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ABSTRACT

The effect of drought stress were studied on some physiological aspects of five grafted and ungrafted rootstocks including
GF677, Garnem, peach seedlings, almond seedlings and a selected local almond xpeach hybrid (LAP), with Ferragnes
cultivar as scion. Three different drought stress levels including moderate (Wsoil= -0.9 Mpa) sever (¥soil= -1.5 Mpa) and a
control (Psoil=-0.3 Mpa) were applied in a randomized complete block design as factorial with three replications in pot
plants during four weeks. Physiological traits including chlorophyll (Chl) fluorescence indices, leaf relative water contents
(RWC), membrane stability index (MSI), free proline and concentrations of leaf pigments were recorded. Results showed
that photochemical efficiency of photosystem Il (Fv/Fm), RWC, Chl a, Chl b and total Chl were reduced significantly under
drought stress while minimum fluorescence (Fg), MSI and Free proline were increased noticeably. Drought stress affected
significantly on evaluated traits in ungrafted rootstocks compared to grafted ones. According to results, almond seedlings,
GF677 and local LAP almost showed similar responses to drought stress and had more tolerance than Garnem rootstock.
Peach seedlings were affected significantly by drought stress more than the other rootstocks. Present study suggests
chlorophyll fluorescence index as a simple trait for evaluation of almond rootstocks exposed to sever drought stress.

Keywords: Chlorophyll fluorescence, clonal rootstock, proline, relative water contents, seedling rootstock.
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Figure 1. Correlation between moisture percent (vol%) and soil matrix potential in soil used in this study
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Table 1. Analysis of variance for relative water content (RWC), chlorophyll fluorescence (CF) indices, proline,
membrane stability index (MSI), chlorophyll (Chl) a, Chl b, total (T) Chl and crotenoid (Cart) in grafted and
ungrafted almond rootstocks exposed to drought stress

Source of df Means of squares

variation RWC Fo Fn FJ/Fn proline MSI Cart. T Chl Chla Chlb
Block 2 2537 56" 1800™  0.0004™  95™ 475™ 0.018”  0.125° 0.049® 0.017
D. Stress (DS) 2 10177 21217 5200™  0.022" 286" 1053  0.004™ 347 177" 0.29”
Rootstock (RS) 4 1537 10477 6814 00177 21" 246" 0.011" 015" 0.069" 0.015"
Grafting (G) 1 383" 46657  1596™  0.04” 2.7 226 0.022" 0.14™  0074®  0011™
R x DS 8 48" 2977 2486™ 0.0038"  7.5™ 75m™ 0.005™ 0.07™  0.052" 0.005™
G x DS 2 68" 4277 2473 0.017 36™ 102™ 0.004®  0.017™  0.01™  0.0006™
Gx RS 4 75" 11377 6425 0.02™ 14.7™ 69"™ 0.004™  0.068™ 0.039®  0.004™
G xRS x DS 8 26™ 244 5819  0.006™ 7.5m™ 24 0.003®  0.025™ 0.014™  0.002"™
Error 58 203 71 2519 0.001 55 43 0.003 0.43 0.021 0.005"
C.V. % 6.2 7.47 10.17 4.23 16.8 27 15.9 14.7 13.9 20
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5% NS

ns,*,**: non-significant and significant at 5 and 1% probability levels, respectively.
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Figure 2. Interaction between drought stress and rootstock (a), drought stress and grafting (b) and rootstock and
grafting (c) on relative water content (RWC) of grafted and ungrafted almond rootstocks. Almond seedling (A. sdl.),
Garnem (Gar.), peach seedling (P. Sdl.) and Local almond peach hybrid (Lap). Similar letters represented no significant
difference between means by DMRT test at P<0.05.
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Figure 3. Interaction between drought stress and rootstock (a), drought stress and grafting (b) and rootstock and
grafting (c) on minimum chlorophyll florescence (CF) yield of grafted and ungrafted almond rootstock. Almond

seedling (A. sdl.), garnem (Gar.), peach seedling (P. Sdl.) and local almond peach hybrid (Lap). Similar letters
represented no significant difference between means by DMRT test at P<0.05.
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Figure 4. Interaction between drought stress and rootstock (a), drought stress and grafting (b) and rootstock and
grafting (c) on Fv/Fm ratio of grafted and ungrafted almond rootstock. Almond seedling (A. sdl.), garnem (Gar.),

peach seedling (P. Sdl.) and local almond peach hybrid (Lap). Similar letters represented no significant difference between
means by DMRT test at P<0.05.
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Table 2. Main effect of drought stress (DS), rootstock (RS) and grafting (Graf) levels on relative water content

(RWC), chlorophyll fluorescence (CF) indices, proline, membrane stability index (MSI) 4 chlorophyll (Chl) a, chl b,
total (T) chl and carotenoid (Cart)

Proline Pigment mg g™ fw
Factor  Level RWC (%) Fo Fo R rogw MY G Tg - gc?m T
DS 0.3 79.2° 106° 4970  0.78° 11.1° 18.7° 0.37° 1.78° 131°  047°
(Mpa) -0.9 70.5° 110 5032 0.77° 13.5° 221°  0.341* 1.36° 1.03° 0.32°
-15 68.1° 122¢  478¢ 073" 17.22 30.4°  0.346° 1.1¢ 0.83° 0.28°
A. seedl. 75.1% 115° 483"  0.76° 15.22 25.4*  0.39° 154°  1.15%  0.39°%
GF677 72.9 109°  494®  0.77® 14.37%® 27.7° 0.33° 1.35° 1.02° 0.33°
RS Garnem 71.4%® 113° 5200  Q.77® 12.34° 23.1%  0335°  131%® 098* 0.32®
P. seedl. 68.3° 123° 468"  0.79° 13.6® 255°  035®  141*® 105® 0.36%
Lap” 75.4° 102° 499  0.71° 14.32%® 18b°  035® 146%™ 1.08®  0.37®
Graf Ungraf. 70.5° 120% 497°  0.742° 13.48° 252  0336° 1.37®  1.03* 0.37°
Graf. 74.7 105°  489°  0.784° 14.5° 22.7°  0.368% 145%  1.08*  0.347%

sl 5SS (glasals siz yg03T 30 0 o 10 lo sire M pas saimd Lis alie g >

Values followed by the same letters were not significantly different at 5% level (DMRT).
* Local almond peach hybrid
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Table 3. Mean comparisons of drought stress (DS), rootstock (RS) and grafting interactions on relative water content

(RWC), chlorophyll fluorescence indices, proline and membrane stability index (MSI)

DS

Proline

(Mpa) RS Grafting RWC (%) Fo Fin FuFn umolgfw MSI
A seed| Ungraf. 80.8 98.8™ 465.8™ 0.78%7 11.6 28.4
: ' Graf. 79.3 101" 490 0.79%¢ 11.86 19.7
GF677 Ungraf. 75.4 1134 516%® 0.778%¢ 10.7 22.8
Graf. 80.6 104" 492" 0.785%¢ 10.73 232
03 Garnem Ungraf. 78.4 104" 527°% 0.8% 10.67 26.3
' Graf. 80.5 103" 510%® 0.792°%¢ 11.58 19
b seedl Ungraf. 78 123¢ 536° 0.768°° 11 27.4
: : Graf. 80 103" 496 0.77%¢ 11.1 20.8
Lap* Ungraf. 78.7 105" 478°%¢ 0.786%¢ 11 12
P Graf. 80 102.8" 517%® 0.797% 10.65 12.9
A seed| Ungraf. 724 119°7 514%® 0.765 16 28.27
: ' Graf. 755 103" 490 0.787%¢ 15.3 22.17
GF677 Ungraf. 69 113 512%® 0.77%¢ 10.7 21.6
Graf. 735 104" 492%* 0.78%¢ 12 19.5
09 Gamnem Ungraf. 66.6 122°° 544° 0.77%¢ 10.84 19.8
' Graf. 70.4 103" 512%® 0.8* 13.22 13.3
P seed| Ungraf. 56.6 138.6° 408 0.63" 12.68 27
' ' Graf. 70.4 104.8" 553° 0.8% 13.9 11.8
La Ungraf. 75.2 99.6" 520 0.8%® 13.28 18
P Graf. 75.7 96.3 490 0.8° 17.2 15
A seedl Ungraf. 68 1287 485 0.736°F 18.3 27.8
' ' Graf. 74.6 101.8" 459" 0.77%¢ 18.24 26.4
GF677 Ungraf. 68.5 122.8%% 481°%¢ 0.74%¢ 15.9 31
Graf. 70.3 99" 472%* 0.786%¢ 175 26.35
15 Garnem Ungraf. 66 129° 489°° 0.736° 16.46 321
' Graf. 66.2 130" 485%* 0.73¢¢ 19.17 33.9
P seed| Ungraf. 53.4 170 350 0.49°¢ 15 33.25
' ' Graf. 71.2 132 484%* 0.727%® 16.3 29.75
La Ungraf. 71 120%* 480 0.75"¢ 17.1 24.33
P Graf. 71.8 111 4847 0.768° 18.5 23.5

sl 5SS glasals wiz g3] 50 7D gelaws 4o lo e B pae ssimo i aline By >
Values followed by the same letters were not significantly different at 5% level (DMRT).

* Local almond peach hybrid
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