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ABSTRACT

In order to evaluate the drought tolerance of some hybrid apple rootstocks, an experiment was conducted in a randomized
complete block design with 11 genotypes from apple rootstock breeding program, AR1 to AR11, with MM111, as tolerant
control, under two irrigation treatments of 40 and 80% field capacity. In this experiment, physiological parameters including
photosynthesis, stomatal conductance, transpiration, sub-stomatal CO,, water use efficiency, mesophyll conductance, leaf
relative water content (RWC), leaf surface temperature, and internal temperature of the crown were measured. Generally,
the studied genotypes showed significant differences in physiological characteristics at 1% level. Drought stress reduced the
physiological parameters and its reduction varied among different genotypes. Genotypes AR3, AR4, AR5 and AR7 had the
highest stomatal conductance and photosynthesis rate under normal irrigation (control), however, AR1, AR4, ARS8, AR11
showed the least and AR3, AR6, AR7, AR9 revealed the most decrease in stomatal conductance and photosynthesis rate
under drought stress which may be considered as drought tolerant and drought suceptible groups of genotypes for further
studies. Despite higher transpiration of drought tolerant genotypes, they maintained their leaf relative water content under
drought stress which, in turn resulted in retaining their leaf turgor pressure and photosynthesis parameters. These genotypes
had more ability to absorb or keep water probably due to their special root system or higher osmolites accumulation in their
cells.
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Table 1. Genotype of studied apple rootstocks and their parents

Rootstock genotype Parents Pedigree

AR1 AZop open pollination of Azayesh genotype obtained from
AR2 AZop open pollination of Azayesh genotype obtained from
AR3 M9op open pollination of M9 rootstock obtained from
AR4 M9op open pollination of M9 rootstock obtained from
AR5 AZ*My hybrid between Aazayesh genotype and M9
ARG AZ*Mg hybrid between Azayesh genotype and M9
AR7 AZ*By hybrid between Azayesh genotype and B9
ARS8 AZ*By hybrid between Azayesh genotype and B9
AR9 AZ*My; hybrid between Azayesh genotype and M27
AR10 AZ*My; hybrid between Azayesh genotype and M27
AR11 Morabaei*M, hybrid between Morabaee genotype and M9

MM111 Northrn spy*Mertonse;  hybrid between Northrn spy and Merton793
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Figure 1. Comparison of transpiration (A), stomatal conductance (B) in different apple rootstock genotypes under
control and drought stress conditions
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Figure 2. Comparison of photosynthesis (A), intercellular CO, (B) in different apple rootstock genotypes under
control and drought stress conditions
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Figure 3. Comparison mesophyll conductance in different apple rootstock genotypes under control and drought stress
conditions
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Figure 4. Comparison of RWC (A) and WUE (B) in different apple rootstock genotypes under control and drought
stress conditions
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Figure 5. Comparison of leaf surface Temperature (A) and crown temperature (B) in different apple rootstock
genotypes under control and drought stress conditions
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Table 2.Variance analysis of physiological characteristic of apple rootstocks genotypes in different drought stress levels

.. Stomatal .. Intercellular Mesophyll Leaf surface Crown
SOV df Photosynthesis conductance Transpiration o, WUE conductance Tempt Tempt RWC
Rootstock 11 45227 0.038™ 34.017 42759 0597 0.0007 102.9” 237 2145°
Stress 1 3596 2407 701.67"  38187.6" 0484°  0.054" 170.77 207.8" 541.77
Block 2 22.2% 0.006™ 1.03"® 27721 0.026™  0.0002™ 1.02" 14.4 338™
Rootstockxstress 11 40.75™ 0.031™ 11.03” 1597.1"  0.078™  0.0007™ 18" 57" 5097
Error 46 7.13 0.006 1.69 14259  0.036  0.0001 0.15 404 204

C.V.(%) - 27 21.24 26.24 16.8 13.31 285 1.05 10.4

SIS sixe GBS 895 5 o y0 Vedo )0 B Jlaix| o (o jls pxe glas 0929 NS i

9.5

** * ns: Significant at the 1 and 5% of probability levels and non-significant, respectively.

WUE: water use efficiency, RWC: leaf relative water content
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Table 2. Comparison of physiological characteristics in apple rootstocks under severe drought stress than control
irrigation treatment (%)

Rootstock - Stomatal P Intercellular Mesophyll Leaf surface Crown
genotype Photosynthesis conductance Transpiration CO, WUE conductance RWC Temperature Temperature
AR1 -64.56 -62.59 -43.82 -6.77 -40.93 -62.19 -4.51 9.5 8.6
AR2 -59.27 -68.27 -58.04 -19.09 -8.69 -51.83 -9.81 6.9 13.6
AR3 -81.86 -92.76 -81.82 -30.28 -4.86 -72.68 -17.24 8.0 12.3
AR4 -55.7 -75.85 -53.62 -19.41 -3.64 -45.95 -2.6 5.9 1.1
AR5 -66.27 -81.31 -63.01 -14.55 -9.74 -59.31 -7.61 5.1 15.5
ARG -89.17 -73.96 -87.68 -15.56 -15.79 -86.2 -15.77 4.5 4.3
AR7 -97.65 -68.48 -97.13 -3.31 -28.21 -93.48 -18.27 10.8 20.6
ARS8 -56.87 -42.21 -44.63 2.25 -21.53 -56.95 -0.52 4.4 12.0
AR9 -83.21 -90.51 -81.39 -22.89 -6.41 -60.62 -11.27 6.6 12.8
AR10 -70.36 -80.29 -66.5 -16.82 -15.78 -63.93 -10.94 5.6 10.3
AR11 -8.27 -5.84 -7.36 -4.8 -2.56 -4.99 -1.96 1.0 23.4
MM111 -67.12 -76.22 -61.09 -10.46 -19.25 -63.88 -5.94 5.3 14.6

WUE:water use efficiency, RWC:leaf relative water content.
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