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INTRODUCTION

The mutualistic association between plants and mycorrhizal fungi i1s bene-
ficial. The main role of mycorrhizae is to supply the essential nutricional
elements from soil to the plant roots and improving the growth of host plants
(Harley 1989). In additions, mycorrhizae have an impact on the soil
surrounding plant roots (Ingham, Molina 1991). Nevertheless, the
interaction between mycorrhizal fungi and soill microorganisms including
bacteria, protozoa, nemaodes and pathogenic fungi have received considerable
attention (Sylvia 1990; Ingham, Molina 1991) Mycorrhizae
protect plants from nematodes infection (Kellam, Schenck 1980;
Sharmalohriy, Gianinazzi 1992) affecting the bactenal popula-
tions in soil (Ames, Reid, Ingham 1984) and reducing the pat-
hogenicity of parastic fungi (Zambolim, Schenck 1993 Gio-
vannetti, Avio, Salutini 1991). However, little information is
available regarding the interaction between endomycorhizae and rhizospheric
fungi in soil and only few cases have been reported (Daniels, Menge
1980; Schenck 1981; Kucey 1987).

In this study an attempt was made to demonstrate the relationship between
endomycorrhizae and rhizospheric fungi in soils of five selected host plants
in Iraq.
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MATERIALS AND METHODS

Soil samples were taken from root zones (from a depth of 10-15 cm) of five
host plant species, namely: Cordia myxia L., Ficus carica L., Lawsonia inermis L.,
Punica granatum L., and Vitis vinifera L. growing in Southern Irag. A total of
ninety soil samples were taken bimontly between January and November 1994,

At each collecting time, 100 g soil sample per plant was placed in a plastic bag
and brought to the laboratory for fungal spore isolation. Soil properties were
determined such as: pH (6.6-7.5), conductivity (4.5-9.8 mmohs), moisture
(7.8-12.8%) and soil texture (silt 60.1%, clay 35.3, sand 1.6).

Twenty grams ol each soil sample were processed to recover spores of
endomycorrhizal fungi using wet-sieving technique following K osKk e,
Halverson (1981) Spores enumeration was made according to G i o-
vannetti Mosse (1980). Triplicates were used for each soil sample per
collection. For isolation of rhizosphaeric fungi, the dilution plating method was
conducted as described by W a rc u p (1950); 20 grams ol soil were diluted in
100 ml of distilled water and subsequently 1 ml of soil suspension was
transfered into a Petn-dish to which Czapek agar medium was added. Fungal
colonies were surveyed and counted aflter 4-5 days alter being incubated at
200C. Trnplicate were made for so1l samples.

RESULTS

A total of 17 species of endomycorrhizal fungi recovered from soils col-
lected from the five host plants (Table 1). The number of species found was as
follows: 9 species in samples of Cordia myxia, 11 species with Ficus carica and
with Vitis vinifera, 12 species with Lawsonia inermis and with Punica granatum.
Out of them four taxa namely Acawlospora bireticulata, A. scrobiculata,
A. trappei, Endogone incrassata and Glomus fasciculatum were common for
all the plants. The total spore number of endomycorrhizae vaned 1s in the
collecting time and in the plants predominant species were Glomus fas-
ciculatum, G. leptotichum, and Acaulospora laevis in the soils of the host plants
(Table 1). Seasonal vanations in spore number of endomycorrhizaec was
observed. High total spore number was detected in January-March for all the
soil samples, except for Lawsonia inermis. A low total spore number was noted
in September (Table 1). Among the host plants Cordia myxia rendered the
highest spores number while Vitis vinifera showed the lowest spore number of
endomycorrhizae.

The present data showed that 17 species of rhizospheric fungi inhabited in

the soils of the plants studied (Table 2). Among the recovered fungi, 10 species
were present in the soil sample of C. myxia, 12 species — F. carica, 13 — P.
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granatum and 14 species — L. inermis and V. vinifera. Among these taxa seven
species, Le., Alternaria alternata, Aspergillus fumigatus, A. niger, Cladosporium
herbarum, Cunninghamella echinufara, Fusarium moniliforme (and Penicillium
sp.) were common for the plant soils. The dominating fungi were: Aspergillus
niger, Cladosporium herbarum (and Penicillium sp.) in all soil samples and
through out the collecting period. Temporal variation in the total number of
fungal isolates was observed (Table 2). The maximum number of isolates was
encountered in September, except for Lawsonia inermis, and the lowest number
of isolates was noted in March, except for Cordia myxia.

Data, regarding the total number of 1solates of endomvcorrhizae and
rhizosphere fungi, were presented according to the dates of collection for each
plant (Fig. 1). The general seasonal variation trend of endomycorrhizal fung
showed that the highest population density was in March and the lowest in
September. A reverse relationship was observed for the rhizospheric fungal
population, i.e. maximum population density was noted in September and
minimum in March (Fig. 1).

DISCUSSION

The markedly vaned species composition and population density of
endomycorrhizal and rhizospheric fungi can be related to the nature of the host
plants. It has been stated that host plants play a role in the presence or absence
of endomycorrhizae, which is, in part, due to root exudation process (I n-
gham, Molina 199]) Consequently, any changes in root exudation
would affect the fungal colonization and their populations. The low density in
the population of endomycorrhizae in September is possible associated with the

low amount of root exudates produced by plants at the scenescent growth stage.
These observations are in agreement with other studies ((Gemm a, K os k e,

Carreiro 1989 McGee 1989:0keef, Sylvia 1991:Sylvia,
Williams 1992). These studies showed that high and low spore produc-
tion by endomycorrhizae occur at early and late plant growth stages.

The present study also demonstrated that the endomycorrhizal association
developed more frequently, e.g., in Glomus fueganwm which was more abundant
in the soil of the host C. myxia, Glomus fasciculatum in the soil of
F. carica, Glomus ageregatum seemed to have a wider range of occurence in
many plants. This is in agreement with the findingof (Hetrick, Bloom
1983; Hetrick, Bloom 1980)

On the other hand, 1t appeared that soils of the selected plants harb-
oring diverse taxa of rhizosphere fungi. Nevertheless, seasonal variations in

rhizospheric fungal isolates can be related to different biotic and abiotic factors
(Pugh 1980: Domschetal 1980; Christensen 1989). The high
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Tah
Mean spore number (per 10g of somil) of endomycorrhizal fungal (ENMF)
C. myxia L. inermis
ENMF :
Jan. Mar.{May July [Sept.Nov. Jan. |Mar. [May July E}ept. Nov.
Acaulospora biradiculara Roth, | 11 | 19 | 16 10 | B 10| 5
et Trappe |
— faevis Gerd. et Trappe ~ ~ ~ 25| 4 9
— scrobicwlata Trappe 14 8 (10] 2 ' 13| E| - 7
- digirate Walker ct Trappe | - . ' - 4 - - 15| -
— trappei Ames et Linder 6 5 5 -
Glomus ageregatum Schenck 19 | 19 | 20 | 31 10 22 1 1D
et Smith
— albidum Walkers et Rhod. | - - : . .
— deserticola Trappe, 10 4 15 | 22 15 10
Bloss et Menge
— fasciculaium (Thaxter) 51 | 40 | 15 10|10 18 15| 10
Gerd. et Trappe
— fragile (Berk. et Br.) b
Trappe et Gerd. | ,
— fuegianum (Speg.) 5 (12123133 |33 10 5
Trappe et Gerd.
— fulvum (Berk. et Br.)
Trappe et Gerd. '
= leprotrichum Schnck 23 6|15 14 8 . -
— microageregatim Koske, . - . . . L 16 30
Gemma et Olexis |
— maosseae (Nicol, et Gerd.) | :
Gerd. et Trappe | |
— occultum Walker 10| 2 14 | 6 7 3
— reticulatum Bhatt. et : . ’ . | . d
Mukerji
128199 |104| 78 | 72 | 71 | 32 | 44 |83 |84 |73 | 59
Total spores i s
354 365
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F. carica P. granatum V. vinifera
Jan. |Mar.|May |July [Sept.|[Nov.| Jan. [Mar.|May | July Eepl.iHm*.-Jan,'MHr,iMayEJuIy Sepl. [Mov.
5 10 | 12 6| 7|10 10 | 10 14 6
Bl = B3] ¢ 21: 7120 20|28 14 - |13 (10] 9113
17|27 | - 1120101512 - 10| - b 5 | i2 | - b
| - 8 9| |- |- ]- 3] -] -119]25
20 | 16 , ‘ 30 | 25 ~ 4 | |+ |13
' 7 6 | 16
8 110]| 28
s| 4| 7 |
21 | 20115 | 7 18 | 21 17 | 28
i1 | 4 o
21 4]15]13 |15 2|13 |1
I
7111 . ‘ . ‘ ‘ . . : :
41191 2] 10| B i1 |14 | -
1112 4 7110
4 116 | 10 10 | 21
. . g 5 . M 5 j_ 5. a .
| 10| - - |16 6 5|+ |10 4| 6
-?1 104 | 70 {40 |62 | 68 | B4 |94 | 92 |103| 70 [ 74 | 46 | 55 ;59 70 | 42 | 69
T 517 339
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Tab
Mean spore number (per 10g of sml) of other rhizosphenic fungal (ORF)

. myxia L. inernis

Jan. Mar.[May/|July Sept.[Nov.| Jun. Mar.|May|July [Sept.[Nov,|

ORF

Afternaria alternata (Fr.) Kessl b

Aspergillus fumigaitus Fres, : 17 | - 6| - 51 30 - -
A. niger Tiegh. - « |22 | SB |10 | 42 | 79 | 15| 17 | 45 | 40
A. terreus Thom ‘ 3 . : ol - . 11 : -
A. versicolor (Vuill.) Tirab - - -
Cladesporium  herbarum (Pers.) 1 3| 61069 - ' - | 3 24
Link
Cunninghamella chinolata 17 | 2| 6| 6 d - - i
Thaxter
Drechselara austeraliensix : : : : . - b
Subram., Jain et Ells
(Drechselara sp. state of
Cochiobolus spicifer)
| Fusarium moniliforme Scheld. . ~ - - . 21 - - - - - 4
Ia’- oxvsporwm Link v - - - - ' - I
| Humicola grisea Traaen y - - - . - ; | (b
l Mucor circinoid Wehmer : ' ' ' 4| - ' - . ' 3
| M. meahie Cooney et Emers. . s : : : ' ' 31 ¢ i
| Nigrospora oryzae (Berk.) Petch
! Paecillomyces rosewm Bain, . 7] - - - - 25 | 21 -
| (Penicillium sp.) « | 5| 9] - 7| 64| ¢« |SO|10] - | 1D ] E]
| Stachvhotrys atra Corda v | = | o I R I B R
Ulocladinm batrvris Preuss

ra

TN
b
R

b
i

Total spores 20 | 35 |39 | B0 105 69 (115|098 | 71 | 75 | 80 | 96

number of fungal isolates in September accounted for the predominant species:
Aspergillus niger, Cladosporium herbarum (and Penicillivm sp.). This is perhaps
due to the fact that there species compete strongly with other fungi species in
soil (P ugh 1980).

Data presented in Fig. | showed a close reverse relationship between endo-
mycorrhizal and rhizosphere fungal populations. The negative relationship was
marked throughout the growing season and was related to the plants. It is
evident that the low population density of rhizosphere fungi was influenced by
the increase in endomycorrhizal population. Such inverse relationship might be
the result of depletion in root exudates due to mycorrhizal colonization
(Laheurte Berthelin 1986), high competition of mvcorrnizae with
non-mycorrhizal fungi(Graham, Men ge 1982), or to the production of
antifungal substances produced by mycorrhizae (Ingham, Molina
1991) which may hinder the growth and populations of soilborn fung.
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le 2

species of live host planis

F. carica P. granatum V. vintfera
[Jan. [Mar.|May | July {Sept. Nov.|Jan. [Mar.|May [July [Sept.[Nov. | Jan. |Mar.[May | July [Sept.|Nov.
.'-'_. 5 . . g ' : : : 2 : 7|27 | 42 3
2| 7110 - |1 4 (22} - | 30| - 3| - |14 - . - - -
200116 « | 17|24 |27 |54 |34 |18 55|77 |41 | - | 50|58 |47 |30 |49
. . . " . . ; | ’ > . i B * E 3 " &
49 | - | T8 | T | 37 |50 [ 32|20 17 | 24| - g (41|13 (2215|6030
51 10 ol 1 g 2 3 i &) . . 10} : : 5
2
| 4 2 o | 2 4
2 1 - 2 3
- | . . 4| - . : d 1 s gl 1 o . 3
6| [+~ |-|2al=|-1-]-|11]20]: g
: g | s ; ; ; : - : - . ; 1| 2 .
3 &
10 ' 10|13 | 12 - 12116 |13 |27 |31 | 79| 55|37 |31 |83]15
4 4
190 | 39 | 98 (111104 97 - 92 _ﬁﬂ BT | 98 (121 | 103 | 165129 | 152 (143 | 193 | 110

The present results indicate that the endomycorrhizae infested soilborn
inhibit or reduce the activity of rhuizosphere fungi. Few reports concerning the
relationship between endomycorrhizae and soilborn fungi are available and only
single examples were cited in literature. Daniels and Men ge (1980)
reported a negative interaction between Glomus macrocarpum and Pythium sp.
in soil of wheat. Schenck and Kellam (1978) indicated that mycor-
rhizae reduced fungal pathogen attack on some plant crops. In addition,
reduction of the sovbean root-infecting fungi including Fusarium seolani and
Rhizoctonia solani was observed by Zambolim and Schenck (1983).

It is worth mentioning that among the isolated fungi which are known as
common saprophytes, some species, however, were reported as plant pathogens
(Domsch et al. 1980). These observations should lead to further studies
regarding the introduction of endomycorrhizae into soil to reduce the negative
effect of endomycorrhizae into soil to reduce the negative effect of other fungi.
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Fig. 1. Correlation between the total number of endomvcorrhizal fungal (ENMF) spores and the
total number of other rhizospheric fungal (ORF) spores in soil of live host plant species



Endomycorrhizae of lrag 49

REFERENCES

Ames RN, Reid CP, Ingham E. R. 1984 Rluzosphere bactenal population respon-
s¢s 10 root colonization by a wvesicular-arbuscular mvycorrhizal fungus. New Phytol, 69:
3353-503.

Christensen M, 1989 A view of fungal ecology. Mycologia 81: 1-19,

Daniels B A, Menge 1. A 1980, Hyperparasitism of vesicular-arbuscular mycorrhizal
fungi. Phytopathology 70 584-588,

Domsch K.H, Gams W, Anderson T. H. 1980, Compendium of soil fungi. Acad.
Press, London,

GemmalN,Roske RE.Carrciro M. 1989 Seasonal dynamics of selected species of
VA mycorrhizal fungi in a sand dune. Mvycol. Res. 92: 317-321.

Giovannett: M, Mosse B 1980, Evaluation of techmiques lor measuring vesicular-
-arbuscular mycorrhizal infection in roots. New Phytol. 84: 489-500.

Girovannetti M, Avio L, Salutini L. 1991, Morphological, cytochemical and
antogenctic charactenstics of a new species of vesicular-arbuscular mycorrhnzal fungi. Canad.
J. Bot, 69: 161-167,

Graham JH, Menge J. A 1982, Influence of vesicular-arbuscular mycorrhizae and soil
phosphorus on take all disease of wheat. Phytopathology 72: 95-98.

Harley J. L. 1989, The significance of mycorrhizae. Mycol. Res. 92 129-139.

Hetrick BA. D, Bloom J. 1983 Vesicular-arbusvular mycorrhizae with native tall grass
pramne and cultuvated winter wheat. Canad. ). Bot. 61; 2140-2146.

Hetrick B. A D, Bloom J. 1986 The influence of host plant on production and
colonization ability of VAM spores. Mycologia 78: 32

Ingham R E, Moilina R. 1991, Interaction among mycorrmizal fungi, rhizosphere
organisms, and plants, In: Barbosa P, Krischik V., Jones C.G. (Eds.). Microbial mediation of
plant-herbivor interactions, 169-197.

Kellam M, K., Schenck N C. 1980, Interachion between a vesicular-arbuscular
mycorrhiza fungus and root knote nematode on soybean. Phytopathology 70: 293-296.

Koeske RE, Halverson W. L. 198]. Ecological studies of VAM in barrier sand dunes.
Canad. J. Bot. 5% 14]3-1422.

Kucey R. M. N 1987, Increases phosphrous uptake by wheat and held beans inoculated with
a phosphorous — solubhzing Peniciliivm bilaji strain and with vesicular-arbuscular mycor-
rhizal fungi. Appl. Environ., Microbiol. 55: 2699-2703.

Laheurte F, Berthelin J. 1986. Influence of endomycorrhizal infection by Glomus
maossede on root exudation by maize. In: Physiology and genetical aspects of mycorrhizae.
Eds.: by Gianinnazzi Pearson V., Gianinazzi 5. Instit. Nation. Res. Agron. 426-429.

Mcgee P A 1989 Variation in propagule numbers of vesicular arbuscular mycorrhizal fungi
in semi arid soil. Mycol. Res. 92: 28-33.

Okeel DM, Sylvia D M. 1991. Mechanism of the vesicular arbuscular mycorrhizal plant
growth response. In: Arora DK, Mykerji K.G, Kundsen G.R. Hand book of applied
mycology: Dekker M., New York.

Pugh G, 1 F. 1980, Strategies in fungal ecology. Trans. Brit. Mycol. Soc. 75 1-14.

Schenck N C 198]. Can mycorrhizae control root discase. Plant Disease 65 230-234.

Schenck NC, Kellam M. K. 1978, The influence of vesicular-arbuscular mycorrhizaeo-
on disease development. Fla. Agrnic. Exp. Stn. Tech. Bull. 798: 16.

Sharma AK,Johri BN, Gianinazzi 5 1992 Vesicular-arbuscular mycorrhizae
in relation to plant disease. World J. Microbiol. Biotech. 8: 559-583.

Sylvia DM. 1990, Distnibution, structure and function of external hyphae of vesicular-



50 T. M. Mushin, J. N. Nema

-arbuscular mycorrhizal fungi. In: Box LE., Hammond L.H. (Eds.). Rhizosphere dynamics:
144-167. Westview Press, USA.
SyvlviaD M, Williams 8 E. 1992, Vesicular-arbuscular mycorrhizae and environmental
stress. In: Mycorrhizae in sustainable agriculture. Amer. Soc. Agron. 54: 101-124,
Warcup L H 1950, The soil plate method for isolation of fungi from soil. Nature, 166: 117-118.
ZambolimL, Schenck N C 1983 Reduction of the effects of pathogenic root infecting
fungi on soybean by mycorrhizal fungi. Phytopathology 93: 1402-1405.

Interakcje grzybow mikoryzowych i ryzosferowych
w glebach Iraku

Streszeczenice

W probkach gleby pobrane) ze strely korzem pigciu roslin w Pld. Iraku wykryio obecnosc
dziewigtnastu gatunkow grzybow mikoryzowych 1 ryzosferowych. Najwigksza liczbe endomikoryz
stwicrdzono w marcu, najmni¢jsza we wrzesniu; odwrotny stosunck wystapit w przypadku
izolatow grzybow ryzosferowych. W pierwszym przypadku domimmowaly Glomus faseicudlarum,
G, feprotrichum |« Acawlospora laevis, natomiast w drugim w glebie najwigce) bylo Aspergilfus niger,
Cladosporium herbarum oraz Penicillium sp. Przyczyna tak glebokich roamic pomigdey tymi dwoma
populacjami moglaby by¢ konkurencja mugdzy nimi, zasiedlamie korzemi przez gatunki od-
domatywujace mickorzysinie na grzyby 1 nie-mikoryzowe lub tez preez wytwarzanie przez grzyby
mikoryzowe substancji hamujacych lub redukujgcych populacje gatunkow ryzosferowych.
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