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ABSTRACT

Arbuscular mycorrhizal fungi (AMF) can improve wataese efficiency of plants
under water stress conditions and therefore mayskd to improve the efficiency of
continuous deficit irrigation (CDI). On this bases experiment was conducted in
pots to evaluate the effects of arbuscular mycpation on the growth of young plum
trees, in two cases of CDI (50% and 75% of fullpcevapotranspiration - ETc)
Compared to full irrigation (100% ETc). We used ixtore of two mycorrhizal fungi
speciesRhizoglomus intraradices and Funnéliformis mosseae. The effects measured
were: 1) morphological parameters of the root sys{total fresh weight, total dry
weight, total volume and hairy root dry weight) ); @orphological parameters of
aerial parts (primary shoot elongation, numbereafondary shoots, trunk growth, leaf
area, total fresh weight and total dry weight); 8pahutritional status parameters (leaf
phosphorus content and chlorophyll pigments cohte&@wmpared to full irrigation,
the two CDI levels induced a significant decreabéairy root percentage without
significantly affecting total root weight and volemThe use of AMF enabled to limit
this depressive effect because it stimulates rmwification, but this is effective only
under moderate water stress (75% of ETc). Undes @Dl regime, hairy root
percentage has been enhanced by 87% in mycorgblenals comparatively to non-
mycorrhizal plants. Water stress effects on vegetarowth were partially alleviated
with the use of AMF even under severe decreaserigiiion (50% of ETc) : the
measured parameters were between 70% to 90% hfghemycorrrhizal plants
compared to non-mycorrhizal ones. AMF induced asaignificant increase of
phosphorus, nitrogen and chlorophyll pigments cotreéion in mycorrhizal plants.
Thus, AMF significantly improves CDI efficiency groung plum tree, even at level
of 50% of ETc. The observed improvements due to AMi#fe considerable under
75% of ETc, suggesting the possibility to adops 8DI level associated with AMF
to optimize deficit irrigation on young plants dfig rosaceous under low water
availability conditions.
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1. INTRODUCTION

The advantages of mycorrhizal symbiosis have beemodstrated for different
species, especially under arid conditions [1]. T8ymbiosis is established naturally
for all fruit species and may be controlled in muysand during transplantation of
young plants to the field by using specific mycaah fungi. However, several
studies have shown the importance of early inomurlatin nursery on sterilized
substrate to avoid the natural mycorrhizal infectiof plants when they are
transplanted [2,3].

Particular attention was given to arbuscular mywaal fungi (AMF) because of their
polyvalence and benefits for the implantation afitfiand forest species in arid areas
[4,5]. However, each fruit tree develops symbiasisre easily with specific AMF
species. According to a study conducted by Clavedl.e[6] on eighteen Prunus
rootstocks, this symbiosis was more easilli@red with Rhizoglomus intraradices,
followed by Funneliformis mosseae. However on apple tree, symbiosis succeeded
better with Funneliformis mosseae than with Rhizoglomus intraradices [7]. Other
AMF genus tested on fruit trees have also yieldedoaraging results such as
Gigaspora on olive tree [8] an@iversispora on citrus [9].

Mycorrhizal dependency of fruit trees may remagngicant even under severe water
stress conditions. Indeed, Bagheri @t [10] found a significant mycorrhizal
dependency on pistachio tree inoculated~bgineliformis mosseae and Rhizoglomus
intraradices under water regime amounting to 25% of crop evapspiration. The
mycorrhizal dependency improves water and nutriostatus of trees thereby
impacting shoot and root growth and fruit yielddess On young peach plan®utto
and Mizutani[11] found that mycorrhizal symbiosis withunneliformis mosseae
improved shoot growth by an average of 30% comptrewn-mycorrhizal plants. In
terms of mineral nutrition, this symbiosis has ioeld spectacular increases of leaf
nutrient concentrations with averages ranging f&8% for magnesium to 450% for
zinc. On this same fruit specie, Wuakt[12] found that the most significant effect of
AMF on root system resides in boosting its ramifma thereby changing its
architecture. On young plum and apple plants iretedl byFunneliformis mosseae
and Rhizoglomus intraradices, Fortuna efl. [7] observed an improvement of shoot
and root system growth of more than 130% for batit §pecies, accompanied by a
significant increase of phosphorus uptake estimated®20% compared to non-
inoculated plants.

Certainly, AMF improve fruit trees performance, wkoeffects are notable since the
first year of the inoculation. However, the magdéuwf the effects varies depending
on fruit species, AMF species, soil types and dimaonditions. This technique
would be particularly relevant in orchards wheradaikeirrigation is imposed, which
constitute the bulk of Moroccan tree orchards. Btigly is particularly relevant on
plants that require higher amount of irrigation e&vasuch as plum trees that has an
economic importance in Morocco. It is in this oljee that was carried this work to
guantify the effects of a mixture of two AMF spegiBhizoglomus intraradices and
Funneliformis mosseae, on root growth, nutritional status and vegetativewth of
young plum trees under moderate and severe conmigndeficit irrigation regimes.
Studies undertaken in some countries have cleadicated that these AMF species



have been proven effective for prunus plants umgger stress, but the present work
provides data for the use of these AMF under clieradnditions of Morocco.

2. MATERIALSAND METHODS
2.1 Cultural conditions

The trial was carried out on twenty four young pltrees; cvStanley grafted onto the
rootstockMyrobolan which is widely used in Morocco [13]. The seedfingere one
year old and their size was approximately simildre plants were planted in January
in 60 liter pots containing a mixture of sand aad &:1 v/v) previously sieved (mesh
size of 5 mm). The soil was taken from surface Hayfeuncultivated land. Resulting
soil texture was sandy clay containing an averaigg% CaCQ, poor in organic
matter with an average of 0.9%. Soil was approxétyateutral (pKlater 7.3) and not
saline with an electrical conductivity of 0.13 m@/cThe plants were then placed
under glasshouse conditions and were cultivatédersame way.

Before planting, the terminal roots were partialyt to stimulate plant growth and
promote mycorrhizal inoculation. Root inoculatioaswachieved with 12 g/plant of an
inoculum purchased on the market containing 25 esigr of Rhizoglomus
intraradices and 25 spores/g dfunneliformis mosseae. The choice of these AMF
species was based on their high ability to colopizmus rootstocks, demonstrated in
previous research [14]. During the first month (feelby), the plants were fully
irrigated to ensure satisfactory plant growth. Th&om March to October, the
amount of water was varied to produce three watetieation treatments: 100%,
75% and 50% of crop evapotranspiration (ETc), aerang the radius of pots as
spacing planting. The ETc values were estimatedthas product of reference
evapotranspiration (ETo) obtained through equatigmovided below, linking ETo to
maximal temperature (Tmax), established for Mekreggon based on 11 years of
climate data (1996-2006) [15]. This estimation roetlof ETo has been proven
effective for controlling irrigation in previousiats [16, 17].

ETo=0,16 * Tmax + 0,14 {r=0.93; see = 0.02) (Equation 1)

Irrigation was applied twice a week without exceedihe easily usable water reserve
of the substrate, equivalent to 2/3 of its usaldéewreserve. The experimental design
was a split plot with two factors: water regime ¥6&Tc, 75% ETc and 100% ETc)
and mycorrhization (M + and M-). Each water treatinkas been applied to eight
plum trees of which four are inoculated by AMF.

2.2 M easurements
2.2.1 Mycorrhizal colonization and root growth measurements

Mycorrhizal colonization was determined on 1 cmtreegments sampled at harvest
from all plants(nine months after inoculation). The root segment&ewwashed
thoroughly with distilled water and preserved inlagtoglycerol solution (63 ml
glycerol, 62 ml distilled water, 875 ml of ethanaicid). Staining of root was realized
following the method used by Philips and Hayman]:[1Be root segments were



placed in 10% KOH solution in a water bath set sgmperature of 90°C for 2 hours.
Then they were washed with distilled water andgfamed to 2% HCI solution for 5
min before being placed in a staining solutiont@igtycerol with 0.05% trypan blue)
in water bath at 90 °C for 15 min. After stainirige Mycorrhizal colonization was
estimated under an optical microscope (x100) frermimer of root segments showing
arbuscules and vesicles on total colored root satgne

Root growth parameters were measured on the ertoe system of each plant,
carefully removed in October. Measurements concemeximal root length, root
system volume, total fresh weight, total dry weigiid hairy root dry weighfThe
root system volume was measured by dipping itwater-filled tube.

2.2.2 Vegetative growth measurements

The effect of water stress on vegetative growtmg€orrhizal and non-mycorrhizal
plum trees was evaluated at the end of the shamwthrcycle, in October. The
measurements concerned plant height, trunk diamegigmary shoot length,
secondary shoots length, number of secondary shmmtdinear meter of primary
shoot, leaf area, total fresh weight and totalwieyght of plant.

The plant height was measured from collar grafti® highest apex. The annual
growth of trunk diameter was measured at the beginand the end of plants growth
cycle at 10 cm above soil. The average of primany secondary shoot elongation
was determined by measuring the final length oflatiots per plant. The average leaf
area was measured using twenty fully developedeleaer plant, taken from medial
portions of the primary shoots. The total freshghéiwas determined after plants
grubbing before being dried at 105 °C for 48 hdardetermine their dry weight. The
difference between dry weights of mycorrizal andh-nmycorrhizal plants were
calculated to determine mycorrhizal dependency (Méjording to the formula: MD
(%) = [100 x (mycorrhizal plant dry weight — non-ogyrhizal plant dry weight) /
mycorrhizal plant dry weight].

2.2.3 Leaf phosphor us content

Leaf phosphorus content was measured using leapleantaken from the middle
portions of shoots at the end of plant growth cyeieOctober. Phosphorus analysis
was performed according to the method describedRayanet al. [19]. Indeed,
phosphorus was extracted on samples dried usingtarsnof ammonium molybdate,
ammonium vanadate and nitric acid and quantifiedsgctrophotometer set at 410
nm.

2.2.4 Chlorophyll content

Chlorophyll content was determined following thetheel used by Singh and Billore
[20]. Young leaves were collected from the apexsbbots in October. After
lyophilization and grinding of leaf samples, 5 nfgtlee ground product was agitated
in 1 ml of 80% acetone in Eppendorf tubes for 1hn8A to extract all chlorophyll
pigments. The extract was centrifuged at 14000 fpml1l5 min under 4 °C. The
optical density (OD) of supernatant was measure@®4& nm and 663 nm. The



concentration of chlorophyll a (Cha) and chlorophyl (Chb) are given by the
following formulas [20]:

Cha =[12.7 (OD663) - 2.69 (OD645)]
Chb = [22.9 (OD645) - 4.86 (OD663)]

2.2.5 Statistical analysis

Data was used in order to analyze the variance (¥A)Ousing SPSS software
(version 17.0). Mean comparisons were performedgusiudent’s test to compare the
effect of water treatments on the mycorrhizal aod-mycorrhizal plants.

3. RESULTSAND DISCUSSION
3.1 Mycorrhizal colonization

Root mycorrhizal colonization was similar undenadlter treatments with an average
of 85% (Table 1) that is high compared to resulitaimed by Calvet edl. [14] on
Myrobolan rootstock. This result is related to differenaeemnvironmental conditions
and also to the variety used. Indeed, the variationhydromineral requirements
between varieties generate variations in root gnasftrootstock and in root exudates
composition that induce spore germination, growtld samification of mycorrhizal
hyphae [21].

The non-significance of water stress conditionsryorrhizal colonization is linked
to the fact that substrate moisture level inducgdlbwater treatments was sufficient
to ensure good conditions for spore germination ematact between AMF hyphae
and roots, especially since under pot conditidms;produced spores and roots are not
distant. In contrast, Buee @t and Logi etl. [21, 22] report that water stress exerts a
depressive effect on mycorrhizal colonization urféEd conditions. The mechanisms
of mycorrhizal inhibition under water stress iskkad to low levels spore germination
and to disruption of chemical transmission betwiesgus and roots [22, 23].

1.1 Root system growth

Among the various parameters measured on the yst¢ra, only the percentage of
hairy root was reduced by water stress (Table by. on-mycorrhizal plants,
reduction of this parameter was higher under mddenater stress (75% of ETc)
with an average of 26% compared to the controtrmeat (100% of ETc). However,
under severe water stress (50% ETc), the decrdabesparameter was lower with
an average of 13%rlhe water deficit seemed induce a preferentialcation of
biomass to roots, especially when the stress iitfenss more accentuatedhis is
expressed by values of aerial biomass reductionsewerely stressed plants
significantly higher than that observed on moddyas&essed plantSimilar results
were reported oRinus radiata [24], Cedrus atlantica [25] andFagus sylvatica [26].



Table 1. Root growth parameters of mycorrhizal and non-mycorrhizal of young
plum trees under different water treatments

Non-mycorrhizal trees Mycorrhizal trees p-
R100 R75 R50 R100 R75 Rso value
Mycorrizal
colonization - - - 85 .2 88.6 81.1 0.221
(%)
Maximal 90.7 1067 825 86.7  100.7 852 0.125

Length (cm)

Volume (ml) 2025 2525 3150 300.0 307.5 342.5 0.900

Fresh weight

@) 273.7 2089 2454 283.4  249.6 232.9 0.968

Dry weight (g) 97.2 73.0  83.0 101.1 1015  62.0 0.875

Dry hairy root

. 28.0 15.0 19.4 27.1 24.6 13.9 0.672
weight (g)

Percentage of
hairyroot (% 27.4b 202a 239ab 283b 239ab 226ab 0.014
DM)

Aerial part dry
weight / Root  0.59 0.50 0.51 0.60 0.61 0.43 0.865
dry weight

R100: control treatment 100% of ETc, R75: wateatiment 75% of ETc, R50: water treatment 50% of ETc.
Values followed by the same letters or unmarketetigrs are significantly equal.

This result partially corroborates those of Abristget al. [27] who found that water
stress on peach trees induces significant reductbrihe majority of the biometric
parameters related to root growth. However, ouultesontradicts the finding of
Romeroet al. [28] who observed on almond tree that root grow#is stimulated by
water deficit. According to Burkast al. [29], these differences in the effects of water
stress on root growth are largely related to sefitd. They argue that in a situation of
deep soil, plants adapt to water stress by sigmiflg increasing the root volume. In
contrast, on shallower soils such as the casetsf ffte root system is limited by soil
depth making it more exposed to water stress effect

Compensation of water stress effect on hairy raacgntage through AMF was
significant only under moderate water stress of 7B% by an average of 51%
compared to non-mycorrhizal plants used as corthatler severe stress of 50% ETc,
mycorrhization did not compensate the depressitectsf of water stress on hairy
root. This result suggests that under severe stragsorrhizal root ramification

stimuli are ineffective or insufficient to competesdor water stress effect. Moreover,
under full irrigation, mycorrhization had a poséibut not statistically significant



increase on hairy root. This may imply that AMF mates the action of naturally
existing root ramification stimulus under full gation, which becomes inhibited
under water stress conditions.

Under moderate water stress, AMF induced a sigmfichange in the root system
architecture induced, by stimulating root ramifioatthereby increasing the hairy
root percentage. Gutjalet al. [30] observed the same effect on rice inoculdigd
Rhizoglomus intraradices. However, several trials on different plants imdéd that
AMF effect on root system architecture varies dejram on plant species and
mycorrhizal strain. On tomato inoculated ynneliformis mosseae, Trottaet al. [31]
indicated that arbuscular mycorrhizal did not inelsggnificant effect on root system
architecture. However, on mandarin tree inocul&eBunneliformis mossaea, Wu et

al. [32] reported a significant improvement of rogstem architecture via an increase
of the root length and the root volume associated & significant decrease in roots
diameter. A similar finding was also obtained onagie tree inoculated by
Funneliformis mosseae [33]. Gahooniaet al., [34] reported that root system
architecture changes are governed by internal atedreal parameters of mycorrhizal
symbiosis. Until now, these parameters are not knodien et al. [35] reported an
increase of phytohormone production on roots ofamygzal plants and estimate that
these substances stimulate rhizogenesis. Furthermolsmaeet al. [36] indicated that
AMF stimulates ramification of root system by inthg an accumulation of
phosphorus and carbohydrates on roots.

3.2 Vegetative growth

The water restrictions significantly affected vediete growth of plum trees, (both
mycorrhizal and non-mycorrhizal), and in particulae elongation of primary shoots
elongation, the number of secondary shoots and tgrowth (Table 2). On non-
mycorrhizal plants, the water treatment of 50% Hfiduced a decrease of trunk
diameter by 0.25 cm and shoot elongation by 15 sso@ated with a reduction of the
number of secondary shoots grown on per linear moéterimary shoot by an average
of 4 shoots, in comparison with non water-stregsiaats. Under the treatment of
75% ETc, these decreases were lower but remaimggifisant with a decrease in
trunk diameter of 0.1 cm and a decrease of 9 crh wagards to primary shoot
elongation. These results corroborate those ofd8aset al. [37] and Remorinét al.
[38] who found that the young rosaceous fruit tr@esot tolerate water stress even at
moderate level as 75% of ETc.



Table 2. Vegetative growth parameter s of mycorrhizal and non-mycorr hizal young
plum trees under different water treatments

Non-mycorrhizal trees

Mycorrhizal trees

p_

R100

R75

R50

R100

R75

R50 value

Trunk
diameter 7.2b
(mm/year)

6.3 ab

4.7a

9.7c

6.3 ab

6.1ab 0.001

Plant height

(cm) 1305b

124.0D

88.2a

13650D

1275D

111.2b 0.001

Total fresh

weight (g) 407.3 cd

327.5ab

303.1a

420.6 d

361.9Db

319.4ab 0.007

Total dry

weight (g) 173.0 cd

143.2 ab

130.5a

183.1d

158.8 b

139.7ab 0.002

Primary
shoot lenght 38.1b
(cm)

29.0a

23.1a

389D

294 a

26.1a 0.001

Number of
secondary
shoot
(N/Lm)

8.1bc

5.0ab

44a

119c

6.9b

4.6 a 0.001

Leaf area
© I’T12) 247Db

21.7 ab

18.6 a

257D

24.4Db

189 a 0.003

Mycorrhizal
dependency -
(%)

55a

9.8D

6.6 ab 0.021

R100: control treatment 100% of ETc, R75: wateatiment 75% of ETc, R50: water treatment 50% of ETc.
Values followed by the same letters are signifiga@tual.
N/Lm: number of secondary shoots per linear met@rimary shoot).

The mitigation effect of AMF on the way water sgedfects vegetative growth was
limited, but statistically significant under all tea treatments. In comparison to non-
mycorrhizal plants fully irrigated, the mitigatioate obtained varied from 43 to 90%
for all vegetative parameters under the water rimeat 75% of ETc and from 16 to
56% under the treatment 50% of ETc. Vegetative ¢nayain due to AMF was also
observed for non-stressed plants, but only witharég to trunk growth and the
number of secondary shoots. This gain was imponatht an average of 34% for
trunk growth and 47% for number of secondary shobt® improvements observed
on mycorrhizal plants come mainly from the favoeabffects of AMF on nutrient
uptake and plant-water relations even under watess conditions, as has been

demonstrated on several plants in previous stjdie41].

Vegetative growth of plum trees is therefore sigafitly dependent on mycorrhizal
fungi under the two tested water stress intensitigsvever, it is often assumed that
dependency of plants to arbuscular mycorrhizaeedesers with water stress intensity
to the point that no dependency remains at seveaterwstress levels [42]. This



decrease of the AMF effect under severe waterssigegssentially explained by the
ineffectiveness of mycorrhizal fungi at very lowilssater humidity, which has been
attributed to the limited germination of spores andthe inhibition of chemical

transmissions between AMF and plants [43]. Furtleeenmycorrhizal dependency
of plants was relatively low under full irrigatiobyt statistically significant. The low
value of the mycorrhizal dependency under the rimeat 100% of ETc can be
explained by the low biomass gain observed in ntzal plants, limited by the

genetic growth potential of cultivar [44].

3.3 Leaf phosphorus content

Moderate water stress of 75% ETc did not affectsphorus uptake. However, this
uptake significantly decreased for all plants (myieizal and non-mycorrhizal), under
a severe water stress of 50% ETc (Table 3). For-mpeorrhizal plants, leaf
phosphorus content decreased in response to tles sisess level by an average of
0.6 mg/g. The decrease was only 0.3 mg/g for miaal plants, indicating a
considerable compensatory effect of AMF of 50%.

Table 3. Leaf phosphorus and chlor ophyll pigments content of mycorrhizal and
non-mycorrhizal young plum treesunder different water treatments

P Ch.(mg/g) Ch Churs Ch./ Ch,
(mglg) (mgig) (M99

R100 M+ 24Db 254 Db 154 c 4.08c 1.71 a
M- 23b 2.46 ab 0.87b 3.33b 2.88 ab
M+ 23b 2.15 ab 0.32 a 2.42 a 7.06 b

R7S M- 24b 2.10 ab 0.36 a 251 a 6.35 ab
M+ 2.0ab 2.10 ab 0.17 a 2.28 a 13.39¢c

RS0 M- 1.7 a 2.01a 0.19a 2.20 a 11.09 c

p-value 0.004 0.004 0.001 0.004 0.001

R100: control treatment 100% ETc, R75: water treain75% ETc, R50: water treatment 50% ETc,
M+: mycorrhizal plant; M-: non-mycorrhizal plant.
Values followed by the same letters are signifiaagqual.

This depressive effect of water stress on phosphapiake is in agreement with
many studies on plant phosphate nutrition underematress conditions [45, 46].
Reduction of leaf phosphorus content in stressadtglis certainly not related to a
deficiency of this nutrient in soil solution, buather to a decrease of number of
rootlets in response to water stress, which canstithe essential seat of mineral
uptake [47]. The significant improvement of phospisouptake on mycorrhizal plants
comes from extra-root hyphae of AMF that operatadditional rootlets and also to
their ability to ramify the root system [30, 33hereby boosting nutrients uptake,
including phosphorus. Mycorrhizal hyphae does noty cexplore the available
phosphorus contained in soil solution, they hawo ahe ability to access non-
assimilable phosphorus and organic phosphorus bretseg phosphatase enzymes
and various molecules that acidify the soil, makihgsphorus more available [48].



Under full irrigation, there was no effect of AM @hosphorus uptake. Indeed, the
amount of rootlets developed by non-mycorrhizalntdaunder full irrigation was
sufficient to uptake phosphorus at the same levehygcorrhizal plants.

3.4 Chlorophyll content

The two levels of water stress applied to non-mizak plants induced a similar
decrease of total chlorophyll content by an aver#g29% (Table 3). This effect was
mainly linked to degradation of chlorophyll b (Chifich was reduced by 58% under
water stress of 75% ETc and by 78% under watesstod 50% ETc. However,
concentration of chlorophyll a (Cha) did not changeler water stress of 75% ETc
whereas it decreased by 18% under water stresB%fETc. This water stress effect
significantly increased the concentration ratidhef two chlorophyll pigments a and b
(Cha / Chb). The average value of this ratio uridirirrigation (2.88) was doubled
under water stress of 75% ETc and was quadruplegsponse to water stress of 50%
ETc. Chutia and Borah [49] also reported a higlsgity of Chb to water stress for
rice. However, Mafakheat al. [50] found that Cha was more sensitive to watiess

in chickpea. In fact, the sensitivity of chlorophpigments to water stress varies
according to plant species as well as the durai@hseverity of water stress [51].

Although Chb was more affected by water stress tBhaa, the compensatory effect
due to AMF was significant for Cha whose valueseased with AMF under water
stress of 50% ETc and were significantly equahtse observed under full irrigation.
Chb content tends to decrease by AMF under watesstonditions. This effect may
indicate that AMF induces an increase of total sipbyll content under water stress
by promoting synthesis of Cha to the detriment dfbCHowever, under full
irrigation, the positive effect of AMF was of imgance for both Cha and Chb as
shown by the significant increases of chlorophylgnpents concentration in
mycorrhizal plants under this water regime. Indesdier this water regime, the AMF
increased Chb content by an average of 77% agé¥dor Cha, thereby increasing
total chlorophyll content by 22%. These differehtanges identified on chlorophyll
pigments content in response to water stress ané Affects are closely linked to
absorption and translocation of nitrogen involvedsgnthesis of glutamate, which is
the main precursor of chlorophyll [52, 53]. Thesmmges are also explained by the
variation of leaf tissue turgor which determines #tatus of chloroplast membranes
[54].

4. CONCLUSION

In this experiment, we evaluated the ability of ANt-improve continuous deficit
irrigation efficiency on young plum trees. Withouycorrhizal fungi, the young plum
trees were significantly affected by water resimicteven at moderate level of 75%
ETc. Plants response to water stress was markea dignificant reduction on root
ramification and deterioration of their nutritiorsatus, thereby inducing considerable
reductions of their vegetative growth. The effaift®\MF were limited under the two
levels of water restrictions, but considerably\aliéed water stress tolerance of plants
by an improvement of root ramification and nutrgeeoptake. Given irrigation at 75%
of ETc, the AMF enables the main branches of teestto grow with a length that
will be sufficient for suitable tree architectufthus AMF makes it possible to adopt
CDI regime on young plum trees under low water labdity conditions.
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