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Study of arbuscular mycorrhizal fungi performance on some growth indices
improvement of micro-propagated pear rootstock (Pyrodwarf) under drought stress
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ABSTRACT

One of the major problems with commercial production of micro-propagated plants is low survival and poor growth
after transplanting. In order to investigation the effect of arbuscular mycorrhizal symbiosis on establishment, survival,
growth, as well as nutrients absorption on Pyrodwarf micropropagated rootstock in drought stress conditions, a
factorial experiment was conducted in a completely randomized design with two factors including mycorrhizae in
two levels (with and without) and drought stress in three levels (three, five and seven days irrigation intervals) in
three replications in greenhouse conditions. The plants harvested two months after drought stress. The results of
variance analysis showed that mycorrhizal symbiosis significantly increased vegetative indices at all levels of drought
stress. The total leaf area, stem height, total leaf fresh weight and root dry weight of mycorrhizal seedlings were 3.6,
1.3, 3.1 and 1.9 times higher than non-mycorrhizal plants, respectively. The content of P, Mn, Cu, Zn and K and in
root and shoot tissues increased significantly in mycorrhizal treatments than control. Generally, the results of this
study showed that pear seedlings treated by arbuscular mycorrhizal fungi had better acclimatization, growth and more
tolerance at normal and drought stress condition.
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Figure 1. The comparison of mycorrhizal and non-mycorrhizal treatments in micro-propagated pear rootstock.

A, B, C: mycorrhizal plant with optimum, moderate and severe drought stress, respectively. D, E, F: non-mycorrhizal
plant with optimum, moderate and severe drought stress, respectively.
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Table 1. The results of variance analysis of some vegetative indices in micro-propagated pears (Pyrodwarf) rootstock
under the effect of mycorrhizal symbiosis and drought stress

Mean Squares

Source of variation df  Total leaf Stem Total leaf Root Root Stem
number diameter area length volume height
Mycorrhizae 1 614887 43.55 492069.89"" 276.12"" 21.457 1397.617"
Drought stress 2 135917 2.44™ 18805.65" 214.93™ 3.26™ 140.66™
Mycorrhizae x Drought stress 2 6363 1.59” 12075.96" 63.29™ 0.83" 72.55"™
Error 12 15.98 0.19 2722.26 8.37 0.20 19.27
Coefficient of Variation (%) - 14.18 6.99 20.37 8.19 20.17 19.59

Slesire Solas 39 g do s /) 5 ) B Jloisl e )5 ls e Siglas NS g

*, *x **x ns: Significantly differences at 5%, 1% and 0.1% of probability level, and non-significantly difference, respectively.
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Figure 2. Mean comparison interaction effect of mycorrhizal and drought stress on total leaf number (A), stem
diameter (B), total leaf area (C), root length (D) and root volume (E) of micro-propagated pear rootstock. . M0O: Non-
mycorrhizal (control) and M1: Mycorrhizal. DO: Optimal level of irrigation, D1: Moderate drought stress and D2:
Severe drought stress.
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Fig 3. Mean comparison effect of mycorrhizal symbiosis (A) and drought stress (B) on stem height of micro-
propagated pear rootstock. M0O: Non-mycorrhizal (control) and M1: Mycorrhizal. DO: Optimal level of irrigation, D1:
Moderate drought stress and D2: Severe drought stress.
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Table 2. The results of variance analysis of some vegetative indices in micro-propagated pears (Pyrodwarf) rootstock
of the impact of mycorrhizal symbiosis and drought stress

Mean Squares

Source of variation df Total leaf Stem fresh  Root fresh ~ Total leaf dry ~ Stem dry Root dry
fresh weight weight weight weight weight weight
Mycorrhizae 1 232,95 69117  940.62"" 29.08™" 12922 42937
Drought stress 2 14.25™ 63.17"" 75.26™ 2.09™ 15.48™" 5.07™"
Mycorrhizae x Drought stress 2 3.73" 30.47" 29.91" 0.88"" 5.60" 1.80"
Error 12 0.66 4.86 7.54 0.06 0.90 0.24
Coefficient of Variation (%) 13.89 20.67 19.98 11.09 20.07 15.58

Do sre Dglas 3g g aoys /N 5 ) B Jloisl e )5 ls e iglas S g

*, *x **x ns: Significantly differences at 5%, 1% and 0.1% of probability level, and non-significantly difference, respectively.
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Figure 4. Mean comparison interaction effect of mycorrhizal and drought stress on total leaf fresh weight, stem and root (A)
and total leaf dry weight, stem and root (B) of micro-propagated pear rootstock. MO: Non-mycorrhizal (control) and M1:
Myecorrhizal. DO: Optimal level of irrigation, D1: Moderate drought stress and D2: Severe drought stress.
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Table 3. The results of variance analysis of macro elements in micro-propagated pears (Pyrodwarf) rootstock of the
impact of mycorrhizal symbiosis and drought stress

. Mean Squares
Source of variation of Shoot P Root P Shoot K Root K
Mycorrhizae 1 0.00237" 0.00127" 0.42”
Drought stress 2 0.000005™ 0.00005™ 0.19
Mycorrhizae x Drought stress 2 0.00006™ 0.00005™ 0.05™
Error 12 0.00002 0.00002 0.03
Coefficient of Variation (%) - 19.83 17.13 15.43

Dlocre Sglas 99 g doys /N 5 ) B Jloisl e )0 o sixe gld o 5 4y NS g
*, *Fx *x% ns: Significantly differences at 5%, 1% and 0.1% of probability level, and non-significantly difference, respectively.
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Figure 5. Mean comparison effect of mycorrhizal on P (A) and K shoot and root (B). Mean comparison effect of

drought stress on the content of shoot K (C) of the micro-propagated pear rootstock. M0O: Non-mycorrhizal (control)
and M1: Mycorrhizal. DO: Optimal level of irrigation, D1: Moderate drought stress and D2: Severe drought stress.
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Table 4. The results of variance analysis of micro elements in micro-propagated pears (Pyrodwarf) rootstock of the
impact of mycorrhizal symbiosis and drought stress

Mean Squares

Source of variation df Shoot Fe Shoot Mn Shoot Cu Shoot Zn
Mycorrhizae 1 15.30™ 18824.46" 114.005™" 419.53™
Drought stress 2 244.89™ 93.62™ 4.02™ 8.60™
Myecorrhizae x Drought stress 2 112.52"™ 253.30™ 3.18™ 1.30™
Error 12 222.99 299.96 2.37 11.66
Coefficient of Variation (%) - 21.03 13.17 23.08 17.50

SIS sire Dglds 05u5 g oy /Y g ) B ool e jo s cixe Dol o 4y NS g
*, ** *x* ns: Significantly differences at 5%, 1% and 0.1% of probability level, and non-significantly difference, respectively.
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Figure 6. Mean comparison effect of mycorrhizal symbiosis on the content Mn (A) and the content of shoot Cu and
Zn (B) of the micro-propagated pear rootstock. M0: Non-mycorrhizal (control) and M1: Mycorrhizal. DO: Optimal

level of irrigation, D1: Moderate drought stress and D2: Severe drought stress.
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Table 5. The results of variance analysis of micro elements in micro-propagated pears (Pyrodwarf) rootstock of the
impact of mycorrhizal symbiosis and drought stress

Mean Squares

Source of Variation df Root Fe Root Mn Root Cu Root Zn
Mycorrhizae 1 2238728 44760.32° 401.387 118.58"
Drought stress 2 439154.76™ 83891.02"" 23.12" 16.34™
Mycorrhizae x Drought stress 2 864.66™ 8093.96™ 3.08™ 1.12™
Error 12 4214454 5523.33 10.86 6.45
Coefficient of Variation (%) - 28.36 30.76 28.80 11.70

Dlesre Dglas 3gu g doys /) 5 ) B Jloisl e )5 ls e iglas S g
*, *+* x+* ns: Significantly differences at 5%, 1% and 0.1% of probability level, and non-significantly difference, respectively.
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Figure 7. Mean comparison effect of mycorrhizal symbiosis (A) and (B) and drought stress (C) on the content of root
micro elements of the micro-propagated pear rootstock. M0: Non-mycorrhizal (control) and M1: Mycorrhizal. DO:
Optimal level of irrigation, D1: Moderate drought stress and D2: Severe drought stress.

Karaki & Al-Raddad, 1997; Cruz & Husain,
olis 2011) Nadian lawgs 48,5 ploxl aslllas (2008

Siale b olS 50 (Ggeysm Dt Koo e
LSy (6 pdy s g Sl BLS I 0 5555

S ge,s (5 pdy s & LiSTy Az o Sy
35S 51,0 (Allen et al., 1982) wil oo 2LS

Looads Giabe p55 o S oole (39 ial38l aS olo
o cod ol lalS b awlie (o 3,680 7B
SR 5 S T ety Gl s o St5
a5l D9 g epdly 4o Al (S ST 60 Bras e
aolol g 4 55080 Z B )l e oo lS
Jéloo )‘ ‘) u] Sl )Qlé ul.v)...a OLS d‘d.ma) W
Jiie olS 4 g i olS s 5l 95 5 ) sl

5 (1996) Germana sleasos b leazdl ol wled

9 Jlﬁ.u‘ s;..h.\} u‘)—o.A sOL.cf M) )l 4.1.‘>).n ).Ds )o u]
Q’l by &5 Wb o Gials glie pole Gyas
ML’LSA A&».u} 5 o.)Lo uﬂ.colf 9 UJ)S o).._>.> UMV"S
.(Hu & Schmidhalter, 2005)
GiogSee b lesd ST 0 LS siag) ol Rl
Al cl oals )18 udaze 3l gl lawg



Y5V VWAA s ) 5yLes DY 890 ol SLEL psle

(Tadayyon & Soltanian, 2016) ol ails (g i
» 2l yole chile o Jolss o)y 9 i oo
Aibge GlalS b pyeSee saelillus (tajen
sz B jea> ;0 caSOS GloS 5 glyl il
2 e o kbl boawlie 3 6,550
Sl i gl sl yelie ol )80
.(Smith & Read, 2008)

$bland w3l ads b VeSs)T 550 slag 8
ST e Gloclindy 5 J slocling a0 el
Vb g jaed Qi Gl corge ol pl 4 g oads
Tarafdar & ) cel oass 5 oS S jaud Jlode 8,
yole pimte 5l S ,awd (Marschner, 1995
0)49; uL‘bLf J.w) J.a‘s;‘sa QT ..)5_..05 aS Ml.l‘Sc ‘j‘x
slal ol g1 and WS sgume |, Al
oo 52lS 5560 o Loyt pginnd b gind « Su2lS s
@5l JEl g 0SS anld o rizmes wllise
ol e )S” Jt 5 loyes T 5| ocams oS it
, (Hu & Schmidhalter, 2005) &S o i sl
Gl alEl as ozl bl GEdse  iole;]
Ay Jdo A 63,080 ey, lawg claud
Gacdl 31 15 5 s S e 26 > lacie
(Read etal., 1989) ol ai,

9 S8 )0 et o 4z 55 5 255500 log B
oS ladss oy pdd —) Mg o dduy >
Yaoetal, ) olS gseys0 SloS 5 maw ;o yusi -V
256 Cos aly, ez g obleddl o s (2005
Lopez-Bucio ) s ks )13 ,aud ogara glie Lole
ool 00 LS gadg0 ol Koo 8,k 5l (etal., 2003
T8 femyod I o aly; Obleidl slawi jo yos5 a5
AL Slapgeyse Olime ;0 et Sdear fjsSee
ST CygelinnS] aile a5 SLd L LS 5 ales

.(Perez-Perez, 2007) ol (gl oo
S jlogine Gl cel (ol joSen (Smjon
51 eolaxwl (Shiranirad et al., 2000) wo 8 pas ;o
el aiwy o Claroideoglomus etunicatum ;| 18
OLS ;3 555 9 e ipeely ind polie Al
b8l g (Sis i con ks 5 S5 O 6l
W3S (Sid 5 Ced GblS 0 pedS ae

Rutto & .slol 59, (2009) Aghababaei & Raiesi
&3, (2008) Ojha et al. sla 54, (2006) Mizutani
@iws (59, (2012) Abbaspour et al. Lyl ooy
Ul saobasly ) sleaxals 59, (2012) Singh et al.
s, 595l S (g9, (2016) Darroudi et al. 4
L oblsy)l o sapehn Gb o)b calk. Sl
Sad 39 9 YsSegyl ysSee Slag B s NS 5T
SissSen GBS & 05 miie Koy oS
535 SR w0y Y Gl 55nd LS @ S
S gy, adllas (Fan et al., 2008) aciils Sz
P 039 Ogemligls 45 0lo i (25 Ly p 2y
Sial3dl 0ol 4y Cod il aw U | asls Ses g
.(Morone-Fortunato & Avato, 2008) sas s

Slog B (Gumor 3t il 18 gk cnl )
S ab o gy Slie Bl s peSes
Al so yigh cpl by anl sadplxl Clados

ool ied ol ol adlas cpl e
G2l s atyy 5l elil sy 5 e e
@bl 5l dele srsSee sladls o ads,
Tob plod 5o 525550 28U la Jlos 4 Cannd (D
sl il o b

adsd ol Cuz (2lnysSee hyer ST
S o5 s bl o5 S o Ll e oS (g 0bic
SUls 52 83,5 o ol (ied ogasia) difn o
Ol ol @ woles wals 1) 0gueS ol aS
HJlse (nl oz 5o walss e i S
James et ) sge5 o Ll Culd; 5 Si i 4 e e
Jdoas Bae ol jolie Gi> al3él (@l 2008
ozl b hije lysSee slopslase i
4 Sl ol e o S5 g Ady; (Jp
S adboe oS Gty presw JoSe D9
035 glaady; o S 5l i o2 5l S0
Sillwss e 1) ol pw s J YRRVl
ol glady, piwew (Alizadeh & Alizadeh, 2007)
WS o ol Gluss b (2l eSee A o
bl clhaiy, o aSc,sbay «(Khan, 2005)
Sy o) St 5 i ady; Jsb (2l,s5ee
LS @l polie Qi o il e cnlple D9 e



oy o sl (B dsn » Y sSug)] 55 slag,B (oS dalllas 1ol (K g 0oln e YSA

sSogl 5y55e slog )b S w) sladsle
Sl GYgSagl 5 p0See 28 b (Giule b il
Cel g didu oo dgu 1) Sleodiy o s g basals
0)9° Gies g odd (oiugy slagasly Al
QS 0 0ligS 1) Lame 4 99,5 (sl (Sobel 5 (5,550
R G g Sy sS4 Jed g
2 VSoml 5sSee slagB oplS s e
9 95 0 65 sl S o LS g b lndlys
5 4zlye (Sobel o5 a5 e glalii 5 bl S
0d) yoé g oy debasl Jalge 4 (55350 Joull S
0,99 Jsb o Femien g9 cnl s Lol e
slog B o) nlple wilee jluly plals (Sw;
005 ke 0)98 30 55k 5 gagr YSiogs)l 52565e
sloansa 1als el oS ape b bl plals
Jole 5 Wgd oo LS cuils Jxlie 1o g g 055
Semrj banze g Glhy0laS Gl ol el Sl

il

S ol
slails Glel pole 5 (ShpalS slaog S )
plail jo e Jdoay (plmind; (ze) pae s
ClS Gy g Iy eSads; slaeS b g bl
Olid; (@) pas g oBtdls 0y 5550 5l Liba)lS
Slediges S p g okl sl s jo oS
25,5 oo Shoyud g Sas wilanils 5, Sen 8

REFERENCES

L bls,l o a5 oiags o .(Abbaspour et al., 2012)
iy ol G 5 YsSaag)] 555 slog,B b
Pl (Lgeldly 5 @)b) LSy aly 90 (2l ol
Ndusy dzs pl & ((Zarei et al., 2016) sg a8 5
bgi (2575 4 OLS 1o il 99 S ,550e slaledls &5
ShalBl crge a5 ond ojslS VeSis)l 5,55
G5 Bl s g e el o glie polie Cle
S 5 s il e ol o (S
Saed yole Qi g aly) eeliiels G ys (e
Golosine soba |y olsn el jo s 5 35 (0l
plxl Gl gwyp 5o @bl cpl alie ol ools jials
Kafkas =, ,» (2011) Sajedi & Rejali Lawgs 423 3
Bahraminezhad et al. . ,» (2009) & Ortas
5 <, 0 (1991) Hamel & Smith «sloly 5, (2015)
Wu et al. 5 b Lo (2006) WU & Zia dges
ol 00l Jols 55 5y ds z5,6 1 (2006)
pa> )3 &S A atie 8 g opl o
e yolie Cldr (YeSug)l 5,8 glag,B
oS g Al Bl Aty 5 2lee plail jaus ohga
Lo el Juisa |y ol o als (Sas
2,00 Sadllas ol (155 sla gl gls

IS (8 S Az
Sl o 3Ll leazalS o 90 10 Codbge line
Sl oolatul b cxdgets (o3lwpglio 3k 5l 6550 j9bas

1.

An, Z.Q., Hendrix, J. W., Hershman, D. E. & Henson, G. T. (1990). Evaluation of the "most
probable number” (MPN) and wet-sieving methods for determining soil-borne populations of
endogonaceous mycorrhizal fungi. Mycologia, 82, 576-581.

Abbaspour, H., Saeidi-Sar, S., Afshari, H. & Abdel-Wahhab, M. (2012). Tolerance of mycorrhiza
infected pistachio (Pistacia vera L.) seedling to drought stress under glasshouse conditions. Journal
of Plant Physiology, 169, 704-709.

Abdollahi, H. (2010). Pear (Botany, Cultivars and Rootstocks). Karaj, Agricultural Research,
Education and Extension Organization, Agricultural Education Publication, pp. 92. (in Farsi)
Aghababaei, F. & Raiesi, F. (2009). Endomycorrhizal symbiosis formation in some commercial
almond genotypes. Iranin Journal of Horticultural Science and Technology, 10, 127-140. (In Farsi)
Ahmed, M., Anjum, M. A., Shah, A. H. & Hamid, A. (2010). In vitro preservation of Pyrus
germplasm with minimal growth using different temperature regimes. Pakistan Journal of Botany,
42, 1639-1650.

Alizadeh, O. & Alizadeh, A. (2007). The Effect of mycorrhizal fungi on maize nutrients absorption in
different soil moisture conditions. Journal of Research in Agricultural Sciences, 3, 101-108. (In Farsi)
Alizadeh Zarmehri, F. Davarinezhad, G.H. Khorasani, R. Nemati, S.H. & Keshavarz, P. (2017). The effect
of vegetative and seedling pear rootstocks on vegetative characteristics and water potential of pear
cultivars. Journal of Horticulture Science (Agricultural Science and Technology), 31, 705-721. (in Farsi)



YFa

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
217.

28.

29.

30.

31

VAR e o) 5,Led DY 5,00 ol nl SLEL psle

Al-Karaki, G. & Al-Raddad, A. (1997). Effects of arbuscular mycorrhizal fungi and drought stress on
growth and nutrient uptake of two wheat genotypes differing in drought resistance. Mycorrhiza, 7, 83-88.
Allen, M. F., Moore Jr, T. S. & Christensen, M. (1982). Phytohormone changes in Bouteloua gracilis
infected by vesicular—arbuscular mycorrhizae. I1. Altered levels of gibberellin-like substances and
abscisic acid in the host plant. Canadian Journal of Botany, 60, 468-471.

Anisha, P. (2009). Studies on inducing variability in vitro and use of mycorrhizae in hardening of
gerbera. Master of Science hesis. UAS, Dharwad.

Auge, R. M. (2001). Water relations, drought and vesicular-arbuscular mycorrhizal symbiosis.
Mycorrhiza, 11, 3-42.

Awotoye, O., Adewole, M., Salami, A. & Ohiembor, M. (2009). Arbuscular mycorrhiza contribution
to the growth performance and heavy metal uptake of Helianthus annuus Linn in pot culture. African
Journal of Environmental Science and Technology, 3, 157-163.

Bahraminezhad, M. Sedaghati, E. Shamshiri, M. H. & Alaei, H. (2015). Effects of arbuscular
mycorrhizal symbiosis on growth and some physiological and eco-physiological properties of two
rootstocks of almond (GF677 and Shurab 2) under drought stress. Iranin Journal of Horticultural
Science and Technology, 16, 409-424. (In Farsi)

Calvet, C., Pinochet, J., Hernandez-Dorrego, A., Estaln, V. & Camprubi, A. (2001). Field microplot
performance of the peach-almond hybrid GF-677 after inoculation with arbuscular mycorrhizal fungi
in a replant soil infested with root-knot nematodes. Mycorrhiza, 10, 295-300.

Chapman, B., Jones, D. & Jung, R. (1983). Processes controlling metal ion attenuation in acid mine
drainage streams. Geochimica et Cosmochimica Acta, 47, 1957-1973.

Cruz, R. E. D. & Husain, T. (2008). Effect of vesicular arbuscular mycorrhiza (VAM) fungi
inoculation on coppicing ability and drought resistance of Senna spectabilis. Pakistan Journal of
Botany, 40, 2217-2224.

Darang, S. Hamidoghli, Y. & Ramazani Sayad, A. (2011). Effects of plant growth regulators in in
vitro propagation of cactus (Opuntia ficus-indica). Master of Science Thesis, Faculty of Agriculture,
Gilan University. (in Farsi)

Darroudi, H., Safarnezhad, A., Akbarinia, M., Hosseini, S.M. & Hajian Shahri, M. (2016). Effects of
mycorrhizal fungi and Pseudomonas fluorescens bacteria on the growth and survival of Ribes
khorasanicum Saghafi and Assadi tissue culture plantlets. Iranian Journal of Forest and Poplar
Research, 24, 116-127. (in Farsi)

Ebrahimi, F. Bagherieh Najar, M. B. Iranbakhsh, A. & Aghdasi, M. (2011). Optimization of chickpea
(Cicer arientinum) tissue culture. Master of Science Thesis, Faculty of Basic Sciences, Golestan
University. (in Farsi)

Emami, A. (1996). Methods of plant analysis. Technical handbook, Soil and Water Research
Institute. Tehran University Press, No. 982. (in Farsi)

Fan, Y., Luan, Y., An, L. & Yu, K. (2008). Arbuscular mycorrhizae formed by Penicillium pinophilum
improve the growth, nutrient uptake and photosynthesis of strawberry with two inoculum-types.
Biotechnology Letters, 30, 1489-1494.

Germana, C. (1996). Experiences on the response of almond plants (Amygdalus communis L.) to
water stress. 1l International Symposium on Irrigation of Horticultural Crops, 449, 497-504.
Giovannetti, M. & Mosse, B. (1980). An evaluation of techniques for measuring vesicular-arbuscular
mycorrhiza infection in roots. New Phytologist, 84, 489-500.

Hamel, C. & Smith, D. L. (1991). Interspecific N-transfer and Plant development in a mycorrhizal
field-grown mixture. Soil Biology and Biochemistry, 23, 661-665.

Hoagland, D.R., & Arnon, D.l. (1950). The water-culture method for growing for plants without soil.
Circular. California Agricultural Experiment Station, 347, 1-32.

Hazarika, B. N. (2003). Acclimatization of tissue-cultured plants. Current Science, 85, 1704-1712.
Hu, Y. & Schmidhalter, U. (2005). Drought and salinity: A comparison of their effects on mineral
nutrition of plants. Journal of Plant Nutrition and Soil Science, 168, 541-549.

Irigoyen, J., Einerich, D. & Sanchez-Diaz, M. (1992). Water stress induced changes in
concentrations of proline and total soluble sugars in nodulated alfalfa (Medicago sativa L.) plants.
Physiologia Plantarum, 84, 55-60.

Jacob, H. (2000). New pear rootstocks from Geisenheim, Germany. VIII International Symposium on
Pear, 596, 337-344.

James, B., Rodel, D., Lorettu, U., Reynaldo, E. & Tariqg, H. (2008). Effect of vesicular arboscular
mycorrhiza (VAM) fungi inoculation on coppicing ability and drought resistance of Senna
spectabilis. Pakistan Journal of Botany, 40, 2217-2224.

Kafkas, S. & Ortas, 1. (2009). Various mycorrhizal fungi enhance dry weights, P and Zn uptake of
four Pistacia species. Journal of Plant Nutrition, 32, 146-159.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.
54.

oy o sl (B dsn » Y sSug)] 55 slag,B (oS dalllas 1ol (K g 0oln e Yv-

Khan, A. G. (2005). Role of soil microbes in the rhizospheres of plants growing on trace metal
contaminated soils in phytoremediation. Journal of Trace Elements in Medicine and Biology, 18, 355-364.
Lindsay, W.L., & Norvell, W.A. (1978). Development of a DTPA soil test for zinc, iron, manganese,
and copper. Soil Science Society of American Journal, 42, 241-428.

Loépez-Bucio, J., Cruz-Ramurez, A. & Herrera-Estrella, L. (2003). The role of nutrient availability in
regulating root architecture. Current Opinion in Plant Biology, 6, 280-287.

Marschner, H. & Dell, B. (1994). Nutrient uptake in mycorrhizal symbiosis. Plant and Soil, 159, 89-102.
Miyasaka, S. C., Habte, M., Friday, J. & Johnson, E. (2003). Manual on arbuscular mycorrhizal fungus
production and inoculation techniques. Soil and Crop Management, Honolulu, United States Department
of Agriculture, University of Hawaii.

Mohammadi, Z.H. Naseri, L. & Barin, M. (2016). The effect of cultivation substrates and arbuscular
mycorrhizal symbiotic on establishment and growth of micro-propagated apple rootstocks (MM106).
Iranian Journal of Horticultural Science, 47, 287-296. (in Farsi)

Morone-Fortunato, I. & Avato, P. (2008). Plant development and synthesis of essential oils in
micropropagated and mycorrhiza inoculated plants of Origanum vulgare L. ssp. hirtum (Link)
letswaart. Plant Cell, Tissue and Organ Culture, 93, 139-149.

Murashige, T. & Skoog, F. (1962). A revised medium for rapid growth and bioassays with tobacco
tissue cultures. Physiologia Plantarum, 15, 473-497.

Nadian, H. (2011). Effect of drought stress and mycorrhizal symbiosis on plant growth and P uptake
by two sorghum genotypes differing in root morphology. Journal of Science and Technology of
Agriculture and Natural Resources, Soil and Water Sciences, 15, 112- 121. (in Farsi)

Ojha, S., Chakraborty, M., Dutta, S. & Chatterjee, N. (2008). Influence of VAM on nutrient uptake
and growth of custard-apple. Asian Journal of Experimental Sciences, 22, 221-224.

Olsen, S. R. (1954). Estimation of available phosphorus in soils by extraction with sodium
bicarbonate. United States Department of Agriculture, Washington.

Phillips, J. M. & Hayman, D. (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.

Perez-Perez, J. M. (2007). Hormone signalling and root development: an update on the latest
Arabidopsis thaliana research. Functional Plant Biology, 34, 163-171.

Qiang-Sheng Wu & Ren-Xue Xia, (2006). Arbuscular mycorrhizal fungi influence growth, osmotic
adjustment and photosynthesis of citrus under well-watered and water stress conditions. Journal of
Plant Physiology, 163, 417-425.

Raiesi, F. & Ghollarata, M. (2006). Interactions between phosphorus availability and an AM fungus
(Glomus intraradices) and their effects on soil microbial respiration, biomass and enzyme activities
in a calcareous soil. Pedobiologia, 50, 413-425.

Read, D., Leake, J. & Langdale, A. (1989). The nitrogen nutrition of mycorrhizal fungi and their host
plants. Nitrogen, phosphorus and sulphur utilization by fungi, Department of Plant Sciences,
University of Sheffield, pp.181-204.

Rutto, K. L. & Mizutani, F. (2006). Effect of mycorrhizal inoculation and activated charcoal on
growth and nutrition in peach (Prunus persica Batsch) seedlings treated with peach root-bark
extracts. Journal of Japanese Society for Horticultural Science, 75, 463-468.

Sajedi, N. & Rejali, F. (2011). Effect of drought stress, zinc application and mycorrhizal inoculation
on the absorption of low-energy elements in corn. Journal of Soil Research (Soil and Water
Sciences), 25, 83-92. (in Farsi)

Schultz, C. (2001). Effect of (vesicular-) arbuscular mycorrhiza on survival and post vitro
development of micropropagated oil palms (Elaeis guineensis Jacg.). Niedersdchsische Staats-und
Universitatshibliothek Gottingen.

Shiranirad, A. H. Alizadeh, A. & Hashemi Dezfooli, S. A. (2000). The study of vesicular-arbuscular
mycorrhizal fungi, phosphorus and drought stress on nutrient uptake efficiency in wheat. Journal of
Seedling and Seed, 16, 327-349. (in Farsi)

Singh, N. V., Singh, S. K., Singh, A. K., Meshram, D. T., Suroshe, S. S. & Mishra, D. C. (2012).
Arbuscular mycorrhizal fungi (AMF) induced hardening of micropropagated pomegranate (Punica
granatum L.) plantlets. Scientia Horticulturae, 136, 122-127.

Smith, S. E. & Read, D. J. (2008). Mycorrhizal symbiosis. Third edition, Academic Press, pp. 800.
Tadayyon, A. & Soltanian, M. (2016). Effect of arbuscular mycorrhizal fungus on growth, root
colonization rate and linseed (Linum usitatissimum L.) P absorption under different levels of
dehydration. Journal of Plant Process and Function, 5, 147-157. (in Farsi)


https://www.sciencedirect.com/science/article/pii/S0176161705001665#!
https://www.sciencedirect.com/science/article/pii/S0176161705001665#!

YV

55.

56.

57.

58.

59.

60.

61.

62.

63.

VAR e o) 5,Led DY 5,00 ol nl SLEL psle

Tarafdar, J. & Marschner, H. (1995). Dual inoculation with Aspergillus fumigatus and Glomus
mosseae enhances biomass production and nutrient uptake in wheat (Triticum aestivum L.) supplied
with organic phosphorus as Na-phytate. Plant and Soil, 173, 97-102.

Thomas, F. M. & Gausling, T. (2000). Morphological and physiological responses of oak seedlings
(Quercus petraea and Q. robur) to moderate drought. Annals of Forest Science, 57, 325-333.

Van Schilfgaarde, J. (1994). Irrigation-a blessing or a curse. Agricultural Water Management, 25,
203-219.

Viseur, J. (1987). Micropropagation of pear, Pyrus communis L., in a double-phase culture medium.
Symposium on In Vitro Problems Related to Mass Propagation of Horticultural Plants, 212, 117-124.
Wu, Q.-S. & Xia, R.-X. (2006). Arbuscular mycorrhizal fungi influence growth, osmotic adjustment
and photosynthesis of citrus under well-watered and water stress conditions. Journal of Plant
Physiology, 163, 417-425.

Wu, Q.-S., Xia, R.-X. & Zou, Y.-N. (2006). Reactive oxygen metabolism in mycorrhizal and non-
mycorrhizal citrus (Poncirus trifoliata) seedlings subjected to water stress. Journal of Plant
Physiology, 163, 1101-1110.

57. Yao, Q., Zhu, H. & Chen, J. (2005). Growth responses and endogenous I1AA and iPAs changes of
litchi (Litchi chinensis Sonn.) seedlings induced by arbuscular mycorrhizal fungal inoculation.
Scientia Horticulturae, 105, 145-151.

Zarei, M., Paymaneh, Z. & Ronaghi, A. (2016). The effects of arbuscular mycorrhizal fungus and
water stress on some antioxidant enzymes activities and nutrients uptake of two citrus rootstocks.
Iran Agricultural Research, 35, 19-26. (in Farsi)

Zarrinbal, M. (2016). Pome fruits rootstocks (Apple, Pear, Quince). East Azarbaijan Jahad-e-
Agricultural Organization, Agricultural Promotion Coordination Management, Didactic media office,
First edition, No. 163. (in Farsi)



