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L

HE effects of arbuscular mycorrhizal (AM) fungi on the
micropropagated banana during the latest stages of development
and with fertilizer regimes similar to those practiced in commercial

- crops were studied. Plants were tested at three different stages of

formation: acclimatization, nursery and microplot. Two commercial
cultivars of hanana (Musa sp. cv. Williams and Grand naine) were
inoculated during hardening off. Each cultivar was inoculated with one
of two AM fungi (Glomus mosseae and G. marihotis) for evaluation of
inoculation with mycorrhizal fungi on plant development, the
mycorrhizal dependency under the fixed conditions of fertilizer inputs
and mycorrhizal colonization. At nursery phase, the same parameters
were evaluated. At microplot phase, fresh weight of roots and aerial
parts, numnbers of suckers, numbers of leaves, leaf areca, N, P and K
content, and dependency for mycorrhizal were determunated. By
completion of the rooting stage, both cultivars showed a positive
response to the both AM fungi used for inoculation and the relative
mycorrhizal dependency (RMD) of both cultivars was the highest
throughout the trial. Following transplanting, inoculated plants of both
cultivars, the majority of experimental variables were significantly
different for both cultivars in comparison with the controls and root
colonization of banana plants by mycorrhizae tended to differ
depending on the cultivar. After nine months in microplot conditions
and a standard fertilizer regime, banana plants inoculated with Glomus
manihotis usually, particularly with cv. *‘Grand naine’, showed a
beneficial effect of symbiosis on plant development. However, data on
macronutrients (N, P and K) although noticeably higher, did not differ
statistically. At the end of this phase, root colonization by both Glomus
species was relatively important in both cultivars (greater than 79%).

Keywords: Arbuscular mycorrhizal (AM) fungi, Cultivars of banana,
Mpycorthizal dependency (RMD), Plant development,
Rooting stage, Nursery phase and microplot phase.

The mycorrhizal symbiosis formed between plant roots and endomycorrhizal
fungi is of great importance for many crop species. The well-known arbuscular
mycorrhizal fungi is part of the microbial community and have been shown to
have both plant growth and health promoting activity. The likelihood of using
arbuscular mycorrhiza (AM) in crop production systems is increasingly more
realistic and studies have increased considerably in the last few years. In the
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context of technologies needed for sustainable agriculture, new developments
in the potential use of arbuscular mycorrhizal fungi (AMF) have been presented
in the last years which should ensure adequate levels of food production along
with a reasonably reduced consumption of chemical fertilizers and pesticides
{Lovato et al., 1999). Mycorrhizal hvphae can provide the plant with water and
some nutrients (P), protect them against diseases and improve the ability of
plants to overcome adverse environmental conditions as well as reduce metal
phytotoxicity (Varma & Hock, 1999). Therefore, under tropical and semi
tropical conditions AM fungi cou!d be highly beneficial to some perennial
crops which require nursery production before transplantation to the field (Feld-
mann & Idzak, 1992). Among these crops, banana is considered promising due
to its economic importance for farmer’s production (Delvaux et al, 1990).
Mycorrhization in vivo has resulted in large increases in the growth and
nutrition of this species (Lin & Chang, 1987, Declerk et al., 1995 and Jaizme-
Vega & Azcon, 1995) including in the presence of standard fertilization
regitnes in commercial nurseries (Declerck et al., 2002), with favorable effects
on plant behavior when confronted with vanous soil-borne pathogens such as
Meloidogyne incognita (Jaizme-Vega et al, 1997) and Pratylenchus goodeyi
(Jaizme-Vega & Pinochet, 1997). These results demonstrate the advantages of
applying inoculum of fungal AM during root production and acclimatization of
micropropagated banana plants, which gives rise to plants that are well
developed and have an increased tolerance to attack by soilborne pathogens.
Moreover, recent studies on the response of banana to AM symbiosis were very
promising (Jaizme-Vega & Azcon, 1995). It is well-known that inoculation
with AM fungi gives better results when performed at the early stages of plant
development. Thus, under tropical stress conditions in soils which are strongly
P-deficient and where crop production is largely dependent on mycorrhizal
status of plants, the management of AM fungi is fundamental (Sieverding,
1991). In such environments where the indigenous inoculum potential is low
and/or AM fungi poorly or not efficient, adding AM fungi to soil may be
considered as highly beneficial to long-term plant production. Development of
AM symbiosis, however, is dependent on host plant and edaphic conditions
(Plenchette et al, 1983). Significant growth response of micropropagated
banana were obtained when plants were inoculated at the beginning of weaning
phase (Declerck et al, 1994), depending on varieties and AM fungi used
(Declerck et al, 1995).

However, at present there is no information concerning the effects of such
symbiotic fungi on the banana plant during the latest stages of development and
with fertilizer regimes similar to those practiced in commercial crops.

Therefore, the sequential effects of early mycorrhization on the growth of

micropropagated banana plants were studied from the earliest stages of
development until nine months after transplanting to the field in microplots.
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Material and Methods
Host plant
Micropropagated material of the two most widespread commercial cultivars
of banana Musa spp. Colla AAA, cvs. "William" and "Grand naine” was used.

Acclimatization stage

Inoculation with AM fungi

Mycorrhization was done during hardening off. Inoculum comprised a
homogeneous mixture of rhizosphere soil, spores and rootlets of the host plant.
Each cultivar was inoculated with one of two AM fungi, each with 1500 g
inoculum per tray (capacity of tray 24 kg) with the following isolates: Glomus
mosseae from stock collection, multiplied on sorghum, and giving 88%
colonization; Glomus manihotis Howeler, Sieverding and Schenck, from stock
collection, multiplied on tomato, and giving 90% colonization. At inoculation,
plants were 10 cm + 2 ¢m, had approximately three developed leaves. Inoculation
was done in polyethylene (PE} trays (40 x 60 cm, H x L), each tray containing
one cultivar/fungus combination with an additional two control trays with non-
inoculated piants, one tray per cultivar. Thus there were a total of six trays each
with 35 plants. The substrate comprised a steam-sterilized mixture of sandy soil
and amended peat in a proportion of 2:1. This phase lasted six weeks in a
glasshouse and under a tunnel of black mesh for acclimatization. Irrigation with
distilled water took place according to the needs of the plants.

Nursery phase

At the end of acclimatization stage and before transplanting to individual
containers, 10 plants of each treatment/cultivar combination were selected and the
effects evaluated of inoculation with mycorrthiza on plant developmsnt, the
mycorrhizal dependency under the fixed conditions of fertilizer inputs, and the
extent of colonization by the AM fungi. Parameters relevant to the growth of the
plant in generaf were evaluated at each stage of the investigation as follows: fresh
weight (g) of roots and aerial parts, dry weight (g) of aerial parts, length and
diameter (cm) of pseudostemn, leaf numbers and area (cm®). Leaf area was
calculated with an area meter Li-COR, inc. Lincoln, Nebraska, USA, model Li-
3100. The relative mycorrhizal dependency (RMD), defined by Gerdeman {1975)
as the degree of mycorrhization needed by plants to produce the maximum growth
or yield depending on fertility of the soil, was calculated according to the formula
proposed by Plenchette et al. (1983) as the numerical expression of this concept:

DW of plant with AM — DW of plant without AM
RMD = x 100
DW of plants without AM (DW : dry weight)

Colonization by the mycorrhizae was confirmed by observation with a light
microscope. Root samples were bleached with 10% KOH and then stained with
0.05% trypan blue in lactic acid as described by Phillips & Hayman (1970) and
modified by Koske & Gemma (1989). Percentage root colonization was determined
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on 20 l-cm sections of stained root, mounted on slides and examined with a light
microscope as described by Brundett et al. {1985). Once the determinations were
complete 20 plants of each treatment were transferred to 2 L PE bags contaitiing a
substrate cotnprising equat volumes (1:1) of steam sterilized sandy soil and ermiched
peat. This phase took 14 weeks in glasshouse conditions at temperatures of 27-32°,
and a relative humidity of 70-80%. Fertilization was according to the fertilizer regime
of a commertcial banana nursery. Plants were fertilized twice weekly (100 cc/plant) on
alternate days. One of the fertilizer applications was with (NO;),Ca (3 g/L) and NO:H
{0.4 cc/L), and the other application was wiih SOK; (3 g/L) and PO,H, (0.2 cc/L).
The days on which fertilizer was not applied alternated with irrigation with running
water according to the needs of the crop. Plants received a weekly foliar application of
micronutrients consisting of 10g L™ mixture from MnSO, and Fe;SO,.

Microplot phase

After growth for 3.5 months, plants were transferred to larger containers. Prior
to this, and as with the first transplanting, 10 plants per cultivar and treatment
were evaluated for the effects of the AM fungi, that is the extent of root
colonization by mycorrhiza and mycorrhizal dependency. For this last phase of
the trial, PE pots 35 ¢m diameter and 50 L volume were selected and filled with
non-sterilized medium of the same materials and in the same proportions as
described for the previous transplanting (1:1), and amended with 1.5 g/L of slow
release fertilizer {Agro-Top 13:2:44). Once in position in their new pots (10 per
cultivar and treatment), the plants were placed amongst other similarly sized pots
previously buried up to the upper edge of pot, in the trial plot. Plants were
fertilized weekly (1 L/plant), via the localized irrigation system, with the two
combinations of fertilizer treatment described previously for banana plants after
the first transplanting. Foliar fertilizers were applied fortnightly. The days, on
which fertilizers were not applied, plants were irrigated according to the needs of
the plants. Plants remained in position for nine months. The trial was then
terruinated and the effects of symbiosis on development of the banana plants
evaluated. The following experimental variables were studied: fresh weight of
roots and aerial parts, numbers of suckers, numbers of leaves, leaf area, N, P and
K content, and dependency for mycorthiza. On completion of the foliar analyses,
the samples were transferred to a heater for 24 hr at 70° after which nitrogen,
phosphorous and potassivm contents were determined. For N determination, a
semi-microkjeldahl method was used to determine total N, P was determined
colourimetrically and K by spectrophotometry of atomic absorption as described
by Jackson (1973). Data were analyzed using Statistical Analysis Software (SAS
Institute Inc., Cary, NC). One-way ANOVA was used to detect significant
differences among mean effects of amendments observed. Means were compared
by Fisher’s test of least significant differences (LSD) using the statistical package
SPSS version 10.0 (SPSS Inc., Chicago, USA).

Results and Discussion
At acclimatization stage
By completion of the acclimatization stage, both cultivars. showed a positive
response to the two AM fungi used for inoculation (Tables la and 2a). Declerck et al.
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TABLE 1. Effect of Glomus mosseae and G. manihotis on the development, colonization and mycorrhizal dependency of

micropropagated banana cv. Williams at:a. 6 weeks after inoculation, b. 14 weeks after inoculation and ¢. 9
months after transplanting to microplots.

Fresh weight (g) Dry weight (g) Pseudostem Leaf area Colonization

RMD**
No. leaves (em?)
Root Aerial parts Aerlal parts Diamet Length (%)
1) 6 weeks after inocuiation (acclimatization phase)
Control 2.6b* 86h 0.5b 09b 104b 52b 143 b — -—
G. masseae 64a 17.5a 1.1a 12a 129a 63a 26l a 26 51
G. manihotis 55a 17.8a 10a 12a 121a 60a 269 a 37 46
b) 14 weeks after inoculation {(nursery phase)
Control 13.1 b* 3%1b 26b 1.8b 154b 73b 494 b 15 —_
G. mosseae Mda 6654 44a 262 2352 85a 777 a 59 40
G. manihotis 26.7Ta 63.7a 43a 24a 22.1a 87a 805a 38 38
Fresh weight (p) No. Leaf area Colonization RMD Macronutrient (%)
Root Aerial parts leaves _ No. suckers (em’) (%) (%) N P K
c) 9 months after transplanting to microplots
« Contro 153b° 92a 1402 3.7ab 50192 a 59 — 189a 0.185a 2.52a
;. mosseae 5.8 ab 69a 1432 22b 44256 a 71 5 2992 0.180 a 2.80a
G. manihotis 98a 100a 13.7a 452 557742 74 8 271a 0.183 a 2413

* Means of 10 replicates. Within each columm, differences between mumnbers followed by the same letter ave not statistically different with Fisher's test (P <0.05).
** RMD: relative mycorrhizal dependency.
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(2002) reported that clear evidence on the dependence of banana plants on
mycorrhizal symbiosis and growth of micropropagated bananas was significantly
increased with the monoxenic AM fungi inoculum, with the indigenous AM fungi
inoculum and with both inoculurn sources in combination. In this phase, the relative
mycorrhizal dependency {(RMD} of Loth cultivars to Glomus mosseae and Glomus
manihotis were the highest throughout the trial and were 35% and 50% respectively.
Declerck et al. (1995) observed that some banana varieties depended on mycorthizae,
Glomus macrocarpum being more efficient in promoting plant growth than Glomus
mosseqe. Benefits have also been reported by Jaizme-Veja er all (1991) and occurred
mostly during plant acclimatization (Declerck ef al, 1994 and Yano-Melo et al,
1999). In this first phase the percentage colonization by the two inoculated AM fungi
was similar for the two cultivars.

Nursery phase

Following transplanting, the positive effect of the AM fungi on plant development
was maintained for 3.5 months after mycorrhization. For inoculated plants of both
cultivars, the majority of experimental variables were significantly different for both
cultivars in comparison with the controls Tables 1b and 2b. The development of
RMD was similar for both cultivars completing this phase of the trial with averages of
40% for both AM fungi on Williams, and 30% and 20% respectively for Glomus
mosseae and Glomus manihotis on Grand naine (Tables 1b and 2b).

Root colonization of banana planis by mycorrhizal inoculation tended to differ
depending on the cultivar and Glomus strains. Thus, roots of "Williams"
inoculated with G. mosseae had twice the mycorrhiza infection in comparison
with the beginning of the study, similar results being maintained on roots
colonized by Glomus manihotis. Such difference were reported in literature
(Declerck et al., 1994 & 1995) Glomus mosseae was shown the more infective on
Williams and other cultivars, as compared to G. macrocarpum (Declerck et al,
1995). However with plants of cv. Grand naine, no changes in root colonization
were observed in comparison with the first transplanting. During the trial, from
14 weeks onwards 15% root colonization by contaminant AM fungi were noted
in control plants of both cu'tivars {Tables 1b and 2b) but without significant
effects on plant development. These endophytes are able to disperse in irrigation
water or by uncontrolled contamination in the nursery containing the plants.

These data confirm those already published on the benefits of early
mycorrhization of plants in the first phases of development of this crop (Declerck
et al., 1995 and Jaizme-Vega et al., 1997).

Microplot phase

The results of the second phase of the trial in which the effects of the AM
fungi on mycorrhiza-treated plants in the in vivo phase for three months and
transplanted to non-sterile medium, showed that after nine months in microplot
conditions and a standard fertilizer regime, banana plants inoculated with Glomus
manihotis usually, particularly with cv. Grand naine, showed a beneficial effect
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TABLE 2. Effect of Glomus mosseae and G. pﬁaug’hotis on the develo&ment, colonization and mycorrhizal deg:ndency of
micropropagated banana cv. Grande naine at: a. 6 weeks after inoculation, b. 14 weeks after inoculation. and'c, 9
months after transplanting to microplots.

Fresh weight (g) Dry weight (g) Pseudostem No. Leaf area Colonization
Root Aerial parts Aerial parts Diameter  Length  leaves (em*) (%) - RMD**
a) 6 weeks alter ingculation (acclimatization phase)
Control 3.1b* 8.2b 0.50b 0.97b 8.7b 5.5a 155b . -
G. mosseae 55a - 1292 - 0.80a 1.15a 8.7b 63a 223a 27 38
G. manihotis 6.0a 11.9a 0.75a 1.182 9.8a 6.5a 2162 24 34
b) 14 weeks after inoculation (nursery phasc)
Control 22 8b* 40.5b 2.8b 2.0b 1470 1.7a 514b 14 -
(. mosseae 3392 57.5a 39a 2.5 16.3a 8.5a 7222 26 25
G. manihotis 36.4a 50.7a 3.5ab 2.4a 15.%h 8.0a 662a 30 29
Fresh weight (g) No. Leaf area Colonization RMD Macronutrient (%)
Root Aerial parts  No.leaves  suckers {em®) (%) (%) N P K
€) 9 months after transplanting to microplots
Contro T.1a* 7.8a 14.9b 24a 41845b 59 - 2.84a 0.176a 2.65a
. mosseae 7.7a 11.5ab 19.1ab 36a 57733ab 72 31 3.03a 0.18% 3.00a
(7. manihotis 9.5a 13.6a 23.2a 4.0a 616602 83 42 3.00a 0.184a 3.03a

($007) T ON ‘Sp 138 105 1 1d4By

*Means of 10 replicates. Within each column, differences between numbers followed by the same letter are not statistically different with Fisher’s test (P < 0.05).
** RMD: relative mycorrhizal dependency
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of symbiosis on plant development, with RMDs of approximately 40%. These
values are considered to be relatively high for the conditions of the trial (Tables
Ic and 2c) moreover there was an increase in the other experimental variables.
Déclerck et al. (1994) has shown that micropropagated bananas inoculated with
mycorrhizal fungi show significant increases in nutrient content and plant growth
compared to uninoculated controls. However, data on macronutrients (N, P and
K) although noticeably higher, did not differ statistically (Tables 1c and 2c). This
lack of response in nutrient content of aerial parts can be interpreted as typical for
a mycorrhiza-treated plant receiving soluble fertilizer. Plants of cultivar
"Williams" showed a smaller response to the AM fungi after the microplot phase,
plants inoculated with Glomus mosseae showing a development and nutritional
state equal or slightly less than control plants. This part of the trial used
nonsterilized substrate which, together with other conditions in the trial,
explained the data.

The absence of differences between inoculated and non-ineculated plants
grown in the nonsterilized soil was probably due to the competition between
introduced and native AM fungi species either directly or indirectly. The
combination of different AM fungi generally results in synergistic effects on
growth (Edathil ef al, 1996) but in some instances on competition effects as
demonstrated by Pearson et al. {1994). In our experiment, it is probable that the
inoculated fungi had to compete with the indigenous AM fungi population both
for colonization of now roots and nutrients. The inoculant had probably a great
competitive advantage over the indigenous fungi as it is already present in the
root system at transplanting in the trial, but this advantage could be lost as root
system developed and competition evolved.

At the end of this phase, root colonization by both Glomus species was
relatively important in both cultivars (greater than 79%). Large root colonization
is generally followed by substantial stimulation of growth. Attention is drawn to
the high level of colonization of roots of control plants. -

Conclusion

Many works have shown that mycorrhizal inoculation is of most benefit to
banana plants when introduced to previously disinfected soil. In general and
particularly in the last phase of the trial, it can be confirmed that, at the latest
stages of the crop, that biotechnological resource showed promise for the
improvement of production.

References

Brundett, M.S.; Piche, Y. and Petersor, R.L. (1985) A development study of the stages
in veisicular-arbuscular mycorrhizal formation. Can. J. Bor. 63, 184.

Declerck, S.; Devos, B.; Delvaux, B. and Plenchette, C. (1994) Growth response of
micropropagated banana plants to VAM inoculation. Fruits 49, 103.

Egypr. J. Soil Sci. 45, No. 2 (2005)



MYCORRHIZATION ON THE MICROPROPAGATED BANANA 131

Declerck, S.; Plenchette, C. and Strullu, D.G. (1995) Mycorrhizal dependency of banana
{Musa acuminata, AAA group) cultivar. Plant and Soil 176, 183.

Declerck, S.; Risede, JM. and Delvaux, B. (2002) Greenhouse response of
micropropagated bananas inoculated with in vitro monoxenicaily produced arbuscular
mycorrhizal fungi. Sci. Hortic. 93, 301.

Delvaux, B.; Perrier, X. and Guyot, Ph. (19%0) Diagnostic de la fertilité de systémes
culturaux intensifs en bananeraies a la Martinique. Fruits 45, 223.

Edathil, T.T.; Manian, S. and Udaiyan, K. (1996) Interaction of multiple VAM fungal
species on root colonization, plant growth and nutrient status of tomato seedlings
(Lycopersicon esculentum Mill.). Agric. Ecosyst. Environ. 59, 63.

Feldmann, F. and Idzak, E. (1992) Inoculum production of vesicular-arbuscular
mycorrhizal fungi for use in tropical nurseries. Methods Microb. 24, 339.

Gerdemann, J.W. (1975) Vesicular-arbuscular mycorrhizae. In: “The Development and
Function of Roots”, 1.G. Torrey and D.T. Clarkson (Ed.), pp.575-591, Academic
Press, New York and London.

Jackson, MLL. (1973) “Soil Chemical Analysis”, Prentice Hall, New Delhi.

Jaizme-Vega, M.C. and Azcén, R. (1995) Responses of some tropical and subtropical
cultures to endomycorrhizal fungi. Mycorrhiza §, 213.

Jaizme-Vega, M.C. and Pinochet, J. (1997) Growth response of banana to three
mycorrhizal fungi in Pratylenchus goodeyi infested soil. Nematropica 27, 69.

Jaizme-Vega, M.C.; Tenoury, P.; Pinochet, J. and Joumot, M. (1997) Interactions
between the root-knot nematode Meloidogyne incognita and Glomus mosseae in
banana. Plant Soil 196, 27.

Jaizme-Veja, M.C.; Galan-Savco, V. and Cabrera Cabrera, J. {1991) Preliminary
results of VAM effects on banana under field conditions. Fruits 46, 19.

Koske, R.E. and Gemma, J.N. (1989) A modified procedure for staining roots to detect
VA mycorrhizas. Mycol. Res. 92, 486.

Lin, Ch. and Chang, D.C.N. (1987) Effect of three Glomus endomycorrhizal fungi on the
growth of micropropagated banana plantlets. Trans. Mycol. Soc. Rep. China 2, 37.

Lovato, P.E.; Schilepp, H.; Trouvelot, A. and Glaninazzi, S. (1999) Application of
arbuscular mycorrhizal Fungi (AMF) in Orchard and Ornamental Plants. In:
“Mycorrhiza, Structure, Function, Molecular Biology and Biotechnology ™, A. Varmma
and B. Hock (Ed.), pp. 443-468.

Pearson, J.N.; Abbott, L.K. and Jasper, D.A. (1994) Phosphorus, soluble carbohydrates

and the competition between two arbuscular mycorrhizal fungi colonizing
subterranean clover. New Phytol. 127, 101.

Egypt. J. Soil Sci. 45, No. 2 (2005)

e



132 M. ATTIA AND KH. SM. FAWZY

Phillips, J.M. and Hayman, D.S. (1970) improve procedures for cleaning roots and stain
parasitic and vesicular-arbuscular mycorrhizal fungi for rapid assessment of infection.
Jrans. Br. Mycol. Soc. 55, 158.

Plenchette, C.; Fortin, J.A. and Furlax, V. (1983) Growth responses of several plant
species to mycorrhiza in a soil of moderate P fertility. | Mycorrhizal dependency
under field conditions. Plant and Soil 70, 191.

Sieverding, E. (1991) Vesicular arbuscular mycorthiza management in tropical
agrosystems. p. 371, Deutsche Gesellschaft fiir Technische Zusammenarbeit,
Eschbom, Germany.

Varma, A. and Hock, B. (1999) Mycorrhiza: Structure, Function, Molecular Biology and
Biotechnolagy Springer. 704 p.

Yano-Melo, A.M.; Saggin, Jr.; Lima-Filho, J.M.; Melo, N.F. and Maia, L.C. (1999)

Effect of arbuscular mycomhizal fungi on the acclimatization of micropropagated
banana plantlets. Mycorrhiza 9, 199.

{Received 12/2004,
accepted 4/2005)

Egypt. J. Soil Sci. 45, No. 2 (2005)



MYCORRHIZATION ON THE MICROPROPAGATED BANANA 133

Ga BALL Jadjall PE jeall e do sl il
‘-\.a'_;h_-m deacdll g Al gaill

‘gJJi e MA g Dok sana
— Gigaall asll S el — bl 00 and 5 Daed 5 La gl g g Spalt oS

._).nm—'éﬁm‘

S8 Jalsdt B Saal S e 138l ki 6 Ay g3
A A e Jala (B el Y aee el 2l pa padll e

AN Jally Jadly ) sadl e ol T Je ddal o
Ay Liia _)Au_’ Cilea jeall SDle S e Cpila \al.\;.l...u'- pe ('Lu.hau}'l
iy i Ce cpe g (e aad g (Aseah) M\Al;yd}\ah‘.ulhrauhwh
e il 3 i (Glomus mosseae and G. manihotis) ) 3 ) sSad
aalll A1) S il pded e e S0 Slddied Jamay e S gl Jowa
Sl el ledd Apad i A ARG Lol gl Gy gl s
o Ll s a® 8 RS Ala e die oy il a3ad 13Kl
el3a¥ly Jtall i o5g el b o Aapdiaall a3 JED Ala e
G Aaluey @Y dhaely el quidy (Gjemal) A0l
eV dana (M AaYU ppelipll s siesilly Gy Bl (e g sl
PO Ml el 8y 85 sSualt iyl e
IS etlill A ge Do gall (piiea o DS el gl 0055 A ax )
o oSl o eV Jae iS5 oG psSall Ol ki o gl e
Al el B MR Gyl ghie e JS3 Ue (RMD) il
iy phaiy Aadladl bl O pelal (A Asa) JE GGl ae Y
el e SAOLAly A5 e A Clulal A8 dle ddadad b gSaddl
Gk Jaall sda lesiud dnd Gl Lan Aggies gdal IS,
pddiaall G galt dhia o Valded U giae LNGAT 1 5y 5 9Kl
Al apendlh oy indy (il G0 i Da ) el 4 aay Y
G i) Lpai D3 G (o Aeastoall 13 pSall Sy ki e g5 (e
2 N e Rygine pe S L V) Aagale Bal 5 o gl gy gher il
Y)Y e S 5y 5 580al S phaiy paalt el a9

Egypt. J. Soil Sci. 45, No. 2 (2005)



