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Extended Abstract

1. Introduction: One of the most important strategies to reduce the damage caused by environmental stresses, especially in
arid and semi-arid regions, is use of beneficial microorganisms including mycorrhiza fungi. Plant-mycorrhiza fungi symbiosis
by improving physiological and growth characteristics alleviates the negative effects of water stress on plants. Symbiosis of
mycorrhizal fungi with plants under water stress conditions improves crop production by increase uptake of more immobilized
nutrients such as phosphorus, zinc and copper via increasing the root development, chlorophyll content and Fv/Fm. Lettuce
(Lactuca sativa L.) is used as a fresh vegetable because of its high nutritional value. Since there is no research about the
ameliorating effects of mycorrhiza symbiosis on the growth characteristics of lettuce under water stress conditions in Iran,
therefore the purpose of this study was to investigate the effect of different levels of water stress and mycorrhiza inoculation
on some physiological traits, nutrient uptake and economical yield of lettuce.

2. Materials and Methods: In order to investigate the effect of mycorrhiza biofertilizer on physiological traits, nutrient uptake
and economic yield of lettuce under drought stress conditions, a split plot layout based on a randomized complete block design
with three replications was conducted at University of Hormozgan in 2017-18. Experimental factors were included water stress
levels as the main factor in three levels including irrigation of lettuce plants based on providing 50, 75 and 100% of readily
available water, equal to mild and moderate deficit irrigation and control respectively, and mycorrhiza fertilizer, it consists of
three species of Glumos intraradices, G. mosseae and G. fasciculatum, at 0, 5, 10 and 20 g.m2 as sub factor. The studied traits
included physiological traits (chlorophyll a, b and total, maximum photosystem Il efficiency (Fv/Fm) and catalase activity,
relative leaf water content) leaf P and K content and economical yield of lettuce.

3. Results and Discussion: The results of this study showed that water stress and mycorrhiza fertilizer significantly affected
physiological traits of lettuce. With increasing in water stress level, root colonization percent, leaf chlorophyll a, b and total
content, maximum photosystem Il efficiency (Fv/IFm), leaf relative water content, P and K content and overall economic yield
of lettuce were decreased, with the most reduction being in moderate water stress condition. While catalase activity and proline
content was significantly increased under this condition. Application of mycorrhiza fertilizer under water stress conditions
could improve physiological traits and nutrient content, so that in moderate water stress condition, application of 20 gm of
mycorrhiza fertilizer significantly increases the activity of catalase, Fv/Fm, chlorophyll a and total content, relative leaf water
content, K and P of leaves by 53.1, 37.9, 30.1, 7.0, 105.4 and 52.7% respectively, compared with no fertilizer application. At
each level of drought stress, mycorrhiza fertilizer often causes a significant increase in lettuce economic yield compared to no
fertilizer application. So that, application of 20 gm2 of mycorrhiza fertilizer in control irrigation, mild and moderate drought
stress, increased the economic yield of lettuce by 43.9%, 80.8% and 59.5%, respectively, compared to the control (no
application of mycorrhiza). These results showed that mycorrhiza fertilizer likely by improving the absorption of potassium
and phosphorus of the leaf and increasing the synthesis of plant pigments and increasing the leaf relative water content, could
increases Fv/Fm and the photosynthesis efficiency and thereafter economical yield of the lettuce plant under water stress
condition. Similar to these results, some researchers have reported that mycorrhiza fertilizers could increase plant tolerance to
water stress, via improving physiological and vegetative traits such as catalase activity and chlorophyll content and vegetative
characteristics including plant relative water content, fresh and dry weight and economical yield. Mycorrhizal fungi also
increase drought resistance by increasing plant antioxidant capacity and thus improve vegetative characteristics and plant yield
(Wang et al., 2019; Rapparini & Penuelas, 2014).

4. Conclusion: In the present study, likely mycorrhiza fertilizer increased photosynthesis capacity by increasing leaf
chlorophyll, relative leaf water content, photosystem Il efficiency and catalase activity, which resulted in improvement of
vegetative characteristics and, consequently, fresh weight, as an economical yield of lettuce under water stress conditions. In
the present study, application of mycorrhizal biofertilizer through improved biochemical and vegetative characteristics
increased tolerance of lettuce under water stress conditions. Therefore, it seems that the application of mycorrhiza can be
considered as one of the feasible solutions to deal with environmental stresses in sustainable agriculture.
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Fungi species

Approximate number of live fungal
spores per gram

Approximate length of fungus hyphae per
gram of soil (m)

Glumos intraradices 70-120
Glumos mosseae 50-150
Glumos fasciculatum 50-150
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SSid )8 ol Pgrliilt s b Jf’:”l:/ (M0y3) S 33 O (oo (glgino
Water stress Ay o (¥ 039055 2pSdw) Leaf relative water content
Root colonization (%) Chl b (mg g FW1) (%)
wsllas )L 31.62 1.872 84.32
bwgle i 22.7° 1.69P 76.1P
D S 16.7°¢ 1.38°¢ 60.7¢
(&yorm 2 055) nysSes
Mycorrhiza (g m?)
0 0.00° 1.440 76.8°
5 16.45° 1.662 80.5°
10 21.18%® 1.732 81.7®
20 29.762 1.692 83.8¢

2555l e BB 0o )0 O mhans [ (el s 5l asline B G JBlas gl (sla Sl gty 4o
In each column, the means with at least one same letter are not statistically significant at the 5% level.

g 6 - oo a5 al10 20
a
~ ab
2% e 33
\_,l\ v £ 4 - 4
E 4
gy, = -4
32 37 23
K2 e 4
5 Sl 2 A e 4
~E 33
\\,;Q = 1 A [ 4
23 -4
2 -4
n 0 T T 1

Well- Watered

Moderate stress

Severe stress

(oo 3 0)5) 3255500 X Sbid il
Water stressx Mycorrhiza (g m-?)

905 5 IS Jd lS (yl5m0 32 32 y9Sme ST —) JSCS

Figure 1- Effect of mycorrhiza on the total chlorophyll content of lettuce leaves
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Table 4- Interaction effect of mycorrhiza fertilizer and water stress on physiological traits and
economical yield of lettuce
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i3l bl ool ys (Shivashankara et al., 2016)
Caz VB ales 5l oSt 5T slap 5T cudles
Ajithkumar & ) col sass (5,55 il lals
Panneerselvam, 2014; Shivashankara et al.,
(2016
Ol 5 y58e 055 s po )0 (idghy (w50
ol as il YUK cdled oll el Sas s
aals b awlie o wal (Sis s o33l
ol Slallle gl ol i (¥ JS5) 090 ,l0 ine
@ LS Jes L2al33l ) 51,e5e 7,5 45 ol ool
oz 3l ST ST sl 3T e g liee a8
(Rapparini & Penuelas, 2014) s,ls x5 ;Y6
3 S Guyb 3l 2595 il oS Cnloud (318
Lo sl e o 1550 slanys ol Ol

S o YO el
SYBL 0 5T edlod al 31 sl 4z 51 5255800 0 )18
&y 0 05 Vo o p)l5 e Lol sad 9als olS 5o
Nl g dawgie (Sas 2 bl pd )0 5,650 068
pas) wals b awslie o YIS jlo e (iolidl cely
S Ve opl5 A ebar 35 (rysSes 008
O (alid) Jol5 o lal balp 10 50,9800 @0yt
aalie ;5 VB Codld il el wad 5 Lot
Oliets o Fa GoysSam 355 )5 pue) wald b
Lyld o (F JS5) o doys OY/) 5 YA Yo/
3 11 gt 5l o Loe (S5 25
hy ohle 55wl o e cdbys oL Lels
a0 5 OieS| W Glaass oadg 4 e
Dalal &) sgi oo Joho slie L3le o5
slediss 85 > Lyls opl o (Tripathy, 2018
Moo GIF VB T cll ppeast



S i bl pl yo (Lactuca sativa L.) gals’ golaudl o ,Slos 9 Suieler jud sl sl p 159500 (g ) 385 1 1FA

(Wu & Zou, 2009) 55 5 e oL5 2L o

Lo, adled il 53] cans SYBIS alor 51 oS T

3.0
00 m®5 @310 w20 a

, 2.5
%g abc
"o~ i b-e
\;’- > 20 cde
R cde de
~n 2 € —
~ 2 e
= 15 €
38
Al
\\/1\ I3+
<° 10
3
2

0.5 A

0.0 . . .

wolae o)L Logle 15
Well- Watered Moderate stress Severe stress
(rore 30 p)5) 3,950e x Sidd il

Water stressx Mycorrhiza (g m2)

925 50 VUL 35T adlad 2 5195 il Y Y
Figure 3- Effect of mycorrhiza on catalase activity in lettuce

Vo o) b s e a5 alse plail 5059 (a0 e
58 pae 5 el (s lal 50,5800 @peyie 5o 05
(F JS0) del sy Lawgie  Sis iS5 + 59500
S ol oad I bl ol DB wx e

obadl o Slas Bl Sl bwgie (Sa A
sals 5,55 Jg «Paim et al., 2020) s4is 0 5ol5
@S el Gk 5l (Sas Al S el
Valenca et al., ) yiwgd copw g H piengs
039 Gl Ldsay aije) o 4w (2018
G2l S Ol (o lgions (2l sl S jans]
Sy Gl Az 50 g ()5 weSlss Qi
«(Molina-Montenegro et al., 2011) ;g8
s (Kizil et al., 2012) Jgpaze o, e pw 2alS
Ll oSt Jad sloaisS 5 olil gla ol ol
Shivashankara et al., ) Lsg,IS jzalS g co 50

g eIl 5 039
2 Rs5ee 995 3 )8 (i A5 mlaw e e
plal 3 59 Yo gime il el el ady ) laors
3,8 ol 955 0,5 pae b anglie jo 905 s
oo el 5 5 slasime Gl caels 5 j950e 095
sy Sl ol b anglie [o St a5 Lyl o
Tobm O sl sine Dol g ol 5980 395 9 )8
500 Bk laii cnnlin s 95 o, 5 Y )
(ol kel dlp 50 5aysSen 055 )5 Y 08
Pl 5 (535 Gl el (St ot 5 agie 2
DD 5 AIA FYA ety it 5olS lsa
A (95 0,8 pae) wald b awslae [0 asyo
S 8ee 2l 50 5 )sSee i 236 Sk mls ol
AY) u.’f.m...s Egome 40 | L;J[‘,S Ja;\r.;)o 91&‘5
3% eSS ohS VA0 (S 5 (@eye 3 5 okS



\#4 \fee GL}'.m.gU 9 )Le‘.g Al o)Lo.a.'Za A 099 ) Jl.w ‘Lb‘_g}.f..w la}l.c Golc 4.0[.'«.1;4.590

Sl oo (ol 08,9, Slge JWS! g adgi g iwgid
)bsoww)“ﬂw&lswbwyw‘d\s
Sgiion Sy Olmpew 2lon plail (59 ShalS amis

(Assaha et al., 2016)

4.0 A

3.0

2.0 -

15 A

Shoot fresh weight (kg ha1)
N
(6]

OESe js ,55kS) alsa il 5 (5

1.0 A

0.5 -

0.0

OHSer 9 (SgS j9 axis

5 o plail 5g mals el a0 4 (2016
o0l S0 Bkl ogl pe a5 solaidl o Sles
Sleore jrals b Sas s Loyl i 0 a5 cwl onds
Cop sl puilugys Jled g Sy ol s

00 ®m5 ®10 m20

b e e e e e B e e B B e B B B

FW W W W W W W W W W W W W W W W W W W W W

Well- Watered

Moderate stress

Severe stress

(i 3 0 )5) ygSe X (Sis 13
Water stressx Mycorrhiza (g m?)

2 (2lep sbplwil 5 ()59 2 259500 WU -F JSb
Figure 4- Effect of mycorrhizae on the shoot fresh weight of lettuce

Pl 5 (159 Sgme 4z )0 g Fiwgid (yliee Lial3Sl
Lylyl jo gals golaidl o Slae axs j0 g 2l9o
oz B o5 col ools s Sldllas aye,F Lo
Ao plS ady) drwgs g S Gayb 5l 505
Sans; 3985 5,k sl ads; Jbd G maw il
ohsh 2l yolie Ciz iulil cel S 0 7,68
2 OLLS (cag, Gla SRy Sente 5 pely 5 e
Spbier (Si ez Sl e Glais Lulps
Wang et al., 2019; Gholinezhad et al.,)
FosSee SLg )l sy o Slaiay Koo Bk 512015
yolie iz Jas Gyl 5l GIUMOS i o354
) S e Slge 3 5 ol ol L 550e i
5 9by czrge i anslglonl mip 5 alS

2 328590 395 9,5 Code il ol cpl lie

oLLS olamdl 5 Slee g (ou) S SRy et
oo Ga s Lulph s sals alex 5l ik
Rahimi et al., ) ool oo 355 Sas ohga
2018; Jahangiri Nia et al, 2017

Gholinezhad et al., 2015; Kyriazopoulos et
al., 2014; Esmaielpour et al., 2013; Aroca et

.@l., 2007 & 2008

@b 3l 2,950 095 addllas ol jo aw) e Hlaia

Al pngis S5 ozl GYBES cudled ol
Orizen 5 Sy Ol el e 5 Lo IS e
Sy aed 5 opeely 2l jole Ol Ssp



S i bl pl yo (Lactuca sativa L.) gals’ golaudl o ,Slos 9 Suieler jud sl sl p 159500 (Jowa ) 085 1 1Y

Sfes iaty; pgealisdls fSas asle Slae
b @ L85,I5 (50 o5 ol (o (slgime (g0l
ey 5 paed Olie o I pingd QLIS S
2l igl38 Sy VB e o5 U o ialS 5,
Sl Sy Sorte el (Brb il 52y05e 095 008
J5 90 @ fdg s e aiile S (Siselssed
Oliee 9 11 s (S S 0 0T (s (glgims
@l polie Qi bl carge Koo )b VUK
395 oS 3l s galS 1o menlty 5 yaud ol
S G5 s e bl e Dlas 5 S
69> T8 OglislS JSas el Joay Lawgie
axdllas (pl 5o awsy oo iy Bl ralS alS aiy,
oS 2l (o Slymme Gl Gk 5l s 055
J29l5 9 VB w3l el (alie jolie i
Sgut el £9090 (pl AT 00 5 Fiwgid ol ceel,
$2l5 )3 golaidl s Sloe azeis )3 5 (2192 eIl 5 059

S (S S lalyn e

References

- Aebi, H. (1984). Catalase in vitro.
Methods Enzymology, 105, 121-126.

- Agami, R. A. (2013). Salicylic acid
mitigates the adverse effect of water
stress on lettuce (Lactuca sativa L.).
Journal of Applied Sciences Research, 9,
5701-5711.

- Ajithkumar, I. P. & Panneerselvam, R.
(2014). ROS scavenging system, osmotic
maintenance, pigment and growth status
of Panicum sumatrense roth. under
drought stress. Cell Biochemistry and
Biophysics, 68, 587-595.

- Arbona, V., Manzi, M., Zandalinas, S. 1.,
VivesPeris, V., Perez-Clemente, R. M. &
Gomez Cadenas, A. (2017).
Physiological, metabolic, and molecular
responses of plants to abiotic stress. In:
M. Sarwat, A. Ahmad, M. Z. Abdin & M.
M. lbrahim. (Eds.). Stress Signaling in
Plants: Genomics and Proteomics
Perspective. (pp. 1-35.) Springer Cham.

- Allen, R. G., Pereira, L. S, Raes, D. &
Smith, M. (1998). Crop

Wang) wgds co shume slo s Loyl i jo (goladl
et al., 2019; Oritz et al., 2015; Habibi et al.,
ozen (2014; Rapparini & Penuelas, 2014
Cob Gl Gk 5l 5 sSe sl
5 iS4 Caaglie ioli8l el olS SlasT
P oS o Slee g oy sla Ty Sgu azl o
Rapparini & Penuelas ) wss o oleS Lol

.(2014; Yooyongwech et al., 2013

2 550 GlogS alex I S ladgS op)l8
Sz g,k g (s 55,5LaS Slaal 4 s sl
g 0,50 (e Gl il dle SIS alS
o3 (nl @l el a8 5 51,8 15 ,5laS g e
S80es 5 (S sloatle mul 59, » &S
G bl 50 55550 095 0,5 4 5alS (golaldl
S s Lyl o aS ol lid i alowl Sis

evapotranspiration;  Guidelines  for
computing crop water requirements. FAO
Irrigation and Drainage Paper No. 56,

Rome, Italy.
- Aroca, R., Porcel, R. & Ruiz-Lozano, J.
M. (2007). How does arbuscular

mycorrhizal symbiosis regulate root
hydraulic ~ properties and plasma
membrane aquaporins in Phaseolus
vulgaris under drought, cold or salinity
stresses? New Phytologyst, 173, 808-816.

- Aroca, R., Vernieri, P. & Ruiz-Lozano, J.
M. (2008). Mycorrhizal and
nonmycorrhizal Lactuca sativa plants
exhibit  contrasting  responses  to
exogenous ABA during drought stress
and recovery. Journal of Experimental
Botany, 59, 2029-2041.

- Assaha, D. V. M., Liu, L., Ueda, A,
Nagaoka, T. & Saneoka, H. (2016).
Effect of drought stress on growth, solute
accumulation amd membrane stability of
leafy vegetable, huckleberry (Solanum
scabrum Mill.). Journal of
Environmental Biology, 37, 107-114.



A \fee GL}'.m.gU 9 )Le‘.g Al o)Lo.a.'Za A 099 ) Jl.w ‘Lb‘_g}.f..w la}l.c Golc 4.0[.'«.1;4.590

Asrar, A. & Elhindi, K. M. (2011).
Alleviation of drought stress of marigold
(Tagetes ereca) plants by using
arbuscular mycorrhizal fungi. Saudi
Journal of Biological Sciences, 18, 93-98.
Badvi, H., Alemzade Ansari, N.,
Mahmoodi sorestani, M. & Eskandari, F.
(2015). Effects of drought stress and
mycorrhizal fungi on some
morphophysiological characteristics of
lettuce (Lactuca sativa L.). Journal of
Plant Productions, 38, 27-39. (In Persian)
Bates, L. S., Waldern, R. P. & Teare, I. D.
(1973). Rapid assay for determination of
free proline for water stress studies. Plant
and Soil, 39, 205-207.

Chaves, M. M., Flexas, J. & Pinheiro, C.
(2009). Photosynthesis under drought and
salt stress: Regulation mechanisms from
whole plant to cell. Annals of Botany,
103, 551-560.

Cornelissen, J. H. C., Lavorel, S,
Garnier, E., Diaz, S., Buchmann, N.,
Gurvich, D. E., Reich, P. B., Ter Steege,
H., Morgan, H. D., Van Der Heijden, M.
G. A, Pausas, J. G. & Poorter, H. (2003).
A handbook of protocols for standardised
and easy measurement of plant functional
traits worldwide. Australian Journal of
Botany, 51, 335-380.

Dalal, V. K. & Tripathy, B. C. (2018).
Water-stress induced downsizing of light-
harvesting antenna complex protects
developing rice seedlings from photo-
oxidative damage. Scientific Reports, 8,
5955.

Esmaielpour, B., Jalilvand, P. & Hadian,
J. (2013). Effects of drought stress and
arbuscular mycorrhizal fungi on some
morphophysiological traits and yield of
savory (Satureja hortensis L.). Journal of
Agroecology, 5, 169-177. (In Persian)
Fini, A., Frangi, P., Amoroso, G., Piatti,
R., Faoro, M., Bellasio, C. & Ferrini, F.
(2011). Effect of controlled inoculation
with specific mycorrhizal fungi from the
urban environment on growth and
physiology of containerized shade tree
species growing under different water

OHSer 9 (SgS j9 axis

regimes. Mycorrhiza, 21, 703-719.
Ghafari, H., Tadayon, M. R. & Razmjoo,
J. (2018). Effect foliar of proline on some
physiological indices of sugar beet (Beta
vulgari L.) to water deficit condition.
Journal of Plant Process and Function, 7,
13-26. (In Persian)

Ghanbari, A.A., Shakiba, M.R., Toorchi,
M. & Choukan. R. (2013). Morpho-
physiological responses of common bean
leaf to water deficit stress. European
Journal of Experimental Biology, 3, 487-
492

Gholinezhad, E. & Darvishzadeh, R.
(2015). Effect of mycorrhizal fungi on
yield and yield components of sesame
(Sesamum indicum L.) landraces under
different irrigation levels. Journal of
Agricultural Science and Sustainable
Production, 25, 119-135. (In Persian)
Habibi, S., Meskarbashee, M. &
Farzaneh, M. (2014). Influence of
three species of mycorrhizal fungi
(Glomus  SPP.) on physiological
characters of wheat under the salinity
conditions. Journal of Plant production
(Scientific Journal of Agriculture), 37,
37-52. (In Persian)

Haghighi, M. & Najafai, H. (2020). The
effect of humic acid on alleviating
drought stress effects in tomato
(Lycopersicum  esculentum Mill.).
Journal of Vegetables Science. 3,147-
158. (In Persian).

Heidari, M. & Karami, V. (2014). Effect
of drought stress and mycorrhizal species
on yield and grain yield components,
chlorophyll  rate and biochemical
compounds of sunflower. Evironmental
Stresses in Crop Sciences, 6, 17-26. (In
Persian)

Jahangiri  Nia, E., Syyadat, A,
Koochakzadeh, A., Sayyahfar, M. &
Moradi Telavat, M. R., (2017). The effect
of vermicompost and mycorrhizal
inoculation on grain yield and some
physiological characteristics of soybean
(Glycine max L.) under water Stress
Condition. Journal of Agroecology, 8(4),



S i bl pl yo (Lactuca sativa L.) gals’ golaudl o ,Slos 9 Suieler jud sl sl p 1 595w0 (Juwa j 085 1 VY

583-597. (In Persian)

Karagoz, H., Cakmakci, R., Hosseinpour,
A. & Kodaz, S. (2018). Alleviation of
water stress and promotion of the growth
of sugar beet (Beta vulgaris L.) plants by
multi-traits ~ rhizobacteria.  Applied
Ecology and Environmental Research,
16, 6801-6813.

Kizil, U., Gen¢, L., Inalpulat, M.,
Sapolyo, D. & Mirik, M. (2012). Lettuce
(Lactuca sativa L.) yield prediction under
water stress using artificial neural
network (ANN) model and vegetation
indices. Zemdirbyste Agriculture, 99,
409-418.

Kyriazopoulos, A. P., Orfanoudakis, M.,
Abraham, E. M., Parissi, Z. M. &
Serafidou, N. (2014). Effects of
arbuscular mycorrhiza fungi on growth
characteristics of Dactylis glomerata L.
under drought stress conditions. Notulae
Botanicae Horti Agrobotanici Cluj-
Napoca, 42, 132-137.

Li,G. L., Wu,H. X,, Sun, Y. Q. & Zhang,
S. Y. (2013). Response of chlorophyll
fluorescence parameters to drought stress
in sugar beet seedlings. Russian Journal
of Plant Physiology, 60, 337-342.
Mackinney, G. (1941). Absorption of
light by chlorophyll solutions. Journal of
Biological Chemistry, 140, 315-322.
Molina-Montenegro, M. A., Zurita-Silva,
A. & Oses, R. (2011). Effect of water
availability on physiological performance
and lettuce crop yield (Lactuca sativa).
Ciencia e Investigacion Agraria, 38, 65-
74.

Ortiz, N., Armada, E., Duque, E., Roldan,
A. & Azcon. R. (2015). Contribution of
arbuscular mycorrhizal fungi and/or
bacteria to enhancing plant drought
tolerance under natural soil conditions:
effectiveness of autochthonous or
allochthonous strains. Journal of Plant
Physiology, 174, 87-96.

Paim, B. T., Crizel, R. L., Tatiane, S. J.,
Rodrigues, V. R., Rombaldi, C. V. &
Galli. V. (2020). Mild drought stress has
potential to improve lettuce yield and

quality. Scientia Horticulturae, 272,
109578.

Phillips, J. M. & Hayman. D. S. (1970).
Improved procedures for clearing roots
and staining parasitic and vesicular-
arbuscular mycorrhizal fungi for rapid
assessment of infection. Transactions of
the British Mycological Society, 55, 158-
161.

Rahbarian, R., khavari-Nejad, R.,,
Ganjeali, A., Bagheri, A. & Najafi, F.
(2011). Drought stress effects on
photosynthesis, chlorophyll fluorescence
and water relations in tolerant and
susceptible chickpea (Cicer arietinum L.)
genotyps. Acta Biologica Cracoviensia
Series Botanica, 53, 47-56.

Rahimi, A., Jahanbin, S., Salehi, A. &
Farajee, H. (2018). The effect of
mycorrhiza on vyield, oil content and
water use efficiency of medicinal plant of
Borage (Borago officinails L.) under
water stress. lranian Journal of
Horticultural Science, 49, 407-415. (In
Persian)

Rapparini, F. & Penuelas, J. (2014).
Mycorrhizal fungi to alleviate drought
stress on plant growth. In: M., Miransari
M. (Ed.). Use of microbes for the
alleviation of soil stresses (vol 1). (pp. 21-
42). Springer New York.

Ritchie, S. W., Nguyen, H. T. & Holaday,
A. S. (1990). Leaf water content and gas
exchange parameters of two wheat
genotypes differing in drought resistance.
Crop Science, 30, 105-111.
Ruiz-Sanchez, M., Armada, E., Munoz,
Y., de Salamone, I. E. G., Aroca R, Ruiz-
Lozano J. M., & Azcon, R. (2011).
Azospirillum and arbuscular mycorrhizal
colonization enhanced rice growth and
physiological traits under well-watered
and drought conditions. Journal of Plant
Physiology, 168, 1031-1037.

Salehpour, M., Ebadi, A., lzadi, M. &
Jamaati-e-Somarin, S. (2009). Evaluation
of water stress and nitrogen fertilizer
effects on relative water content,
membrane stability index, chlorophyll



vy

VFeo Hlowsl g 5l ) o)lodd A 090 &b Jlw g juw pole ole aolbdadqge

and some other traits of lentils (Lens
culinaris  L.) under hydroponics
conditions.  Research  Journal  of
Environmental Sciences, 3, 103-109.
Saxton, K. E. & Rawls, W. J. (2006). Soil
water characteristic estimates by texture
and organic matter for hydrologic
solutions. Soil Science Society of America
Journal, 70, 1569-1578.

Shivashankara, K. S., Pavithra, K. C. &
Geetha, G. A. (2016). Antioxidant
protection mechanism during abiotic
stresses. In: N. K. S.,, Rao. & K. S.
Shivashankara (Eds). Abiotic Stress
Physiology of Horticultural Crops. (pp.
47-70.) Springer Nature, India.

Shin, Y. K., Bhandari, S. R., Jo, J. S.,
Song, J. W., Cho, M. C,, Yang, E. Y. &
Lee, J. G. (2020). Response to salt stress
in lettuce: changes inchlorophyll
fluorescence parameters, phytochemical
contents, and antioxidant activities.
Agronomy, 10, 1627.

Soltys-Kalina, D., Plich, J., Strzelczyk-
Zyta, D., Sliwka, J & Marczewski, W.
(2016). The effect of drought stress on the
leaf relative water content and tuber yield
of a half-sib family of ‘Katahdin’-derived
potato cultivars. Breeding Science, 66,
328-331.

Tsabedze M. W. & Wahome P. K. (2010).
Influence of different irrigation regimes
on production of lettuce. American-
Eurasian Journal of Agricultural and

OHSer 9 (SgS j9 axis

Environmental Science, 8, 233-238.
Valenga, D. C., Carvalho, D. F., Reinert,
F., Azevedo, R. A., Pinho, C. F. &
Medici, L. O. (2018). Automatically
controlled deficit irrigation of lettuce in
“organic potponics”. Scientia Agricola,
75, 52-59.

Wang, J., Fu, Z., Ren, Q., Zhu, L., Lin, J.,
Zhang, J., Cheng, X., Ma, J. & Yue, J.
(2019). Effects of arbuscular mycorrhizal
fungi on growth, photosynthesis, and
nutrient uptake of Zelkova serrata
(thunb.) makino seedlings under salt
stress. Forests, 186.

Wang, X. X., Wang, X., Sun, Y., Cheng,
Y., Liu, S., Chen, X,, feng, G. & Kuyper,
T. W. (2018). Arbuscular mycorrhizal
fungi  negatively  affect nitrogen
acquisition and grain yield of maize in an
N  deficient soil.  Frontiers in
Microbiology, 9, 418.

Wu, Q. S. & Zou Y. N. (2009).
Mycorrhiza has a direct effect on reactive
oxygen metabolism of drought-stressed
citrus. Plant, Soil and Environment, 55,
436-442.

Yooyongwech, S., Phaukinsang, N., Cha-
Um, S. & Supaibulwatana, K. (2013).
Arbuscular mycorrhiza improved growth
performance in Macadamia tetraphylla
L. grown under water deficit stress
involves soluble sugar and proline
accumulation. Plant Growth Regulation,
69, 285-293.



