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Effect of Arbuscular Mycorrhizal Fungi on Seasonal Changes of Some
Growth and Physiological Parametersof Apple Clonal Rootstocksin a
Calcareous Sail

TSl Gge 9 awea al )T FAB S e

oW

sl S5y Ao s iy By s DY Sl gl gl Guwdes S pas @l pduled]
0SB 5o b Giale)T Gl alad) (SaT SIE S o sy ead Jsb o s (odn g Gl sy (550558
Glomus versiforme) b s 5o g6 5 (MMis s M7 Mo lawsly) mhow 4w 5o b
ook 4l 5 JosiSB o) 5o (aals 5 Claroideoglomus etunicatum (Rhizophagus interaradices
U85 ) S50 50508 5 (LS HhS 5 pliS ) b, slageals .l aladl CAK Ll Hu Solas JolS ) shaes
(i€ Shans VA 530 A (gladian) Lo a5 olS iy G oaal 55 Hlalie G aa 5(3525 5 SThen 538 (S
b, slageals alad 5 Ll b 5 ol slaslasd 31 als (LS ladas® wd (s oSe il widy Jusd Jsb o
St 5o Goversiforme dag 5 gu 5o o Slogine Gle) dw 5o 5o sad Se3lil S5 0558
99 09) g1 i an 5 osleald 5 00y danl g Lo s SSea gl s D) s sad (s Se sl slageals
JU l8 G AeS 5 Gl s s ) i M7 ol sl ) g 0 Sidas MMaos o (o) soSeslal
i o saaldie Mo by 5o 3025 5 S 538 (Jud S e (it 056 M7 s MMios 4 L s e i 54
L oT oo crmdan 5 calio 4ly CLASIL w o 4 b swas M7 Gl b ) o sealin Kl
GBS 1 ol wib;y (alS 5 (S duwaS dlaa 51 (Sal LS 51 il bag )l pdis Gl S 15355500 slag,
Ll
e g3 G sSabe Y s s, T gHlE (ot s Gl cone iaals glaslg

Aovio

OIS 5 =i Gl dlaa 5 Lis b 5 (ol 5o € ol Juias sladibio glas e (o Sage 5 (S e
L dcmlio Ho oS w65l glawly (555 5 Omb oSI5 L (S p60 51 558 o slagls by s oo
rdsliie SIYL PH 5 YL Sal s Hlassan o Gl wls (She 5 @b aaw g sla,saS slagh
slasaic 5l (A Cla gl S (placusgaae Jalots S Wi 5538 s LRl o LS glagg ) s

AE/NNV VA Gy 0 AYATAVERCH PPN LA
sils (55,5laS suktily SIA asle (iay Hlutils ALl asle (BAy wd) lid K Bl ssadils 5 5Lolind 53¢ -Y
.(agharghani @shirazu.ac.ir) : Jial o J st saiows o %


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.3.7.4
https://journal-irshs.ir/article-1-285-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

[ DOR: 20.1001.1.16807154.1396.18.3.7.4 |

OblSas o ili 5

Wlie () 4S Slst w5538 e sLagls St 5ol gas5 Bl (su333 (slags sl puo S e slanl 32
(VY] ol 5538 s slagl o by o Slae sladids 51 Sos (S

Lagls (saion s Gl 3] (sos oIl Glsieds ssme a5 caniio o (glou il gty st B Sk slagly
(a5 o3I g s (AL asd 59 1 e slagly 5SB gall slagias3y (0) el sud 431y JoS 3550
XE A Q) wleols olis lans seliwels bl pd 4 cuoslie 5 lie (slayemic Cla o oausl Hlaie o se i S
(V+) ool o 08 -l S (o S5 805058 Lo S35 s 1o Alidee slasly 31 50 Lagha g5 (A s (Y0
S9u sl g GBA 5o b dnlie 5o (L0 slatly (555 sl sy o GBA 5o S 538 Kaal oS wiols plas
Box Sy Gal a8, G GEA 8 (sla 3T 638 oS ol sad sals (LS Gaigas s S3YL MMaos 4l
o S0 a g5 5o (F) W s sadd s Mo b s, S o slag] 51 5L MM s M7 Gl s, sut
Ol el a5 0 4l s MMaos MMios MMios M7 by i (55 Seduds a5 sls Jlisgs! 035
add saalie (s lu e ol Lanly ,Sou o Lol aiiily (g ity ST 518 SsalMMaog 5 5,0 Ll «S ol
s i ga adals a3 5 o GBA 50 ()0 (el 5 ST 918 4S W0 S IS8 (V) a8 s gl b (VF)
st 4l 5l e aliae glanly s,

9 OLlS G Suwdea o ml, (Arbuscular Mycorrhizal Fungi) ¥ ST glds, slag,s
gl cslie 5 QLS 5o gk 5o e LAl Il gLl ool il oo ISIA slagpuunlS )l Soe
@ibiu Gloel 1 (Slasa s S slasale £, (Aewian (pl 5o (V) diieua Jains (slagiil 5 aebowls bl
iS85 0 ol GLalS i aas ga )8 oL LRI 0 850 5 wd; Lo, 5iSB (132 sla jmie 5 0T LBy
(Y0) wias go alash 1 SIS Gl gt Sls158 5 Slal Glag] 51 A 5 Ay aius sldy ;) o jas

ORIl Gl e LS (5T 518 LA 5 S s cwd; Gl Bely wBl B e sl slag,ls
s 59 GRal3)(0) 9 s suls i Hied Cda (il gLl sladin; b i 0T Cla s 4 8l e b,
(V) 9l e Sad Oda Gaal 381 81 5 SR 538 Gild) addiins B4 Gl 1) olS Jad 5K (gl giae 5 S
2o L wa g sael crwsds oaila sladilga o3850, 3 € 1, MM106 cae slacoly (YY) 1 s) 5 o s
saalie aald g sud i hen GLALS Lo sud; slagedla 5ol ol bne ol 5 wis S SHule sluds,
sl gl S pladly oS uls glas o138055 5 dala M7 cos Gl s 95 sl sla gulE w8 s S
(VA) il s b il Gainan g (Slesai) 5 LWl dia g sa S =l o

Sy SIS 4 el s sy cuunyan GLALS Hu sl slagLB L by 4w, Susas S el )
Sl sad GBI (V) 9 Sooa 0T L Bl e aa i 38 wiile cege (Silplie slasil i oT wlie «
Sl 55 oo Jad oo plans (Rl 38) aas co Gl WS 5s 5 1) Jad s Hlate (sl fae ok 4 GLALS s hes
Sse pisie wile olasusie Cia Gl 51 5 Wl Sge s gdle @ wdl e 538 Sial (Gl gl S
(VA) aiiua 55 g0 IS ol cdl Ho S aisl

e 5l L wwlis ;0 Rnizophagusintraradices ¢, b sad il laglels 5o i 558 Sial o g
Mty gl L Tanden Lo i st pac 5o GRS Gl s 5508 (YY) ol sk saaliie swd il
Bl 5L L S 538 Sual (ol 58 el il 5 o Lo se 58 i (I8 (V) ol ot sualitie Y S0
sladlesls oS at (518 oo (oiia 533 5o (YY) ot S8 5, el i 5 8T JUESI (595 51830 a5,
LaJlels b awlio 5ol @ 5YL (i 538 Sial Glomus versiforme ¢ ;s b sas il Citrustangerine
(YA) aidly sali

ARV


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.3.7.4
https://journal-irshs.ir/article-1-285-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

[ DOR: 20.1001.1.16807154.1396.18.3.7.4 |

Gl ((SidruaS slas LS ol 59 s g o350 wian (SaT ol LS jiin S0l & a5 b
Lo LS €S ol b 585 sladly 555018 (nlily wisdi oo 8055158 S cuaS RalS (uinaa 5 ad,
ol 38 5 ol Cnl 185 59 (@l 4 (BB WIS oo g oS sl L b gl sla Ol oS s res
It LagLl (Fews San S g B8 5y Gl O B el Gl Lo 4 5 58S s s sae a5 AS 5 (S
o9k Jead Ko Uk o e (o) slagly SK5sls0ud 5 suds slageals Huas g, 5 LY Sl
s ST S S

Wowgy gl

Slulei sl

gl S 5b s 0eold Gl 5o Sl Ly 50 @8l OLo S dilaie 51 Ladle culdS (gl soliid o) 50 SIA
s 3 Ll 01 5o BymeaS olie (glasuaie ol 51 iU Lo, pdis o dils Kol SA aS G 5513
sk A1 Jgaa o 4S wd Skl GinleyT o suliiil o) 50 S Sbards 558 sla S5ay A b
AP (SR S e s it soliiud Lagles oniS sl oSl (ht (K8 slagh 5l e
Ak g, S LS w g GBS (6l 830 S0

cotledT oo suliial oy 50 S pbasd 5 (S5ud o Sas (Ao -\ Jgos
Table 1. Some physical and chemical properties of the used soil in this study.

Physical properties Chemical properties
S8 LS sl sla S5
b o oo ey Jele o oSl Gosd Sl ey e Iexs] 3Kae
Texture Sand Clay Silt  Organic Sl EC Olsen- *DTPA-  DTPA- DTPA- DTPA-
(%) (%) (%)  matter paealS pH dsm?  P(mg Fe Cu Zn Mn
(%)  caCO kg") (mgkg?)  (mgkg!) (mgkg?) (mgkg?)
3
(%)
Sandy
clayloam 580 308 112 1.8 387 78 04 12.8 6.3 84 18 10.6
s psl)
(o

*Diethylene Triamine Penta Acetic Acid
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Table 2. Effect of arbuscular mycorhizal fungi on shoot height (cm) of clonal apple rootstocks
at threetimes (T1, T2, and T3; 11, 15, and 19 weeks after transplanting, respectively).

32055k SY g T o sla G S

L @b AMEF species
oL Rootétocks G.versiforme  R.intraradices  C. etunicatum aals Sk
Time Control Mean
MM 106 40.00? 37.00° 41.002 34.00% 38.004
Tl M~ 33.00¢ 29.66° 29.00° 23.33 28.75¢
Mg 33.66™ 35.30° 33.00¢ 27.66° 33.168
Silee 36.55" 34.008 34.338 28.33¢
Mean
MM 106 49.33° 47.66™ 51.66% 45.66% 48.58*
T2 M~ 52.33% 48.33° 45.33¢ 38.669 46.16°
Mg 43.66% 42.004 41.00' 36.33" 40.75°¢
Silee 48.447 46.00° 46.00° 40.22¢
Mean
MM 106 56.33 54.00% 56.00% 52.33 54.66°
T3 M7 66.662 66.00° 58.66™ 49,00/ 59.08*
Mg 49.66'9 47.66¢ 43.66" 40.33" 45.33¢
Silis 57.55* 54.558 52.778 47.22¢
Mean

tMeans followed by similar letters (Capital and small letters, relates to main and interaction effects,
respectively) are not significantly different (p < 0.05) based on LSD.
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Table 3. Effect of arbuscular mycorhizal fungi on shoot height (cm) of clonal apple rootstocks
at threetimes (T1, T2, and T3; 11, 15, and 19 weeks after transplanting, respectively).

32055k LY ST 2 sla 4 S

L 4l AMF species
ol Rootstocks G. versiforme R. intraradices C. etunicatum  salx 5Silea
Time Control Mean
MM 106 5.232 4.68b¢ 5.232 4,30 4.86"
LR V 4,13% 3.90% 373 310 3.71¢
Mg 4,90% 4,63 4,23« 4.30 4518
Sl 4,75~ 4.408 4.408 3.90¢
Mean
MM 106 6.83%® 6.80% 6.982 6.21cd 6.70"
T2 M+ 5.70d% 4.76f 473 3.80¢ 4.75¢
Mo 6.83%® 5.93cde 6.430¢ 5.50¢ 6.178
Siles 6.457 5.83B 6.05B 5.17¢
Mean
MM 106 7.802 7.602 7.762 6.76Pd 7.48%
T3 M- 6.56> 5.66° 5.83¢ 4.83f 5.72¢
Mo 7.33® 6.634 6.90%° 6.10% 6.748
Siles 7.22A 6.638 6.838 5.90¢
Mean

tMeans followed by similar letters (Capital and small letters, relates to main and interaction effects, respectively)
are not significantly different (p < 0.05) based on LSD.
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Table 4. Effect of arbuscular mycorhizal fungi on shoot fresh weight (g) of clonal apple
rootstocks.

32058k LY S gl g8 sla o S

b wb AMF species

Rootstocks G. versiforme R. intraradices C. etunicatum aals Sk
Control Mean

MM 106 37.012 35.31® 36.90% 32.79% 35.50*

M7 33.47%® 28.85% 24.71° 14.70° 25.43¢

Mg 31.78° 32.66%* 34.36® 27.56% 31.598

oSilee 34.09 32.27° 3199 25.028

Mean

tMeansfollowed by similar letters (Capital and small letters, relatesto main and interaction effects, respectively)
are not significantly different (p < 0.05) based on LSD.
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Tableb. Effect of arbuscular mycorhizal fungi on total chlorophyl content (mg/g) of clonal apple
rootstocks at three times (T1, T2, and T3; 11, 15, and 19 weeks after cultivation, respectively).

3205Sake LY S g, T 0 sla 4 S

L ol AMF species
oles Rootstocks G. R C. sal oSk
Time versiforme  intraradices  etunicatum Control Mean
MM 106 0.762¢ 0.729° 0.728° 0.563¢ 0.6968
T1 M7 0.598°¢ 0.6434 0.596° 0.542f 0.594¢
Mg 0.8642 0.849% 0.819° 0.743° 0.818*
Siles 0.7400 0.740" 0.714® 0.616°¢
Mean
MM 106 0.850% 0.796° 0.851% 0.686¢ 0.7968
T2 M7 0.9602 0.877° 0.778° 0.653¢ 0.8178
Mg 0.9962 0.973? 0.921° 0.781°¢ 0.918*
Siles 0.935* 0.8828 0.8508 0.707¢
Mean
MM 106 0.893° 0.883° 0.870° 0.650¢ 0.824®
T3 M7 0.834¢ 0.836% 0.709¢ 0.689¢ 0.767¢
Mg 1.0002 0.867° 1.0102 0.806° 0.9234
Siles 0.9114 0.8628 0.864® 0.715°
Mean

tMeans followed by similar letters (Capital and small letters, relates to main and interaction effects, respectively)
are not significantly different (p < 0.05) based on LSD.
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Table 6. Effect of arbuscular mycorhizal fungi on photosynthesis (umol/ m?/s) of clonal apple
rootstocks at threetimes (T1, T2, and T3; 11, 15, and 19 weeks after cultivation, respectively).

32058k LY S gl g8 sla o S

L wl AMF species
ol Rootstocks G. R. C. etunicatum aald O5Sibie
Time versgorm intraradices Control Mean
MM 106 8.052 7.51% 7.63® 6.50 7.42A
T1 M- 6.164 6.36¢ 6.56 6.54¢ 6.418
Mo 7.66% 7.74% 8.16% 7.20% 7.694
Sl 7.29° 7.200 7.45° 6.748
Mean
MM 106 8.60% 7.76%€ 7.50%f 6.309" 7.548
T2 M+ 7.97bcd 7.234 6.969 6.06" 7.06¢
Mo 8.4308bc 8.33kc 9.062 7.00f¢ 8.204
Siles 8.33" 7.778 7.84B 6.45¢
Mean
MM 106 14.33» 12,534 12.36¢ 10.01¢ 12.318
T3 M7 12.26¢ 12.16¢ 12.58« 9.63° 11.66°
Mg 15.302 14.32% 13.68¢ 12.17¢ 13.87A
Siles 13.96" 13.008 12.878 10.60¢
Mean

tMeans followed by similar letters (Capital and small letters, relates to main and interaction effects, respectively)
are not significantly different (p < 0.05) based on LSD.
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Table 7. Effect of arbuscular mycorhizal fungi on transpiration (mmol/ m?/s) of clonal
apple rootstocks at three times (T1, T2 and T3; 11, 15, and 19 weeks after cultivation,

respectively).
ole L Ll SosSbe Y K g5l gl sla S
Time Rootstocks AMF species
G. R. C. aals Sl
versiforme intraradices  etunicatum Control Mean
MM 106 4,002 3.942 4,012 3.26° 3.808
T1 My 2.96% 3.10% 2.88¢ 2.484 2.86°
My 4,122 4,107 4172 3.992 4,094
Siles 3.694 3.717 3.69° 3.248
Mean
MM 106 4.802 4562 4,652 3.48« 4378
T1 My 3.870¢ 4.01° 3.91bc 3.34d 3.78¢
My 4,922 5.002 4,782 4.07° 4,69~
Siles 4537 452 4457 3.638
Mean
MM 106 5.01° 4.77% 4,77 3.46' 4508
T1 My 4,.35¢% 4, 55¢de 4.27¢ 3.49 4.17¢
Mg 5.53?2 5.602 5.03° 4,63« 5.20%
Sl 4967 4,977 4.698 3.86°
Mean

tMeans followed by similar letters (Capital and small letters, relates to main and interaction effects,
respectively) are not significantly different (p < 0.05) based on LSD.
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Table 8. Effect of arbuscular mycorhizal fungi on root clonization (%) of clona apple
rootstocks.

32058k LY S gl 8 sla o S

b ol AMF species
Rootstocks G. versiforme R. intraradices C. etunicatum aals Sk
Control Mean
MM 106 75.332 67.66% 66.33¢ 7.00°  54.08°
M- 76.00% 69.33% 70.66° 7.33¢  5583"
Mg 67.00 65.66¢ 65.33¢ 233" 50.08°
Sile 7277 67.558 67.448 5.55¢
Mean

tMeans followed by similar letters (Capital and small letters, relates to main and interaction effects,
respectively) are not significantly different (p < 0.05) based on LSD.
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Effect of Arbuscular Mycorrhizal Fungi on Seasonal Changes of Some
Growth and Physiological Parameters of Apple Clonal Rootstocksin a
Calcareous Sail

A. Gharaghani®, A. Hosseini and M. Zarei!

An experiment carried out to study the effects of arbuscular mycorrhizal fungi on growth
and physiological parameters ofthreecommercia apple clonarootstocks during growing season
in greenhouse. This investigation was conducted with two factors, rootstock (Mg, M7 and,
MM10s) and species of arbuscular mycorrhizal fungi (Glomus versiforme, Rhizophagus
intraradices, Claroideoglomus etunicatum and, control) in a completely randomized design.
Growth (including plant height and diameter and shoot fresh weight) and physiologica
(including total chlorophyll, photosynthesis, and transpiration) parameters as well as root
colonization were measured in 11, 15 and 19 weeks after transplanting. Results showed that
mycorrhizal treatments and rootstoks had significant effects on all measured parameters
comparing to the control. It was a so shown that the fungus Glomus ver siforme performed better
than other fungi having the highest records for amost al of the measured parameters. Among
the rootstocks, MM 106 performed the highest shoot fresh weight (as well as plant height in the
first and second measurements) but the final height of M7 was more than MM 106. The highest
and the lowest plant diameter were observed in MM1oe and M+, respectively. The highest
chlorophyll content, transpiration and photosynthesis rate was measured in Mg but the highest
root colonization was recorded in M~. It seems that choosing proper rootstocks and treating
them with suitable arbuscular mycorhizal fungi could reduce adverse conditions of calcareous
soilsfor apple trees.

Keywords. Arbuscular mycorhizal fungus, Apple, Clonal rootstocks, Growth, Photosynthesis.
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