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ABSTRACT
Oak decline is a major concern in Iran. A literature search with the terms ‘Iran’ AND ‘oak’ OR ‘Quercus’ from 1963 through 2023 
resulted in 635 articles with over 200 dealing specifically with oak decline. In Iran, oak decline is most severe in the Zagros forests, 
followed by the Arasbaran and Hyrcanian forests. Of Iran's 11 native oak species, Quercus brantii is the most affected. Several 
factors have been identified as contributing to oak decline in Iran. Some economic and social factors include high rural unem-
ployment, livestock overgrazing and uncontrolled cutting of live tree branches with the wood used for firewood and foliage used 
as food for farm animals. These pruning wounds can serve as entry points for pathogens and attract insects. Important abiotic 
factors included extended drought, increasing air temperature and wind speed, and increased levels of airborne dust and heavy 
metals. Important pathogens identified in the early 2000s included Armillaria mellea and charcoal rot fungus (Biscogniauxia 
mediterranea). More recently, many other fungal pathogens (e.g., Discula quercina, Neoscytalidium dimidiatum, Obolarina per-
sica, Paecilomyces formosus and Phaeoacremonium tuscanicum) and bacterial pathogens (e.g., Bacillus pumilus, Brenneria good-
winii, Gibbsiella quercinecans, Rahnella victoriana and Stenotrophomonas maltophilia) were found in association with declining 
oaks. Among the insects, severe oak defoliation has resulted from various Lepidoptera in the families Erebidae, Geometridae and 
Tortricidae. Similarly, several bark- and wood-boring beetles in the families Buprestidae and Cerambycidae were reported from 
declining oaks, with the buprestid Agrilus hastulifer being one of the most common. It is hoped that this review will improve our 
understanding of the many factors involved in oak decline in Iran and promote the development of management strategies.

1   |   Introduction

The forests of Iran are among the oldest in Asia and are often 
considered a national treasure (Sagheb Talebi, Sajedi, and 
Pourhashemi 2014). The forests of Iran occupy about 12.4 mil-
lion ha (7.4% of Iran's territory) and are generally divided into 
five regions, including the Hyrcanian forests (1.9 million ha) 
in northern Iran along the Caspian Sea, the Arasbaran for-
ests (150,000 ha) in northwestern Iran, Irano-Turanian arid 
forests (2.9 million ha) in the central plateau region, Zagros 
forests (5.05 million ha) in western Iran and the tropical arid 

forests (2.4 million ha) near the Persian Gulf and Sea of Oman 
(Rouchiche and Haji Mirsadeghi  2004). The principal oak 
(Quercus) forests of Iran are in the Arasbaran, Hyrcanian and 
Zagros regions (Sagheb Talebi, Sajedi, and Pourhashemi 2014). 
Table  1 provides information on various geographic and cli-
matic variables for these three oak-dominated forest regions. 
There is wide variation in annual rainfall, annual tempera-
ture and annual evapotranspiration in each of these three 
regions (Table  1), which reflects their wide range of eleva-
tions and precipitation patterns (Sagheb Talebi, Sajedi, and 
Pourhashemi 2014).
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The Arasbaran forests are found in the Iranian province of 
East Azerbaijan (Lyubarsky and Ghahari  2020), whereas 
the Hyrcanian forests are distributed across five Iranian 
provinces, including (from east to west) North Khorasan, 
Golestan, Mazandaran, Gilan and Ardabil. The Zagros for-
ests cover much of the Zagros Mountains, stretching about 
1300 km across 10 provinces, which are (north to south) West 
Azerbaijan, Kurdistan, Kermanshah, Lorestan, Chaharmahal 
and Bakhtyari, Kohgiluyeh and Boyerahmad, Ilam, Khuzestan, 
Esfahan and Fars (Figure 1).

Given the vastness of the Zagros forests, and the fact that most 
reports of oak decline are from this area, the focus of this article 
will be on the Zagros forests. The Zagros forests occur in a semi-
arid region of Iran where about 10% of Iran's population lives 
(Mehdi et al. 2012). The Zagros forests are the main watersheds 
for six rivers: Little Zab, Sefidroud, Persian Gulf (Karkheh), 
Dez, Simereh and Hendijan, which account for about 40% of 
Iran's surface waters. Water from these rivers is used to irrigate 
much of Iran's dry central plateau (Jazirehi and Rostaghi 2003). 
Therefore, reductions in forest cover of the Zagros region could 
negatively impact surface water reserves for vast areas of Iran 
(Badrifar 1989; Massoudi Nejad, Azary, and Khatiby 2007). In 
addition to concerns about water quantity, deforestation also 
impacts water quality, temperature and sedimentation rates 
(Khaledian, Kiani, and Ebrahimi  2012; Mostafavi et  al.  2021; 
Sadeghi, Khazayi, and Mirnia  2022). Also, the Zagros forests 
have important roles in soil conservation, climate moderation, 
carbon sequestration, removal of air pollutants, providing raw 
materials for medicines and food products for humans and an-
imals, and providing many employment opportunities in the 
tourist and forest products industries (Hashemi et  al.  2013; 
Naghavi et al. 2009; Sabernasab et al. 2019a).

There are at least 11 native oak species in Iran (Panahi and 
Jamzad 2018). The species, without considering subspecies or vari-
eties, in the subgenus Cerris are Q. apiculata Djav.-Khoie, Q. brantii 

Lindl., Q. castaneifolia C.A.Mey. Q. libani Olivier, Q. magnosqua-
mata Djav.-Khoie, Q. ophiosquamata Djav.-Khoie and Q. saei 
Djav.-Khoie, and similarly those in the subgenus Quercus include 
Q. infectoria Oliver, Q. macranthera Fisch. & C.A.Mey. (ex Hohen),
Q. petraea (Mattuschaka) Leibel. and Q. robur L. (Panahi and
Jamzad 2018). The most common oak in the Zagros Mountains is
Persian oak (Q. brantii), being found over a wide range of altitudes 
and on many soil types (Fattahi 1994) (Figure 1).

2   |   Methods

We searched for pertinent literature in the Scopus (http://​
www.​scopus.​com) database for the period 1963 through 2023. 
Scopus, which began in 1963, covers the titles, keywords and 
abstracts for trade journals, books, conference proceedings and 
peer-reviewed literature (Pan et  al.  2021). To identify possible 
publications that dealt with oak decline in Iran, we required 
the keywords ‘Iran’ AND ‘oak’ OR ‘Quercus’ to appear in each 
publication. The search results were downloaded and con-
tained information on many topics, including document type 
and name (research article, review, book chapter and book), 
title, abstract, keywords, authors, year of publication and ref-
erences. We accepted publications written in any language. In 
addition to the Scopus search, we also conducted a targeted 
search with the same keywords in Persian scholarly databases, 
including Magiran, SID, Civilica, Academia and Irandoc. All 
documents were downloaded in the CSV format, which allows 
for citation analysis by VOSviewer (version 1.6.18) (Van Eck and 
Waltman 2010) to generate bibliometric networks that allow vi-
sualising literature hot spots and trends. We used the VOSviewer 
default parameters. For each term identified, a label and a circle 
were assigned, where the label font size and circle diameter were 
proportional to their frequency. In networks generated with 
VOSviewer, terms shown in the same colour tended to cluster 
together, with the shorter the distance between two terms in-
dicating a stronger relationship (Van Eck and Waltman 2010).

TABLE 1    |    Summary data for the three-principal oak-dominated forest regions of Iran based on Sagheb Talebi, Sajedi, and Pourhashemi (2014) 
and Yazdian (2011).

Parameter

Forest region of Iran

Arasbaran Hyrcanian Zagros

Size (million ha) 0.15 1.9 5.05

Percent of all forest land 1.2 15.4 40.7

Elevational range (m) 500–2200 0–2500 550–2400

Mean rainfall (mm/year) 300–600 530–2000 300–900

Mean evaporation (mm/year) 1300–2100 800–1800 1800–3300

Mean annual temperature (°C) 5°C–14°C 15°C–17.5°C 9°C–25°C

Common oak species Quercus macranthera
Quercus petraea

Quercus castaneifolia
Quercus macranthera

Quercus longipes
Quercus petraea

Quercus brantii
Quercus infectoria

Quercus libani
Quercus apiculate

Quercus magnosquamata
Quercus robur
Quercus saei

http://www.scopus.com
http://www.scopus.com
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Fefp.12898&mode=
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3   |   Results

3.1   |   Evolution of Oak-Related Research in Iran: 
1963–2023

During the period 1963–2023, 620 documents were identified in 
Scopus based on the keywords ‘Iran’ AND ‘oak’ OR ‘Quercus’. 
Overall, 595 of these 620 articles were in English, 18 in Persian 
and 7 in other European languages. The authors added 15 ad-
ditional articles that were all written in Persian and indexed in 
Persian scholarly databases listed above, but were not included 
in Scopus, making a grand total of 635 publications. The vast 
majority of the 635 articles dealt with oaks in the Zagros for-
ests (70%), with the remaining focused on the Hyrcanian (28%) 
and Arasbaran (2%). As for individual oak species, Q. brantii 
was mentioned most often (56%) in these articles, followed by 
Q. castaneifolia (23%), Q. infectoria (10%), Q. libani (6%), Q. mac-
ranthera (4%), and Q. suber, Q. petraea and Q. robur (all three
together ca. 1%). For the 44-year period of 1963 through 2006,
26 of the 635 papers were published, with the most in any sin-
gle year being 6 (Figure  2). Most of these early articles dealt
with pollen records of Lake Zeribar in the Zagros Mountains
and the Eastern Mediterranean region (El-Moslimany  1986;
Rossignol-Strick  1995; Stevens, Wright Jr, and Ito  2001; van
Zeist 1967; Van Zeist and Wright Jr 1963), effects of deforestation 
on soil physical and chemical properties (Hajabbasi, Jalalian,

and Karimzadeh  1997; Nael, Khademi, and Hajabbasi  2004), 
and faunistic surveys of cynipid oak gall wasps (Azizkhani 
et al. 2006). By contrast, during the period 2010–2023, there has 
been a steady increase in the number of publications per year, 
with the most (70) published in 2023 (Figure 2). For all 635 ar-
ticles, more than half (53%) were published during the 6-year 
period 2018–2023.

Figure  3 shows the various subject areas identified by Scopus 
for the 620 publications that contained the terms ‘Iran’ AND 
‘oak’ OR ‘Quercus’, with the three largest subject areas being 
‘Agriculture and Biological Sciences’ (42%), ‘Environmental 
Science’ (25%) and ‘Earth and Planetary Sciences’ (7%). Most 
publications dealing with biotic and abiotic factors associated 
with oak decline in Iran were in the category ‘Agriculture and 
Biological Sciences’. The largest number of articles published in a 
single journal appeared in the Journal of Forest Science (n = 17), 
followed by Zootaxa (14) and Forest Pathology (12). The leading 
Iranian provinces where studies on oak decline occurred were 
Ilam (15), followed by Lorestan (11) and Kermanshah (5), all of 
which contain portions of the Zagros forests.

Figure 4 was generated with VOSviewer, showing the interre-
lationships of the research topics covered in the 620 publica-
tions identified by Scopus for the terms ‘Iran’ AND ‘oak’ OR 
‘Quercus’ between 1963 and 2023. There were 261 research 

FIGURE 1    |    Outline map of Iran indicating the provinces where the major oak forests occur. The Arasbaran Forest is in province 6, the Hyrcanian 
Forest in 1–5, and the Zagros Forest in 7–14. The coloured triangles refer to specific oak spesices that are most common in each province. The 
names of the numbered provinces are: 1 = Golestan, 2 = Semnan, 3 = Mazandaran, 4 = Gilan, 5 = Ardabil, 6 = East Azerbaijan, 7 = West Azerbaijan, 
8 = Kurdistan, 9 = Kermanshah, 10 = Lorestan, 11 = Ilam, 12 = Chaharmahal and Bakhtiari, 13 = Kohgiluyeh and Boyer-Ahmad, and 14 = Fars. For 
the triangles, Blue = Quercus macranthera, Light blue = Quercus infectoria, Orange = Quercus castaneifolia, Grey = Quercus robur, Black = Quercus 
libani, Yellow = Quercus petraea and Red = Quercus brantii.

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Fefp.12898&mode=
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topics identified that appeared in at least five publications each, 
and together they formed seven clusters or themes (Figure  4). 
The five largest nodes represented, in decreasing order, the key-
words Iran, Quercus brantii, Zagros, oak and climate change 
(Figure 4). The first cluster (red) had 66 terms that were related 
mostly to forest ecosystems and soils, such as reforestation, 
biodiversity and soil properties. Most of these studies were con-
ducted in the Zagros and Hyrcanian forests. The second cluster 
(green) had 48 terms that dealt primarily with animals (mostly 
invertebrates). The third cluster (blue) had 44 terms that dealt 
primarily with the Zagros region, climate change, drought, 
oak decline, various pathogens and remote sensing. The fourth 
cluster (yellow) had 30 terms that focused on terms related to 
Quercus, Holocene, vegetation and pollen. The fifth cluster (vio-
let) had 28 terms that were related to individual oak species and 
medicinal plant products. The sixth cluster (light blue) had 23 
terms related to forestry such as biomass, conservation, coppice, 
forest management, regeneration and silviculture. The seventh 
cluster (orange) had 22 terms that focused mostly on the Zagros 
forest, dust storms, tree leaf area, tree growth rate and environ-
mental monitoring.

3.2   |   Brief History of Oak Decline

The term oak decline was used first in Germany, where the 
disease was reported as early as 1739 (González Alonso 2008). 
However, it was not until the 1980s when reports of oak 

decline started appearing at an increasing frequency around 
the world (Gottschalk and Wargo  1997; Haavik et  al.  2015; 
Houston  1987; Thomas, Blank, and Hartmann  2002). For ex-
ample, oak decline has been reported from Africa (Algeria 
and Tunisia), Eurasia (Austria, Azerbaijan, Belgium, Bulgaria, 
China, Croatia, Czech Republic, Finland, France, Germany, 
Greece, Hungary, India, Italy, Iran, Japan, Latvia, Moldova, 
Netherlands, Poland, Portugal, Ukraine, Romania, Russia, 
Serbia, Slovenia, South Korea, Spain, Sweden, Switzerland, 
Turkey and United Kingdom), North America (Canada, Mexico 
and United States) and South America (Colombia) (Bendixsen, 
Hallgren, and Frazier 2015; Jung, Colquhoun, and Hardy 2013; 
Kamata et  al.  2002; Oosterbaan and Nabuurs  1991; Ramirez 
Correa 1988). Oak decline appears to be multidimensional with 
many possible abiotic and biotic factors involved (Alexander 
and Lee 2010).

In Iran, there were reports as early as 2008 of oak decline, 
especially in the Zagros forests where over one million ha 
were affected (Sabernasab et al. 2020). Most of the declining 
trees in the Zagros forests were oaks, but several other woody 
plants have also been affected, including Acer monspessula-
num L., Anagyris foetida L., Prunus (Amygdalus) scoparia 
(Olivier) Meikle, Prunus (Cerasus) microcarpa C.A. Mey, 
Cornus mas L., Crataegus pontica K. Koch, Ficus carica L. and 
Pistacia atlantica Desf. (Jamali and Abbasi 2023; Rostami and 
Jamali  2023a, 2023b; Rouchiche and Haji Mirsadeghi  2004). 
Much research has been conducted on the abiotic and biotic 

FIGURE 2    |    Annual number of publications in Scopus related to the keyword's ‘Iran’ AND ‘oak’ OR ‘Quercus’ during the period 1963–2023. 
Scopus identified 620 publications. The authors added 15 more articles that were written in Persian for a total of 635. The red portion of each bar 
indicates the number of papers dealing with any aspect of oak decline in Iran as well as possible contributing factors such as insect and pathogen 
studies. The blue portion of each bar represents all other papers that were related to oaks and Iran. The table insert shows the total number of papers 
per year and the percent of those papers that were related to oak decline by year.

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Fefp.12898&mode=
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factors associated with oak decline in Iran, which we sum-
marise below.

3.3   |   Cultural, Social and Economic Factors

Prior to the early 2000s, most publications dealing with oak de-
cline in Iran discussed forest degradation in terms of economic, 
cultural and social factors. Some examples include high rural un-
employment, land-use change (e.g., conversion of forested areas 
into agricultural land), overgrazing by livestock, uncontrolled 
tree felling and pollarding, and gazou and mazouj production 
(Valipour et al. 2014). Pollarding (debranching and defoliation) 
is a common practice, using the wood as firewood and the foli-
age as animal fodder. The resulting pruning wounds can serve 
as entry points for pathogens and attract various insects, some 
of which can vector tree pathogens (Juzwik et al. 2011; Martín 
et al. 2005; Tiberi et al. 2016). Gazou is a leaf secretion that is col-
lected and dried during summer and used as food, while mazouj 
is a cynipid leaf gall on Q. infectoria trees that is collected and 
used for their tannin content in the adhesive and paint indus-
tries (Pourhashemi et al. 2004).

Forest fires have also been a major problem in the Zagros 
Mountains. About 15% of the fires in the Zagros forests are consid-
ered natural with the remaining 85% considered human-caused 
(Miraki et al. 2014). Fire frequency has increased in recent decades 

in Iran (Eskandari, Miesel, and Pourghasemi  2020). Studies 
have shown that forest fires can significantly affect the physi-
cal and chemical properties of the forest soils (Hemmatboland, 
Akbarinia, and Shafiei 2010; Mehdi et al. 2012). In addition, once 
an area is mostly deforested, studies have indicated decreases in 
soil organic carbon, basal respiration, potentially mineralisable 
nitrogen and l-asparaginase activity (Hajabbasi, Jalalian, and 
Karimzadeh 1997; Nourbakhsh 2007).

In many parts of the Zagros forests, natural oak regeneration 
from acorns is lacking, which is leading to reduced forested 
areas (Pourhashemi et al. 2018). Many oak trees in the Zagros 
forests have persisted because of their ability to resprout vege-
tative shoots (coppicing) after cutting. As a result, many of the 
oak trees appear stunted and poorly formed, which results in 
wood with little or no industrial value (Fattahi 1993). Some of 
the reasons for low natural regeneration include high acorn pre-
dation by wildlife (Gardiner and Oliver  2005) especially boar 
(Mohajer  1999) and livestock (Palmer et  al.  2004); low acorn 
production (Larsen and Johnson 1998); high weed competition 
(Mirkazemi 1997); high soil compaction (Tabari et al. 2007) and 
continued harvesting of mature oak trees (Parsapajoo  1994). 
In addition, low oak regeneration in Iran can be linked to high 
acorn infestation rates by insects such as larvae of the weevil 
Curculio glandium Marsham (Curculionidae) and the moth 
Cydia fagiglandana (Zeller) (Tortricidae) (Arefipour et al. 2005; 
Zargaran et al. 2018).

FIGURE 3    |    Pie chart depicting the subject areas for the 620 articles retrieved by Scopus for the period 1963–2023, using the keyword ‘Iran’ AND 
‘oak’ OR ‘Quercus’.

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Fefp.12898&mode=
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3.4   |   Climatic Factors

Climate change and global warming are important interna-
tional environmental issues (Costanza and Jorgensen  2002). 
In the Zagros region, several meteorological parameters have 
changed in recent decades, including increases in average 
air temperature, evapotranspiration, wind speed, and the De 
Martonne aridity Index as well as decreases in precipitation 
(Attarod et al. 2018, 2016). Such changes can impact timing of 
leaf flush, length of the growing season, acorn production and 
tree radial growth rate (Espelta et al. 2008; Nadi et al. 2017). 
Attarod et al. (2018) showed that air temperature was the most 
important meteorological parameter controlling timing of leaf 
burst and leaf fall. Hosseini, Hosseini, and Linares  (2019) 
reported that Q. brantii trees exhibiting decline had smaller 
leaves, lower leaf water content, and similarly, Jafarnia 
et  al.  (2018) recorded several morphological, physiological 
and biochemical changes in drought-stressed Q. brantii seed-
lings. Environmental stressors, such as drought and severe 
insect defoliation, promote many physiological and biochem-
ical changes in woody plants, which can weaken host plants 
and increase their susceptibility to secondary pathogens and 
insects (Haavik et al. 2015; Mattson and Haack 1987; Thomas, 
Blank, and Hartmann 2002).

Research has shown that increases in dust levels entering 
the Zagros forests can contribute to oak decline (Hagh-Doust 
et al.  2017; Moradi et al.  2017). Dust can affect oak trees by 

obstructing leaf stomata, which reduces gas exchange and 
photosynthetic rates (Fathizadeh et  al.  2017). High dust lev-
els coupled with drought add further stress to woody plants 
(Roshan, Rajaei, and Bozorgmehr 2015). Moreover, high dust 
levels can also affect endophytic fungi within oak leaves 
(Hagh-Doust et  al.  2017). The role of these fungal endo-
phytes can vary from mutualism to parasitism (Saikkonen 
et al. 1998). In addition, climate change may alter the pathoge-
nicity and prevalence of fungal endophytes (Bálint et al. 2015; 
Krabel, Morgenstern, and Herzog  2013). Other studies have 
shown that pollutants such as heavy metals are transported 
in dust storms and have increased in concentration on foli-
age and thereby negatively impact tree health (Kooh Soltani 
et  al.  2018; Nouri et  al.  2015). For example, foliar levels of 
cadmium and lead in declining oak trees were significantly 
higher than levels in foliage of nearby healthy trees. Cadmium 
and lead can reduce nutrient absorption by roots and thus neg-
atively affect tree health (Nouri et al. 2015).

3.5   |   The Relationship Between Oak Decline 
and Soil Properties

Several researchers have investigated oak decline in Iran in 
relation to various soil properties. In the study by Parvaneh 
et  al.  (2016), the number of trees with dieback symptoms in-
creased in plots with lower levels of soil moisture, carbon and ni-
trogen. However, in the study by Hosseini (2017), no significant 

FIGURE 4    |    Network visualisation based on co-occurrence of keywords in 620 articles published retrieved from Scopus between 1963 and 2023 
that dealt with the search terms ‘Iran’ AND ‘oak’ OR ‘Quercus’. Each node represents a keyword, with only those keywords shown that appeared in 
5 or more publications. Each of the seven clusters displayed in different colours represents a particular theme (see text for details).

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Fefp.12898&mode=
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differences were found in levels of soil moisture, nitrogen and 
phosphorus in the root zone between healthy Q. brantii trees and 
those exhibiting dieback. Similarly, Amir Ahmadi, Zolfaghari, 
and Mirzaei  (2015) found no significant relationship between 
the physical and chemical properties of the soil in areas with low 
versus high levels of Q. brantii decline. However, the amount of 
phosphorus in leaves of trees exhibiting dieback was higher than 
in leaves of healthy oak trees. An increase in foliar phosphorus 
concentrations in response to drought has been reported as a 
mechanism for coping with drought (Hosseini 2017; Sabaté and 
Gracia 1994).

3.6   |   Biological Factors—Insects

Several insect species are associated with oaks in Iran, including 
many defoliators and bark- and wood-boring insects (Table 2). 
Severe defoliation, especially when repeated over consecutive 
years, can stress trees and lead to attacks by secondary fungal 
pathogens and borers (Gottschalk and Wargo 1997; Kulman 1971; 
Wargo 1977). The most important oak defoliators in Iran are all 
species of Lepidoptera. One of the earliest reports of major oak 
defoliation was caused by Leucoma wiltshirei (Erebidae) on Q. 
brantii in the Zagros forests (Abai 1980) (insect authority names 
given in Table 2). Lymantria dispar (Erebidae) is another import-
ant oak defoliator in Iran reported first in the Arasbaran and 
Hyrcanian forests (Hajizadeh, Kavosi, and Jalilvand 2013) and 
more recently in the Zagros forests (Tavakoli, Hosseini-Chegeni, 
and Khaghaninia 2018).

The tortricid moth Tortrix viridana is an important oak defo-
liator in western Iran, and has caused heavy defoliation of Q. 
brantii, Q. infectoria and Q. libani especially during periods 
of drought (Alehossein, Saadati, and Hamzeh Zarghani  2013; 
Fazeli and Abai 1990; Gholami et al. 2022; Yazdanfar et al. 2015). 
An emerging pest in western Iran, the geometrid Agriopis besc-
hkovi, has caused severe defoliation of both Q. brantii and Q. 
infectoria (Petschenka, Tavakoli, and Trusch  2006; Zargaran 
et al. 2019). Several minor lepidopteran defoliators of Q. brantii 
have also been identified (Hosseini-Chegeni and Tavakoli 2023) 
(Table 2).

There are several bark- and wood-boring beetles (Coleoptera) 
associated with declining oaks in Iran, especially in the fami-
lies Buprestidae and Cerambycidae (Table 2). A survey in Ilam 
Province in western Iran showed that the buprestid Agrilus 
hastulifer was the dominant borer found in declining oaks 
(Rostamian et  al.  2017). Larvae of this buprestid, like most 
Agrilus, construct galleries in the cambial region of their host 
trees, and when attack densities are high, girdling of the infested 
branches and trunk can occur (Gutowski et al. 2020; Haack and 
Petrice  2019). In fact, Rostamian et  al.  (2019) found a strong 
positive association between borer infestation and severity of 
crown dieback (R2 = 94.5), as well as between evidence of bor-
ers and detection of charcoal disease in the same trees, which 
is caused by the fungus Biscogniauxia mediterranea (R2 = 85.9). 
Many of the trees impacted by both borers, and B. mediterranea 
also had evidence of branch pruning (pollarding) by local people 
(Rostamian et al. 2017). In addition to A. hastulifer, the bupres-
tids Chalcophorella bagdadensis and Chrysobothris parvipuncta, 
as well as the cerambycids Chlorophorus figuratus, Prinobius 

myardi and Stenurella bifasciata were found infesting oaks in 
western and northern Iran (Farashiani et al. 2006; Sama 2002). 
Although some authors have suggested that borers could serve 
as vectors of fungal spores (Rostamian et al. 2017), and others 
have found various borers to actually test positive for fungi such 
as P. formosus (Ghaderi et  al.  2024), no actual insect vectors 
have been identified. In other surveys, many additional bupres-
tids and cerambycids have been reported from declining oaks in 
western Iran. For example, Abaei (2009) reported the buprestid 
Anthaxia hungarica from oaks, whereas Ghahari, Volkovitsh, 
and Bellamy  (2015) found A. cichorii and A. kiesenwetteri. In 
the survey by Jozeyaha, Vafaei, and Askary  (2015), six borers 
were reported from declining oak trees, including primarily 
the buprestids A. hastulifer, C. bagdadensis, C. parvipuncta, 
Lampetis mimosae and the cerambycids Cerambyx cerdo and 
Prinobius myardi (reported as the synonym Macrotoma scutel-
laris). In the study by Valipour et al. (2022), several buprestids 
were found in association with declining oak trees in the Zagros 
forests, including Acmaeodera degener, Acmaeodera ottomana, 
Acmaeodera undulata, Acmaeodera wethloi, Acmaeoderella 
impunctata, Capnodis anthracina, Capnodis cariosa hauseri, 
Chalcophorella bagdadensis, Chalcophorella escalerae, Perotis 
lugubris longicollis and Svatactesis johanidesi. Among the above 
species, A. undulata and A. wethloi were the most commonly 
collected. In addition, in northeastern Iraq, Jalil and Ali (2020) 
reported that the buprestid Latipalpis johanidesi infested 
branches of oak trees.

Many other insects have been found in association with oaks 
in Iran, but are not considered major contributors to oak de-
cline. For example, 74 species of gall-forming insects in the 
family Cynipidae (Hymenoptera) are known to infest oaks in 
Iran (Tavakoli et  al.  2021). One of the common oak-infesting 
cynipids of Q. infectoria in the Zagros forests is Andricus quer-
custozae (Bosc) (Rokas et al. 2003). Similarly, many species of 
thrips (Thysanoptera), primarily in the families Aeolothripidae, 
Melanthripidae, Phlaeothripidae and Thripidae, have been 
found in association with oaks in Iran (Mirab-Balou  2023; 
Mirab-Balou and Miri 2020). A few oak leafminers in the genus 
Tischeria (Lepidoptera: Tischeriidae) have also been reported on 
oaks in Iran in recent years (Alipanah et al. 2022).

3.7   |   Biological Factors—Fungi

Several fungi have been isolated from declining oaks in Iran 
(Table  3). Some early reports of pathogenic fungi of oaks in 
northern Iran were the powdery mildew fungi Erysiphe al-
phitoides and Phyllactinia guttata on foliage of Q. infectoria 
(Tavanae 2006), and the root rot fungus Armillaria mellea on Q. 
castaneifolia (Asef, Mohammadi Goltapeh, and Alizadeh 2003) 
(authority names of pathogens are listed in Table 3). Oak charcoal 
disease, which results in trunk and branch cankers (Henriques 
et al. 2016; Mirabolfathy 2013) is caused by multiple fungi, in-
cluding Biscogniauxia mediterranea. This fungus was first rec-
ognised in northeastern Iran in Golestan province in 2009 and 
has since spread rapidly and caused widespread mortality of Q. 
brantii and Q. castaneifolia trees in the Zagros and Hyrcanian 
forests (Karami et  al.  2018; Mirabolfathy, Groenewald, and 
Crous 2011). In 2013, the fungus Obolarina persica was newly 
described as another causal agent of charcoal disease of oaks 

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Fefp.12898&mode=
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TABLE 2    |    Common leaf-feeding (Lepidoptera) and bark-and wood-boring (Coleoptera) insects associated with oaks in Iran.

Taxon Host Forests Reference

Lepidoptera

Erebidae

Leucoma wiltshirei Collenette Quercus brantii Zagros (Abai 1980)

Lymantria dispar L. Quercus spp. Zagros, Arasbaran, 
Hyrcanian

Saeidi and Hosseini Farahi (2012)

Euproctis Hübner Quercus brantii Zagros Hosseini-Chegeni and Tavakoli (2023)

Catocala Schrank Quercus brantii Zagros Hosseini-Chegeni and Tavakoli (2023)

Lasiocampidae

Eriogaster Germar Quercus brantii Zagros Hosseini-Chegeni and Tavakoli (2023)

Lycaenidae

Quercusia quercus L. Quercus brantii Zagros Hosseini-Chegeni and Tavakoli (2023)

Satyrium Scudder Quercus brantii Zagros Hosseini-Chegeni and Tavakoli (2023)

Noctuidae

Amphipyra pyramidea L. Quercus brantii Zagros Hosseini-Chegeni and Tavakoli (2023)

Aporophyla nigra Haworth Quercus brantii Zagros Hosseini-Chegeni and Tavakoli (2023)

Dicycla oo L. Quercus brantii Zagros Hosseini-Chegeni and Tavakoli (2023)

Orthosia cruda Denis & 
Schiffermüller

Quercus brantii Zagros Hosseini-Chegeni and Tavakoli (2023)

Nolidae

Bena bicolorana Fuessly Quercus brantii Zagros Hosseini-Chegeni and Tavakoli (2023)

Tortricidae

Tortrix viridana L. Quercus brantii
Quercus infectoria 

Quercus libani

Zagros Gholami et al. (2022)

Pammene Hübner Quercus brantii Zagros Hosseini-Chegeni and Tavakoli (2023)

Geometridae

Agriopis beschkovi Ganev Quercus brantii, 
Quercus infectoria

Zagros Petschenka, Tavakoli, and Trusch (2006)

Erannis ankeraria Staudinger Quercus brantii Zagros Hosseini-Chegeni and Tavakoli (2023)

Apocheima Hübner Quercus brantii Zagros Hosseini-Chegeni and Tavakoli (2023)

Coleoptera

Buprestidae

Agrilus hastulifer Ratzeburg Quercus brantii Zagros Rostamian et al. (2017)

Chalcophorella bagdadensis 
(Laporte & Gory)

Quercus brantii Zagros Jozeyaha, Vafaei, and Askary (2015)

Chrysobothris parvipuncta 
Obenberger

Quercus brantii Zagros Jozeyaha, Vafaei, and Askary (2015)

Anthaxia hungarica (Scopoli) Quercus brantii Zagros Abai (2009)

Anthaxia cichorii (Olivier) Quercus brantii Zagros Ghahari, Volkovitsh, and Bellamy (2015)

Anthaxia kiesenwetteri Marseul Quercus brantii Zagros Ghahari, Volkovitsh, and Bellamy (2015)

Lampetis mimosae (Klug) Quercus brantii Zagros Jozeyaha, Vafaei, and Askary (2015)

(Continues)
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in the Zagros forests (Mirabolfathy et  al.  2013). Other species 
of Biscogniauxia have also been reported on Q. castaneifolia in 
Iran, including B. anceps, B. anceps, B. plana and B. rosacearum 
(Raei, Khodaparast, and Abbasi  2014). More recently, Bashiri, 
Abdollahzadeh, and Evidente  (2022) reported B. rosacearum 
on Q. brantii, Q. infectoria and Q. libani in the Zagros forests 
of Iran. Signs of charcoal disease caused by O. persica and B. 
mediterranea are similar macroscopically, and both have been 
shown to kill oak seedlings in glasshouse studies (Mirabolfathy 
et al. 2013; Safaee et al. 2017). Charcoal disease pathogens have 
been shown to be more aggressive under drought conditions 
(Ghanbary et al. 2017).

In Ardabil province in northwestern Iran, severe oak decline 
of primarily Q. macranthera has been documented since the 
early 1990s (Davari and Askari  2005). The fungus Armillaria 
mellea was identified as the main causal agent there, but sev-
eral other fungi were also isolated from the dying oaks, includ-
ing Phytophthora cryptogea, Dematophora sp. and Pythium 
aphanidermatum (Davari and Askari  2005). The oaks in this 
area (Ardabil) have been repeatedly stressed by both drought 
and defoliation by brown-tail moth [Euproctis chrysorrhoea 
(L.)]. In addition, several Diatrypaceae (Xylariales) fungi have 
been isolated from declining Q. brantii trees in the Zagros for-
ests, including Diatrypella iranensis, Diatrypella macrospora 

and Eutypella quercina (Mehrabi, Asgari, and Hemmati  2019; 
Mehrabi et al. 2015, 2016).

In another study in the Zagros forests, Ghobad-Nejhad (2016) re-
ported the fungus Inonotus krawtzewii as a trunk canker on Q. 
brantii. Also, in the Zagros forests, the fungi Discula quercina, 
Neoscytalidium novaehollandiae and Paecilomyces formosus were 
reported from declining oaks (Hanifeh et  al.  2019; Sabernasab 
et  al.  2019a, 2019b). The fungus D. quercina caused leaf, twig 
and acorn blight on Q. infectoria. The fungi B. mediterranea and 
D. quercina are often found as endophytes on oaks trees, usually 
causing symptomless infections, but which can become patho-
genic when the host trees are stressed such as during periods of 
drought (Bahmani et al. 2021; Hanifeh et al. 2019; Saccardo 1884). 
Similarly, N. novaehollandiae and P. formosus are considered ther-
mophilic fungi and thus are favoured when oak trees are stressed 
by drought and heat (Sabernasab et al. 2020). In the Zagros region, 
P. formosus now appears to be the most pathogenic fungus associ-
ated with actual death of oaks (Rostami and Jamali 2023a).

In another study in the Zagros forests, Alidadi, Javan-Nikkhah 
et  al.  (2018) and Alidadi, et  al.  (2019) isolated several fungi 
from declining Q. brantii trees, including B. mediterrana, 
Chaetomium globosum, Didymella glomerate, Fusarium solani, 
Kalmusia variispora, Neoscytalidium dimidiatum, O. persica, 

Taxon Host Forests Reference

Acmaeodera degener (Scopoli) Quercus brantii Zagros Valipour et al. (2022)

Svatactesis johanidesi (Bílý). Quercus brantii Zagros Valipour et al. (2022)

Acmaeodera ottomana (Frivaldszky) Quercus brantii Zagros Valipour et al. (2022)

Acmaeodera undulata Abeille de 
Perrin

Quercus brantii Zagros Valipour et al. (2022)

Acmaeodera wethloi Obenberger, Quercus brantii Zagros Valipour et al. (2022)

Acmaeoderella impunctata (Abeille 
de Perrin)

Quercus brantii Zagros Valipour et al. (2022)

Capnodis anthracina (Fischer von 
Waldheim)

Quercus brantii Zagros Valipour et al. (2022)

Capnodis cariosa hauseri 
Obenberger

Quercus brantii Zagros Valipour et al. (2022)

Chalcophorella escalerae (Abeille de 
Perrin)

Quercus brantii Zagros Valipour et al. (2022)

Perotis lugubris longicollis Kraatz Quercus brantii Zagros Valipour et al. (2022)

Latipalpis johanidesi Niehuis Quercus brantii Zagros Jalil and Ali (2020)

Cerambycidae Valipour et al. (2022)

Prinobius myardi (Mulsant) Quercus persica 
(brantii)

Zagros Farashiani et al. (2006)

Stenurella bifasciata (Müller) Quercus persica 
(brantii)

Arasbaran Farashiani et al. (2006)

Chlorophorus figuratus (Scopoli) Quercus persica 
(brantii)

Arasbaran Sama (2002)

Cerambyx cerdo L. Quercus brantii Zagros Jozeyaha, Vafaei, and Askary (2015)

TABLE 2    |    (Continued)
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Sordaria fimicola and Tricothecium roseum. Moreover, in green-
house studies, Alidadi et al. (2019) showed that B. mediterrana, 
D. glomerata, N. dimidiatum and O. persica were pathogenic to Q. 
brantii seedlings. Bashiri, Abdollahzadeh, and Evidente (2020) 
and Bashiri et  al.  (2020) reported two other fungi associated 
with declining Q. brantii in the Zagros forests: Fimetariella ra-
benhorstii and Phaeoacremonium tuscanicum. Various phyto-
toxic metabolites have been isolated from the culture filtrates 
of F. rabenhorstii (Bashiri et  al.  2020). In greenhouse studies, 
Bashiri, Abdollahzadeh, and Evidente (2020) showed that P. tus-
canicum was pathogenic to Q. brantii seedlings.

In the Hyrcanian forests, several white rot basidiomycet-
ous fungi have been isolated from Q. castaneifolia, includ-
ing Crepidotus sp., Coprinus sp., Ganoderma applanatum, 
Hypholoma fasciculare, Inonotus hispidus, Pleurotus ostreatus, 
Pluteus sp. and Trametes versicolor (Aghajani et  al.  2018; Bari 
et  al.  2017; Ensani, Mojerlou, and Zamani  2023). In another 
study in Hyrcanian forests, several pathogenic fungi includ-
ing Phaeoacremonium croatiense, Dothiorella sermentorum, D. 
plurivora and Lasiodiplodia mahajangana were reported from 
Q. castaneifolia trees (Kazemzadeh Chakusary, Mohammadi, 
and Khodaparast 2017, 2019).

A number of fungi have also been reported to cause leaf spot 
and acorn rot on Q. brantii, including Immersidiscosia euca-
lypti, Paramicrosphaeropsis salandica, P. zagrosensis, P. iranica, 
Chaetomium anastomosans, C. subglobosum, Sphaerulina 
quercicola and Truncatella angustata (Alidadi, Javan-Nikkhah 
et al. 2018; Artand et al. 2022; Artand, Mehrabi-Koushki, and 
Tabein 2023; Bakhshi, Mirabolfathy, and Zare 2023). In addition, 
Heidari and Jamali  (2024a, 2024b) showed in nursery studies 
that the fungi Macrophomina phaseolina and Fusarium redolens 
also cause charcoal root rot and black root rot of Q. brantii seed-
lings, respectively. Recently, a new species, Globisporangium 
coniferum has been reported to cause root rot of oaks in Fars 
Province, Iran (Salmaninezhad et al. 2023).

3.8   |   Biological Factors—Bacteria

Several bacteria have been isolated from Quercus trees exhib-
iting oak decline symptoms in Iran (Table  4). One of these, 
Brenneria goodwinii, has recently been identified as the causal 
agent of acute oak decline in Poland, Spain and the United 
Kingdom (Doonan et  al.  2019; González and Ciordia  2020; 
Tkaczyk et  al.  2021). Acute oak decline-like symptoms have 
been reported in Q. brantii and Q. castaneifolia in multiple forest 
regions of Iran (Bakhshi Ganje et  al.  2020; Moradi-Amirabad 
et al. 2019). The bacteria listed in Table 4 have not been isolated 
from healthy oak trees in Iran, suggesting that they are not en-
dophytes, but it is possible that they occur as latent pathogens 
(Moradi-Amirabad et al. 2019).

3.9   |   Biological Factors—Nematodes 
and Mistletoes

A number of nematodes have also been isolated from declin-
ing oaks in Iran (Table  5), although pathogenicity tests have 
not been conducted. Similarly, various mistletoes species have 

been reported in Iran, including Loranthus grownikii Boiss. & 
Buhse, Loranthus europaeus Jacq (Loranthaceae) and Viscum 
album L (Santalaceae). In the Zagros forests, L. europaeus is 
a hemiparasite of several native trees but is especially com-
mon on Q. brantii (Sayad, Boshkar, and Gholami 2017). Naseri 
et al. (2011) reported that trees infected with high numbers of L. 
europaeus plants had higher rates of mortality compared with 
uninfected oak trees. Mistletoes such as L. europaeus obtain sev-
eral minerals from the xylem of their host, which may weaken 
the host tree, especially during periods of environmental stress 
and when mistletoe numbers are high (Mostaghimi et al. 2021; 
Naseri et al. 2011).

3.10   |   Tools for Remotely Monitoring Oak Decline 
in Iran

Accurate information on the distribution and status of oak 
decline at a landscape level is important for management 
decision-making. In areas with limited road access, remote 
sensing is a useful tool (Kempeneers et al. 2011). Over the past 
several decades, great advances have occurred in satellite sen-
sor technology, allowing acquisition of land cover information 
at various spectral, spatial and temporal resolutions. For exam-
ple, remote sensing can be used to monitor defoliation events 
in forested areas, and in fact, defoliation of individual trees has 
been reported when using Rapideye images and Aster-L1B im-
agery (Zakeri Anaraki and Fallah Shamsi 2014). Landsat sat-
ellite images between the years 2000 and 2015 have been used 
to document oak decline in Iran at the stand level (Imanyfar 
and Hasanlou 2017). Similarly, Worldview-2 satellite data has 
also been used to map oak decline in Iran (Karami et al. 2017). 
Given the lack of meteorological stations in the Zagros forests, 
Azizi et al. (2015) proposed using remote sensing along with 
climatic data from the TRMM (Tropical Rainfall Measuring 
Mission) satellite as a cost-effective method to assess tempo-
ral changes in precipitation across the Zagros forests. Large 
numbers of satellite images of forested areas have been ac-
quired since the early 1970s (Singh et al. 2021), and these can 
be used to conduct time-series analyses to monitor reductions 
in forest cover (Imanyfar, Hasanlou, and Mirzaei Zadeh 2019; 
Mahdavi et  al.  2015; Nouri et  al.  2020; Reiche et  al.  2018; 
Sharifi, Felegari, and Tariq 2022).

4   |   Conclusion

As reported in other parts of the world, oak decline in Iran is a 
complex problem with many interacting factors. Some of these 
factors relate to changes in climate (e.g., precipitation, tem-
perature, wind and evapotranspiration) and pollutants (e.g., 
airborne dust and heavy metals), while others deal with tree-
infesting insects and pathogens, as well as human-controlled 
practices such as pollarding and grazing by farm animals. 
Reports of oak decline in Iran have dealt with 5 of the 11 oak 
species native to Iran, including Q. brantii, Q. infectoria and 
Q. libani in the Zagros forests, and Q. castaneifolia and Q. 
macranthera in the Hyrcanian forests. To date, most reports 
of oak decline in Iran have dealt with Q. brantii in the Zagros 
forests. Given the growing number of reports of oak decline in 
the Arasbaran and Hyrcanian forests, more emphasis should 
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now be placed on understanding the biotic and abiotic factors 
involved in oak decline in these two forest regions. Remote-
sensing techniques should be used to monitor changes in for-
est cover throughout Iran. There is also a need to focus on the 

social aspects of oak decline, so that the impacted commu-
nities better understand the causes of oak decline and what 
individuals can do to maintain or improve tree health. In ad-
dition, more studies are needed to identify best management 

TABLE 4    |    Bacteria isolated from oaks in Iran.

Species of bacteria Quercus host Iranian province Reference

Bacillus pumilus Meyer and Gottheil Q. brantii Ilam Ahmadi et al. (2019)

Brenneria goodwinii Denman et al. Q. brantii, Q. castaneifolia, 
Q. macranthera

Golestan, Kohgiluyeh 
and Boyerahmad, 

Mazandaran

Bakhshi Ganje et al. (2020); 
Moradi-Amirabad et al. (2019)

Brenneria roseae subsp. roseae Brady 
et al.

Q. brantii, Q. castaneifolia, 
Q. macranthera

Golestan,
Kohgiluyeh and 

Boyerahmad, 
Mazandaran

Bakhshi Ganje et al. (2020); 
Moradi-Amirabad et al. (2019)

Brenneria nigrifluens (Wilson et al.) 
Hauben et al.

Q. brantii, Q. castaneifolia, 
Q. macranthera

Fars, Golestan, 
Mazandaran

Firouzianbandpey and 
Khodaygan (2024); Bakhshi 

Ganje et al. (2020)

Gibbsiella quercinecans Brady et al. Q. brantii Fars, Kohgiluyeh 
and Boyer-Ahmad

Firouzianbandpey and 
Khodaygan (2024)

Rahnella victoriana Brady et al. Q. brantii, Q. castaneifolia Kohgiluyeh and 
Boyerahmad, 
Mazandaran

Moradi-Amirabad et al. (2019)

Stenotrophomonas maltophilia 
Palleroni & Bradbury

Q. brantii Ilam Ahmadi et al. (2019)

TABLE 5    |    Nematodes isolated from oaks in Iran.

Nematode species Quercus host Iranian province Reference

Aphelenchoides gorganensis Miraeiz et al. Quercus sp. Golestan Miraeiz, Heydari, and Bert (2017)

Aphelenchoides iranicus Golhasan et al. Quercus sp. West Azerbaijan Golhasan et al. (2016)

Aphelenchoides paraxui Esmaeili et al. Quercus brantii Kermanshah Esmaeili et al. (2017)

Devibursaphelencus lordeganensis Aliramaji 
et al.

Quercus brantii Chaharmahal 
and Bakhtiari

Aliramaji, Taheri, and 
Shokoohi (2023)

Discotylenchus lorestanensis Mehrabian et al. Quercus brantii Lorestan Mehrabian et al. (2017)

Dolichodorus rex Fadakar et al. Quercus sp. Gilan Fadakar, Jahanshahi Afshar, 
and Pedram (2020)

Ektaphelenchoides maafiae Golhasan et al. Quercus 
castaneifolia

Golestan Golhasan et al. (2019)

Laimaphelenchus belgradiensis Oro Quercus brantii Ilam Pedram et al. (2018)

Laimaphelenchus hyrcanus Miraeiz et al. Quercus brantii Ilam Pedram et al. (2018)

Laimaphelenchus penardi (Steiner) Filipjev & 
Schuurmans Stekhoven

Quercus spp. Lorestan Azizi, Eskandari, and 
Asghari (2015)

Scutylenchus quercinus Sheikhzadeh et al. Quercus sp. Gilan Sheikhzadeh et al. (2022)

Trichodorus cadusiensis Fadakar et al. Quercus sp. Gilan Fadakar et al. (2022)

Xiphinema oxycaudatum Lamberti & 
Bleve-Zacheo

Quercus brantii Lorestan Bazgir, Naghavi, and 
Zolfaghari (2020)

Xiphinema plesiopachtaicum Archidona-Yuste 
et al.

Quercus brantii Lorestan Bazgir, Naghavi, and 
Zolfaghari (2020)
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practices for oak forests in Iran, especially in the areas where 
pollarding is common. While conducting this review, no stud-
ies were found on pest management for any of the key insects 
or pathogens associated with oak decline. This would be one 
important area for future research. Advances in any of the 
above areas will hopefully lead to improved management 
strategies for the oak-dominated forests of Iran.
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