, supplemented aphmater to about 50 ml and
poured onto potted-soil 7 days after sowing. Then&y control treatment was

also used herein.

Effect of theisolated fungi on root infection and growth of maize plant:
Root samples were taken weekly from each treatraedt prepared for

investigating VAM-infections using the techniquesdebed by Phillips and

Hayman (1970). Effect of different inoculation tie&nts on growth of maize
plants expressed as plant height, root length, stexmeter, number of leaves,
average fresh and dry weight of roots and shoatplpét was recorded 4 weeks

after sowing.

| solation of VAM-like fungi from plant organs other than roots:
These studies were carried out after detecting miyizal infection-

structures in roots of maize seedlings raised fsonfiace sterilized seeds sown in
sterilized potted soil as well as in the leaf-sheait Swiss cheese plant. A lot of
surface sterilized seeds of maize (in 2% sodiunoblyforite for approx. 2 min.)
were allowed to germinate for one week under aseganditions on sterilized

wetted filter paper. Small portions of roots (frogerminated seeds) were
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aseptically transferred onto Petri-dishes contgimmodified MS-agar medium

and incubated for 3-5 days at 26. Also, small portions were cut with sharp
knife from leaf petiole of 3-years old Swiss cheplmt, surface sterilized (as in
case of maize seeds), thoroughly washed with iziedildistilled water, macerated
into small pieces, cultured on modified agar MS-imed and incubated as
mentioned before. Mycelial growth produced fromstheplant materials was
isolated, purified as mentioned before and compavéd the VAM-fungus

previously isolated from roots of these plants.

RESULTS

| solated fungi:
Four fungi were isolated from roots of onion, brdaehn plants (grown

under field conditions), Swiss cheese plants (grawoutdoor pots) and maize
seedlings (gown in vitro under aseptic conditiorA). fungi could grow and
sporulate on modified MS-agar medium producing edgitayish branched
mycelium. Hyphae in all fungi were aseptate, hyglvacuolated and showed oil-
like droplets (Fig.1). The highest and lowest thieks of hyphae of different
isolates was greatly varied. Thickness of hypae waged between 2.5-17.5,
3.2-30.0, 3.3-24.0, 2.5-35.0 um, for isolates ofsSweheese (Fig.1), onion (Fig.2
& 3), broad bean (Fig.4), and maize (Fsgb), respectively.

All isolates (except maize-isolate) formed sporangidividually at the
terminal ends of aseptate unbranched hyphae. Sgaraof Mucor-type
measuring 25.0-37.5 pm in diameter were observe&iiss cheese isolate (Fig.
6). While isolates of onion (Fig.3) and broad béaot photographed) produced
deciduous sporangia measured 30.0-57.5 and 4000-g%, respectively.
Sporangia in all isolates contained rounded hydlhtelled sporangiospores (2.5-
3.0 um in diameter). Formation of sporangia wasdetected in maize-isolate.

Onion-isolate only (Fig.7) produced oval shapedozpmpres measurirgp.s x 42.5
pm.
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All isolates produced apical and intercalary rouraiid oval-shaped
chlamydospores singly and/or in chains. Swiss chessdate (Fig. 1) produced
abundant chlamydospores (singly and in chains) Ijmaath round-shape (5.0-
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Fig.(1): a = Show Swiss cheese isolate (X=400); ISkow onion isolate
(X=630); ¢ = Show onion isolate (X=400) and d = ®hbroad bean
isolate (X=400). Notice vacuolated hyphae with dibplets (a), large
deciduous sporangia "sp" (c), variation in chlansmire formation and
thickness of aseptate hyphae in different isolaté&ll Figures were
minimized by 60%).
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Fig. (2): a = Show mycorhizal infection in roots a$eptically grown maize
seedlings (X=200); b = Show maize isolate showadktiypha and
round-shaped chlamydospores (X400); ¢ = SMuweor-type sporangia in
Swiss cheese isolate (X=400) and d = Show ovaleshaggospore (zy) in
onion-isolate (X=400). (All Figures were minimizby 60%).
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Fig. (3): a = Show arbuscules in roots of maizengglanoculated with onion-
isolate (X=150); b = Show vesicles in roots of neajants inoculated
with onion-isolate (X=300): ¢ = Show vesicles amtkracellular aseptat
hyphae in maize-roots inoculated with onion-isolsltewed (X=480) and
d = Show excessive growth and sporulation of bioean-isolate on BS-
medium (X=200). (All Figures were minimized by 6Q%)
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Plate 4: shows single hyphal unit with lateral geticular projection between
two cells of Swiss cheese root (a) and two hyphaisufused together
forming H-connection in Swiss cheese roots (b).

25.0 um with an average of 15.5 um in diameter) &d oval shaped
chlamydospores (12.5 x 33 um with an average of X722.2 um). Onion-
isolate (Figs.2 & 3 and 6), produced chlamydosponamly singly and oval in
shape (15.8 x 33.0 um with an average of 20.3 2 2%n) and few rounded
shaped spores (12.5-30.0 um with an average of |22 Broad bean-isolate
(Fig. 4) produced both round- shaped (20.0-30.0witim an average of 24.2 um)
and oval-shaped (15.8 x 33.0 um with an average2@B x 25.2 pm)
chlamydospores at equal frequency. They were formeuhly singly and rarely
in chains. Maize-isolate (Fig. 5-b) produced chldospores singly and in chains.
The round-shaped chlamydospores (7.5-22.0 um witlaveerage of 15.5 pm)
were produced more frequently than the oval-shaped(15.0 x 25 pm with an
average of 15.0 x 22.5 pm).

Roots of maize seedlings emerged from surfaceliztgtiseeds sown in
sterilized soil showed mycorrhizal infection (Figah The fungus isolated from

roots of these maize seedlings has similar chasaciemycelial growth of the
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above isolates (Fig.5-b). Thickness of hyphae rdngem 2.5-35.0 um. Both
sporangia and zygospores were not detected inigblate. However, round-
shaped chlamydospores (7.5-22.0 uym with an averdd®.5 pm in diameter)
were formed more than the oval shaped (15.0 x @B@Qvith an average of 15.0

X 22.5 pm in diameter).

Effect of soil inoculation with isolated fungi on growth of maize plants:
A- Effect of fungal cultures grown on modified barely-sand (BS-) medium:

All fungal isolates used in this experiment coutdwg and sporulated well
on the modified barely-sand medium. Excessive gnamd sporulation of broad

bean-isolate on this medium could be seen in Eib).

Data in Tables (1 & 2) showed that, the growthecid of maize plants
were significantly increased by some soil inocolatireatments. Compared with
control, shoot length was increased by 11.5-36 6%t length increased by 18.9-
45.7%, stem diameter increased by 8.8-15.8%, stiesh weight increased by
79.5-115.1%, root fresh weight increased by 68.2-2%, shoot dry weight
increased by 51.1-172.3%, and root dry weight waseased by 42.9-107.1%.
Applying BS-culture of broad bean-isolate at leg€l0.2% (w/w) produced the
highest increases in shoot length (36.6%), roajtle45.7%) and stem diameter
(23.6%). However, BS- culture of onion-isolate i@ level of 0.1%) and Swiss
cheese-isolate (at the level of 0.6%) came the, mespectively. Only broad
bean-isolate (at 0.2%) and onion-isolate (at 0.t&bjsed significant increase in
fresh weights of both shoots and roots while brbadn-isolate (at 0.1%) and
onion-isolate (at 0.2%) caused significant incraadeesh weight of shoots only.
On the other hand, dry weight of shoot was sigaifity increased by applying
the different inoculum levels of the three testwmlates except broad bean-isolate
used at the level of 0.6% (w/w). The highest insesain dry weight of shoot

were produced by onion-isolate (at level of 0.184ljpowed by broad bean-isolate
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(at level of 0.2%) and onion-isolate (at level 02%), respectively. Dry weight

of roots showed significant increases by applyidg imoculum levels of
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Table (1): Effect of soil inoculation with differemnoculum levels of BS-cultures of three VA-mydumal fungi
isolated from roots of swiss cheese, broad beanoai@h plants, on some growth measurements of maize
plants after 4 weeks from sowing.

Teemers ] Stoot | oo | stem | ool | ool | DyuT
VAM level l(ng;Kg length length  diameter leaves system  system | system | system
Isolate soil) (cm) (cm) (cm) — fplant - hlant)  (g/plant) | (g/plant)  (g/plant)

Control 64.5 31.7f 0.386e  3.60abc  2.58d 1.10bcd @ 0.47f 0.28ef
Swiss 1lg 71.9%d 38.0cde  0.377e | 3.40bc 3.40bcd 0.73d 0.81cd | 0.23f
cheese 29 77.8oc 38.0cde  0.390e  3.60abc : 3.40bcd 1.03cd 0.82cd  0.30def
isolate 49 78.20c 38.0cde  0.396de  3.88abc | 3.23bcd  0.90d 0.82cd | 0.37cde

6g 79.% 41.0bc 0.437pc | 4.00ab 3.57bcd | 1.15bcd | 0.90bcd | 0.49ab
Broad 1lg 82.0ab 38.3cd 0.433bc | 3.60abc | 4.80ab 1.73abc | 0.71de | 0.46bc
bean 29 88.1a 46.2a 0.477a | 4.30a 5.55a 2.23a 1.09ab  0.58a
isolate 49 79.6b 38.3cd 0.437bc  4.00ab | 4.32abcd 1.79ab 0.71de  0.47bc
6g 68.1de 33.0ef 0.387e 3.30bc 2.75d 1.02cd 0.52¢f 0.40bcd
1g 83.3ab 43.3ab 0.453ab | 4.00ab 4.79ab 1.85a 1.28a 0.45be
Onion 2g 79.20c 37.7cde  0.400de 3.70abc | 4.63abc @ 1.65abc | 0.97bc | 0.44bc
isolate 49 77.1bc 34.3def  0.420cd  3.70abc | 3.32bcd  1.11bcd  0.90bcd | 0.40bcd
69 66.7de 31.0f 0.382¢ 3.17c 2.95cd 1.06cd 0.75cd  0.30def
L.S.D at 0.05 6.657 4.546 0.024 0.673 1.553 0.631 .20 0.095

In a column, means followed by a common letten{e)ret significantly different at the 0.05 level DMRT.
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Table (2): Calculation of % increase (+) or decee@jin different growth criteria of maize seedbndue to treatments
exhibited significant differences only comparedhagbntrol treatment (data derived from Table 1).

Treatments % significant increase in different growth charastever control
Shoot Root Stem No. of Fresh weight of Dry weight of
VAM Ig\]/z(lnégl;;?g length length  diameter leaves s?/ks]?;r; s;{sotztm si/ks]?;r; sssotztm
Isolate soil) (cm) — (em)  (em) - Jplant i lant)  (g/plant) | (g/plant) | (g/plant)
Control * * * * * * * *
Swiss 1g +11.5 +19.9 * * * * +72.3 *
cheese 29 +20.6 +19.9 * * * * +74.5 *
isolate 49 +78.2 +19.9 * * * * +74.5 *
69 +23.9 +29.3 +13.2 * * * +915 +75.0
Broad 1lg +27.1 +20.8 +12.2 * +86.0 * +51.1 +64.3
bean 2g + 36.6 +45.7 + 23.6 * +115.1 +102.7 +131.9 107.1
isolate 49 +23.4 +20.8 +13.2 * * * +51.1 +67.9
6 g * * * * * * * + 429
1lg +29.2 + 36.6 +17.4 * +85.7 +68.2 +172.3 60+7
Onion 2g +22.8 +18.9 * * +79.5 * +1064 +57.1
isolate 49 +195 * +8.8 * * * +91.5 +42.9
6 g * * * * * + 59-6 *

_Readinginaparticulartreatment- Readingn control x100

@ = Significant difference (Increase or decreasea) %% level —
Readingn controltreatment

* = Treatment has no significant difference compaséth control.
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growth measurements of maize plants after 4 weaeks $owing.

VA-mybzal fungi,
(grown on modified MS-medium), isolated from roofsSwiss cheese, broad bean and onion plants oe som
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Tesmert ] soor | Root  stem o or [ SRR oT [ bt
VAM suspr))ension length length - diameter, ~ leaves/ system  system system  system
) cm cm cm lant
Isolate (ml/Kg soil) (cm) (cm) (cm) P (g/plant) (g/plant) | (g/plant) (g/plant)
Control 64.5 cd 31.% 0.386fgh | 3.60cd 2.58ef 1.10d 0.47 de 0.28 ¢
Swiss 0.5 ml 58.02 35.3efg 0.383gh 3.53de 2.90def 1.45cd 0.47e 0.33abc
cheese 1.0 ml 63.%cd 37.0defg 0.413cde :3.67cd 3.37cdef 1.47cd 0.53cde  0.42abc
isolat 2.0 ml 66.1c 41.0cde 0.407cdef 1 3.70cde 3.43cdef 1.60bcd 0.61bcde 0.43abc
ISolate 3.0ml | 78.1ab  443bc  0.447ab  4.10a 3.90bcd  1.97abcd |0.78abc  0.43abc
Broad 0.5 ml 59.de 33.7fg 0.371h 3.13f 3.30cdef 2.20abc 0.57cde :0.41abc
bean 1.0 ml 65.7c 36.3defg 0.396efg  3.27ef 3.64bcde 2.57ab 0.60bcde 0.46abc
isolate 2.0ml 80.1a 47.7ab 0.452a 3.90abc 5.25a 2.80a 0.95a 0.51abc
3.0ml 72.8 37.7def 0.420cd 3.43def 3.90bcd 1.70bcd 0.73abcd 0.32bc
0.5 ml 81.0a 50.0a 0.447ab 4.03ab 4. 76ab 2.14abc 0.92a 0.61a
Onion 1.0 ml 76.5ab 42.0cd 0.427bc 3.75bcd 4.30abc 1.97abcd 0.85ab 0.59ab
isolate 2.0 ml 65.1c 35.7efg 0.400defg | 3.58cde 3.27cdef 1.95abcd 0.59bcde 0.42abc
3.0ml 54.4e 31.7¢ 0.370h 3.25ef 2.16f 1.12d 0.41e 0.24c
L.S.D at 0.05 5.393 5.215 0.021 0.318 1.138 0.848 .2310 0.247

In a column, means followed by a common letten{g)ret significantly different at the 0.05 level DMRT.

13
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Table (4): Calculation of % @ increase (+) or dase (-)in different growth criteria of maize sésgi due to
treatments exhibited significant differences ordynpared with control treatment (data derived fiable 3).

Treatments % significant increase in different growth charastever control
noouium | Shoot | Root - Stem | No.of - G STWERTSL WSO S
VAM level lrjn:;Kg length length - diameter  leaves system system @ system  system
Isolate soil) (cm) — (em)  (em) - Jplant o iant)  (g/plant) | (g/plant) | (g/plant)
Control * * * * * * * *
. 0.5 ml -10.1 * * * * * * *
SWISS 1.0ml | * * +7.0 * * * * *
icshoelztsee 20ml | * +293 | * * * * * *
3.0ml +21.1 +39.7 +15.8 +13.9 +51.2 * +66.0*
0.5 ml * * * -13.1 * + 100.0 * *
Broad 10ml | * * * 792 * +1336 | * *
iSb;Z?e 20ml | +242 | +505 | +17.1 = +1035 +1545  +102 *
3.0ml +12.9 +18.9 + 8.8 * +51.2 * * *
0.5 ml + 25.6 + 57.7 +15.8 +11.9 + 84.5 +945 95+ +117.9
Onion 1.0 ml + 18.6 + 32.5 +10.6 * + 66.7 * + 80.9 + 1710
isolate 2.0 ml * * * * * * * *
3.0ml -15.7 * * -9.7 * * * *

_Readinginaparticulartreatment- Readingn control x100

@ = Significant difference (Increase or decreasea} %% level —
Readingn controltreatment

* = Treatment has no significant difference compaséth control.



Annals Of Agricultural Science, Moshtohor, 39 (2):933-952, (2001)

broad bean-isolate, onion-isolate at levels of 0.2,and 0.4% and Swiss-cheese
isolate at level of 0.6% only. The highest incresageroot dry weight of roots i.e.
107.1% and 75.0% were produced by broad bean-ésfddtlevel of 0.2%) and
Swiss cheese-isolate (at level of 0.6%), respdgtiv@n the other hand, no
significant variations due to tested treatments detected in number of leaves

per plant compared control treatment.

From these results it could concluded that, almghocriteria of maize
plants have responded inversely with inoculum Ievelf Onion-isolate
meanwhile, they were increased proportionally lreasing levels of inoculum
of Swiss cheese-isolate. In this regard, broad Jsdate seems to be slightly
varied since all growth criteria showed conspicudusrease by increasing
inoculum from 0.1% to 0.2% (w/w) then decreasedificantly by using higher

levels of inoculum (0.4% and 0.6% w/w).

B- Effect of fungal sporangiosporeson growth of maize plants:
Data in Tables (3&4) show that all examined créesf growth of maize

seedlings were significantly increased when soil s waoculated with

sporangiospore suspension of onion-isolate at l@feD.5-ml/kg soil. This

treatment showed the following significant increasmmpared with control:
shoot length (25.6%), root length (57.7%), stemmditer (15.8%), number of
leaves per plant (11.9%), fresh weight of shoot5%) and root (94.5%), dry
weight of shoot (95.7) and roots (117.9%). Howewernmber of leaves and dry
weight of roots only showed no significant variasdoy applying sporangiospore
suspension of this isolate at level of 1.0ml/kg sdien compared with control.
Increasing sporangiospore suspension of oniontesaig to 2.0ml/kg soil had no
significant effects on all tested growth criteriat b3.0 ml/kg soil caused
significant decreases in shoot length and numbeteates per plant only
compared with control. Broad bean and Swiss chesekates produced
significant increases in most tested growth catexihen their sporangiospore

suspension was applied only at levels of 2.0 a@dr/kg soil, respectively.
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The above results concluded that, among all treasrtbe soil inoculated
with sporangiospore suspension of onion-isolateal of 0.5 ml/kg soil (w/w)
was best of all treatment for inducing the highgghificant improvement in

growth of maize plants.

VAM -infection structures caused by theisolated fungi:
Microscopic examination for squash's of root tak@m maize seedlings

grown in soils inoculated with different levels foingal inocula (BS-cultures or
suspensions of sporangiospores) showed typical VYéemhizal infection
structures. Squash's made in roots of maize segsdimoculated with onion-
isolate showed VA-mycorrhizal infection structures. Arbuscules (Fig.8),
vesicles (Fig.9) and vesicles and aseptat hypha® grainly between and rarely
across cells in root cortex (Fig.10). Roots of wated seedlings showed no any
detectable changes in their external morphologynm@mpared with those of
control treatment. H-shape structures were alsergbd in roots of Swis cheese
plants (Fig. 12 &13).

Discussion
VAM-fungi with typical dichotomously branched, camytic mycelium

and aseptate vacuolated hypae with oil-like drepletre isolated from roots of
field grown onion and broad bean plants, and robtSwiss cheese plants (in
pots). Similar fungi were isolated also from leatiples of Swiss cheese plants
(in pots) and roots and stems of maize seedlingg@nyg in sterilized soil from
surface sterilized maize seeds. All isolated fumgire repeatedly isolated,
subcultured and produced abundant growth and sg@mlon modified MS-agar
medium. This medium was used with great successs@ation and growing
Uromyces fabae, the causal of broad bean rust-Fiki et. al., 1998, 1999a & b).

The mycelium in all isolates was dichotomously lofead, coenocytic,
coarse and aseptate. Hyphae were vacuolated witbraplets and varied in

thickness (2.5-30.0 um). The isolated fungi repoaduasexually by hyaline 1-
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celled sporangiospores (2.5-3.0 um in diameterpéat in terminal sporangia of
different sizes. Swiss cheese isolate formddcor-type sporangia while

deciduous sporangia were formed by onion- and bbeaoh isolates. All isolates
formed round- and oval-shaped chlamydospores witbrent size. They were
borne apically and/or intercallary, singly and/orahains. Sexual reproduction
through formation of zygospores was detected anfynion-isolate. These fungal
characters are similar to those of VAM-fungi, whibad been described by
several investigators. Nicolson, (1967) and Varm&94) stated that, the
dimorphic nature of the external loose myceliumuathe VA mycorrhizae is
highly characteristic. The main network is formedni coarse hyphae 20 to 30,
pm in diameter which are thick-walled and oftendkhbly". From the "knobs"

arise fine hyphae 2 to 7, um in diameter whichtane-walled and ephemeral.
Large resting spores are produced on the coarsrnekthyphae. Zygospore
formation in onion-isolate indicated that, thisl&e is homothallic while isolates
of broad bean and Swiss cheese might be heteioth@ihese findings may
emphasize the phycomycetous nature of the isoldtedi. Singh (1982)

mentioned that, Mucorales include both homo- anderbéhallic fungi.

Tommerup and Sivasithamparam (1990) reported gamiedafusion in the

VAM-fungus Gigaspora decipies.

Inoculating sterilized soil with the isolated fungt relatively smaller
inoculum levels (BS-cultures or sporangiosporesilted in significant increases
in growth of maize seedlings emerged in these .sdilewever, growth
improvement was greatly varied and depending upogdl isolate and kind and
level of fungal inoculum. Onion-isolate induced tiighest growth when used at
the lowest inoculum level of both kinds of inoculuithis was in contrast with
Swiss cheese-isolate did that at the highest inoculevel of both kinds of
inoculum. The best effect of broad-bean isolate watigined at the moderate
levels of both kinds of inoculum. These resultslddae explained in light of the

following three aspects.
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The first aspect, is the interaction between thésdl-fungal isolates
(refer here as VAM-invaders) and the VAM-maize-ibitant fungus existed
naturally in maize seedlings which has been agtu#tected and isolated from
maize seedlings grown completely under asepticitond. In fact, the so-called
"plant-inhabitant-VAM fungi" could be detected andolated from the
aboveground parts of Swiss cheese and broad beais fun-published data).
Both VAM-invader (when exist at certain level) ath@ VAM-maize-inhabitant-
fungus may cooperated together for improving growthmaize seedlings.
Increasing or decreasing inoculum levels of the \(&Mader may increase or
decrease the promoting effect resulted from thadey-inhabitant cooperation.
Reasonably, growth improvement was proportiona#igrdased with increasing
levels of inocula in case of onion-isolate whileogortionally increased with

increasing levels of inocula in case of Swiss ckasaslate.

The second aspect based on function of arbusclitbsiscules are struc-
turally analogous to haustoria in the mildew anskt fungi but probably release
materials to the cell in addition to absorbing rutts within the cell. The number
of arbuscules and kind and amount of the materéésased or absorbed by these
arbuscules might be varied in different fungal ase$ consequently may change
plant growth response. Additional studies for expiey variation in plant growth

response against these VAM-fungi must be carried ou

The third aspect related to the unknown amountsvailable phosphorous
in the used soil. Several investigators stated, tthee non-mycorhizal plants
showed higher dry weight than the mycorrhizal @antsoils rich or containing
higher amounts of available phosphorous. The oppdsend was occurred in
soils poor or containing lower amounts of availaBle(Hayman and Mosse,
1971). Herein, the utilization of the unknown amisuof phosphorous available
in soil through association between VAM-fungal &ek and maize seedlings
may be affected differently by levels of inocula different isolates. In other

word, amount of P suitable for mycorrhizal activitiyan VAM-isolate at certain
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level of its inoculum, may become unsuitable to sadsolate used at different

inoculum level(s).

Results about improvement in growth of maize segdliare in harmony
with Graham et. al., (1976), Kucey and Paule (1983), and Ahmed, et al.,
(1994a and b). They stated that, growth of mycorrhizal plantaswenhanced
especially under field conditions, mainly, becausgrovement of nutrients
uptake and may be due to providing further protectagainst soil-borne

pathogens attacking their roots.

Typical structures of VA-mycorrhizal infection sttures i.e. inter- and
intracellular aseptate hyphae, arbuscules, vesi@ad chlamydospores were
detected even in roots of 2-weeks old maize seggllifhese structures were
restricted in the cortex of infected roots but seén in the stele. Many workers
stated thatthe chief diagnostic feature of vesicular-arbuscuiaycorrhiza is the
presence of vesicles and arbuscules in the rotéxcBonfante-Fasolo, 1984). The
endodermis, stele and root meristems are not irkalaeer- and intracellular hyphae
are also present in the cortex and the infecticidenthe root is directly linked to an
external mycelium which spread and ramifies in glodl (Nicolson, 1967). Smith
(1994) stated that, the same fungi do not develop arbescn roots of all
species and use of arbuscules as key diagnostictigtes may limit our
knowledge of both structure and function of the fainge of root infections
formed by these members of the Glomales. Walke®94) mentioned that,
although it is perfectly correct to refer to somember of the Glomales (e.g.
most Glomus and Acaulospora spp.) as VAM fungi, because they form both
vesicles and arbuscules, the application of sushit®logy to members of the

Gigasporaceae is incorrect. So, indeed, the marergeterm AM must be used.

H-shaped connection structures were seen in réddsviss cheese plants.
These H- connections may initiate and develop feporangiospores liberated
from sporangia inside intact tissues. On germimatibthese spores, the resultant

germ tubes grow into elongated infection units, aihfused together through
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perpendicular connection formed in betweabbott and Robson (1979) stated
that the long infection units with parallel hyphagerconnected by perpendicular
bridges "H-connections" are most frequentlyGtomus. Fungi in Acaulospora
and Entrophospora also produce smaller infection units, which oftifficult to
see because the intraradical hyphae stain onlyhtsligin trypan blue.

Accordingly, the Swiss cheese-isolate could betitied as a species @lomus.

The present work may be very important to increaggicultural
production if inoculation with these isolated fungroduced such growth
improvement in other crop plants. The techniquesdulerein for isolation,
growing and production of inoculum were very earsgxpensive and avoiding
disadvantages of other traditional and non-trad#tiotechniques described by
Elmes and Mosse (1984); Wood (1991); Chabot et al. (1992); andJar stfer and
Sylvia (1992) and facilitate scientific studies dealing with gy, biology,
physiology, taxonomy and others activities of thiesegi. More isolation of these
VAM-fungi from different economical crops would pein advanced researches

about their life-cycles to confirm species separati
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