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