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Abstract

Citrus aurantium L. is the most used rootstock in Moroccbhe use of
arbuscular mycorrhizal fungi can favor the goodwghoof this speciedA study
was conducted under the greenhouse to assessaitiore to mycorrhizal
colonizationCitrus aurantium L. plants were inoculated at the stage of 2 leaves

with a local composite inoculum of AMF, originatifigpm the rhizosphere of

many species of Citru$he growth and mycorrhizal parameters were observed

seven months after inoculatiorhe results obtained showed that the inoculated

plants had a growth significantly higher than tloatool oneswith a gain of
90.1%. Inoculation of the plants was also effective on teaves emission,
branches formation and growth of collar diametarng were respectively 266,
300 and 300%The fresh weight of root and vegetative masses stisaved
higher values on the inoculated plants, with a gain478% and 425%
respectively. The average frequency and intensity of root colton by
mycorrhizal fungi were 93.33% and 50.6% respecfivEhe number of spores
formed at the rhizosphere of plants inoculated %%/ 100 g of soil and they
were represented by 23 species belonging to thergé&iomus (8 species),
Acauolospora (9 species)Scutellospora (3 species)Pacispora (2 species) and
Gigaspora (1 species) .The beneficial effect of mycorrhizae Citrus

aurantiumL. was discussed in this study.
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Introduction

In Morocco, the citrus fruit sector has a greatis@onomic importancdt represents a
source of major currency estimated at 3 billion BHear[1], contributes substantially to
improving farmers' incomes and generates over #lamillion working days per yedt].
However,the Moroccan citrus industry knows several probleetsted to diseases, peRs3
4,5,6,7 and various abiotic environmental stresses, cassalifity, low temperatures and

periods of droughi5,g).

To cope with these biotic and abiotic constraitiis, use of door resistant grafts remains the
most convenient and the most recommended way. Tier lmrange is the most used
rootstock in Morocco, due to its capacity to adaptifferent types of soiifs resistance to
limestone, its good affinity for grafting with almiall varieties of citrus and its good
resistance to salinity and Rhytophthora sp.diseasesas well as the good quality of fruii2,
9,8,4,5,10,%

Strengthening the resistance of the bitter orasggossible by the use of biotechnological
techniques in the nursery which allows hav@igus aurantium L. seedlings more robust and
also resistant to pathogenic organisms and watesssafter transplantatioBeveral studies
have indeed shown in other plant species that fremhizal symbiosis allow more efficient
uptake of water and nutrienespecially the phosphorikl,12,13,1#and reduce the adverse
effects of the biotic and abiotic environment coaisits[15,16.

Growth of Citrus aurantium L. is dependent on mycorrhiza7,18 The growth observed in
Citrus aurantium L. could be explained by the ability of these fut@colonize roots more
rapidly and by improving the nutritional intake efants, especially by increasing the
minerals absorptiofil9, 20, 21, 2Rand the capacity of plants to explore more spacsil
(23]
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In this sense and to exploit the beneficial effeftendomycorrhizae, it is advisable to urse
the citrus orchards vigorous rootstocks, previousycorrhizal in nurseries. Thus, this work
aims to studythe effects of arbuscular mycorrhizal fungi (AMR) growth parameters and

root development ofitrus aurantiumL. (bitter orange).

Material and methods

Plant material

Citrus aurantium L. seeds were disinfected with sodium hypochlo@eedlings are grown in
plastic pots filled with a mixture of peat and g&esand. Sterilization is performed in an oven
at 250° C for 2 hours to remove the soil microdloAll pots were placed in a greenhouse

until the stage of two true leaves, and reguladyered with tap water.
Inoculum production

Barley Hordeum vulgare), mycotrophic plant, was chosen for the productiom abmposite
arbuscular mycorrhizal fungi inoculum. Barley gmainwere disinfected with sodium
hypochlorite at 5% for 2 minutes, and put to geatenin plastic bowls filled with a mixture
of disinfected sand and soil from the rhizosphdra targe number of species of the genus

Citrus.The rhizospheric soil used contains 70 number dbmycorrhizal species.

After four weeks of culturethe frequency and intensity of mycorrhizal barlepts were
estimated using the method of Hyman and PhjRdsand these mycorrhizal roots were used
as endomycorrhizal inoculum.

Inoculation with mycorrhizae

The plants ofCitrus aurantium L. were transplanted in pots filled with disinfedtsand of

Mamora and containing fragments of barley mycoahiaots.



88
89

90

91
92

93

94

95
96

97

98

99

100

101
102

103

104
105
106
107
108
109
110

111

112
113
114
115
116

117

118
119
120

The pots are then placed in the greenhouse; CoatidImycorrhizal plants were regularly

watered with distilled water.

Experimental set

The experimental protocol is carried out randontyo batches of plants were performed
with five plants for each batch.

Lot 1: Control plants (T) have not undergone aegtiment
Lot 2: Plants inoculated with mycorrhizal fungi yib).

The pots were then placed in a greenhouse for sewamths, June to December, at a
temperature varying from 21 to 27 °C.

After seven months of culture, the plantsGifrus aurantium L. were cut at the root collar.
The roots were washed with tap water and dried ayep towels overnight under ambient
laboratory conditionsThe height of the vegetative part was measurée. fresh weight of
the aerial part and root biomass were measured asmumerical scaldhe diameter of the
rod was measured with caliper scales and the nupofll@anches on the vegetative part was

counted.

Mycorrhizal rates inside roots

The roots observation was prepared according torténod of Philips and Haymari4).
They were first washed with water; the finest roetye then cut into a length of 1 cm then
immersed in a solution of 10% KOH (potassium hyéitex and placed in the water bath at
90° C for one hour to eliminate cytoplasmic condertt the end of this period, roots were
rinsed and transferred in a solution ofG4 (hydrogen peroxide) for 20 min at 90° C in the
water bath until the roots became white. Roots weea rinsed, after this; they were dyed
with cresyl blue, at 90° C for 15 min.

Evaluation of mycorrhizal rate

After eight months of cultureevaluation of mycorrhizal parameters was condudigd
observing thirty root fragments of about 1 cm, @nty chosen to quantify mycorrhiz§25s,
26,27 .The mycorrhizal frequency (F%), the mycorrhizalensity (M%), the arbuscular
content (TA) and the vesicular content (TV) of ANiiside the root bark are measured by
assigning a mycorrhizal index ranging from 0 t@8§).

Spore’s extraction

The wet sieving method described by Gerdemann acldoléon[29] was adopted to extract
the spores from soil ofitrus aurantium L., the samples of rhizospheric soil were taken at
random from each potSpecies identification is performed basing on mswmopic and
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microscopic observation of morphological characterd referring to the key determination
defined by Schenk and Peri@0] and the website of INVAM.

Statistical Analysis

Statistical analyzes were performed by analysisasiance by the ANOVA test at the 5%
level using the STATISTICA software.

Results

After seven months of growth, inoculation of seegti of Citrus aurantium L. with
endomycorrhizal composite inoculum marked a pasig¥fect (Figure 1) on all measured
parameters. (Table 1) A clear improvement in thetteof the inoculated plants was
recorded with a gain of more than 90.1%. Similarpculating the plants is also effective on
the leaves show, the formation of branches and tiwafvthe collar diameter, the gains were
respectively 266%, 300% and 300% (Figure 2).

Mycorrhiza was also beneficial for the developmehthe root system and the vegetative
mass After seven months of growtthe weight of the root and the aerial mass of itated
plants were higher than those of the control oresgectively with an increase of 478% and
425%.

The mycorrhizal frequency was about 93.3% and theomhizal intensity 50.6 %.(Figure 3).
Moreover, different structures characterizing adolsr endomycorrhizae were observed in
inoculated roots: arbuscules, vesicles and intcaeadtracellular hyphae.

The arbuscular and vesicular contents of inoculateds were about 40.83% and 3.36%
respectively % (Figure 3However,the roots of non-inoculated plants were not mydoaih

The number of spores was in the order of 132 spo@dy df soil. (Figure 4).

Preliminary identifications (Table 2) have allowednote that isolated spores belong to 23
speciesPacispora bholiviana, Acaulospora colossica, Acaulospora spl, Acaulospora koskel,
Acaulospora sp2 Acaulospora laevis, Pacispora robiginia, Glomus aggregatum,
Acaulospora sp3, Acaulospora foveta, Scutellospora spl, , Scutellospora castanea, Glomus
deserticola, Gigaspora sp, Glomus spinuliferum, Glomus fecundisporum, Glomus
intraradices, Scutellospora sp2 Glomus boreale, Glomus ambisporum, Glomus

fecundisporum, Acaulospora gedanensis, Acaul ospora nicolsonii.
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This species identification was based solely on therphological characteristics,
complementary studies based on molecular analydebevconsidered in future studies for

an exact identification of the spores.

According to the classification of Oehl and Siewegd31], these species are distributed in 5
genera Glomus, Gigaspora, Acaulospora, Pacispora, Scutellospora) and 5 families
(Glomaceae, Gigasporaceae, et Acaul osporaceae, Pacisporaceae , Scutellosporaceae,) and 2

orders Glomerales, Diversisporales).

Glomus intraradices, Glomus deserticola, Acaulospora foveta, Glomus aggregatum were
respectively the most dominant species in the dHphere of theCitrus aurantium L.
inoculated plants, their frequency of occurrencgyfe 5) varied between 6.81 % and
11.36%.

Similarly, the isolated species were represente®@&% of Glomus, 37% of Acaulospora,

13% of Scutellospora, 8% and 4% oPacispora andGigospora (Figure 6).

Discussion

The surveys carried out in the rhizosphere of thaculatedCitrus aurantium L. plants
showed that these roots contained endomycorrhinaitares: Vesicles, arbuscules, internal
and external hyphae and endophytes. The presencthesk structures characterizing
endomycorrhizae allows to classi@itrus aurantium L. as a mycotrophic speci¢32, 33,
34).

The plants inoculated with the composite endomygpat inoculum were clearly better
compared to the control plants in terms of leaveimber, stem diameter and plant heights
which confirm the results of LahlgB5], Syversten et Grahaf86] and Menge J.A37] The
ability of AMF to stimulate growth was also confiech by the positive influence on aerial
and root biomasses, in studieq18, 11, 12, 13, 38, 39

The individual AM fungal hyphae have much smallemtketers than roots, allowing access
to narrower soil pores and hence increasing tHevghime explored4Q] of a greater number
of rootlets, which confirms that the AM fungi inase the rooting zor{d1] , then, increasing
absorption of phosphorus that may perhaps caudigepation and cell elongatiof42] and
thus, Phosphorus is translocated rapidly to thésraobably as polyphosphate), overcoming
the slow diffusion that occurs in the soil solutidhese factors are the major cause of

increased P uptake and positive AM growth respofi®s However, new researches, using
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a combination of molecular and physiological apphes are required to find out this

complex interplay between the two symbionts.

Indeed, endomycorrhizae allow the transport oflittle mobile nutrients in the soil to the
plant, especially, phosphorus [44,45] and improveught tolerance [46] , and induce in
them morphological and physiological transformadioto tolerate the environmental

constraints [16] .

The beneficial effect of endomycorrhizal fungi dretgrowth ofCitrus aurantium L. has
been demonstrated; this is in agreement with thésvof Mwangiet al. [47] and Chliyehet
al. (48 they also demonstrated that the inoculation of ammplants with AM fungi
stimulated the weight and length of the aerial m@d parts of these plants.

The AMF have a positive effect on the growth andedigoment of the roots dfycium
europaeum plants [49] , the olive tree[48 ,5Q , date palm tred51, 52 ,53] Retama
monosperma [54] , Argania spinosa L. [55] ,andCarob treg56] .

In this work, 23 species ofG{omerales, Gigasporales, Acaulosporales, Diversisporales)
were detected in the rhizosphere ©itrus aurantium L. treated with endomycorrhizal
composite inoculum constituted by these generaghiewy 2 species @lomerales have been
reported in the rhizosphere Gftrus aurantium L. grown in the field, Artib etl. [32] and
Wang [33] reported only 12 species in the citruza$phere in southern China. In the
rhizosphere of other plant species, Abbasalet[57] reported 6 species of arbuscular
mycorrhizal fungi (AMF) in seven Moroccan Tetraelf Tellal etal. [58] noted 10 species
in the rhizosphere o€asuarina cunninghamiana and Casuarina. glauca developing in 15
sites and two nurseries in Morocco. Bouaetal. [59] and Sghir edl. [51] revealed 15 and
9 species in the Tafilalt and Zagora palm rhizosphén Central Europe, Oehl al. [31]
identified 12 species in the rhizosphere of theevim Jordan, Mohammad et. [60],
Kachkouch e#l. [61] isolated 6 species and 5 genera respegtiaethe rhizosphere of the

olive tree. Talbi e&l. [62] reported 31 species in the Carob tree gphere.

The count of the spores of the mycorrhizal fungiveéd a dominance of the gen@komus.
This dominance was also found in the citrus rhihese [33] and in the rhizosphere@itrus

aurantium L. Artib etal. [32] , the olive-tree rhizosphere [62] Oleas&8][, date palm [64].
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Plants that develop AM symbioses can in most césesolonized by AM fungi from
different taxa [43] , However, plant species camehpreferences for individual AM fungi,

resulting in different densities of colonizatiorb]6

Colonization by different AM fungi does not resinltthe same growth responses in a single
AM plant specieg6s] It is clear, therefore, that there is considerdhblgctional diversity
among plant-AM fungal symbioses in terms of besé#if] , thus, it is necessary, to obtain
citrus plants more robust and resistant to differgrathogens and stresses after
transplantation, to select certain species or aptexnof native fungi, composed of several
species, exhibiting high infectivity and good adsioin to different climatic and sdi32] .

The root mycorrhizal frequency is very high in intatedCitrus aurantium L. (93.33%) with

an important spore number of 132/100g of soil. Heeve previous results showed a

mycorrhization frequency of (73%) and a numberpafres of 48 per 100 g of soil [32]

Plants products in nurseries are provided with v ¥&gorous root systems and slightly
structured and cannot, therefore, withstand biatel abiotic stresses they face after
transplantation. From this study, and after thedpotion of a complex of native fungi,
composed of several species, it can be concludedtitie plants ofCitrus aurantium L.
inoculated with AMF present another way of promgtihe growth of this plant which can be
used as biological means to tolerate stressesedhdés establishment is interesting for
nurseries, since in the USA, inoculation with AMIFGitrus grown in nurseries has become a

common practice [37] .

Conclusion

From the whole of this study, it is clear that dr@lomycorrhization (AMF) has a beneficial
effect on the growth parameters@itrus aurantium L. plants. The positive effects obtained
with the rootstock following the inoculation canetbfore be explained by the great

exploitation of the soil by the mycelium.

The rootstock inoculation by endomycorrhizal fulngis several advantages: Substantially
shortens the development time of the plants, sgamtly reduces the application of chemical

fertilizers, and has the advantages of providingliuproducts.

The increased performance of mycorrhizal planwigesting food from the soil and resisting

environmental stresses gives fungi symbiotes a asléio fertilizers and crop protection
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244  and reduce the production costs.

245 Reference:

246 1. MAPM : (Ministére de l'agriculture et de la péche maritink&)lah-

247 trade.http://www.fellah-trade.com/fr/info-filiere/chiffrecles/fruits-et-

248 legumes (consultie 25/08/2016) 2014.

249 2. Vanderweyen AContribution a I'étude de la gommose a Phytophthers

250 agrumes au Maroc, Université. Nancy, These, Nar@nce 1982; 1982 ; p
251 160.

252 3. AbbassiM. Contribution a la lutte biologique contre les hat@wes ravageurs
253 des Citrus au Maroc. Thése de Doctorat d'Etat. lleades Sciences

254 Agronomiques de Gembloux, Belgiqu&990 ;p 185.

255 4. BenyahiaH . Effet de la salinité sur le développement dedarpture

256 racinaire des agrumes. Thése de 3 éme cycle, Uit&e€CADI AYAD,

257 Faculté des sciences Semlalia, Marraket®98 ;p 160.

258 5. Benyahia H .Amélioration de la résistance des porte-greffegrdaes vis-a-
259 vis des contraintes biotiques et abiotiques. FAads Sciences Dhar El

260 Mahraz - Fes - Doctorat Nationa2007.

261 6. Smaili M C, Abbassi M, Boutaleb J A, Blenzar ARichesse spécifique des
262 ennemis naturels associés aux vergers d'agrumdaiag: Intérét et

263 implication pour la lutte biologiqu©EPPR 2013 43 :155-166.

264 7. Boudoudou D, Fadli A, Talha A, Bourachdi Y , Daira A , Benyahia H.
265 Effect of seasonal and citrus rootstocks on inaoutiensity of Phytophthora
266 spp. in Citrus orchard in a heavy soil of the Ghadgon of Morocco. Biolife
267 2015;3(2):367-377.

268 8. Castle WS, Tucker D P H, Kiezdorn A H, Youtsey C ORootstocks for
269 Florida Citrus. University of Florida Institute bod and Agricultural

270 Sciences John T. Woeste. Dean for Extensi®83.

271 9. Nadori E B, Ouammou M , Kayaf M. Comportement de trois clones de
272 clémentinier sur différents porte-greffes. Al Awanii988 64: 44-54.

273 10.Benyahia H, Ait Haddou M M, Jrifi A, Lamsettef Y . Effet de la salinité
274 de I'eau d'irrigation sur la colonisation des rasides porte-greffes d'agrumes

275 par Phytophthora parasitica. Fruits 2004 ;59: 101-108.



276
277
278
279
280
281

282
283
284
285
286
287
288
289
290

2901
292
293

294
295

296
297
298
299

300
301
302
303
304
305
306
307
308
309
310
311

312
313
314
315
316
317
318
319

11.Nouaim R , Chaussod RRéle des mycorhizes dans l'alimentation hydrique
des plante, notamment des ligneux en zone aridasor@@ Méditerranéennes
1996 ;20: 9-26.

12.Giri B, Kapoor R. Influence of arbuscular mycorrhizal fungi and 1sié§i on
growth, biomass, and mineral nutritionAdfacia auriculiformis. Biology and
Fertility of soils 2003;38: 170-175.

13.Citernesi A S, Vitagliano C.Plant growth root system morphology @&a
europaea L. Rooted cuttings as influenced by arbuscular anygzas. S. J.
Horticult Sci. Biotechnal2008;73(5): 647-654.

14.Simard F . Stimulation de la synthése des composés nutracesticet
aromatiques dans les fines herbes et les légumeslepachampignons
mycorhiziens a arbuscules.Université Laval.QuéBanada2014

15.Evelin H , Kapoor R, Giri B. Arbuscular mycorrhizal fungi in alleviation of
salt stress. Annals of Botan2009104: 1263-1280.

16.Porcel R, Aroca R, Azcon R, Ruiz-Lozano J MPIP aquaporin gene
expression in arbuscular mycorrhizal Glycine maat Bactuca sativa plants in
relation to drought stress tolerance. Plant Mobdl BR006;60: 389-404.

17.Nemec S.Effects of soil —-phosphorus a@lomus intraradices on growth,
non structural carbohydrates, and photosynthetigigcof Citrus aurantium.
Plant and s0il1991 128(2):257-263.

18.Farih A, Nadori E B , Nhami A , Boukhriss H , Walidi L D. Réponse a la
mycorhization de 4 portes greffes d’agrumes éledéns trois substrats
différents. Al Awamia 1988;64:55-62.

19.Eden T.Tea.?? ed. Longmans, Londah965; p 205.

20.Smith S E , John J B, Smith F A, Bromley J L Effect of mycorrhizal
infection on plant growth, nitrogen and phosphorougition in glass house
grownAllium cepa L. New Phytol. 1986103: 359- 373.

21.George E , Haussler K U, Vetterlein D , Gorgus E Marschner H. Water
and nutrient translocation-by hyphae @Gliomus mosseae. Can. J. Bot1992;
70: 2130-2137.

22.Toro M, Azc6on R, Barea J M.The use of isotopic dilution techniques to
evaluate the interactive effects Bhizobium genotype, mycorrhizal fungi,
phosphate-solubilizing rhizobacteria and rock phase on nitrogen and
phosphorus acquisition Byedicago sativa. New Phytol 1998138: 265-273.

23.Joner E J, Johansen A.Phosphatase activity of external hyphae of two
arbuscular mycorrhizal fungi. Mycol Re2000,104: 81-86.

24.Philips J M , Hayman D S. Improved procedures for clearing root and
staining parasitic and vesicular-arbuscular mydpath fungi for rapid
assessment of infection. Trans. Br. Mycol. S@87055 158-161.

25.Trouvelot A , Kough J L . Mesure du taux de mycorhization VA d'un
systeme radiculaire. Recherche de méthodes d'dgtimaayant une
signification fonctionnelle. In Physiological andergetical aspects of
mycorrhizae. Gianinazzi-Pearson V. et Gianinazzi(Els.), INRA édition,
Paris1986; pp. 217-221.

10



320
321
322
323
324
325

326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346

347
348
349
350
351
352

353
354
355
356
357
358
359
360

361
362

26.Amir H , Renard A . Etude microbiologique générale de quelques sols de
foréts sclérophylles de Nouvelle-Calédonies : $¢atdes mycorhizes a
arbuscules. PCFS-UNC N° 54/2003/CF003 ;p 22.

27.Kormanik P P , Mc Graw A C. Quantification of vesicular- arbuscular
mycorrhizae in plant roots. In Methods and prinegplof Mycchorizal
Research. N.C. editor. APS Pre$882 ;p 37.

28.Derkowska E , Sas Paszt L , Sumorok B , Szwonek EGluszek S.The
influence of mycorrhization and organic mulchesmytorrhizal frequency in
apple and strawberry roots. Journal of Fruit anda@rental Plant Research
2008 ;16: 227-242.

29.Gerdemann J W, Nicholson T H.Spores for mycorrhizal endogone species
extracted from soil by wet sieving and decantinganB. Br. Mycol. Soc
1963;46: 235-244.

30.Schenck N C, Pérez YManual for the identification of VA mycorrhizal
fungi. Synergistic Publications. Gainesville. Ft&i1990 p 286 .

31.0ehl F, Sieverding E , Ineichen K, Mader P , BolleT , Wiemken A.
Impact of land use intensity on the species ditserdi arbuscular mycorrhizal
fungi in agroecosystems of central Europe. Appéiad Environmental
Microbiology . 2003;69: 2816-2824.

32.Artib M , Chliyeh M |, Touati J , Talbi Z , Selmaoui K , Ouazzani
Touhami A , Benkirane R , and Douira A. Study of Arbuscular mycorrhizal
fungi diversity in the rhizosphere of citrus grownMorocco. IJAPBC 2016 ;
5(3): 2277 — 4688.

33.wang P, Zhang J J , Shu B Arbuscular mycorrhizal fungi associated with
citrus orchards under different type of soil mamaget southern china.Plant
Soil Environ 2012;(7):302-308.

34.Camprubi A , Calvet C , Estaun V. Growth enhancement of Citrus reshni

after inoculation withGlomus mosseae and Trichoderma aureoviride and
associated effects on microbial populations angrmezactivity in potting
mixtures. Plant and saill995;173: 233- 238.

35.Lahlali R. Amplification en aeroponie de trios espéces niyie@nnes et
mycorhization de certaines variéts de portes gsaffagrumes.Mémoire de
Troisieme cycle en agronomie.ENA.Meknex)01.

36.Syverstsen P, Graham J H. Phosphorus supply and arbuscular mycorrhizas
increase growth and net gas exchange of Citrugsppth at elevated (CO2).
Plant and Soill999;208: 209-219.

37.Menge J A, Johnson L V, Platt R GMycorrhizal dependency of several
citrus cultivars under three nutrient regimes. Dapants Plant Pathology and
Plan t Sciencef, University of California, RiversjdCalifornia 92521, U.S.A.
NewPhytol1978;81:553-559.

38.Matthew W , Fidelibus R, Chris A, Martin. Growth of Citrus volkameriana

inoculated with AM fungi in most or periodicallyids soils.University of
Arizona college of Agriculture Citrus Research Repd999.

11



363
364
365

366
367
368
369
370

371
372
373
374
375

376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391

392
393
394
395
396
397
398
399
400
401

39.Gonzalez C , Ferrera C.Roca fosforica yslomus sp. En el crecimento de
naranjo agrico rock phosphate aaldmus sp.On sour orange growth .Terra
2001 ;18(4):362-366.

40.Schnepf A, Leitner D, Klepsch S, Pellerin S, MollieA .Modelling
phosphorus dynamics in the soil-plant system. InéBiann EK, Obserson A,
Frossard E, eds, Phosphorus in Action: BiologicatocBsses in Soil
Phosphorus Cycling. Springer, Heidelb@f1; pp 113-133.

41.Boureima S, Diouf M, Diop T A, Diatta M, Leye EM , Ndiaye F, Seck

D. Effects of arbuscular mycorrhizal inoculation oe tirowth and the
development of sesam&&amum indicum L.). African Journal of
Agricultural ResearcR008;3 (3): 234-238.

42.Black C A . Methods of soil analysis. Am. Soc. Agron, Wiscon&iSA.
1965 9: 1114-1162.

43.Smith, Sally E. Iver Jakobsen, Mette Grgnlund and~. Andrew Smith .
Roles of Arbuscular Mycorrhizas in Plant Phosphdxusrition: Interactions
between Pathways of Phosphorus Uptake in Arbusddiarorrhizal Roots
Have Important Implications for Understanding andaripulating Plant
Phosphorus Acquisition. American Society of Plaml®&jists. 2011156 no.
3 1050-1057.

44 .Duponnois R , Colombet A.The mycorrhizal fungugslomus intraradices
and rock phosphate amendment influence plant grewthmicrobial activity
in the rhizosphere of Acacia holosericea. Soil BRibchem 200537: 1460-
1468.

45.Lambers H, Raven J A, Shaver G R., Smith S EPlant nutrient-acquisition
strategies change with soil age. Trends in ecol&gyevolution. 2008;
23(2):95-103.

46.Ruiz Lozano J M , Azcon R. Hyphal contribution to water uptake in
mycorrhizal plants as affected by the fungal speaied water status. Physiol.
Plantarum 199595: 472-478.

47.MwangiM W, Monda E O, Okoth S A, Jefwa J M. Effect of
Trichoderma harzianum and arbuscular mycorrhizagifon growth in tomato
(Lycopersicum esculentum mill) seedlings, napieni#setum purpureum I)
and tea (Camellia sinensis ) cuttings. Tropical &abtropical
Agroecosystem=201111: 423 — 429.

48.Chliyeh M, Ouazzani Chahdi A, Selmaoui K , OQuazza Touhami A ,
Filali- Maltouf A , El Modafar C , Moukhli A, Ouk abli A , Benkirane R
, Douira A. Effect of Trichoderma harzianum and arbuscular mygpal
fungi against Verticillium wilt of tomato. Internahal Journal of Recent
Scientific Researci2014 ;5 (2): 449-459.

12



402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423

424
425
426
427

428
429
430
431
432
433
434
435
436
437

49.Touati J , Chliyeh M, Ouazzani Touhami A , Benkirane R , Douira A.
Effect of arbuscular mycorrhizal fungi on plantwth and root development
of the boxthorn treelLfycium Europaeum) under a greenhouse conditions. Int.
J. Pure App. Biosci2015 ;2 (6): 84-91.

50.Porras Soriano A, Sorano Marintin M L, Porras Piedra A, Azcon P.
Arbuscular mycorrhizal fungi increased growth, rarit uptake and tolerance
to salinity in olive trees under nursery conditiodsurnal of Plant Physiology
. 2009;166: 1350-1359.

51.Sghir F, Chliyeh M , Touati J , Mouria B , Ouazani Touhami A, Filali
Maltouf A , El Modafar C , Moukhli A , Benkirane R, Douira A. Effect
of a dual inoculation with endomycorrhizae and fioiderma harzianum on
the growth of date palm seedlings. Int. J. Pure.Appsci.2014;(6): 12-26.

52.Smith S E , Reed D J. Mycorrhizal symbiosis. London Academic Press.
1997.

53.Janos D P.Vesicular-arbuscular mycorrhizae affect the grooftBactris
gasipaes. Principe$97721: 12-18.

54.Hatimi A, Achouri M, Oihabi A. Endomycorhization de légumineuses
fixatrices des dunes: Croissance et nutrition phat®e. Cahiers «Sécheresse»
. 1997;8(2): 99-102.

55.Bousselmame F, Kenny L , Achouri M Effet des mycorhizes a vésicules et
arbuscules sur la croissance et la nutrition dgdaier Argania spinosa L.).
Actes Inst. Agron Vet 2002 22 (4) : 193-198.

56. Talbi Z , Chliyeh M, Mouria B , El Asri A, Ait Ag uil F, Quazzani
Touhami A, Benkirane R and Douira A. Effect of double inoculation with
endomycorrhizae and Trichoderma harzianum on tbethrof carob plants
AJAPBC 2016;5(1): 2277 — 4688.

57.Abbas Y, Ducousso M .Diversity of arbuscular mycorrhizal fungi in
Tetraclinis articulata (Vahl) Masters Woodlands in Morocco. Ann. For. Sci.
2006;63 : 285— 291.

58.Tellal M. Contribution a I'étude de la symbiose Casuarineronganismes et
son importance sur la production de plants en p&giret la fertilité du sol.
Thése de Doctorat. Université lbn Tofail, Fac. 8egences, Kénitra, Maroc
2008 135p.

59.Bouamri B , Dalpé Y. Arbuscular Mycorrhizal fungi species associateth w
rhizosphere of Phoenix dactylifera I. in Morocco. African Journal of
Biotechnology. 20065(6): 510-516.

13



438
439
440

441
442
443
444
445
446
447
448
449

450
451
452
453
454
455
456
457
458
459
460
461
462

463

464

465

466

467

60.Mohammad M J, Hamad S R, and Malkawi H |.Population of arbuscular
mycorrhizal fungi in semi-arid environment of Jandss influenced by biotic
and abiotic factors. J. Arid Envir@003;53: 409-417.

61.Kachkouch W , OQuazzani Touhami A , Filali Maltouf A , El Modafar C,
Moukhli A , Oukabli A , Benkirane R , and Douira A. Arbuscular
mycorrhizal fungi species associated with rhizospha# Olea europaea L. in
Morocco. Journal of Animal &Plant Scienc2@1415(3): 2275-2287.

62.Talbi Z , EL Asri A, Touati J , Chliyeh M | Ait Aguil F , Selmaoui k ,
Sghir F , Ouazzani Touhami A , Benkirane R and Doua A.
Morphological characterization and diversity of emgcorrhizae in the
rhizosphere of Carob tree (Ceratonia siliqua) inrddco.Biolife 2015 ;
3(1):196-211.

63.Sghir F ,Chliyeh M , Kachkouch W ,Khouader M , Ouazzani Touhami A
, Benkirane R and Douira A.Mycorrhizal status of Olea europaea spp.
oleaster in Morocco. Journal of Applied Bioscienc281361: 4478 — 4489.

64.SghirF, Touati J, Chliyeh M, Touhami A O, Filali-M altouf A, EI Modafar
C, Moukhli A, Oukabli A, Benkirane R, DouiraA Diversity of rbuscular
mycorrhizal fungi in the rhizosphere of date patee{Phoenix dactylifera) in
Tafilalt and Zagora regions (Morocco)* Int. J. P&p. Biosci.2014 2 (6):
1-11.

65.Smith FA, Grace EJ, Smith SEMore than a carbon economy: nutrient trade
and ecological sustainability in facultative arbulac mycorrhizal
symbioses. New Phyta2009;182: 347-358

Agronomic parameters

Inoculated plants

Control plants

Root fresh weight (g) 2.43 0.47
Fresh weight of the vegetative parts | 2.1° 0.4C¢
(9)

Height (cm) 21.3 11.7
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468

469

470

471

472

473

474

475

Diameter of the rod (cm) 0.4 0.1°
Number of leaves 22 6°
Number of branches 3 o°

Table. 1: Agronomic parameters @itrus aurantiumL. after 7 months of inoculation

with endomycorrhizal fungi.
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Figure 1. Effect of endomycorrhizae on the growth of aegal root parts of
Citrus aurantium L. plants. Controls (A), Mycorrhizal plants (B).
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Figure 3. Evaluation of the mycorrhizal rate of the inocuthteots of Citrus
492 aurantium L. mycorrhizal frequency (MF), mycorhizal interysitMI), arbuscular

content (AC) and vesicular content (VC).
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497

Number | Name Form Color size Wall Spore Hyphe length
thickness | surface
1 P.boliviana globular orange 70 25 granular 50
2 A. colossica globular mauvegreer 77.5 25 granular -
Acaulospora globular yellow 120 2.5 granular -
spl
4 A. koskei globular beige 107.5 7.5 smooth -
5 Acaulospora globular Yellow beige 105 7.5 smooth -
sp2
6 A. laevis globular brown yellow 75 7.5 smooth -
7 P. robiginia globular brown yellow 95 2.5 smooth -
8 G. aggregatum | globular brown yellow 80 7.5 smooth -
9 Acaulosporasp | globular yellow 72.5 2.5 smooth -
3
10 A.nicolsonii globular yellow 112.5 7.5 smooth 83
11 A. foveta globular brown 50 12.5 granular -
12 Scutellospora globular beige 75 2.5 smooth 96.5
spl
13 G. deserticola globular clear yellow 250 12.5 smooth -
14 S. castanea globular Yellow 50 25 granular -
brown
15 G. deserticola oval clear yellow 112.5 7.5 smooth 50
16 Gigaspora sp globular clear Green 37.5 2.5 granular -
17 G. spinuliferum | globular Yellow 112.5 7.5 smooth 50
darkened
18 G.fecundisporu | globular brown yellow 200 10 smooth -
m
19 G.intraradices | oval Yellow 60 7.5 smooth -
darkened
20 G. deserticola globular Yellow 200 7.5 smooth -
orange
21 G. intraradices | globular Yellow 75 2.5 smooth -
darkened
22 Scutellospora globular brown 107.5 7.5 smooth -
Sp2
23 G. boreale oval brown yellow 62.8 2.5 smooth 23.6
24 G. ambisporum | globular brown 70 7.5 smooth 83.2
25 Glomus sp globular clear yellow 75 7.5 smooth -
26 G. spinuliferum | globular Yellow 112.5 7.5 smooth -
darkened
27 A. gedanensis globular brown beige 115 7.5 smooth -
Table 2. 1dentification of mycorrhizal fungi isolated frorhe rhizosphere dfitrus aurantium
498 :
499
500
501
502
503
504
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Figure. 4: Average spore density of AM fungi of mycorrhizald control plants
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Figure 5: Isolation frequency of mycorrhizal species frdm thizosphere dfitrus aurantium
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