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Introduction

Peachxalmond (GN) hybrid rootstocks have favorable characteristics such as ease of rooting, favorable
growth vigour, resistance to nematodes, calcareous and dry soil (Babadaei et al., 2018). Currently, water
deficiency caused by reduced rainfall is a major concern and a critical limitation for agricultural production
(Hass et al., 2021). Under drought stress, plant cell membranes become more susceptible to electrolyte leakage.
Membrane leakage is caused by uncontrolled free radicals and leads to lipid peroxidation (Cheng et al., 2018).
Since tolerance to drought stress is the result of the interaction of morphological and physiological traits of plant,
therefore, a combination of different traits that have a direct relationship with drought tolerance can be used as
selection criteria to screen the ideal cultivar (Karimi et al., 2015).

Materials and Methods

This research carried out during the years 2020 and 2021 at the Chahartakhteh station affiliated to the Center
for Research and Education of Agriculture and Natural Resources in Chaharmahal and Bakhtiari Province. The
almond seedlings included Shahroud 6, 7, 8, 10, 12, 13 and 21, that all of them grafted on the GN rootstock,
along with GN rootstock, subjected to different drought stress treatments in June for four months. Drought stress
treatments included 70% of field capacity (control or no drought stress), 50% field capacity (mild stress), 30%
field capacity (moderate stress) and 10% field capacity (severe stress). A counter determined the amount of
irrigation in each treatment, and a Time-Domain Reflectometry (TDR) used to measure the soil moisture. Before
the experiment, the physicochemical properties of the soil measured. The measured morphological traits
included leaf area, percentage of leaf abscission, and shoot fresh and dry weight. These traits measured four
months after subjecting to water stress. The evaluated physiological traits included electrolyte leakage (EL),
relative leaf water content (RWC), leaf chlorophyll, proline and malondialdehyde (MDA). These traits also
measured four months after subjecting to water stress. The experiment conducted in split plots based on a
randomized complete block design in three replications and four seedlings in each experimental unit. The main
plot included water drought treatments and the sub plot included almond cultivars. Data analysis carried out
using SAS software version 9.2 and comparison of mean data conducted based on LSD test at a five percent
probability level.
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Results and Discussion

As the intensity of drought stress increased, the fresh and dry weight of shoot decreased in almond cultivars
and GN rootstock. At soil humidity of 10% field capacity, Shahroud 8 showed higher amounts of shoot fresh
weight (785 g). The lowest fresh and dry weight of the shoot and the highest leaf abscission were observed under
severe drought stress (10% of the field capacity) in Shahroud 13. The increase in drought levels led to a decrease
in the leaf area in the studied cultivars and rootstock of almond. Shahroud 8 had more chlorophyll content than
other cultivars at the most severe stress level, and Shahroud 13 showed the lowest chlorophyll b content at 10%
humidity of field capacity. A significant decrease in leaf chlorophyll concentration under drought stress has also
been reported in previous research (Schlemmer et al., 2005; Gohari et al., 2023). A further decrease in
chlorophyll could be due to a drastic decrease in RWC under severe stress conditions. According to Ranjbar et
al. (2022), the amount of RWC decreased by 32 to 44% under stress conditions in the K13-40 grafted cultivar on
the rootstock of bitter almond No. 32. In the current research, the biggest decrease in RWC was in Shahroud 13
with a decrease of 36.85%. The lowest decrease in RWC was also observed in the GN rootstock with a decrease
of 20.94%. Shahroud 13 and GN rootstock showed the highest and lowest electrolyte leakage at the highest
stress level, respectively. Karimi et al. (2013) also found a significant increase in EL in White, Mamai and
Ferragnes cultivars due to the higher sensitivity of these cultivars to water loss. The most difference in MDA
value was observed in Shahroud 13 with an increase of 186.35% and the lowest difference was found in
Shahroud 10 with an increase of 84.58%. Shahroud 6 produced the highest content of proline under severe water
stress. According to the results, Shahroud 13 and then Shahroud 6 were recognized as the most sensitive
cultivars. Shahroud 8 and 12 were among the tolerant cultivars. Other cultivars were also between these two
groups.

Conclusions
Shahroud 13 was recognized as the most sensitive cultivar with the lowest fresh and dry weight, RWC and
the highest ion leakage and MDA at the most severe stress level. After that, Shahroud 6 had high sensitivity.
Shahroud 8 was recognized as the most drought tolerant cultivar due to its lowest MDA content, the highest
chlorophyll a and b and RWC in the most level of drought. After Shahroud 8, Shahroud 12 was including the
tolerant cultivars. Tolerant cultivars can be used in future studies to evaluate the possibility of planting these
cultivars in areas with water shortage problems.
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Table 1- Physico-chemical properties of the soil of experimental site during two studied years
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Table 2- The effect of drought stress and cultivar grafted on the GNrootstock on some vegetative characteristics of almond

(G“[’)’r ;;’]fs't‘;:;:) (j‘;‘l‘; o el o B 0l algp el S Le;{:b‘;’:i;;on
capacity) Cultivar/ rootstock  Shoot fresh weight (g)  Shoot dry weight (g) (%)
% 59,mls° Sh 6 943+136.11 534.83+110.26 0.45+0.05
Y ag,mls” Sh7 987.33+136.23 514.83+107.99 0.38+0.01
A dg,nls” Sh8 964.66+136.27 496.50+107.68 0.32+0.05
0% Ve 3g,ls° Sh10 945.33£136.12 491.83+111.54 0.31+0.02
VY dg,nls° Sh 12 883.33+136.14 500.50+107.82 0.31+0.01
WY dg,mls” Sh 13 872.66+138.89 497.83+108.88 0.54+0.09
Y3 ag,mls” Sh 21 908.33+136.70 493.16+114.88 0.39+0.03
o> GN 935.33+136.42 523.500+108.98 0.36+0.03
% 59,ml5° Sh 6 888.33+135.94 483.00+£105.20 3.03+0.09
Y ag,mls° Sh7 931.66+136.05 462.00+£103.95 3.11+0.08
A dg,nls” Sh8 910.00+135.99 479.33£102.51 2.19+0.05
0% Ve dg,mls” Sh 10 907.00+135.92 481.00+101.89 2.41+0.4
VY dg,mls° Sh 12 858.00+135.97 474.33£102.51 2.36+0.3
WY dg,mls° Sh 13 811.33+140.21 464.00+£102.64 4.04+0.5
Y3 ag,mls° Sh 21 932.33+137.59 448.00+£102.37 3.53+0.2
ol GN 899.33+135.97 491.00+£102.97 2.26+0.15
% 59,mls° Sh 6 802.66+132.36 450.331£96.92 13.49+2.30
Y 5g,mls° Sh7 845.66+132.59 434.00+£96.08 13.02+£1.95
A dg,nls” Sh8 843.33+132.57 545.66+96.15 9.09+£1.02
30% Ve dg,mls” Sh 10 829.33+132.41 447.331£95.76 9.34+1.23
VY 5g,mls° Sh 12 785.00+132.98 441.66196.75 9.27+2.66
WY dg,mls° Sh 13 685.33+133.63 417.00495.87 15.35+3.65
Y3 ag,mls° Sh 21 802.33+132.34 407.00+98.06 13.59+3.21
ol GN 815.00+132.22 476.331£95.70 9.12+2.88
¥ 59,0l5° Sh 6 695.66+£132.19 418.66+90.57 32.54+5.12
Y 59,mls° Sh7 729.00+132.36 397.33+92.86 31.52+4.75
A dgynls” Sh8 785.00+132.22 435.66+91.02 20+2.56
10% N+ 59,0l3° Sh10 720.00£132.97 417.33+91.13 21.13+4.19
VY 5g,mls° Sh 12 692.66+132.25 419.66+90.85 20.06+2.74
WY dg,mls° Sh 13 601.00+132.49 364.66+91.68 38.25+6.67
Y3 ag,mls” Sh21 684.66+132.25 373.66+90.84 35.26+4.76
o> GN 764.66+132.21 441.33195.35 20.01+3.67
LSD (p<0.05) 1.25 0.85 0.52
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Figure 1- The effect of year on the fresh and dry weight of almond arial organs (LSD, p<0.05)

40 -

N N w w
o [, o [0
1 1 1 1

Sy o
Leaf area (cm?)
e

EYearl J, Ju
“Year 2 e3> b

T

Sh8

1 0 i o
5 -
0 - e e o o o o

T

Sh10 Shi2 Shi3 Sh21 GN

Juo g u‘"f)‘. Thw 2 GN b (59, 0346 Wign pl3L o3, 51 =Y JSuo
Figure 2- The effect of almond cultivar grafted on the GN rootstock on the leaf area during two years (LSD, p<0.05)
(Sh=Shahrood)
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Figure 3- The effect of drought levels on the leaf area of almond cultivars grafted on GN rootstock (LSD, p<0.05)
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Table 3- The effect of drought stress and cultivar grafted on the GN rootstock on some physiological characteristics of almond

M(::l‘f::r“ b 13, a by I8 b Judg 5 JS by ks Sl (o Sl
- . Chlorophylla  Chlorophyll b Total Chlorophyll  Relative water content
Drought stress Cultivar/ rootstock (Mg.g™ FW) (Mg.g™ FW) (mg.gt FW) | (%)
(% field capacity)

70% % 54,ml5° Sh 6 7.14+0.39 2.72+0.24 9.87+0.54 74.61+0.46

Y 54,mls° Sh7 6.53+0.52 2.42+0.21 8.96+0.23 78.70+0.52

Asgmls Sh8 8.71+0.27 2.34+0.08 11.06+0.24 76.93+0.51

V- 39,0l5° Sh 10 6.83+0.34 2.28+0.26 9.11+0.35 74.90£0.53

VY 59,0l ° Sh 12 7.72+0.27 2.39+0.11 10.11+0.11 68.53+0.45

WY dg,mls” Sh 13 7.42+0.47 2.24+0.37 9.67+0.13 66.15+0.59

Y3 ag,mls” Sh 21 6.36+0.40 2.08+0.45 8.45+0.09 71.23+1.05

o> GN 8.31+0.17 2.59+0.16 10.90+0.26 73.83+0.65

50% % 5q,mls° Sh 6 6.57+0.46 2.25+0.18 8.83+0.08 69.50+0.51

V39,3 Sh7 5.85+0.35 2.09+0.21 7.94+0.32 73.74+0.60

Asgmls Sh8 8.27+0.29 2.26+0.10 10.54+0.14 71.80+0.89

Ve 39,l3° Sh10 6.85+0.28 2.27+0.12 9.13+0.13 71.28+0.93

VY 29,0l5° Sh 12 7.41+0.19 2.20+0.09 9.62+0.52 66.44+0.43

WY 29,0l Sh13 6.22+0.35 2.05+0.35 8.27+0.21 59.99+0.64

Y\ 59,0ls° Sh21 5.96+0.29 1.93+0.17 7.89£0.32 73.83+1.71

o> GN 8.20+0.25 2.37+0.14 10.58+0.41 70.52+0.42

30% % 59,mli° Sh 6 5.92+0.68 2.10+0.12 8.02+0.25 61.73+0.68

¥ 29,0l5° Sh7 5.35+1.92 1.93+0.13 7.28+0.13 66.38+0.84

Agpls’ Sh8 7.75+0.28 2.17+0.07 9.93+0.07 65.76+1.18

Ve 29,0l Sh 10 6.12+0.59 2.09+0.08 8.22+0.12 64.27+0.96

VY 29,0l5° Sh 12 7.05+0.15 2.03+0.18 9.09+0.36 59.99+1.45

WY g0l Sh 13 6.06+0.42 1.79+0.13 7.85+0.62 49.86+2.04

Y3 29,0l Sh21 6.60+0.47 1.70+0.26 8.31x24 61.67+0.69

o> GN 7.43+1.85 2.400.07 9.38+0.21 63.01+0.45

10% % 59,mli° Sh 6 5.63+0.50 1.92+0.11 7.55+0.52 51.30+0.34

Y 39,0l Sh7 4.97+0.64 1.68+0.21 6.65+0.58 54.79+0.64

Agpls® Sh8 7.48+0.37 2.07+0.08 9.560.45 60.27+0.52

Ve 39,0l Sh 10 5.52+0.98 1.88+0.23 7.400.61 53.72+1.69

VY 39,0l5° Sh 12 6.40+0.70 1.97+0.10 8.37+0.32 51.07+0.35

WY a9l Sh 13 5.52+1.05 1.41+0.17 6.94x0.14 41.77£1.13

Y\ 59,0l3° Sh21 4.89+0.68 1.47+0.13 6.37+0.16 50.19+0.64

S GN 7.23+0.52 2.01+0.38 9.25+0.24 58.37+0.39

LSD (p<0.05) 0.25 0.18 0.05 0.56
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Table 4- The effect of drought stress and cultivar grafted on GN rootstock on some physiological characteristics of almond

(s b mo ) (b 038wl st G el o

Drought stress (% field capacity) Cultivar/ rootstock  Electrolyte leakage (%) (umol.g FW)  (mg.g’t FW)
70% ¥ 54,l5° Sh 6 15.62+0.07 12.77+0.91 26.46+2.25
Y 54,mls° Sh7 13.34+0.08 12.89+0.88 19.81+0.27

A dg,nls” Sh8 13.01+0.09 12.01+0.85 25.03+0.23

N+ dg,mls” Sh 10 12.39+0.11 13.95+0.95 22.85+0.19

VY dg,mls° Sh 12 14.28+0.08 11.82+0.88 25.97+0.70

WY dg,mls” Sh 13 14.72+0.08 14.58+0.86 24.70+0.33

Y3 ag,mls° Sh 21 14.46+0.08 15.98+0.87 19.39+0.77

o> GN 12.84+0.06 11.85+0.88 24.03+0.38

50% ¥ 5¢,l5° Sh 6 17.37+1.56 13.21+1.88 32.08+0.72
Y ag,mls° Sh7 19.18+1.46 13.48+1.90 25.00£0.73

A dg,nls” Sh8 18.37+1.56 13.51+1.92 27.19+1.06

Ve dg,mls” Sh 10 17.35+1.49 14.56+1.90 29.84+0.28

VY dg,mls° Sh 12 19.14+1.45 13.18+1.96 29.16+0.57

MY dg,mls° Sh 13 24.15+1.45 15.39+1.95 28.02+0.71

Y3 ag,mls” Sh21 18.48+1.45 16.49+1.89 25.73+0.26

ol> GN 16.39+1.52 13.31+1.94 31.10+0.67

30% ¥ 59,0l5° Sh 6 37.97+1.23 21.55+1.11 38.80+1.10
Y 59,mls° Sh7 39.19+1.46 17.55+1.03 34.68+0.34

A dg,nls” Sh8 38.61+1.33 16.84+1.04 33.03+0.72

Ve dg,mls” Sh 10 34.57+1.29 17.47+1.02 39.82+0.96

VY 5g,mls° Sh 12 34.48+1.45 16.85+1.02 36.83+0.16

MY dg,mls° Sh 13 57.44+4.90 20.45+1.35 36.00£0.35

¥\ s9pmls Sh21 41.031.85 21.42+1.14 31.73+0.28

ol> GN 33.62+1.24 17.53+1.04 38.22+1.09

10% % 39mls” Sh6 55.28+1.34 36.08+0.98 63.17+1.16
Y 59,mls° Sh7 54.63+1.22 38.22+0.97 51.79+0.30

A dg,nls” Sh8 44.60+1.33 25.13+0.97 59.89+0.24

N+ 39l S 10 48.53+1.27 25.75+0.97 54.82+1.31

VY 5g,mls° Sh 12 44.31+£1.26 26.76+1.09 51.97+0.80

Y 59,0l Sh13 66.99+1.23 41.75+1.05 57.30£2.12

Y3 ag,mls” Sh21 59.73+1.19 38.95+0.98 47.74+1.23

ol> GN 43.94+1.23 25.75+0.96 52.80+0.23

LSD (p<0.05) 0.84 1.02 0.51
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Figure 4- The ffect of year on some physiological traits of almond (LSD, p<0.05)
(T ch=Total Chlorophyll, Chl a=Chlorophyll a, Chl b=Chlorophyll b, RWC=Relative water content, EL=Electrolyte leakage,
MDA= Malondialdehyde)
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