Mycorrhizal symbiosis
alleviated reactive oxygen
species accumulation in date
palm under water deficit

L. Benhiba!, A. Essahibi', Mo. Fouad!, A., Qaddoury!
1- Plant Biotechnology and Agrophysiology of Symbiosis lab, FST-Marrakech, Morocco. E-mail: a.qaddoury@uca.ma

ABSTRACT

The scarcity of water is producing a generalization
of drought effects in most of plant species in

arid and sub-arid areas. Reactive oxygen species
(ROS), such as superoxide radical (O,"), hydrogen
peroxide (H,0,), hydroxyl radical (OH) and singlet
oxygen (O") are generated in plants undergoing
water deficit and can cause oxidative damage to
lipids, proteins and nucleic acids leading to loss of
membrane integrity and cell death. The induction
of ROS-scavenging enzymes, such as SOD, CAT,
APX and GPX is the most common mechanism

for detoxifying plant tissue. The present study was
focused on determining the effect of arbuscular
mycorrhizal AMF on antioxidant enzymes activites
and non-enzymatic antioxidants production in
leaves of date palm seedlings subjected to well-
watered (75% of field capacity) and water stressed
(25% of field capacity) conditions. Obtained results
showed that water stress steeply decreased plant
growth (shoot height) and biomass production
(shoot and root dry weights) in non-inoculated date
palm seedling compared to AM-plants. Leaves of
water stressed mycorrhizal plants showed lower
malondialdehyde (MDA) and H202 and O2
concentrations than their relative non-inoculated
plants. Moreover, mycorrhizal symbiosis notably
increased the activities of guaiacol peroxidase
(G-POD) and ascorbate peroxidase (APX) under
water stress. Soluble sugar and prolin contents
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were also enhanced in leaves of mycorrhizal plants
subjected to water stress. Our results suggest

that the increased concentrations of antioxidant
enzymes activities and non-enzymatic antioxidants
contents found in mycorrhizal plants may
enhance date palm protection against oxidative
damage enhancing thereby drought tolerance.
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INTRODUCTION

The lack of adequate soil moisture leading to low water
availability is the most common characteristic in arid

and semi-arid regions. The water scarcity produces a
generalization of water stress effects in most plant species

in arid land. Water stress is often associated with increased
levels of reactive oxygen species (ROS), such as superoxide
radical (O,"), hydrogen peroxide (H,0,), hydroxyl radical
(OH) and singlet oxygen (O'") which are generated in most
plants undergoing water deficit and can seriously destroy the
normal metabolism of the plant causing oxidative damage

to lipids, proteins and nucleic acids leading to loss of
membrane integrity and cell death. To maintain growth and
productivity plants have to prevent accumulation of these
harmful species as rapidly as possible. The induction of ROS-
scavenging enzymes, such as SOD, CAT, APX and GPX is
the most common mechanism for detoxifying plant tissue.

It well established that Arbuscular mycorrhizal fungi (AMF)
can form symbiotic association with the vast majority of
land plants including those of the arid areas. AMF play

a critical role in plants mineral nutrition and terrestrial
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ecosystem functioning. Once established, AM association
benefits host plants not only by improving water uptake and
mineral nutrition (Aqqua et al. 2010), but also by increasing
plant resistance to drought (Faghire et al., 2010; Baslam

et al., 2013), soil salinity (Giri et al., 2003) and pathogens
(Garmendia et al., 2004). In date palm, AM symbiosis was
recognized as positively significant for growth, nutrients
and water status, and plantlets establishment and survival
especially on poor soil (Oiahabi 1991; Meddich, 2000;
Baslam et al., 2008, 2009; Aqqua et al., 2010; Faghire et al.,
2010; Baslam et al., 2013). In earlier studies we have shown
that AM fungi allow for greater uptake of nutrients and

play an important role in improving water relations thereby
enhancing date palm growth under water deficiency (Faghire
et al., 2010; Aqqua et al., 2010; Baslam and al., 2008;
2009). In the present study the effect of AMF on biomass
production, osmoregulation and antioxidant metabolism was
investigated in date palm seedlings under water deficit.

MATERIALS AND METHODS

Pre-germinated seeds of date palm were transferred in pots
containing 1 kg of sterilized soil collected from date palm
grove and grown under greenhouse conditions. Half of
plantlets were inoculated (AM-plant) with 10g of rhizospheric
soil containing hyphae, mycorrhizal root fragments, and
spores of the AM fungus Glomus intraradices recognized
from earlier investigations as efficient for promoting date
palm growth and nutrition (Baslam et al., 2009). The same
amount of autoclaved inoculum was added to non-inoculated
plants (N-AM). Water stress treatments consisted of two
watering regimes: 75% of field capacity (well water) and 25%
of field capacity (water stress). Water status of the pots was
daily examined and the amount of water loosed was refilled
into each pot. The experiment was arranged in a completely
randomized block design. Each treatment was replicated
twenty times. Eight weeks after water stress application,
plants were harvested and roots were washed free from soil
under a stream of cold tap water. Root colonization (%M)
was evaluated according to Trouvelot et al. (1986). Shoot
height (SH) and root length (RL) were measured and shoot
(SDM) and root (SDR) dry matters were recorded by drying
in oven at 70°C to constant weight. Biochemical changes
including superoxide dismutase (SOD), catalase (CAT),
guaiacol peroxidase (GPX) and ascorbate peroxidase (APX)
activities and osmoregulation matters including proline,
soluble protein and total soluble sugar (TSS) were determined
according to balsam ez al., (2009). Leaf antioxidant enzyme
activities, SOD (Beyer et Fridovich, 1987), CAT (Aebi,
1984), APX (Nakano and Asada, 1981) and GPX (Maehly
and chance, 1954) were determined. Malondialdehyde
(MDA) was measured by the thiobarbituric acid method

as described by Heat and Packer (1981) and H,O, by using
titanium method according to Patterson and al. (1984). TSS
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was analyzed with the anthrone method (Irigoyen et al.,
1992) and proline with the ninhydrin reaction according to
Bates et al. (1973). All data were analyzed statistically by an
analysis of variance using ANOVA modules of the Statistica
software program (Statsoft, 1995). Mean comparisons

were conducted using Newman-Keuls test at P < 0.05.

RESULTS

Date palm plants inoculated with AMF (AM-plants) showed
mycorrhizal structures in roots while these al structures are
never seen in roots of non-inoculated plants (N-AM). Water
restriction disfavored the colonization of date palm roots by
AMF (Table 1). Percentages of mycorrhizal colonization
reached 61 % in well watered (WW) plants comparing to
42% in water stressed (WS) ones. The mycorrhizal efficiency
index (ME)I increased in AM-plants cultivated under reduced
irrigation regime compared with their respective WW

N-AM plants (table 1). AMF inoculation notably increased
date palm shoot height (SH) and root length (RL) and

shoot (SDM) and root dry matter (RDM) regardless water
regime (Table 1). Water stress significantly decreased plants
growth (SH and LR) and biomass production (SDM and
RDM), this decrease was more important in N-AM plants.

Water stress increased the MDA concentration of leave of
both N-AM and AM-plants (Table 2). The increase of MDA
content in response to WS was more relevant in N-AM
(23%) than in AM-plant (9%). There was higher total
soluble sugar and proteins and high proline concentration
in leaves of AM-plant under WS than in their respective
N-AM plants. Analyses of hydrogen peroxide revealed
that the level of H202 was increased by drought in N-AM
plants. In contrast, concentrations of H202 were similar in
leaves of AM-plants under both WW and WS conditions
(Table 2). Whether WS or not, AM symbiosis notably
increased GPX and APX activities of leaves (Table 2). AM
colonisation also markedly increased SOD activity and
slightly decreased CAT activity of WS leaves (Table 2).

DISCUSSION

AM symbiosis increased growth and biomass production
of date palm plants under both well water presence

and water stress condition, confirming earlier findings
(Meddich, 2000; Baslam and al., 2008, 2009; Aqqua

et al., 2010; Faghire et al., 2010; Baslam et al., 2013).
The positive effect of AMF is likely attributed to the
improvement of mineral nutrition, the enhancement of
water uptake and the increase of root length density.

Osmotic adjustment due to the accumulation of certain
organic and inorganic molecules osmotically active in plant
cells is one of the mechanisms of the tolerance of water
stress. Our results showed that soluble sugar and proline



levels in leaves were higher in water stressed AM-plants than
those in corresponding N-AM. Such elevated level of proline
and TSS accumulation in water stressed AM-plants was
reported by many previous investigations (Fouad et al., 2012,
2013; Baslam et al., 2013). These authors showed that proline
and sugars accumulation played a role in osmotic adjustment
and allowed cells to maintain turgid and the processes that
depend on it, such as cellular expansion and growth.

In higher plants, ROS production and removal are strictly
controlled under amply watered conditions (Apel and Hirt,
2004). When higher plants are subjected to water stress, the
equilibrium between production and scavenging of ROS

is broken, resulting in oxidative damage to proteins, DNA
and lipids. The oxidation of membrane lipids is a reliable
indication of uncontrolled free-radical production and hence
of oxidative stress (Noctor and Foyer, 1998). Many reports
have emphasized the importance of AMF in increasing
antioxidant activity and reducing oxidative damage (Ruiz-
Lozano 2003; Alguacil et al. 2003). Accordingly, H,O,
accumulation and oxidative damage estimated as the ratio

of malondyaldehide to proteins in mycorrhizal date palm
seedlings subjected to drought was three times lower than

in their respective non inoculated seedlings. Additional
biochemical responses including enzymatic defense is an
important component of the protective systems that minimize
the deleterious effect of water stress. SOD catalyses the
dismutation of O2 to H202, CAT dismutates H202 to
oxygen and water, and APX reduces H202 to water. Our
result showed that AM symbiosis notably increased the
activity of GPX, APX and SOD and decreased the activity
of CAT in date palm seedlings under water. Our finding
suggest that the increased activity of antioxidant enzymes and
decreased concentration of ROS compounds found in AM
plants may serve to protect the date palm against oxidative
damage, enhancing drought tolerance. These results are in
good agreement with previous investigations showing that
AMF inoculation markedly enhances the antioxidant enzyme
activities (GPX, SOD and APX) and steeply reduces MDA
and H,0, accumulation (Alguacil et al., 2003). Arafat and He
(2011) associated the lower accumulation of H,0, and lipid
peroxidation, evaluated by MDA production, with the greater
activity of antioxidant enzymes in AMF compared to non
AMF plants. Other authors have shown a positive correlation
between tolerance to water deficit and increased antioxidant
activities (Ruiz-Lozano, 2003; Alguacil and al., 2003).

Acknowledgments

The authors highly acknowledge the Moroccan National
Center for Sciences and Techniques Research (NCSTR)
who supported this work CNRST RS/2011/19.

351

Date Palm Protection

References

Acbi, H. 1984. Catalase in vitro. Methods
Enzymol 105 p. 121-126..

Alguacil, MM. Hernandez, JA. Caravaca, F. Portillo, B.
and Roldan, A. 2003. Antioxidant enzyme activities in
shoots from three mycorrhizal shrub species afforested in
a degraded semi-arid soil Physiol Plant 118: 562-570

Aqqua, K. Ocampo, J.A. Garcia Romera, 1. Qaddoury,

A. 2010. Effect of Saprotrophic Fungi on Arbuscular
Mycorrhizal Root Colonization and Seedlings Growth in Date
Palm under Greenhouse Conditions. Acta Hort. 882: 891-898.

Arafat, A. He, C. 2011. Effect of arbuscular mycorrhizal
fungi on growth, mineral nutrition, antioxidant

enzymes activity and fruit yield of tomato grown

under salinity stress. Sci Hortic 127: 228-233.

Baslam, M. Qaddoury, A. Goicoechea, N. 2013.

Role of native and exotic mycorrhizal symbiosis to
develop morphological, physiological and biochemical
responses coping with water drought of date palm,
Phoenix dactylifera. Trees Volume 28, 1: 161-172

Baslam, M. Faghire, M. Samri, S. Meddich, A. Goicoechea,
N. Qaddoury, A. 2010. Effect of Arbuscular mycorhizal
fungi on water relation and nutrient status in date palm
seedlings under water deficiency. Mycorrhizal Symbiosis:
Ecosystems & Environment of Mediterranean area
(MYCOMED) Marrakech — Morocco; October 11-13.

Baslam, M. Qaddoury, A. Goicoechea, N. 2009.
Effect of drought on dry matter partitioning and
water status in mycorrhizal and non-mycorrhizal
date palm seedlings. Third SMBBM International
Congress of Biochemistry, Marrakech, Morocco.

Baslam, M. Qaddoury, A. Goicoechea, N. 2008. Effect
of mycorrhization on growth parameters, biomass
production and water dynamic in date palm seedlings
under water deficit. The fifth international conference
on biological sciences (ICBS), Tanta Egypt.

Bates, L.S. Waldren, R.P. Teare, 1.D. 1973.
Rapid determination of free proline for water
stress studies. Plant Soil 39: 205-207

Beyer, W.F. Fridovich, I. 1987. Assaying for superoxide
dismutase activity: some large consequences of minor
changes in conditions. Anal Biochem 161: 559-566

Faghire, M. Samri, S. Meddich, A. Baslam, M.
Goicoechea, N. Qaddoury, A. 2010. Positive effects of
arbuscular mycorrhizal fungi on biomass production,
nutrient status and water relations in date palm seedlings



Proceedings of the Fifth International Date Palm Conference

under water deficiency. In: IV international date
palm conference 2010. Acta Hortic 882:833-838

Fouad, M.O. Essahibi, A. and Qaddoury, A. 2013.
Arbuscular mycorrhizal fungi enhanced hardening and

post hardening water stress tolerance of under mist system
rooted Semi-herbaceous olive cuttings 7th International
Conference on Mycorrhiza, “Mycorrhiza for All: An Under-
Earth revolution”, New Delhi du 6 au 11 Janvier 2013

Fouad, M.O. Essahibi, A. Qaddoury, A. 2012. Effects
of arbuscular mycorrhizal fungi on growth, water
relation and antioxidant enzymes activities in Moroccan
picholine olive plantlets under water stress. Integrated
Soil Fertility Management in Africa: From Microbes

to Markets. Nairobi du 19 au 26 Octobre 2012.

Garmendia, I. Goicoechea, N. Aguirreolea, J. 2004.
Antioxidant metabolism in asymptomatic leaves of
Verticillium-infected pepper associated with an arbuscular
mycorrhizal fungus. J Phytopathol 152:593-599

Giri, B. Kapoor, R. Mukerji, K.G. 2003. Influence
of arbuscular mycorrhizal fungi and salinity on
growth, biomass and mineral nutrition of Acacia
auriculiformis. Biol Fertil Soils 38:170—175

Irigoyen, J.J. Emerich, D.N. Sanchez-Diaz, M. 1992.
Water stress induced changes in concentretions

of proline and totalsoluble sugars in nodulated
Alfalfa plants. Physiol plantarum 92: 227-232

Maehly, A.C. Chance, B. 1954. The assay of catalase
and peroxidase. In: Methods of biochemical analysis,

Tables

vol 1. Interscience, New York, pp 357-424Nakano Y,
Asada K., 1981. Hydrogen peroxide is scavenged by
ascorbate specific peroxidase in spinach chloroplasts.
Plants and cell physiology 22(5) : 867-880.

Meddich, A. Oihabi, A. Abbas, Y. Bizid, E. 2000. Réle
des champignons mycorhiziens a* arbuscules de zones
arides dans la résistance du tréfle (Trifolium alexandrinum
L.) au déficit hydrique. Agronomie 20:283-295

Noctor, G. Foyer, C.H. 1998. Ascorbate and
glutathione: keeping active oxygen under control.
Annu Rev Plant Physiol Mol Biol 49: 249-279

Oihabi, A. 1991. Etude de I’influence des mycorhizes
a vésicules et a arbuscules sur le Bayoud et la
nutrition du palmier dattier. Thése d’état, Univ. Cadi
Ayyad, Fac. des sciences, Marrakech, Maroc.

Patterson, B.D. MacRae, E.A. Ferguson, [.B. 1984.
Estimation of hydrogen peroxide in plant extracts
using tetanium (IV) Anal. Biochem 139 : 487-492

Ruiz-Lozano, J.M. 2003. Arbuscular mycorrhizal symbiosis
and alleviation of osmotic stress: new perspectives
for molecular studies. Mycorrhiza;13:309-17.

Trouvelot, A. Kough, J. Gianinazzi-Pearson, V. 1986.
Mesure du taux de mycorhization VA d’un systéme
radiculaire : Recherche de méthodes d’estimation

ayant une signification fonctionnelle. In : Hatimi

A, Tahrouch S, 2007. Caractérisations chimique,
botanique et microbiologique du sol des dunes littorales
du Souss- Massa. Biomatec Echo 2 (5): 85-97.

Table 1: Root colonization (%), Plant height (cm), Root length (cm), shoot and root dry matters (g) of non-mycorrhizal (N-AM)
or mycorrhizal (AM-plant) date palm seedlings grown under well water (75%FC) or water stress (25%FC) conditions.

Water regime AM status M SDM RDM SH RL MEI
‘ N-AM 0 3.16¢c 1.76d 22.50c 27.90d ND
75%FC
‘ AM-plant 61.43a 6.41a 3.38a 44.67a 60.50a 49.7b
‘ N-AM 0 1.43e 0.81e 13.33d 18.95d ND
25%FC
‘ AM-plant 42.6¢ 321c 2.97b 26.60c 46.90c 63.8a

Within each column, values followed by the same letter are not significantly different (p < 0.05).
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Table 2: Total soluble sugar (mg.g"' DM), hydrogen peroxide (mmol.g"! DM), proline (nmol.g"' DM), malonyldialdehyde
(nmol.g' DM) and protein (mg.g! DM) contents in leaves of non-mycorrhizal (N-AM) or mycorrhizal (AM-plants) date palm

plants grown under well watered (75%FC) or water stress (25%FC) conditions.

Water regime AMEF status TSS H,0, Prolin MDA Protein
N-AM 54.76¢ 25.54b 4105.2¢ 53.23b 6.14a
75%FC
AM-plant 78.76a 26.2b 9193.2a 38.61d 5.75a
N-AM 47.53d 28.58a 3570.2d 65.51a 3.3¢
25%FC
AM-Plant 68.51b 26.53b 4070.4¢ 42.10¢c 4.21b

Within each column, values followed by the same letter are not significantly different (p < 0.05).

Table 3: Catalase (nmol mg™' prot), superoxide dismutase (U mg' prot), ascorbate peroxidase (mmol.mg' prot), and guaiacol
peroxidase (mmol.mg™! prot) activities in leaves of non-mycorrhizal (N-AM) and mycorrhizal (AM-plants) date palm plants
grown under well water (75%FC) or water stress (25%FC) conditions.

Water regime AMF status
‘ N-AM 452.3¢ 3.07¢c 62.7cd 2.11d
75%FC
‘ AM-plant 447.7c 4.20b 136.8¢c 3.89¢
| N-AM 596.1b 4.44b 225.5a 4.68b
25%FC
‘ AM-plant 667.4a 5.87a 114.41d 7.05a

Within each column, values followed by the same letter are not significantly different (p < 0.05).
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