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Effects of water stress and orchard management on morphological, physiological and

quality characteristics of Shahroudi almond cultivar 12
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Abstract

In order to evaluate the effect of combining orchard management practices with efficient irrigation systems on
increasing yield in almond orchards, an experiment was conducted in split plots with randomized block design and
three replications at almond station of the Agricultural and Natural Resources Research and Education Center of
Chaharmahal and Bakhtiari province. The main plots included orchard management and the subplots included full
irrigation treatment, supplying water at 100% of the estimated water requirement at all growth stages, and low
u'n%at_lon treatment (supplgm water at only 50% of the estimated water requirement for 1rrigation). The cultivar
used in this project was Shahrood 12, grafted onto GN rootstock. After the treatment, growth, reproductive,
phystolo%n:al traits and nutrient concentrations were measured in the seedlings under study. The results showed that
the morphological traits of tree crown length and width, branch length and diameter, and leaf length and width were
affected by low irrigation and this treatment reduced all of the above factors. Also, low irrigation treatment reduced
fruit length and diameter and function. Also, low irrigation treatment caused a decrease in the concentration of
copper, zing, iron, manganese, phosphorus, and an increase in potassium in the leaves. Also, low water caused an
increase in leaf proline and a decrease in leaf water.

Keywords: Almond, Low Irrigation, Growth, Physiological Traits, Nutrients.
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This study evaluated the climatic suitability of several almond cultivars that
flower at different times: Sefied, which flowers early, Mamaei and Rabie, which
flowers in the middle, and Shahroud 7 and 12, which flowers late. The
phenological stages of almond trees were first identified using prior research and
discussions with provincial horticultural experts. After gathering long-term
climate data, the climate requirements of almond plants were compared with the
regional climate factors. Subsequently, the climatic suitability classes were
identified, and a corresponding map was created. The evaluation of climatic
suitability for early-flowering cultivars revealed that the province's climate
presents severe to very severe limitations for growing and cultivating this crop,
with a large percentage of the province (roughly 53.3%) experiencing very severe
limitations, meaning that the climate is unsuitable for these cultivars. The climate
of the province for mid-flowering almond cultivars varies with regions
categorized into severe limitations, very severe limitations (correctable), and non-
correctable very severe limitations. Nonetheless, the majority of the province's
counties are classified as S3 suitability class (severe limitation) for cultivating
and developing mid-flowering cultivars. For late-flowering cultivars, the climate
of the province across all counties falls within the S3 suitability class. Therefore,
the climatic suitability of a region varies not only for each plant but also for
different cultivars of the same plant. Additionally, the most limiting climatic
parameter is the average minimum temperature during the flowering stage. In
order to maximize production and lessen climate-related constraints, the study
emphasizes how crucial it is to choose suitable almond cultivars based on
blooming timings and local climate conditions, especially the average minimum
temperature during the flowering stage.

Cite this article: Mosleh Ghahfarokhi, Z., Mousavi, A. (2024). Evaluating Climatic Suitability for Various Almond Cultivars under
Rainfed Conditions in semiarid regions of Iran. DESERT, 29 (2), DOI: 10.22059/jdesert.2024.100470
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Abstract: Identifying and selecting almond cultivars with drought tolerance traits is crucial
for developing more resilient cultivars, especially in regions prone to water scarcity or facing
changing climate conditions. In this study, the physiological and biochemical responses of
different almond cultivars to water stress were evaluated using a randomized complete
block design (RCBD) with three replications at the Agricultural and Natural Resources
Research Center of Chaharmahal and Bakhtiari Province, Shahrekord, Iran, during the 2020
and 2021 growing seasons. During each season, the drought stress treatments were applied
for four months prior to the collection of leaf tissue and assessment of the physiological
and biochemical traits of the treated trees. In general, significant differences were observed
for the different effects considered in the fitted model (years, repetitions, cultivars, drought
treatments). The relative water content, as well as the chlorophyll a and b contents in the
leaves of the evaluated cultivars, significantly decreased with increasing stress intensity.
However, the total phenol content and the activities of antioxidant enzymes increased in
response to drought stress. There were considerable differences in the studied cultivars’
responses to increasing drought intensity. According to the results, cultivars “Shahrood
8”, “Garnem”, and “Shahrood 12” demonstrated a high antioxidant capacity and the
highest resistance, as observed through a smaller reduction in the relative water content
under severe drought stress compared with the other cultivars. These results provide
valuable insights that contribute to the development of more resilient almond cultivars
and rootstocks, particularly in regions susceptible to water scarcity or those experiencing
changing climatic conditions.

Keywords: fruit trees; antioxidant enzymes; water deficit; osmolytes; rootstocks

1. Introduction

Water scarcity in arid and semi-arid regions is the primary limiting factor affecting
the yield and production of various horticultural crops, with the global reduction in water

Plants 2025, 14, 734
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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 ef 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 ef 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.

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
BY 4.0 International License (CC BY 4.0).
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Study on Some Morphological Characteristics
of Progenies from Controlled Crosses in
Almond Commercial Cultivars

(Prunus dulcis Mill.)

Asghar MOUSAVT*
Maryam TATARE (E5)

Summary

Some phenological and morphological characteristics in three populations (150
progenies from each population) were evaluated with cross combinations of ‘Sefied’
(male)x'Shahrood-16' (female), ‘Shahrood-12' (male)x'Shahrood-16' (female) and 'Marcona'
(male)x'Shahrood-12' (female). Progenies showed a significant difference in most traits such
as seedling height, leaf area, growth vigor, trunk diameter, branch density and angle as well as
leafing date. According to the results of descriptive statistics, high diversity coefficients among
populations and evaluated traits were observed. The results of simple correlation analysis
showed significant correlations between some leaf characteristics and growth parameters,
such as seedling height, trunk diameter, and canopy width. There was a significant correlation
between branch angle, seedling height, and canopy width with growth habit. The results
of the principal component analysis showed that five main and independent components
described 71.9% of the variance, and the seedling height, growth vigor, leaf area, canopy
width, and leafing date traits showed a high correlation in the main components. Cluster
analysis between populations based on all traits showed that the first and second populations
with the same female parent (‘Shahrood 16') had higher similarity than the third population.
The cross-combinations with the same female parent were placed in the same group, which
shows the female parent has more effect than the male parent in the inheritance of traits.

Key words

almond, cluster analysis, correlation, diversity, population
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ARTICLE INFO ABSTRACT

Keywords: Due to its health and economic significance, almond (Prunus sp.) is largely grown in the arid and semi-arid areas.
Genetic differences Drought stress affecting morphological and physiological characteristics of 14 young almond genotypes, during
Grafting

middle- and late-growth stages, was investigated in the field. The experiments (2020 and 2021) were split plot
on the basis of randomized complete block design (RCBD) with three replicates investigating irrigation at 70 and
30 % of field moisture capacity (main factor) and 14 genotypes of almond vegetative rootstock (sub-factor)
grafted on GN rootstock. Almond genotypes responses were different to drought stress. Although control treat-
ment resulted in the highest height, stem diameter and leaf area of genotypes, drought stress significantly
reduced growth of almond trees and increased leaf abscission. Considerable variations were observed among
almond genotypes in terms of H202, and nutrient contents, during growing season in both years. Stressed
Mamaei genotype with the least growth rate had the highest H202 content (19.99 pmol g~ FW). Plant nutrient
uptake (excluding K and Fe) decreased in stressed genotypes. N content of GN genotype was the highest by
control (3.54 %) and stress (2.52 %) treatments. Growth stage stress significantly affected plant growth and
nutrient uptake. The highest Fe content was obtained in stressed GN genotype, and stressed Shahrood 13 and
Shahrood 7 genotypes had the lowest Fe contents in both growth stages. Planting the most tolerant almond
genotypes along with K fertilization may be one of the most effective methods to enhance almond growth and
physiology in drought stressed conditions.

Leaf abscission
Reactive oxygen species
Soil moisture

Stress tolerance

1. Introduction conditions, plant type and growth stage [4-6].

The comprehensive understanding of plant response to drought

Drought stress, as one of the most important environmental stresses
in agricultural systems, has been the center of attention by researchers.
Due to the significant reduction of plant growth and yield production in
drought stress conditions, researchers have been looking for the
methods, which may result in the production of the most tolerant plant
species [1,2].

In drought stress conditions, water availability and nutrient uptake
significantly decreases resulting in the reduction of plant growth and
yield production. The stress avoidance or stress tolerance are the main
physiological mechanisms by which plants tolerate drought stress con-
ditions [3]. However, drought intensity and duration determine plant
response to water deficit conditions affected by environmental

* Corresponding author.

stress is a function of different agro-physiological traits determining
plant tolerance threshold [7,8]. Accordingly, it would be possible to
develop the strategy of deficit irrigation for a more efficient consump-
tion of water by plant so that the minimum yield reduction is resulted
[9]. The main mechanisms that induce plant drought tolerance are: 1)
alteration of morphological properties and nutrient uptake, 2) osmotic
regulation [10], 3) scavenging reactive oxygen species [11], and 4)
adjusting stomatal conductance and transpiration for the reduction of
water loss [12,13].

Investigating the morphological, physiological and biochemical re-
sponses of tolerant plant species under drought stress can increase our
knowledge about the related tolerance strategies. The reduction of plant

E-mail addresses: kazemkazem1357@iau.ac.ir, mehrab_yadegari@yahoo.com (M. Yadegari).
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Biological and life table parameters of the mealy almond aphid,
Hyalopterus amygdali, on five commercial cultivars of almonds

under laboratory conditions

Fatemeh Momeni Shahrakil, Zarir Saeidi*' and Majid Kazazi'

1. Department of Plant Protection, Faculty of Agriculture, Bu-Ali Sina University, Hamedan, Iran.
2. Department of Plant Protection, Agricultural and Natural Resources Research and Education Center, Chaharmahal va

Bakhtiari, AREEO, Shahrekord, Iran.

Abstract: The mealy almond aphid, Hyalopterus amygdali (Hemiptera:
Aphididae), is an important pest that causes severe damage to almond in
Iran. This research studied the life table and population growth parameters
of H. amygdali on five almond cultivars: *Mamaei’, ‘Rabie’, ‘Ferragnes®,
*Shahrood 77, and *Shahrood 21°. The experiment was conducted in an
incubator at25 + 1 °C, 50 = 5% RH, and a photoperiod of 14:10 hours (L:D).
The data were analyzed using the Two-Sex MSChart program. Based on the
results, the longest lifespan of the adult aphid was recorded on *‘Mamaei’
(4.11 days), while the shortest was on *Shahrood 21 cultivar (1.89 days).
The net reproductive rate (Ro) ranged from 6.42 for *Mamaei’ to 0.2 nymphs
per individual in *Shahrood 21°. *Mamaei’ cultivar showed the highest
values of the intrinsic rate of increase (7:,) and the finite rate of increase (4)
(0.245 and 1.278 day™!, respectively), along with the shortest duration of the
immature stages (5.79 days). In contrast, *Shahrood 21° showed the lowest
values of 7, and A (-0.183 and 0.832 day™!, respectively) and the longest
duration of the immature stages (7.72 days). Based on the findings,
‘Mamaci’ and “Shahrood 217 cultivars were considered the most suitable and
unsuitable hosts for the development and reproduction of H. amygdali,
respectively.

Keywords: Hyalopterus amygdali, Population growth, Reproduction, Prunus
dulcis, Two-sex analysis

Introduction

Among the various tree nuts, almond Prunus
dulcis (Mill) D. A. Webb is the second most-
consumed worldwide. The United States of
America and Spain are the world's main
producers of this crop, whereas Iran ranks
fifth, with a cultivation area of 182,000
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hectares and production of 142,000 tons
(DPEIC, 2019).

This crop is infested with various aphid
species. Among the 21 aphid species that feed on
almond trees worldwide, Hyalopterus amygdali
(Blanchard, 1840) is described as the dominant
species (Blackman and Eastop, 2024). The
almond trees in Iran are greatly affected by this
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Foamy Bacterial Canker of Almond Caused by Lonsdalea britannica in Iran
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Abstract

Almond cultivation in southwestern Iran, accounting for more than
30% of the national production, is currently threatened by an emerging
bacterial disease. During 2023 to 2025, a comprehensive survey was
conducted across 11 districts in Chaharmahal va Bakhtiari and Isfahan
provinces to investigate the distribution and etiology of this condition.
Affected trees exhibited foamy bacterial canker, characterized by the
profuse exudation of viscous, amber-colored gum containing nu-
merous air bubbles from bark cracks and pruning wounds. Symptoms
typically emerged in late spring and progressed rapidly during high
summer temperatures, leading to sunken necrotic lesions and exten-
sive internal woody discoloration. Infected trees often showed canopy
dieback and succumbed to the disease within 2 to 3 years. From

259 symptomatic samples, a gram-negative bacterium was consis-
tently isolated (yielding 118 isolates) and identified as Lonsdalea
britannica based on phenotypic traits and multilocus sequence anal-
ysis of the 16S IRNA, gyrB, and fIhD genes. Pathogenicity was con-
firmed through detached shoot assays on almond cultivars Ferragnes
and Mamaei and greenhouse inoculations on seedlings, fulfilling
Koch’s postulates. This study constitutes the first confirmed re-
port worldwide of L. britannica causing foamy bacterial canker on
almond, highlighting a significant biosecurity threat to the almond
industry.

Keywords: almond, canker, foamy, gum, Iran, Lonsdalea britannica

Almond (Prunus dulcis (L.) Batsch) is a cornerstone of Iranian hor-
ticulture, with cultivation spanning approximately 185,000 ha and an
annual production of roughly 148,300 metric tons (Statistical Yearbook
of the Ministry of Agriculture of Iran 2023). The semiarid provinces of
Chaharmahal va Bakhtiari and Isfahan in southwestern Iran are the
primary production hubs, ranking first and second in national production
and accounting for more than 30% of the total output (FAO 2023). In
these regions, the prevailing climatic conditions—characterized by cold
winters and hot, dry summers—subject almond trees to various envi-
ronmental stressors that can predispose them to bacterial diseases,
particularly those causing cankers on trunks and scaffold branches
(Amanifar 2024).

Bacterial canker represents a major constraint to almond pro-
duction worldwide, especially under conditions of climatic and en-
vironmental stress. Recent studies emphasize that the incidence and
severity of bacterial cankers are increasing globally, paralleling
trends observed for acute oak decline in European forests (Bene et al.
2025). In Iran, Pseudomonas syringae pv. syringae has historically
been regarded as the primary causal agent of almond bacterial canker
and has frequently been associated with frost injury and typical
canker symptoms (Abbasi et al. 2013; Amanifar 2020; Nosratnezhad
et al. 2018). However, during the past decade, surveys of Iranian
almond orchards have revealed an increasing diversity of bacterial
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agents associated with canker and decline symptoms. In addition to
P. syringae pv. syringae, other pathovars and species, including
P. syringae pv. morsprunorum, P. syringae pv. persicae, P. viridiflava,
Xanthomonas arboricola pv. pruni, as well as yeast species, have been
reported from affected trees (Amanifar 2023, 2024; Bophelaet al. 2020,
Hulin et al. 2020).

In recent years, an emerging and highly destructive syndrome,
termed foamy bacterial gummosis canker, has been increasingly
observed in almond orchards across southwestern Iran. Notably, this
syndrome shares several key symptom characteristics with acute oak
decline (AOD), including deep longitudinal bark cracks and abun-
dant viscous exudation associated with necrotic lesions, often de-
veloping under environmental stress conditions (Bene et al. 2025).
However, unlike the dark stem bleeding typically describedin AOD,
the exudate observed in almond frequently shows a conspicuous
foamy appearance. Disease symptoms are distinct and typically
manifest in late spring, progressing rapidly during the peak summer
heat. Affected trees exhibit sunken, necrotic bark lesions and deep
longitudinal cracks in the cortex, often reaching the vascular tissues.
A hallmark of this disease is the profuse exudation of viscous, amber
to reddish-orange gum characterized by the presence of numerous air
bubbles, creating a foamy appearance. These symptoms often lead
to canopy dieback and, in severe cases, the death of mature trees
within a few seasons, posing a significant threat to the regional al-
mond industry. Bacterial isolates obtained from symptomatic tissues
were gram-negative, rod-shaped, and nonfluorescent and produced
smooth, cream-white colonies on general culture media. Based on
phenotypic characteristics and molecular analyses, these isolates
were identified as members of the genus Lonsdalea (Amanifar
2023).

The genus Lonsdalea, belonging to the family Pectobacteriaceae,
comprises gram-negative, rod-shaped bacteria primarily associated
with canker, bleeding, and decline diseases of woody hosts. Formerly
classified within the genera Erwinia and Brenneria, Lonsdalea
was established as a distinct genus based on multilocus phylogenetic
and genomic analyses (Brady et al. 2012). Subsequent taxonomic
studies, particularly the comprehensive revision by Li et al. (2017),
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