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ABSTRACT: Phytophagous mites of the superfamily Eriophyoidea are capable of inducing gall formation on various organs 
of higher vascular plants. However, the question of how gallogenesis affects leaf assimilation surface and photosynthetic 
activity of the host plants is poorly understood. We have examined the influence of gall-forming mites from the genera 
Eriophyes and Acalitus on leaf size, shape and photosynthetic pigment content in five deciduous tree species near the city 
of Tyumen, West Siberia. The gall mite infestation resulted in chlorosis, destruction of photosynthetic apparatus in gall-
infected leaf parts, leaf deformation and a decrease in leaf area. The magnitude of the effects on leaf size and shape 
varied among the studied mite–tree systems and did not depend on the infection severity. On the contrary, chlorophyll and 
carotenoid amounts per leaf decreased in an infection severity-dependent manner in all mite–host plant variants. Mite-induced 
galls did not influence the pigment concentration in green uninfected gaps between galls. Additionally, the chlorophyll 
amount in the infected leaves has decreased due to the destruction of the pigment complex in the galled leaf areas and  
a decrease of the whole-leaf area. As a result, the losses of chlorophylls and carotenoids in leaves of all studied trees  were 
directly related to the infection severity (quantified as the proportion of damaged leaf area to the total leaf area). Our results 
may help developing an approach to assess the effect of gall mites on the chlorophyll content and the photosynthetic 
productivity of trees, based on the direct or remote analysis of damaged leaf surface. 
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INTRODUCTION

Four-legged mites, or eriophyoids (Acari, Eri-
ophyoidea), are microscopic, highly host-specific 
phytoparasites, permanently associated with 
higher vascular plants (Lindquist 1996). Among 
≈5,000 known species, about 20% induce various 
galls, or growth abnormalities, on vegetative and 
generative plant organs (Skoracka et al. 2010; Jiang 
et al. 2021). The genus Eriophyes, which includes 
about 300 species, is one of the most diverse eri-
ophyoid mite genera (Soika and Kozak 2013). 
In the boreal zone, mite species of this genus cause 
the formation of multiple galls on the leaves of 
deciduous trees (De Lillo et al. 2018). They are 
especially common and numerous on alder, birch, 
linden and bird-cherry. In the above tree species, a 
huge part of leaf canopy can be affected (Kane et 
al. 1997). Infestation by gall inducers (insects, 
mites, bacteria, viruses) often markedly changes 
leaf morphology (Tooker et al. 2008; Albert et al. 
2011) and influences the functional activity of af-
fected trees (Dorchin et al. 2006; Patankar et al. 
2013; Jiang et al. 2018; Jiang et al. 2021). Studies 
have shown that gall infected leaves modify gas 

exchange characteristics, such as the photosynthe-
sis rate and stomatal conductance (Patankar et al. 
2013; Jiang et al. 2018; Ye et al. 2019). However, 
the magnitude of effects varies among gall para-
site–host systems (Jiang et al. 2018). For example, 
a large decrease in the photosynthesis rate (ap-
proximately 60%) of mite-galled leaves of Acer 
saccharum has been reported (Patankar et al. 2013), 
whereas the photosynthesis in Machilus thunbergia 
leaves was not significantly affected by cecidomyiid 
insect galls (Huang et al. 2014). Moreover, climatic 
conditions can enhance or mask the influence of an 
infection’s damaging agent. Studies examining the 
effects of gall mites on tree leaf properties have not 
been carried out in the severe climate of West Siberia. 

Gall formation leads to a decrease in the leaf 
chlorophyll content. In particular, galls change the 
color of the damaged leaf surface from green to 
brown, yellow, or red due to the destruction of the 
chlorophylls, thereby causing decolorization of 
photosynthetic tissues (Jiang et al. 2018, Ye et al. 
2019). For galls appearing green, the chlorophyll 
content and the photosynthesis of galled and 
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healthy leaf tissue can be similar (Fernandes et al. 
2010). However, this mainly concerns insect galls, 
many of which appear green and contain chloro-
phyll. The effects of non-green mite galls on the 
photosynthetic pigments of the host leaves are 
poorly understood.

An intriguing question in the study of mite–
plant interaction is how mite-inducing galls influ-
ence the unthreatened (healthy) parts of a leaf. 
Since chlorophyll content is closely linked with the 
maximum carboxylation rate—one of the critical 
parameters of the photosynthetic capacity of plants 
(Qian et al. 2019)—it is clear that more research 
focused on the effects of mites on the photosyn-
thetic pigments is needed. There is also a lack of 
quantitative information on the relationship be-
tween mite infection severity and the functional 
response of host plant leaves. 

Our study aims to: 1) study the leaf size, shape 
and the photosynthetic pigment (chlorophyll a, b, 
carotenoids) content in the healthy and infected 
leaves of different deciduous trees; and 2) assess 
the influence of the infection severity on the pig-
ment content per leaf area unit and per whole leaf. 
In order to achieve these goals, we have examined 
five gall parasite–host systems infected with Eri-
ophyes and Acalitus mite species. 

MATERIALS AND METHODS

The research was conducted in August 2021 at 
two study sites: 1)  in a birch-spruce-pine forest, 
near the village of Uspenka, located close to the 
city of Tyumen (57°02′11.9″N 65°05′04.4″E, alt. 
82 m a. s. l.); and 2) a public garden in the city of 
Tyumen (57°08’13.5″N 65°33′51.7″E, alt. 86  m 
a. s. l.). The study sites are located in the sub-taiga 
ecological zone of West Siberia. The climate of the 
region is cold and continental, with the mean an-
nual air temperature of 2.2°C, the average July 
temperature of 18.9°C and the mean annual pre-
cipitation of 545 mm. Summer starts in late June 
and ends in September. 

Five species of deciduous trees infected by the 
gall mites have been examined (Table 1). In the list 
below, the first three species were collected from 
the first study site, and the last two—from the sec-
ond study site: 

1)	 the birch Betula krylovii G. V. Krylov (Bk), 
numerous white erinea on the lower leaf surface 
caused by Acalitus rudis (Canestrini, 1891); 

2)	 the gray alder Alnus incana (L.) Moench 
(Ai), numerous pouch galls on the upper leaf surface 
caused by mite Eriophyes laevis (Nalepa, 1889);

3)	 the bird-cherry Prunus padus L. (Pp), nu-
merous nail galls on the upper leaf surface caused 
by mite Eriophyes padi (Nalepa, 1889);

4)	 the pear Prunus ussuriensis Kovalev and 
Kostina (Pu), numerous blisters (parenchymatous 
galls) caused by mite Eriophyes pyri (Nalepa, 1881);

5)	 the linden Tilia cordata Mill. (Tc), numer-
ous white erinea between veins on the upper and 
lower leaf surfaces caused by mite Eriophyes 
leiosoma (Nalepa, 1892).

We have sampled 20–30 leaves from 3–5 indi-
vidual trees per each plant species and per each 
variant (healthy, infected). The  leaves were se-
lected from 4–5-year-old branches of a tree from 
the lower third part of the tree crown, at the level 
of human height. We have measured the leaf area, 
the leaf shape coefficient, as well as the pigment 
content. For infected leaves, we have also measured 
the area of the damaged leaf surface and determined 
the severity of infection by calculating the share of 
the damaged surface relative to the area of the 
whole leaf (ShGall). The areas of individual leaves 
(LA, cm2) and the areas of damaged leaf surfaces 
were measured using the digital image analysis 
system Simagis Mesoplant (OOO SIAMS, Russia). 
The  leaf shape coefficient (LSh, dimension-loss) 
was calculated as LSh = P2/LA, where P is the leaf 
perimeter (cm) (Migalina et al., 2010).

The contents of photosynthetic pigments—chlo-
rophyll a, b and carotenoid—were measured sepa-
rately in healthy and infected leaves. Three healthy 
and fully expanded leaves per tree were selected 
from the lower third of the tree crown. Subsequent-
ly, two disks with an area of 0.42 cm2 each were 
punched out in the middle part of each fresh leaf 
while avoiding large vines. In infected leaves, green 
unthreatened parts between galls were selected. 
On the surfaces of the galls, the leaf tissues were 
markedly disturbed, containing no photosyntheti-
cally active chlorophyll. The pigments were ex-
tracted with 80% acetone and measured using an 
Odyssey DR/2500 spectrophotometer (Hach, USA). 
The  content of the chlorophylls (Chl) and carot-
enoids (Car) was estimated according to Wellburn 
(1994). Using the known areas of leaf disks, the pig-
ment concentration was calculated per leaf area unit 
(Cab), in g m−2. In infected leaves, the mean concen-
tration of chlorophyll per leaf area unit (Сab_gall) 
was calculated using the chlorophyll content in green 
unthreatened parts between galls (Cab) and the share 
of the damaged surface relative to the area of the 
whole leaf (ShGall), according to the formula: 

Сab_gall=Cab*ShGall
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In healthy leaves, the total amount of chlorophylls 
per whole leaf was calculated by multiplying the 
chlorophyll content per leaf area unit by the leaf area: 

Chl_leaf = Cab* LA 
In infected leaves, the total amount of chloro-

phylls per whole leaf was calculated by multiplying 
the mean chlorophyll content per galled leaf area 
unit by the galled leaf area: 

Сhl_gall_leaf = Cab_gall* LA 
The losses in the chlorophyll and carotenoid 

amounts in the infected leaves were calculated as 
a difference between potential chlorophyll amount 
per leaf and the real chlorophyll amount per leaf:

Losses in chlorophyll =  
= Cab* LA – Chl_gall_leaf

Carotenoid contents per leaf area unit and per 
whole leaf in healthy and infected leaves were 
calculated in a similar manner. Using the data on 
the chlorophyll and carotenoid contents, we have 
calculated the following ratios of pigments: Chl 
a/b and Chl/Car.

When analyzing data, linear regression analysis 
was used. In particular, the determination coefficient 
(R2) and the Pearson correlation coefficient (r) were 
calculated. To test for differences between the vari-
ants (healthy, infected) and the tree species, we have 
used the paired t-test and two-way ANOVA. 
Differences were considered to be significant at 
p ≤ 0.05. The tables and graphs show mean values 
with standard errors. All statistical analyses were 
carried out using Statistica 13.5 (StatSoft Inc.)

RESULTS

Mite induced galls differed among the studied 
gall parasite–host systems in their shape, size, 
color and the amount per leaf (Fig. 1). Quantitative 
characteristics of the pouch and nail galls caused 
by the three Eriophyes species are shown in Ta-
ble 1. Galls of Eriophyes laevis on alder leaves had 
maximal sizes whereas galls of Eriophyes padi on 
bird-cherry leaves were four-fold lower. The larg-
est number of galls and the maximum share of 
damaged leaf area was found on pear leaves infected 

Betula krylovii Alnus incana Prunus
padus

Prunus
ussuriensis

Tilia cordata

Betula krylovii
with galls of mite 

Acalitus rudis

Alnus incana with
galls of mite

Eriophyes laevis

Prunus
padus with

galls of 
mite

Eriophyes 
padi

Prunus
ussuriensis with

galls of mite
Eriophyes pyri

Tilia cordata with
galls of mite

Eriophyes leiosoma

17.64% 9.95% 1.36% 41.7% 11.6%

Fig. 1. Images of uninfected leaves (upper row) and leaves infected by different species of
gall‐forming mites (lower row) of studied tree species. Scale is 1 cm. Mean share of damaged leaf 
surface in percent is shown under images of infected leaves. 20-30 leaves from 3-5 trees per each 
species were measured.  

Fig. 1. Images of uninfected leaves (upper row) and leaves infected by different species of gall‐forming mites (lower 
row) of the studied tree species. The scale is 1 cm. Mean share of damaged leaf surface in percent is shown under the 
images of infected leaves. 20–30 leaves from 3–5 trees per each species were measured.
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by Eriophyes pyri (Fig. 1). In the four of five stud-
ied tree species, galled leaves were 20–40% 
smaller than the healthy leaves of the same species. 
However, pear leaves did not change in size 
(Fig. 2). Gall mite infection significantly affected 
leaf shape in all tree species (Fig.  2). In  com-
parison with healthy leaves, infected leaves had 
a 5% lower leaf shape coefficient inside each tree 
species, i. e., leaf shapes became simpler and 
rounder. The  largest change in leaf shape was 
found in bird-cherry leaves (Prunus ussuriensis). 
The magnitude of the decrease in leaf size and 
shape did not depend on the infection severity 
among the tree species. 

The analysis of the chlorophyll and carotenoid 
content showed that gall formation caused a de-
crease in both pigment content per leaf area unit 
and per whole leaf in all plant species (Fig. 2). 
The reason for the decrease in the pigment content 
in all studied tree species was similar: the infec-
tion of leaves with mites did not affect the pigment 
content in the green parts of the leaves between 
galls (Fig. 3). Instead, the decrease in the pigment 
amount per leaf occurred due to the loss of chlo-
rophylls and carotenoids in the galled areas of the 
leaf surface. Actually, the chlorophyll and the 
carotenoid content in the uninfected parts of in-
fected leaves remained stable, close to the values 

 

 
 
 
Fig. 2. Functional traits of infected (colored columns) and uninfected (light columns with dots) leaves 
in different tree species:  Betula krylovii (Bk), Alnus incana (Ai), Prunus padus (Pp), Prunus 
ussuriensis (Pu) and Tilia cordata (Tc). The values of paired t-test are shown. Differences at p<0.05 
are significant.  
  

Fig. 2. Functional traits of infected (colored columns) and uninfected (light columns with dots) leaves in different tree 
species: Betula krylovii (Bk), Alnus incana (Ai), Prunus padus (Pp), Prunus ussuriensis (Pu) and Tilia cordata (Tc). 
The values of paired t-test are shown. Differences at p<0.05 are significant.
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characteristic of uninfected leaves of the same 
species. 

The content of photosynthetic pigments varied 
significantly between plant species. Linden was 
characterized by the maximum amount of chloro-
phylls and carotenoids in leaves, whereas bird 
cherry leaves had 1.5 times less pigments. Tree 
species also differed significantly in the ratio of 
chlorophylls a/b, which was the highest in birch 
and the lowest in bird cherry. In addition, the mite 
infestation did not change the ratio of pigment 
forms (Chl/Car, Chl a/b) in any of the studied plant 
species (Fig. 3).

Interspecific correlation analysis revealed a 
direct dependence of losses in the amount of chlo-
rophylls and carotenoids on the severity of infection 
(Fig. 4). The relative share of the damaged leaf area 
was the main determining factor in the decrease in 
the total amount of pigments per whole leaf. 
The decrease of the total area of infected leaves 

was another factor contributing to the decrease of 
pigment mass in leaves.

DISCUSSION

In this study, we have investigated the func-
tional characteristics of the mature leaves of 5 
species of deciduous trees (Betulaceae, Rosaceae 
and Tiliaceae families) infested by 5 species of gall 
mites of the Eriophyidae family. A significant influ-
ence of mite activity on the leaf morphology and 
pigment content was found in all of the examined 
plants. The influence of gall mites on the leaf size 
and shape is one of the most interesting results of 
this study. The differences in the size and shape of 
healthy and infected leaves were practically invis-
ible in the field conditions. However, our quantita-
tive analysis of healthy and galled leaves showed: 
1) a decrease in the shape coefficient (indicating 
simplification of leaf shape) in all 5 model species, 
and 2) a significant decrease of the leaf area in 4 

 

 
 
 
Fig.3. The content and ratios of photosynthetic pigments in green parts of gall-infected (uninfected 
areas between galls) (G) and uninfected (H) leaves in different tree species:  Betula krylovii (Bk), 
Alnus incana (Ai), Prunus padus (Pp), Prunus ussuriensis (Pu) and Tilia cordata (Tc).  The values of 
F-criterion are shown depending on tree species (Fsp) and gall infection (Fgall).  
 
 
  

Fig. 3. The content and ratios of photosynthetic pigments in green parts of gall-infected (uninfected areas between 
galls) (G) and uninfected (H) leaves in different tree species: Betula krylovii (Bk), Alnus incana (Ai), Prunus padus 
(Pp), Prunus ussuriensis (Pu) and Tilia cordata (Tc). The values of F-criterion are shown depending on tree species 
(Fsp) and gall infection (Fgall). 

Effect of gall mites on deciduous trees in West Siberia
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Fig. 4. Relations between the losses in leaf pigment content and gall infection severity in studied tree 
species. Determination coefficients and significance of Pearson correlation coefficient are shown, 
***p<0.001. 
 
 
 

                

 

  
 
Fig. 4. Relations between the losses in leaf pigment content and gall infection severity in studied tree 
species. Determination coefficients and significance of Pearson correlation coefficient are shown, 
***p<0.001. 
 
 
 

Fig. 4 Relationships between the losses in leaf pigment content and the gall infection severity in the studied tree 
species. Determination coefficients and significance of Pearson correlation coefficient are shown.

of 5 tree species as a result of gallogenesis. The ef-
fect of mites on leaf size was not detected in pear 
(Prunus ussuriensis), which can be explained by 
the peculiarities of the morphology of parenchy-
matous galls in this plant (Fig. 1, Table 1).

Gall mites induce a wide variety of damage on 
plant leaves (Westphal and Manson 1996; Chet-
verikov et al. 2015). Usually, the growth of eriophy-
oid galls on leaves is associated with the initiation 
of the growth processes in young leaf tissues. As a 
result, the new cellular material forms a three-di-
mensional structure (gall) rising above the leaf 
lamina and containing a polyploid parenchyma 
tissue. Galls usually have a voluminous internal 
chamber, where mites can reproduce (Paponova et 
al. 2018; Desnitskiy, Chetverikov 2022). In  this 
case, part of the cell mass of a young growing leaf 
is removed from the leaf lamina. This can explain 
the reduction in size and the deformation of leaves, 
bearing sac-like and horn-shaped galls observed 
by us. The formation of erineum is associated with 
active cell divisions, leading to the formation of 

numerous epidermal trichomes. Therefore, the 
observed reduction in leaf size connected with 
erinea on linden and birch can also be explained in 
terms of the “3D loss of cellular material”.

The blisters (=“parenchymatous galls”) caused 
by Eriophyes pyri on pear leaves are characterized 
by the intense necrosis of the parenchyma within 
the leaf, which leads to the formation of black areas 
of the leaf, visible to the naked eye. Weak cell 
proliferation occurs only in the inner tissues of the 
leaf, in the early stages of parenchymatous gall 
formation, while all the cellular material remains 
in the plane of leaf lamina, thereby preventing new 
three-dimensional structures from forming (Kołątaj 
2016). This apparently explains the lack of influ-
ence of E. pyri mites on the sizes of pear leaves. 
If our assumptions are correct, then the reduction 
in leaf size is a common effect that accompanies 
the formation of mite galls of certain types: erinea 
and galls containing a chamber (e. g., pouch, nail 
and bead galls). This hypothesis needs further test-
ing using more extensive material.

L. A. Ivanova et al.
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The activity of the gall-forming mites on the 
studied plants resulted in the leaf shape simplifica-
tion. On the one hand, this simplification may be 
of an adaptive nature, e. g., an adaptation to climate 
factors. For instance, it was shown that more severe 
climatic and weather conditions had resulted in the 
leaves of two birch species—Betula pendula and 
B.pubescens—having lower shape coefficients, i. e., 
having a simpler shape (Migalina et al. 2010). 
On the other hand, leaf shape simplification may 
be due to the reduction in resources necessary for 
the formation of normal leaf shape. After all, the 
increase in the complexity of leaf shape is corre-
lated with the complexity of leaf venation and the 
coordinated development of all leaf tissues (Den-
gler and Kang 2001). Finally, the simplification of 
leaf shape may indicate a distortion in normal leaf 
development, since mites initiate gallogenesis at 
the earliest stages of leaf development, when plant 
tissues are still poorly differentiated and extreme-
ly susceptible to the transforming influence of 
mite saliva (Desnitskiy and Chetverikov 2022). 
The shape of a leaf is determined by the interaction 
of all the tissues and cells that make up the leaf. 
Therefore, the change in shape observed in this 
study implies that the effect of the gall-forming 
mite activity involves not only the gall tissues and 
small areas adjacent to the galls, but also the entire 
leaf lamina, including peripheral parts of the leaf. 
This conclusion is in accordance with the results 
of recent comparative metabolomic study per-
formed on the model system “strawberry Fragaria 
viridis—gall mite Fragariocoptes setiger” (Chet-
verikov et al. 2018). In the above work, the differ-
ences in metabolomic profiles between the tissues 
of galls and the green leaf gaps between galls were 
shown to be most pronounced at the very beginning 
of the gall growth, in the spring, gradually disap-
pearing by mid-summer. This result indicates the 

effect of gallogenesis on the entire leaf area and 
suggests similarity of gallogenesis induced by eri-
oiphyoid mites with systemic plant diseases at the 
metabolomic level. 

Galls act like metabolic sinks (Ajoykumar and 
Subitha 2019). Accordingly, galls are considered a 
significance drain on a leaf’s resources (Fay et al. 
1993; Nyman and Julkunen-Tiitto 2001). We can 
conclude that the disposal of resources necessary 
for gall formation can lead to a reduction in leaf 
area in deciduous trees. At the same time, leaf area 
is a relevant predictor of the functional state and 
the productivity of trees. For  example, in birch 
trees, leaf area was a reliable indicator of tree pro-
ductivity in different climatic conditions of the 
Urals and West Siberia (Migalina et al. 2009). 
Therefore, a decrease in leaf size resulting from 
mite infection allows suggesting the reduction in 
the overall tree productivity. The magnitude of such 
decline could be gall mite–host specific. It is im-
portant to note that leaf size reduction and shape 
simplification were not proportional to the degree 
of damage to the species. For instance, the maxi-
mum reduction in the leaf area of Alnus incana was 
associated with a small (≈10%) degree of damage, 
whereas in Prunus ussuriensis, maximum degree 
of leaf damage (≈42%) was associated with no 
changes in leaf area. This means that the magnitude 
of the effect on the leaf shape and size depends on 
the specifics of a gall mite–host system rather than 
on the infection severity. 

Despite the obvious effect of mites on the whole 
leaf traits, the results of our study showed the sta-
bility of the pigment apparatus in green intact areas 
of infected leaves. We did not find any differences 
in the content of photosynthetic pigments between 
healthy leaf gaps of infested leaves and non-infest-
ed leaves of the same tree species. Regardless of 
the mite species and the shape and size of galls, 

Table 1

Characteristics of the galls induced by different mite Eriophyes species on the leaves of studied deciduous trees.  
N—the number of measured leaves, n—the number of measured galls.

Plant species Mite species N n Gall number  
on the leaf 

Gall diameter,  
μm

Gall area,  
mm2 

Alnus incana Eriophyes laevis 25 58 33.6±2.8 1,757±50 2.3±0.1 

Prunus padus Eriophyes padi 30 71 41.1±3.6 828±26 0.5±0.0 

Prunus ussuriensis Eriophyes pyri 15 25 85.4±12.0 1,530±86 1.8±0.3 

Effect of gall mites on deciduous trees in West Siberia
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gallogenesis induced by eriophyoid mites did not 
affect the structure of pigment complexes—chlo-
rophyll/carotenoid and chlorophyll a/b ratios. This 
suggests the predominant importance of the adap-
tation of the photosynthetic apparatus to the exter-
nal ecological factors, first and foremost, to sunlight 
intensity (Lichtenthaler et al. 2007; Poorter et al. 
2019). A given plant species needs to have a certain 
amount of pigments per unit of leaf area in order 
to maintain the required photosynthesis rate to 
survive in given environmental conditions (Lich-
tenthaler et al. 2007; Ivanov et al. 2013, 2020). 
Indeed, pigment content per leaf area markedly 
differed among the studied tree species (Fig. 3) due 
to their ecological and morphological peculiarities. 
However, none of the studied tree species changed 
its chlorophyll and carotenoid content in the intact 
parts of the galled leaves. 

In general, the analysis of the pigment amount 
at the level of a whole leaf showed a significant 
decrease in the chlorophyll and carotenoid mass 
per leaf area in the infected leaves of all tree species 
(Fig. 2). Earlier, it has been reported that with an 
increase in the growth of the gall, chlorophyll 
content in the gall tissue decreased in a small 
tropical Asian tree Alstonia scholaris (Apocyna-
ceae) (Albert et al. 2011). This loss of chlorophyll 
is responsible for the decolorization of the threat-
ened area of the leaf, where galls form (Moghe 
1980). The decrease in the chlorophyll content of 
the galled tissues was due to the loss of photosyn-
thetic tissues and the disappearance of chloroplasts 
(Moghe 1980). Since the content of chlorophylls 
is directly proportional to the photosynthesis inten-
sity (Lichtenthaler et al. 2007; Lambers 2008; 
Ivanova et al. 2018, 2019; Qian et al. 2019), the 
loss of pigments in infected leaves denotes a de-
crease in the photosynthesis of plants. It has been 
shown that the net assimilation rate per area and 
the stomatal conductance strongly decrease with 
the increasing severity of infestation by Eriophyes 
gall-forming mites in Alnus glutinosa and Tilia 
cordata (Jiang et al. 2021). The above plant param-
eters also inversely correlated with the severity of 
infection by gall wasp species (Jiang et al. 2018). 
In  the leaves of Salix species, galled leaves also 
showed significant declines in the maximum pho-
tosynthetic capacity, photosystem II efficiency and 
stomatal conductance (Patankar et al. 2013). 
The  severity-dependent manner of decrease in 
photosynthesis found in many studies confirms that 
the formation of galls does not affect the photosyn-
thetic activity in intact areas between galls. Thus, 

infection with gall mites can reduce the photosyn-
thesis of the host plant, and one of the reasons for 
photosynthesis reduction is a loss of chlorophyll 
in the leaf areas occupied by mite galls.

According to our calculations, when about 10% 
of the leaf area is damaged by gall mites, a de-
ciduous tree in the climate of West Siberia loses 
from 250 mg (in alder) to 550 mg (in linden) of 
chlorophyll per 1 m2 of leaf canopy (Fig. 4). We 
have previously shown that in West Siberian 
birches, 1 g of chlorophyll ensures the assimilation 
of 20–25 μmol CO2 per second in full light (Ka-
lashnikova et al. 2021), which corresponds to 
880–1,100 μg CO2 per 1 g of chlorophyll per sec-
ond, or about 1 g of carbon (C) per 1 g of chloro-
phyll per hour. Therefore, the gall damage to 10% 
of leaf surface results in a carbon uptake loss of 
250 to 550 mg of C per 1 m2 of leaf surface per 
hour. If 50% of the leaf surface is damaged by galls, 
the carbon fixation by the plant will reduce by 1 g 
of C per 1  m2 per hour at full sunlight. Thus,  
a decrease in the chlorophyll content by gall mite 
infection can cause a significant decrease in the 
photosynthesis and the productivity of trees pro-
portional to the infection severity. We have not 
assessed the assimilation activity of chlorophyll in 
healthy and infested trees. However, future studies 
in this direction can potentially help test the effect 
of mites on the photosynthesis and the carbon bal-
ance of plants, which can significantly affect the 
carbon balance of natural and urban ecosystems as 
a whole. The obtained results on the infection se-
verity-dependent character of chlorophyll changes 
indicate the possibility of assessing the effect of 
gall mites on the chlorophyll content and the pho-
tosynthetic productivity of trees based on the direct 
or remote analysis of damaged leaf surface. 
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