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Effect of arbuscular mycorrhizal fungi and Pseudomonas fluorescence on
chlorophyll fluorescence and photosynthetic pigmerstof pistachio seedlings
(Pistacia vera cv. Qazvini) under four water regimes
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ABSTRACT

To study the interaction effect of arbuscular mycorrhizal fungi (AMF) Glomus mosseae and Pseudomonas
fluorescens Ps, strain bacteria, on chlorophyll fluorescence and photosynthetic pigments of pistachio seedling
(Pistacia vera cv. Qazvini) under water stress, a greenhouse experiment was conducted using four levels of water
stress (%100 field capacity (FC) as control and 75, 50 and 25% FC) and four levels of biofertilizer (plant without
mycorrhizae and bacteria as control, mycorrhizae alone, bacteria alone and mycorrhizae and bacteria combination)
in a completely randomized design as factorial with four replications. The minimum amount of maximal quantum
yield of photosystem Il (PSI1) photochemistry (F./F.) was observed in water stress from 25% FC. The use of
biofertilizer in water stress from 25% FC increased F/F,. The minimum amount of F,/F,, in water stress from 50%
and 25% FC was observed in last time of measurement. The minimum amount of F,/F, in all levels of biofertilizer
was related to last time of measurement. Water stress reduced chlorophyll (Chl) and carotenoids (Car) pigments
content and the minimum amount of pigmentsin the combined treatment was observed in water stress from 25% FC.
The results of this study showed that the pistachio plant is tolerance to water stress, because reduce in the efficiency
of the photosynthetic apparatus occurred in water stress 25% FC and in last time of measurement.

Keywords: Chlorophyll fluorescence, Mycorrhizae, Pigmentst&hio, Pseudomonas fluorescent bacteria, Water
stress.

INTRODUCTION

Pistachio is a subtropical fruit and has becomeddrthe dominant crops in south-east regions af &specially in
Kerman province [30]. Although pistachio nut treeine of the crops which have drought tolerancg jBdoes not
mean that pistachio trees require less water ftimap performance. One way in recent years to ce#l water
stress which has been used in many plants is usisigsymbiotic fungi (mycorrhizae) [13]. There aeports that
show mycorrhizal fungi symbiosis with the rootspidtachios is made [5, 27]. However pistachio fguted for its
drought tolerance, limited information is availabd® its mechanisms of drought tolerance associatih
photosynthesis especially in combination with adolesr mycorrhizal fungi (AMF) symbiosis [4]. In rext years,
Chl fluorescence analysis has become ubiquitoydant ecophysiology studies [35]. Chl fluorescepaeameters
are commonly used. These permit evaluation of patars that correlate with net G@ssimilation (A), such as the
guantum yield of PSII, which in turn gives estinsate relative electron transport rate (ETR), preddhe light
absorbed by the leaf is known [8]. Ratio of var@afilorescence (ff to maximum fluorescence ({Jis used as
maximal quantum yield of PSII photochemistry/fs). The E/F,, in plants grown in suitable conditions is around
0.8 and decrease to O under stress conditionsefner in order to demonstrate the tolerance ofitpléo water
stress, [F, is a very good parameter [29]. Photosynthetic gigi® are mainly important to plants for harvesting
light and production of reducing powers (ATP, NADHH]. Water stress makes changes in the ratiohdfaGndb
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and Car [2, 7]. Car is a large class of isopremoalecules which argynthesized by all photosynthetic and many
non-photosynthetic organisms [1]. However, Car &dditional roles and partially helps the plantswithstand
adversaries of drought [1]. Often useful free lgvibacteria of rhizosphere are called plant growthymting
rhizobacteria (PGPR) such as Pseudomonas fluoregtHn These bacteria can have a beneficial effecplant
growth with direct (with production of auxin, ACGedminase enzyme, phosphate solvers, siderophdi®ylisa
acid, chitinase) and indirect (with remove or redelharmful effects of pathogenic microorganismaysv11]. As
regards of the application of PGPR on pistachio@lor in combination with AMF, no report is avalbT herefore
the present experiment was carried to establisterwsttess tolerance of Qazvini pistachio seedliagisect of
chlorophyll fluorescence and photosynthetic pigreersing the mycorrhizal fungi af$eudomonas fluorescens.

MATERIALS AND METHODS

Experimental site: A greenhouse experiment was conducted betweeyetins of 2010 to 2011 at the Agricollege of
Vali-e-Asr university of Rafsanjan (30°28°N, 55°53307E), at 1,523 m a.s.l.

Preparation of AMF inocula: The AMF that was used in this study was originadicovered from pistachi®istacia

vera L.) orchards grown in different sites of Rafsanj&®rman, Iran. These native isolatégsldmus mosseae

(Nicolson and Gredemann)] were maintained and aeal in sorghum(Sorghum spp.) pot cultures using
autoclaved soil (as it is described below) in aegt®use (Tmax: 35 = 3°C; Tmin: 27 + 2°C; RH: 55%)3and

adequate amount of sterilized water was suppliedyegtay during the period from August to Decemhb@t® At

the end of the period, the shoots of the sorgplants were removed and substrate was allowedytdodra week.
The roots were finely chopped and the dried rodtisixture was thoroughly mixed to obtain a homoges
inoculum. Samples for mycorrhizal assessment werpgued according to method of Phillips and Hayf2ah and

mycorrhizal colonization (abundance of hyphae, alesj and arbuscules) was estimated according dwaB@netti
and Mosse [10] at 100 x magnification using 40 seEgments of each sample.

Preparation of bacterial suspension: Pistachio seedlings were inoculated with the dy#ait suspension of
Pseudomonas fluorescens strain R, that have been isolated from the rhizosphere efaphio seedlings. To
preparation of bacterial suspension, the bactenvas plated on King B medium. Then, a single colovas
infusioned into 20 ml of the TSB1/2 medium withancentration of 1.2 mg'land was shaked at 150 rpm for 24 h.
50 ml of the bacterial suspension was dumped ierlghmeyer flask containing 50 ml of the TSB1/2 medand
were shaked at 150 rpm for 48 h. The obtained sisépe was used to inoculate treatments containaagelbia.

Soil preparation and seed sowing: A sandy loam soil was sterilized by autoclavid@1°C, 1 h) on 3 consecutive
days in order to eliminate the indigenous endopmhyker each pot a rate of 2.4 g of powdered rodsphate as a
source of insoluble phosphorus in the soil wasammfy mixed. The major characteristics of the seédre as
follows: sand 74%, silt 10%, clay 16%, pH 7.9, N18%, P 5 mg kg soil, K 139.4 mg kg soil, Fe 2.87ug g™,
Zn 1.18pg g*, Mn 2.7ug g Cu 0.62ug g, and cation exchange capacity 1.7 ms. Seeds w@ichis Pistacia
vera cv. Qazvini) were incubated at 30°C on sterile moligth for one week. Six germinated seeds werensoto
plastic pots containing 4.6 kg of autoclaved sbile number of seedlings per pot was reduced tal8m21 days of
germination.

Mycorrhizae and bacteria treatment: The inocula consisted of soil, sorghwiopped root fragments, spores and
hyphae colonized with fungi. 100 g of fresh madd)Bf inoculum having on average of 75% of infectedts was
placed on the soil surface and after placing tlgeninated seeds on it, seeds were covered wititizgd sand.
Control plants received the same amount of an &awed mixture of inocula. In the bacteria treatméninl of the
suspension of bacteria was poured on the germirsgteds with using a sampler. Moreover the germinséeds
were placed for 30 minutes in bacterial suspensiutil bacteria penetrate well into the seed. Botfatments of
mycorrhizae and bacteria were used in the comlpindteatment. Before starting the water stresgrreats, the
seedlings were watered every day up to FC levdl digtilled water during 90 days. Before startihg tvater stress
treatments to ensure of colonization, the pistaci@iedlings roots were randomly sampled. 80% oftide was
detected in laboratory.

Irrigation treatments: The four water regimes with 100% FC as contréRo/FC (mild stress), 50% FC (moderate
stress), and 25% FC (severe stress). For deteiioninat soil moisture content in FC, pots were saitedl and kept
for 48 h to let the gravimetric water become drdined then pots were weighed. The difference betwet mass
after 48 h with initial pot mass (before saturatiomas considered as soil water content in FC. 16%0-C
treatment, individual pots were weighed, water admebring the soil to the FC. For 75, 50, and Z5%treatments,
pots received 75, 50, and 25% of water added td @086 FC treatment, respectively. Thereafter, fbd8ys (from

1 June to 19 August 2011), soil water contents wietermined by weighing the pots daily and wates wdded
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following at the time of weighing to maintain theegetermined water content in each pot. The maxirauerage
temperature was 35°C, the minimum average tempgeratas 27°C and the average relative humidity vi&é.5

Chl fluorescence: During 80 days of stress Chl fluorescence pararsetere measured in 5 timeg 20 days after
starting the water stress;: 134 days after starting the water stress,5D days after starting the water stress,6b
days after starting the water stress agd8D days after starting the water stress. Chlrfisoence parameters were
measured with a portable hanBilant Efficiency Analyzer (PEA, Hansatech Instruments Ltd., UK). Three leaves
were selected from each pot and pre-adapted to mkikd for 20 min by fixing special tags on eaehflblade
before measurements were taken. During dark adaptatl the reaction centers are fully oxidized @vailable for
photochemistry and any fluorescence yield is quedcifter 20 min of dark adaptation, the sensor wap fitted
on the leaf for measurement (Strasser et al., 2000)

Leaf area: Leaf areas were scanned with using a Cl 202 miedélarea meter. Leaf areas were obtained acaprdin
to Cnf.

Chl and Car content: Pigments were determined according to Lichtenthilé}. At the end of the experiment, 3
fully extended leaves from each pot (one leaf fremch plant) were collected and wrapped in aluminfainto
avoid degradation of pigments by light. The extraeis prepared from fresh leaves (1 g) by grindimgricold
mortar and pestle together with 10 ml of 80% aqgsemtetone. After filtering, absorbance of centrfdigextracts
was measured at 663, 645, and 470 nm using a spbotometer|y-2000,Hitachi Instruments, Tokyo, Japan).
Experimental design: Two-factors factorial experiment (water stressl drofertilizer in the four levels) was
performed in a completely randomized design withr feeplications (each replication consists of thpdents in a
pot). Chl fluorescence parameters were measurethanthree-factors factorial experiment (water streasd
biofertilizer in the four levels and time in fiveMels) in the a completely randomized design wetlr freplications.
The data were statistically analyzed usM§TATC software (Michigan State University, USA) and theans were
separated bfpuncan’s multiple range testR<0.05).

RESULTS

Fig. 1and 2 show the maximum quantum yield of PSIl photmaistry (F/F,) of pistachio seedlings. Values of
F./F, below 0.800 were recorded for the plants of a&atments. Effect of biofertilizer and water stresstments
interaction, water stress and time interactiorhatdne percent level and biofertilizer and timetattion at the five
percent level were significant for/F,, (Table 1). i/F,, decreased with increasing water stress and lovedst of it
was observed in severe water stress (25% FC) thaoimparison with control (100% FC) was signifidgant
different. In 25% FC treatment,/F,increased with using biofertilizer in comparisortwtontrol (100% FC) (Fig.
1). Different times had no effect on/F, at the control (100% FC) and mild water stres®4#), but in moderate
water stress (50% FC) and severe water stress EX5fydast time of measurement (fifth time) indichtbe lowest
F./Fn (Fig. 2a). At all levels of biofertilizer and alsontrol, the lowest value of -, was related to fifth time of
measurement (Fig. 2b).

Table 1. ANOVA results for leaf area (La), chlorophyll fluorescene and pigments content of pistachio seedlingRiftacia vera cv.
Qazvini) exposed to varying intensities of water s¢ss (S) and biofertilizer (B) treatments. T: timein F./Fn, F./Fn: maximal quantum
yield of PSII photochemistry, Chla: chlorophyll a, Chl b: chlorophyll b, Chl (a+b): total chlorophyll, Car: carotenoids
*x*: ggnificant (P<0.001); **: significant (P<0.01); *: significant (P<0.05); ns: not significant.

Parameters S B SxB T SXT BxT SxBxT
La 5894.18" 2287.43 1982.55

Fo/Fn 0.011" 0.004 0.003 0.057" 0.018" 0.002 0.002¢
Chla 0.05 0.03" 0.02¢

Chlb 0.07" 0.05" 0.12"

Chl(ath) 05 0.3" 0.4

Car 0.05 0.04 0.03

Table 2. Correlation coefficients analysis in pistehio seedlings between leaf area (La), leaf pigmenand chlorophyll fluorescence. FFn:
maximal quantum yield of PSII photochemistry, Chla: chlorophyll a, Chl b: chlorophyll b, Chl (a+b): total chlorophyll, Car: carotenoids
***: P<0.001; **: P<0.01; *: P <0.05; ns: not significant

Car Chl (atb) Chlb Chla  FR/Fn
La -0.208°  -0.278 -0.276 -0.261 -0.047"
Fo/Fm 0.104  0.077* 0.051¢  0.079¢

Chla 0.814™ 0.870" 0.718"

Chlb 0.837" 0.898"

Chl (atb) 0.930"

Car
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Fig. 1. Effect interaction of different water stres levels and biofertilizer on E/F, in pistachio seedlingsRistacia vera cv. Qazvini).Values
are means and the vertical barsndicate standard error. -M-B: without mycorrhizae and bacteria, -M+B: P. fluorescens R, +M-B: G.
mosseae, +M+B: G. mosseae + P. fluorescens B,
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Fig. 2. Effect interaction of different water stres levels and time (a) and interaction of biofertizer and time (b) on K/F, in pistachio
seedlings Pistacia vera cv. Qazvini).Values are means. -M-B: without mycorhizae and bacteria, -M+B:P. fluorescens Rs,, +M-B: G.
mosseae,+M+B: G. mosseae + P. fluorescens Ps,. T1: 20, T»:34, T3:50, T4:65 and Ts:80 days after starting the water stress
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Fig 3. Effect interaction of different water stresdevels and biofertilizer on leaf area in pistachiceedlings Pistacia vera cv.
Qazvini).Values are means and the vertical barmdicate standarderror. -M-B: without mycorrhizae and bacteria, -M+B: P. fluorescens
Ps2, +M-B: G. mosseae,+M+B: G. mosseae + P. fluorescens R,

The results of the interaction between water stiresgments and biofertilizer levels on pistacteedlings leaf area
are reported in Fig. 3. In mycorrhizae treatmert aambination treatment with bacteria and mycoabjzwater
stress from 25% and 50% FC caused significant as&rén leaf area in comparison with control (100@). H his
increase in bacteria treatment was significanbimgarison with control (100% FC) only in 50%FC.

According to Table 1, the treatment effect of watgess on Chh was significant at the five percent level. As the
results showed at the levels of 100% and 75% FCCthla content was increased and in water stress from 256
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50% FC showed a significant decrease in compasistincontrol (100% FC) (Fig. 4alChanges in Chb and total
Chl content can be studied together. At the cor{frf®0% FC) Chb and total Chl content in mycorrhizae treatment
were significantly increased in comparison with ttembination treatment with bacteria and mycorrbizat the
severe water stress (25% FC), content of Elind total Chl in the combination treatment wittctesia and
mycorrhizae were significantly decreased in congmariwith control (Fig. 4b,4c). 25% FC treatmenngigantly
reduced carotenoids content in the combinatiorirtreat with bacteria and mycorrhizae and mycorrhizaatment

(Fig. 4d).
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Fig. 4. Effect different water stress levels on chtophyll (Chl) a (a) and interaction of different water stress leved and biofertilizer on
Chl b (b), Chl (a+b) (c) and Car content (d) [mg g'(FM)] in pistachio seedlings Pistacia vera cv. Qazvini).Values are means and the
vertical bars indicate standarderror. -M-B: without mycorrhizae and bacteria, -M+B: P. fluorescens Ps,, +M-B: G. mosseae,+M+B: G.
mosseae + P. fluorescens R,

DISCUSSION

The decrease inJF, is a good indicator of photoinhibitory damage eauby light when plants are subjected to
environmental stresses [29]. In this experimeffEf-decreased with increasing the water stress. Tiesséts are in
agreement with the results of Kauser et al. [13jtOnji et al. [20], Ramires et al. [24], Szollesial. [33], Sayar et
al. [29], Babaeian et al. [3] and Bagheria¢t[4]. Water stress reduces the quantum yiel®@®fl photochemistry
that effect of it is reflected in the/F, ratio [20]. This suggests that electron transfrarn PSII to PSI is affected
by water deficit. In plant species, Chl fluoresaenndicates membrane integrity of thyllakoid aneé tielative
efficiency of electron transport from PSIl to PShe photosynthesis inhibition and Chl fluoresceimeease can
not only be due to the closing of stomata and @giradation, they can be a result of changes ifutietion of the
thylakoid membranes and decrease in photochemiela gf the PSII for energy distribution betweenlIPgd PSI

[29].

According to the results of experiments, quantueldyibf PSII photochemistry () increases by mycorrhizae
fungi and despite destruction of the PSII reactienter of plant, growth increases in the preseficaycorrhizae
[29]. The effects of the AMF are observed underewatress. The implication is that AMF can allexidie adverse
effect of water stress on quantum yield of PSlItpbbemistry. This indicates that AMF inoculatiomoanhance
drought tolerance by ameliorating to some degree itfury done to the photosystems reaction ceni2®}.
Generally, AMF plays a role infF, increase by improving plants nutritional statud awctivating mediated genes

[19].

PGPR can improve plant growth by removing of paémig microorganisms, dissolving of insoluble phadphand
production of plant growth regulators [15]. Thus/Hr increases by improving the nutritional statustaf plant,
especially the available phosphorus (P) elementpfant photosynthesis and also improving photossithand
plant growth under water stress. In this regare,rédsults of the present experiment are in agreewigmthe work
of Gamalero et al., [9] and -, was increased by application of biofertilizer.
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At the present experiment, in the time and watessstinteraction, JA, decreased with time and the lowestr
was observed in the fifth time. This reduction vesgnificant only in the moderate and severe wateyss.The
duration and level of stress is very importanthie living stresses. Plants are affected by watesstwith increasing
duration and level of water stress. Chl fluoreseeisca well parameter to show this subject. Alsalbtevels of
biofertilizer, K/F,,decreased with time.

In mycorrhizae treatment and combination treatmetit bacteria and mycorrhizae, water stress frof 2d 50%
FC caused significant increase in leaf area in @ispn with control (Fig. 3). These results aragneement with
the results of Ravnskov and Jakobsen [25] and Salvan and Lakshman [26]. Pseudomonas fluorescené i
are important in terms of production of plant growegulators, particularly auxin [22] (auxin incsea plant growth
by elongation of plant cells, stimulate of cellidien and differentiation of plant cells), iron ¢héing compounds,
organic acids (succinic acid and lactic) and s@vimosphorus by secretion of organic acids andpitaiase [14]
and increase plant growth [11]. In the water stswdition, mycorrhizae increases macro (especmilysphorus)
and micro nutrient uptake than plants without myltaae. As a result, mycorrhizae increases tolerancwater
stress by improving plants nutritional status [IBjus, increase of phosphorus uptake by mycorrhipasidering
the role of phosphorus in molecular structures sashmucleic acids, stomatal conductance and phutossis
increases the tolerance of plants against watess{P8].

At this experiment, the amount of Chldecreased with increasing water stress. Chlorbplas plant pigments are
usually affected by water stress. For example, msttess reduces Chlandb by hydrolysis of thylakoid proteins
[34]. Woodward and BennefB6] reported that decreasing water in the celupes concentration of Chlandb.
They stated that the reduction of Chl concentratodue to chlorophyllase enzyme activity. Baghedrial. [4]
showed that in the pistachio seedlings, concenfraif Chla, b and total decreased with increasing water stfess.
content decreased with increasing water stress,Tlo® results of this experiment are consistent it results of
the several experiments at this regard [6, 18,ahd, 21].In the present experiment, application of biofizer
increasedeaf area with increasingaterstress. Thereforelue to the increase in leaf area, pigments caredeced
due to their dilution [21]. A field experiment wdsne on wheaandshowedthatdecrease in plants Car content in
water stress may be dependentbanges in leaf and chloroplast membrane domaih Underseverewvater stress,
all pigments reduced in thr@mbination treatment with bacteria and mycorrhiZdeere is a negative correlation
between pigments and leaf area that is shown inT#i®e 2.As a result reducing pigments#n this levelcan be
dependent othe dilution effect

CONCLUSION

It could be concluded from this study tlauplication ofAMF and PGPRenhance tolerance of plantsviaterstress
with increasingF,/F,. Maintain the efficiency of the photosynthetic apgtus is a feature of drought tolerance
plants. The results of this study showed that the pistagiant is tolerance to water stress, becaaskice the
efficiency of the photosynthetic apparatus occumedater stress 25% FC and in the last time ofsueament.
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