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Abstract

The effect of oak powdery mildew (Erysiphe alphitoides (Griffon & Maubl.) U. Braun & S. Takam.) on the most
important plant physiological processes, photosynthesis, transpiration, and stomatal conductance, was studied on
pedunculate oak saplings, depending on leaf age and fungal infestation intensity. The intensity of net photosynthesis
declined progressively with mycelial development on the leaf surface, regardless of leaf age. The reaction to the presence
of pathogenic fungi was more intensive on the young leaves. Net photosynthesis was practically interrupted (0.02 umol
m-2 s') under the highest degree of young leaf infection (>75%). Powdery mildew exerted a moderate effect on
transpiration rate, and a decreasing trend was observed with an increase in leaf infection. The effect of powdery mildew
on the leaf stomatal conductance was not significant, and the values were, on average, higher in older leaves. The
concentration of photosynthetic pigments decreased linearly with an increase in leaf infection regardless of the age. At
the same time, the leaf dry matter content increased with higher leaf infection and, on average, it was higher in older
leaves. The results of the study point to the adverse effect of powdery mildew on net photosynthesis and other
physiological processes in pedunculate oak leaves, allowing them to be used as an important indicator of plant vitality
and vulnerability.
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Introduction

Oak powdery mildew (Erysiphe alphitoides (Grif-
fon & Maubl.) U. Braun & S. Takam.) has been a chron-
ic disease throughout the oak forest range in Europe
for more than a century. This obligate plant pathogenic
fungus is most harmful to juvenile plants in the early
ontogenetic development stages (Pap 2012, Pap et al.
2012). Young leaves and shoots are especially vulner-
able, so under a high infection level, the fungus causes
deformations and retards the development. In older
stands, only in the cases of defoliation, the fungus
becomes an important causal factor which diminishes
the vitality of oak forests (Thomas et al. 2002, Marcais
and Breda 2006). In his study on physiological pro-
cesses in trees damaged by defoliators and powdery

mildew, Ierusalimov (1979) found that during leaf re-
generation, respiration was intensified and the con-
sumption of stored nutrient supplies was increased.
Respiration returns to normal two years after defolia-
tion and leaf regeneration. In addition to leaf damage,
powdery mildew can lower the increment and lead to
all accompanying adverse consequences. The experi-
ence of forestry experts and the research undertaken
on pedunculate oak regeneration areas emphasise that
oak seedlings and saplings are at the highest risk of
powdery mildew (Novak-Agbaba and Liovi¢ 1998, Gla-
vas 1999, Bobinac 1999, 2000, Liovi¢ and Zupanic’ 2006,
Liovi¢ 2011, Pap 2012, Pap et al. 2012). The impact of
powdery mildew on the development and survival of
oak seedlings and saplings in the process of forest
regeneration and the justification of investments in
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pedunculate oak protection have been dealt with in
only a small number of studies (Soutrenon 1998, 2003,
Liovi¢ 2011, Pap 2012, Pap et al. 2012). The above
authors tried to calculate, as accurately as possible,
the values of the effect of powdery mildew on height
and diameter increment and plant survival in different
production and ecological units of pedunculate oak
stands. Their results suggested that the best results
in seedling protection can be obtained by minimal
application of fungicides during the early development
the seedlings whereas application in later development
stages is biologically and economically questionable.

Plant increment (diameter and height), as an indica-
tor adverse effects of powdery mildew, is often insuffi-
ciently reliable, because it depends on numerous exter-
nal and internal factors (presence or absence of nutri-
ents and water in the soil, availability of space and light,
effect of weeds, etc.). The above factors can have both
negative and positive effects on the host plant, and in
this way mask the actual effect of powdery mildew. There-
fore, it is very important to study and correlate the fun-
gus and its effect on major physiological processes (pho-
tosynthesis, transpiration, stomatal conductance). The
level of the harmful effects of the pathogen can be eval-
uated and explained based on the degree of disturbance
of physiological processes. These parameters are impor-
tant indicators of the plant physiological condition on
the one hand, and the effect of the pathogen on the other
hand. Even the slightest change in any of the analysed
parameters can lower, and in extreme cases discontinue,
the plant life processes.

The effects of pathogens on plant physiological
processes have been studied by numerous authors to
date (Ploetz and Schaffer 1989, Bowden and Rouse
1991, Niederleitner and Knoppik 1997, Lopes and Berg-
er 2001, Bassanezi et al. 2002, Moriondo et al. 2005,
Aldea et al. 2006, Desprez-Loustau et al. 2006). Depend-
ing on the investigated plant species and pathogen,
it is reported that plant infection leads to a decrease
in the yield and biomass of individual organs, reduced
chlorophyll fluorescence, concentration of photosyn-
thetic pigments, and the reduction in overall physio-
logical activity of infested plants. The changes in
physiological processes of plants infected with pow-
dery mildew have been studied by a relatively small
number of authors (Hewitt and Ayres 1975, 1976,
Briiggemann and Schnitzler 2001, Hajji et al. 2009, Lio-
vi¢ 2011, Marcgais and Desprez-Loustau 2012). All of
them emphasise that the assimilation intensity decreas-
es with the advanced leaf infection, but their opinions
differ regarding other physiological parameters (res-
piration, transpiration, stomatal conductance), which
is primarily the consequence of different methodolog-
ical procedures and applied equipments. In the above

studies, the effect of leaf age on the changes in some
physiological parameters has not been investigated in
detail, however in our studies this factor is of deci-
sive significance. Regardless of different results ob-
tained by these studies, the main advantage of this
kind of research lies in the fact that it could provide
an insight into the mechanisms involved in the patho-
genesis at the level of different organs. The results
of investigations on the impact of pathogens on leaf
gas exchange could be used in further studies, as a
nondestructive means in determination of incidence
and/or severity of infection by E. alphitoides.

This study deals with the effect of oak powdery
mildew on basic plant functions: net photosynthesis,
transpiration, stomatal conductance, content of chlo-
roplast pigments. The variability of the studied param-
eters was measured on pedunculate oak saplings de-
pending on leaf age and infestation intensity. Because
the leaf physiological parameters are dependent on the
level of infection, the results obtained on infected
leaves were compared with the results of measure-
ments on healthy leaves in order to quantify the im-
pact of disease on investigated parameters. Also, be-
cause oak plants were sampled randomly in the field,
the significance of E. alphitoides was analysed inde-
pendently of other biotic and abiotic factors.

Material and Methods

Net photosynthesis, transpiration, stomatal con-
ductance

Net photosynthesis, transpiration and stomatal
conductance were measured using portable equipment
ADC Bioscientific Ltd. LCpro+ with the system for gas
exchange monitoring in plants. The physiological pa-
rameters were measured on pedunculate oak saplings
in the first half of July 2009 (Forest Administration
Morovi¢, loc. Blata, Compartment 6). Pedunculate oak
saplings developed under the protection of crop trees
(after regeneration felling, 50-55 pedunculate oak and
narrow-leaved ash trees were left per hectare on the
regeneration area). The analysed leaves belonged to
two age classes: young, half expanded leaves 7-10
days old, and fully expanded leaves aged 20 days or
more. The selected leaves were under different degrees
of fungal infection, and based on their coverage with
epiphytic mycelia, they were classified into 6 groups:
(1) uninfected leaves (0%), (2) mildly infected leaves
(< 10%), (3) moderately infected leaves (10-30%), (4)
moderately severely infected leaves (30-50%), (5) se-
verely infected leaves (50-75%) and (6) very severely
infected leaves (> 75%) (Pap 2012, Pap et al. 2012).

The leaves, which were not separated from the
plants, were measured in sunny and clear weather
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between 07:00 — 09:00 a.m. Each measurement includ-
ed 25 leaves from the selected plants in three repli-
cates (25 leaves x 3 replicates x leaf age x infestation
intensity). Each leaf was carefully placed in the cham-
ber of internal dimensions 6 cm? (2 x 3 cm). Measure-
ments were made under constant light conditions (PAR
1,000 pmol m? s™') and CO, concentration (350 pmol
mol'), and the temperature (25°C) and relative air
humidity (80%) were measured during the experiments.
The intensity of photosynthesis, transpiration, and
stomatal conductance was calculated based on gas
exchange and other determined parameters.

Concentration of photosynthetic pigments

The concentration of photosynthetic pigments
was measured on the leaves taken from oak seedlings
in late June 2009 in the area of Forest Administration
Klenak, loc. Grabovacko-Vitojevacko Ostrvo, Compart-
ment 86. The plants including the roots were pulled
out of the ground and brought to the laboratory of
the Department of Biology and Ecology — Novi Sad.
The leaf ages and the degrees of infection were the
same as in the previous experiment. The contents of
chlorophyll a (Chl a), chlorophyll b (Chl b), and caro-
tenoids (Car) were determined according to Wettstein
method (1957) in acetone solution. Leaf samples were
finely cut and then homogenised with a pestle, with
the addition of 5-10 ml acetone. Pigment concentra-
tion was determined in acetone extract using BECK-
MAN spectrophotometer: the absorbances were meas-
ured at the appropriate wavelengths (chlorophyll a —
662 nm, chlorophyll b — 644 nm, carotenoids — 440 nm)
and expressed in mg g of dry matter.

Content of dry matter

Plant material was dried at 80°C to constant mass,
and the dry matter percentage (Dm) was calculated
using the formula:

% moisture = (m - n) x 100/m,

where: m (g) is the mass before drying, and n (g)
is the mass after drying.

% dry matter = 100-% moisture

The data in all experiments were processed using
the analysis of variance and the differences in signif-
icance between variants were evaluated using Dun-
can’s test at p = 0.05 significance level (StatSoft Inc.
STATISTICA). The estimation of statistical importance
of different sources (“leaf age”, “infestation intensi-
ty” and interaction “leaf age x infestation intensity”)
was conducted by Two-way ANOVA procedure. Data
regarding content of dry matter was subjected to the
arcsine transformation for statistical analysis, but
actual percentages are given in the tables and figures.
Linear regression analysis was applied in order to

examine the relationship between infestation intensi-
ty and investigated physiological parameters. Proba-
bility value of 0.05 was used as the benchmark of sig-
nificance.

Results

Based on two-way ANOVA, it is observed that
impact of oak mildew changed with leaf age and in-
festation intensity (Table 1). Also, interaction “leaf age
x infestation intensity” was statistically significant for
all investigated leaf parameters. The rate of net pho-
tosynthesis declined progressively with mycelium
development on the leaf surface, regardless of leaf age.
A noticeable decrease in net photosynthesis was es-
pecially substantial in the leaves infected above 30%.
However, new leaves were more susceptible and more
threatened by fungal presence and nourishment than
older leaves (Figure 1). Net photosynthesis was de-
creased approximately 85% on the young leaves in-
fected between 50-75% and was practically interrupt-
ed on the leaves infected above 75% (Table 2). A de-
crease in net photosynthesis also occurred in older
leaves, but to a lower degree. On the leaves infected
above 75%, net photosynthesis decreased for about
70%. Nevertheless, it is evident that net photosynthe-
sis was considerably higher in older leaves under the
same intensities of leaf infection (Table 2; Figure 1).
The effect of powdery mildew on transpiration rate was
moderate. A trend of mild decrease in transpiration
occurred in parallel with an increase in mycelium area.
In young leaves, significant decrease in transpiration
rate was observed only in most severely infected leaves
(> 75%) (Table 2). Similarly, there were no major
changes in transpiration rate of older leaves, although
the differences between some categories of leaf infec-
tion were significant. The effect of powdery mildew
on stomatal conductance had similar pattern as in the
case of transpiration rate. On average, stomatal con-
ductance was lower in young leaves, even though the
differences were not significant, except in the case
when this parameter was compared for the leaves with
the highest rate of infection (Table 2). In older leaves,
the differences were significant, with the clear decreas-
ing trend of the observed values (Figure 1). The con-
centration of chlorophyll a, chlorophyll b, total chlo-
rophyll (a + b) and carotenoids decreased linearly with
an increase in the degree of infestation intensity, in
the leaves of both ages (Figure 1). Concentration of
photosynthetic pigments decreased approximately by
70% in the young leaves infected above 75%, com-
pared to the 56% recorded on older leaves. An in-depth
analysis of data showed that the concentration of
photosynthetic pigments was higher in older leaves
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(Table 2). Opposite to investigated physiological pa-
rameters, the content of dry matter increased with an
increase in leaf infection, regardless of the leaf age
(Tables 2; Figure 1). However, this increase was sig-
nificant only in the case of leaves aged 7-10 days
(" =0.85; p <0.01).

Discussion

The results of our study showed that increase in
leaf infection caused by Erysiphe alphitoides (Grif-
fon & Maubl.) U. Braun & S. Takam. led to disturbances
in leaf gas exchange, concentration in photosynthet-

Table 1. Two-way ANO-

F values
VA for observed leaf pa- source of variation  of E % Chla  Chlb Chlatb  Car Dm
rameters depending on
leaf age and E. alphitoides ~ Leafae 1 6066.4 40 565 ™' 2665 168" 18697 47.0 ™ 24504
infestation intensity intoredty 5 8132 189 ** 116** 845  17.8 738 414 3020
Leaf age x Inf. 5 106.3** 6.1 *** 161 =~ 11.3 = 84** 128™* 44+ 167.3 =~
intensity

Level of signifficance: * P < 0.05; ** P < 0.01; *** P < 0.001
'- The parameter acronyms are defined in Material and Methods

Table 2. Median (m ) and standard deviation (SD) of observed leaf parameters depending on leaf age and E. alphitoides
infestation intensity

Chl a1 Chl b1 Chl a+1b Car1 Dm
(mgg™) (mgg’) (mgg") (mgg’) (%)
me SD Mme SD me SD me SD me SD me SD Me SD me SD

Al E gs

Infestation intensity (umol m2s™)  (mmolm?s’)  (molm?s™)

(%)

Leaves aged 7 — 10 days

0 263" 028 4.10° 016 0.18° 003 253 013 0.88 014 341° 025 1.12° 008 28.2° 0.66
<10 2.45% 018 4.00° 0.24 0.18%®° 0.02 1.81*° 032 052° 0.18 233° 048 0.76®° 020 325° 074
10 - 30 219° 018 4.21* 024 0.19®° 003 1.49° 051 055° 024 201° 075 0.80® 020 37.5° 165
30 - 50 1.10° 015 423* 028 021° 003 217° 031 075° 008 292 035 067° 017 35.8 1.02
50 - 75 0.37° 0.08 4.15% 0.19 0.18® 002 081 024 056* 012 142° 022 059° 0.11 427 1.01
>75 0.02° 0.02 368" 015 016> 001 065° 010 020° 008 092° 007 039° 012 41.7% 0.11
Leaves aged > 20 days
8.18% 0.36 4.25° 026 025° 001 381 047 108 025 4977 035 123 014 43.1° 051
<10 7.67° 055 4.14®° 019 023° 002 320° 028 088° 025 4.06° 032 097° 015 446" 0.12
10 - 30 597° 0.36 4.33°° 024 023° 001 1.90° 026 052" 023 239° 048 076° 010 42.8" 045
30 - 50 403° 021 375 024 0.18 003 225 0.39 044° 021 269° 059 082 0.15 41.6° 0.19
50 - 75 3.42° 017 393" 017 019° 001 1.97° 025 055 019 245 041 072° 008 44.2° 079
>75 249" 0.18 3.69° 0.13 0.20° 001 215 032 059° 014 262° 043 080° 0.07 47.3 0.86

! The parameter acronyms are defined in Material and Methods

Generally, the results of linear regression showed
that most of the investigated parameters were signif-
icantly affected by infestation intensity. In order to
shed a different light on the results, we correlated
different degrees of fungal infection with relative val-
ues of observed leaf parameters, represented through
the percentages compared to the values of healthy
category (Figure 1). Statistically significant decreas-
es in net photosynthesis and stomatal conductance,
as well as significant decreases in the concentration
of chlorophyll a + b and carotenoids, were recorded
in the leaves of both ages. The relationship between
infestation intensity and transpiration rate was not
statistically significant, neither in young nor in old
leaves and therefore was not presented in Figure 1 (see

p. 6).

ic pigments and leaf dry matter in Quercus robur L.
saplings. These disturbances were manifested through
the declining in net photosynthesis, transpiration rate
and stomatal conductance, as well as concentration of
photosynthetic pigments with increasing of infestation
intensity. Also, water loss from the leaves, caused by
water uptake by the fungus, led to an increase in the
content of leaf dry matter. Further, our results indicate
that the reaction of young leaves colonised by pow-
dery mildew was more intensive (i.e. distinct reduc-
tion in leaf gas exchange and pigment content) than
it is case in older leaves. This is probably related to
leaf ontogenic development, because during the de-
velopment, older leaves store larger amounts of pho-
tosynthetic products, so physiological processes are
more intensive. Shirke (2001) stated that, during leaf
development, stomatal conductance, net photosynthe-
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sis and pigment content increase with leaf expansion
and are related to efficiencies of radiation energy uti-
lisation, electron transport chain and photophospho-
rylation. Also, it can be noted that the content of dry
matter in older leaves was on average higher, proba-
bly as a result of the higher percentage of mechanical
tissues in older leaves. Pap (2012) stated that the seed-
lings are under the highest risk of powdery mildew
during the onset of new shoots with young leaves,
but it is very rarely, only in extremely unfavourable
conditions, that the fungus can destroy the new leaves
on secondary shoots. Even in the case of complete
coverage of the assimilation apparatus with the myc-
elium, the leaves are not killed, and over time, the
presence of powdery mildew infection is significantly
eliminated (Pap 2012, Pap et al. 2012). Presumably, this
is the case of compensation effects reported by Hewitt
and Ayres (1976). Previous studies also indicate that,
in addition to good light conditions, normal physio-
logical processes also depend on sufficient moisture
and nutrients for the roots in the soil. Intensive phys-
iological processes generate a faster ontogenetic de-
velopment, and in this way reduce the powdery mil-
dew pressure and fungus-induced negative conse-
quences (Pap 2012, Pap et al. 2012).

Our results showed that net photosynthesis de-
creased for about 56% in younger and 50% in older
leaves under the moderately severe infestation (30-
50%). Net photosynthesis was almost interrupted in
young leaves infected over 75%, while in the older
leaves it declined for approximately 70%. Study con-
ducted by Liovi¢ (2011) showed that net photosyn-
thesis in non-infected oak leaves was on average 40%
higher compared to infected leaves. Similar results were
reported by Hewitt and Ayres (1975), Briiggemann and
Schnitzler (2001) and Hajji et al. (2009), who found that
presence of oak powdery mildew on leaves caused a
milder impact on net CO, assimilation under moderately
severe infestation (50%), while the higher infection
levels (85-100%) reduced photosynthesis by 40-50%.
The differences in the values of net photosynthesis
in our experiments were primarily the consequence of
different leaf ages, i.e. different responses of young
and old leaves to the presence of pathogens. The same
authors did not succeed in proving that the decrease
in photosynthesis in infected leaves of one-year-old
pedunculate oak seedlings was compensated by an
increase in photosynthesis in healthy leaves on the
same plant, as detected by Mayr et al. (2001) on spruce
needles infested by Chrysomyxa rhododendri. Hewitt
and Ayres (1976) reported that infected leaves trans-
located a lower amount of photosynthetic products
than did healthy leaves, but infected leaves took up a
greater part of photosynthetic products from healthy

leaves on the same plant, than did healthy leaves on
healthy plants. As a result, in mildewed leaves, the
import of photosynthetic products increases, and the
export of photosynthetic products decreases. Accord-
ing to the above mentioned authors, healthy leaves
provide a compensation effect because they create and
translocate greater amounts of photosynthetic prod-
ucts to the infected leaves.

The effect of oak powdery mildew on transpira-
tion rate has been studied by few authors worldwide.
Contrary to our results, Hewitt and Ayres (1975) found
that transpiration rate increased from the second day
after inoculation to the end of the seven-day experi-
ment when the differences between healthy and infect-
ed leaves were the highest, both in the light period,
and in the dark period. Hajji et al. (2009) showed that
there was no difference in the total transpiration rate
on severely infected seedlings compared to that in
healthy plants. Our findings are similar, to some ex-
tent, to the previously mentioned results. In the leaves
of both ages, transpiration rate slightly increased with
the enhancement of infestation intensity, but that in-
crease was not statistically significant. Mild reduction
in transpiration rate was observed in young leaves
infected over 50% and old leaves infected over 30%,
respectively. However, in the case of leaves aged 7—
10 days, statistically significant decrease was observed
only in the most infected leaves (above 75%), com-
pared to the completely healthy category.

Stomatal conductance is a parameter on which the
fungus had the lowest effect, both in our research and
according to other authors. Our results showed that
stomatal conductance was significantly affected by
infection only in the case of older leaves, even though
decrease in stomatal conductance between complete-
ly healthy leaves and the most infected leaves oc-
curred in the leaves of both ages. Hewitt and Ayres
(1975) reported that fungus did not have any effect
on stomatal conductance of young leaves until the
sixth day after inoculation, when stomatal opening
decreased in the light. However, according to Hajji et
al. (2009), infection had a significant impact on sto-
matal conductance reducing it on average by 15-30%
compared to that in healthy leaves. Similar to findings
by Hajji et al. (2009), our results showed that the de-
crease in the rate of stomatal conductance in the
leaves ranged between 12% (leaves 7—10 days old) and
20% (leaves older than 20 days).

Concentration of photosynthetic pigments in
leaves was highly influenced by intensity of infesta-
tion, owing to the result that the expansion of leaf
infection led to decreasing in pigment concentration.
The results obtained by our study showed that infec-
tion by fungi led to the decrease in total chlorophyll

I 2014, Vol. 20, No. 1 (38) [N,  SSN 2025-9230

7



BALTIC FORESTRY

I MPACT OF ERYSIPHE ALPHITOIDES /.../ IN PEDUNCULATE OAK /.../ SAPLINGS I . ~AP ET AL. I

concentration (chlorophyll a + b) in the leaves in be-
tween 46% (leaves older than 20 days) and 73% (leaves
7-10 days old). Also, linear regression showed statis-
tically significant relationship between the concentra-
tion of photosynthetic pigments in the leaves and the
incidence of leaf infection. Kuznetsova (1988) report-
ed that chlorophyll content decreased linearly with an
increase in the degree of leaf infection, while Briigge-
mann and Schnitzler (2001) found that a severe leaf
infection was accompanied by a 50% decrease in as-
similation and total chlorophyll content.

The leaf dry matter content seems to be an im-
portant indicator of plant productivity, due to its re-
lationship with plant metabolism (Wilson et al. 1999,
Dominguez et al. 2012). Along with dry matter content,
parameters SLA (specific leaf area, fresh leaf area: dry
mass ratio), or its reciprocal, LMA (leaf dry mass per
area) are frequently used predictors of plant growth
under certain environmental conditions. LMA is cor-
related with photosynthetic rate, since it indicates the
investment of dry mass into light-intercepting leaf area
(Hassiotou et al. 2010). Therefore, these parameters
should be included in future studies of effects of the
fungus infection on oak plant physiological process-
es, to define reliably the performance of plants under
the fungus attack.

In conclusion, our results point to the occurrence
of disturbances in leaf gas exchange, concentration in
photosynthetic pigments and leaf dry matter in Quer-
cus robur saplings, depending on leaf age and E. al-
phitoides infestation intensity. Also, the most harm-
ful effect of powdery mildew occurred in the physio-
logical processes of young leaves. In this respect, the
results obtained by our study combined with previ-
ously acquired knowledge, could be applied as some
of the criteria in the decisions on oak protection meas-
ures.
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BJUSTHUE MYUYHUCTOM POCHI IYBA (MICROSPHAERA ALPHITOIDES GRIFF. ET
MAUBL.) HA ®U3UOJIOI'NYECKHE ITAPAMETPbI JIMCTBEB MOJIOAOI'O AYBA

II. IMan, C. Croiinuy, H. Hukoaunu, C. Opjosuu, M. MapkoBu4, B. Bacuu u M. CteBaHoB

Pesiome

Bnmsane mydHHCTOH pochl ay6a — (Bo3OyanTens cymuarelii rpud Microsphaera alphitoides Griff. et Maubl), Ha
TJIaBHBIE (PU3MOIOTHMYECKUE MPOIECCH B pAaCTeHHAX ((POTOCHHTE3, TpaHCHUpALUs, OMOCHHTE3 OPraHMYECKHX BELICCTB),
U3ydaeTcss Ha MOJIOZIOM 1yOe B 3aBUCHMOCTH OJ] BO3PACTa JUCTHEB M MHTEH3UTETA HamaJeHus rpuObl. FIHTEeH3uTeT HETTO-
(oToCHHTE3a POrPECCHBHO YMEHBIIHBAICS Pa3BUTHEM MUIICIHU HA TIOBEPXHOCTH JIMCTHEB, HE3aBUCHMO OT MX BO3pacTa.
Mormnopple TUCTBS O0Jlee MHTEHCHBHO OTPearnpoBajIy Ha IIPUCYCTBUE NaToreHoB. [Ipy caMoM cHIIBHOM ypoBHE 3a00JIeBaHUH,
nporiece GpoTocuHTe3a MpaKTHYECKH MONHOCThI0 mpekparnaercs (0.02 mmol m™ s'). My4HucTast poca yMEpEeHHO IOBJIHsIa Ha
TPaHCIUPALHUIO, ¥ HEOOJIbIIas TEHACHINS e¢ YMEHBIICHUs 3aMedeHa NpH OoJblueM 3a0ojeBaHuM JUcTheB. He 3amedeHo
3HAYUTEIIEHOE BIUSHUE MyYHHCTOH POCHI HA OMOCHHTE3 OPraHUYECKHX BELIECTB, H II0KA3aTENH JaHHOTO IIapaMeTpa B CPEHEM
OKa3aluch OOJBUIMM y cTapluX JUcTheB. CoJepkaHHe MUTMEHTOB XJIOPOILIACTOB JIMHEIHO CHMKAJICSA C yBEIHMYCHHEM
3apa’keHHOCTH JIHCTHEB, HE3aBHCUMO OT MX Bo3pacTa. OXHOBPEMEHHO, COJIEP)KAHHE CYXOro BEIleCTBa YBEINIHBAIOCH
Cpa3MepHO Ca POCTOM 3apaKEHHOCTH JIUCTHEB, U B CPEAHEM OHO OBUIO OONBILE Y CTAPIIMX JIUCTHEB. Pe3yIbTarhl MOKa3bIBAIOT
Ha OTPUIIATENIbHOE BIMSHHE MYYHHUCTOH POCHI 1y0a Ha HETTO (OTOCHHTE3 M OCTaNbHbIE (HU3MOJIOTHYECKHE MPOLECCHl B
JHCTBAX NyOa M MOTYT OBITh HCIIOJIB30BAHBI B KAUECTBE BAXKHOTO MOKA3aTels JKM3HECIIOCOOHOCTH U YTPO3bl PACTCHHH.

Kirwuesrble ciioBa: MYYHHUCTas poca z[y6a, MOJ'[OZ[Of/i ,I[y6, HETTO Q)OTOCI/IHTCS, TpaHcriupanus, OuoCHHTE3 OpraHnu4eCKux
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