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Abstract

A research experiment was conducted in which rates of
photosynthesis and transpiration were measured in leaves and
ears of two winter wheat varieties grown under fungicide con-
trol conditions and without fungicide control. A LI-COR 6400
portable gas exchange system was used in the investigations. In
most cases the fungicide Juwel was shown to have no effect on
the gas exchange processes, whereas the other of the fungicidal
agents applied — Swing — significantly decreased the gas ex-
change rates measured.

Measurements of gas exchange parameters in ears sho-
wed that the intensity of gas exchange was low, in particular at
the later stage of ear development. But the applied fungicide
caused higher release of CO, into the atmosphere than its up-
take. Furthermore, the applied fungicides were found to signi-
ficantly increase grain yield compared to the control treatment,
both in the first and second year of the study.

Among the tested varieties, ‘Nutka’ was characterized
by higher productivity, in spite of lower 1000 kernel weight.
However, this cultivar developed longer ears with a larger
amount of grains.

Key words: winter wheat, yield, fungicides, leaf and, ear pho-
tosynthesis transpiration

INTRODUCTION

Winter wheat is one of the most important plants
cultivated in Poland. But if grown in high concentra-
tion, it is affected by adverse environmental factors;
in particular, it is frequently infected by fungal patho-
gens. They inhibit the photosynthesis process by even
as much as 75% due to the reduction of the assimilation
area (Grzesiuk et al. 1999). Plant infection may
also lead to the inhibition of water and nutrient trans-
port from roots as well as to the outflow of assimilates
accumulated in leaves. Furthermore, fungi produce
toxins, enzymes, and growth regulators (Nielsen

and Smedsgaard, 2003; Frisvad et al. 2008).
As a result of substances released by pathogens and
changes in the phytohormonal balance, disorders in the
functioning of the plant first appear and then its death
follows. Hence, the need to reduce the incidence of
fungal pathogens seems to be unquestionable, and one
of more effective methods is the application of fungi-
cides. These chemical agents decrease plant infection
and are characterized by a short residence time in soil,
but they are also known to have an adverse phytotoxic
effect, in particular on some physiological processes
(Grzesiuk et al. 1999; Hurey and Sniezko,
1986). Under the influence of fungicide application,
necrosis may develop and there can also be distur-
bances in plant growth and development. Moreover,
the growing period is extended, the rates of photosyn-
thesis and stomatal transpiration are inhibited as well
as cuticular transpiration increases.

The duration of photosynthesis is an impor-
tant element that affects yield levels. Therefore, the
photosynthetic activity of dying leaves can be taken
over at the heading stage by ears, among others. Some
researchers (Evans et al. 1972; Johnson and
Moss, 1976; Blum, 1985) even claim that dur-
ing a period of drought stress ears play a more im-
portant role in carrying out photosynthesis than flag
leaves. However, the study of Olszewski et al.
(2008) showed that in these organs there was higher
release of CO, into the atmosphere than its assimila-
tion. This phenomenon occurs during the daytime with
the participation of photosynthetically active radiation
(PAR) (Kleczkowski et al. 1988) and is termed
as photorespiration. Furthermore, some researchers
(Starck, 2002) claim that the proportion of organs
other than leaves in total photosynthesis ranges from
several to a dozen or so percent.
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Taking into account the above highlighted prob-
lems, a study was conducted to determine the effect of
fungicide control on leaf and ear gas exchange param-
eters and yield of two winter wheat varieties.

MATERIALS AND METHODS

A two-factor experiment was set up in quadru-
plicate at the Balcyny Production and Experimental
Station in the period 2005 — 2007. The experimental
factors included two winter wheat Triticum aestivum
L. “Zyta’ and ‘Nutka’, as well as two fungicide control
levels:

I. Control (without fungicide protection)

II. Full fungicide protection:

Juwel TT 483 SE (active substance: epoxicona-
zole + kresoxim-methyl + fenpropimorph) — applied at
the stem elongation stage

Swing Top 183 SC (active substance: dimoxys-
trobin + epoxiconazole) — applied at the beginning of
heading.

The selection of the tested winter wheat culti-
vars results from their great popularity in field cultiva-
tion in north-eastern Poland and their high productiv-
ity. The variety ‘Zyta’ belongs to the so-called quality
wheats, whereas ‘Nutka’ to bread wheats.

Photosynthesis and transpiration measure-
ments were made using a LI-COR 6400 portable gas
exchange system (DMP AG SA LTD) during the
growing period. Photosynthesis and transpiration
rates were determined at a constant CO, concentra-
tion of 400 ppm and a light intensity of 1000 umol
x m?2x s, The source of photons was a LED light
source emitting light with the main peak wavelength
of 670 nm and the lower peak wavelength of 465
nm. The measurements were made on the young-
est fully developed leaves sampled from randomly
selected plants from each plot. Starting from the
heading stage, measurements were also performed
on ears using the 6400-05 Conifer Chamber. Read-
ings of gas exchange parameters were taken at sev-
eral-day intervals, repeating each measurement five
times. The study results show the average values for
a particular plant growth stage (BBCH scale) as well
as after the application of the fungicidal preparation.
The figures presenting net leaf photosynthesis meas-
urements give the amount of CO, absorbed, expressed
in umol X m?2x s, while in the case of ear gas ex-
change measurements the amount of CO, absorbed or
released is given, expressed in umol X m2x s!,

Statistical processing was performed using the
multiple test that groups together means with similar
values, classified into homogenous groups at a signifi-
cance level of 0=0.05. The “STATISTICA” software
package was used for calculations.

RESULTS

The rates of photosynthesis and transpiration in
leaves of the investigated winter wheat varieties are
shown in Figs 1-10. Both in the first and second year
of the study, no significant changes in the values of
the gas exchange parameters were found on the 7th
day (BBCH 41 — 43) after the application of the fun-
gicide Juwel TT 483 SE (Figs 1-2). Both tested wheat
cultivars were characterized by similar values of the
measured parameters. Moreover, in the second year of
the study the values of photosynthesis and transpira-
tion rates were found to be lower in all the treatments
compared to the first experimental year. One should
suppose that weather conditions affected the values of
the plant gas exchange parameters. Measurements per-
formed at later growth stages did not exhibit any effect
of the applied fungicidal agents on leaf transpiration in
the tested winter wheat varieties (Fig. 4). In the case
of photosynthesis, its increase under the influence of
the fungicide Juwel was found only in the first year
of the study (Fig. 3). In addition, a decline in the rate
of photosynthesis was demonstrated in the cv. Nutka
in the first year and an increase in the second year of
the experiment. Hence, it may be presumed that the
cv. Nutka is relatively sensitive to changes in the rate
of photosynthesis, depending on climate and weather
patterns. Next measurements of gas exchange rates
showed an increase only in photosynthesis in the Juwel
fungicide treatments in the second year of the study
(Fig. 5). On the other hand, the fungicidal agents did
not differentiate the level of transpiration but its higher
level was found in the second year of the study, which
could be attributable to a large amount of rainfall, in
particular in July (Fig. 6).

As a result of the application of the other fun-
gicide, Swing Top 183 SC, at the beginning of the
heading stage, both tested winter cultivars were char-
acterized by similar levels of the gas exchange param-
eters on the 7th day (BBCH 57 — 59) and the 21st day
(BBCH 69-71) after its application (Figs 7-10). The
applied fungicide significantly decreased the rate of
leaf photosynthesis only in the first year of the study.
The other parameters were at a similar level.

Rates of photosynthesis and transpiration in
winter wheat ears were also investigated in the present
experiment (Figs 11 and 14). The study results relat-
ing to the impact of the Juwel preparation are omit-
ted in this paper due to a long period that passed from
its application. The parameters measured on the 5th
day after the application of the other fungicide Swing
(BBCH 57 — 58) reached similar values in the case of
the tested varieties and differences were insignificant
both in the first and second year of the study. The ap-
plication of the fungicide only resulted in a decrease in
the rate of photosynthesis in the second year of the ex-
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Table 1
Some morphological features of winter wheat.

Balcyny Production and Experimental Station, 2005/07

Treatments Ear length Number of grains per ear TGW
[cm] [pes] [g]
Mean values for cultivars:
Zyta 7.9a* 37.8a 49.9b
Nutka 8.2b 44.5b 47.4a
Mean values for the fungicide treatment:
Control 8.1a 40.9a 47.6a
Fungicide 8.1a 41.3a 49.7b
Mean values for treatment interaction:
Control 8.0ab 38.3a 49.0b
Zyta Fungicide 7.8a 37.2a 50.7¢c
Control 8.1ab 43.5b 46.1a
Nutka Fungicide 8.4b 45.4b 48.7b

* homogenous groups according to Fisher’s LSD test (o.— = 0.05)

periment. The high level of rainfall in the second year
of the study caused a higher rate of leaf transpiration
and a lower level of photosynthesis. Intense transpi-
ration could have limited CO, assimilation in spite of
wide opening of the stomata.

The next measurement of gas exchange parame-
ters in ears was made at the grain ripening stage (BBCH
67-69; 71-73) (Figs 13 and 14). Measurements of pho-
tosynthesis in winter wheat ears showed that in the first
year of the study, at the milk-ripe stage, there was higher
CO, release into the atmosphere than its uptake, which
is indicated by negative values of the readings. In the
next year of the experiment, investigations were carried
out slightly earlier — at the watery ripe stage. A very low
level of photosynthesis was then demonstrated in both
tested varieties. But the other fungicide applied, Swing,
caused a significant decrease in photosynthesis. In turn,
the level of transpiration was higher in the variety ‘Nut-
ka’ and in the treatments in which the fungicide had been
applied. In addition, there was a significant increase in
ear transpiration already from the milk ripe stage, which
is associated with grain ripening.

Selected morphological features of the winter
wheat varieties are presented in Table 1. Based on
measurements of morphological traits of the tested cul-
tivars, the ‘Zyta’ was found to be characterized by sig-
nificantly higher 1000 grain weight. But the ‘Nutka’
developed significantly longer ears and a higher
number of grains per ear. The applied fungicides had
an effect only on thousand grain weight, causing its
increase.

Both tested cultivars responded to the fungi-
cides applied in a similar way. A positive impact of

the fungicides was only found in the case of thousand
grain weight. As far as the other morphological fea-
tures are concerned, the values were similar when par-
ticular treatments are compared.

Winter wheat grain yields should be considered
to be relatively high, in particular in the first year of
the study (Fig. 15). Among the tested cultivars, yields
of the ‘Nutka’ were higher both in the first and second
year of the study, and the differences were statistically
proven. The applied fungicides resulted in an increase
in yield. Both cultivars responded with a significant
increase in productivity to the fungicidal preparations
applied, both in the first and second growing season.

DISCUSSION

The use of plant protection agents in crop culti-
vation is designed to reduce qualitative and economic
losses to the minimum. The application of fungicides
leads to decreased numbers of fungal pathogens in
crops, therefore these chemical control agents indirect-
ly cause an increase in yield obtained from chemically
protected crops and contribute to their higher quality.
Crop protection agents, in particular fungicides, allow
the incidence of agricultural pests to be reduced sig-
nificantly, but their application may also have negative
effects on plants (Rozek and Wnuk, 1994). Under
the influence of fungicides, rates of photosynthesis and
stomatal transpiration can be inhibited as well as cutic-
ular transpiration increases. In the present study, only
Swing caused a decrease in the rate of photosynthesis
and only in the first year of the experiment. But the
fungicidal preparation Juwel had a slightly stimulat-
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Fig. 1. Winter wheat leaf photosynthesis 7 days after application of the fungicide Juwel (booting stage BBCH 41-43)

2005/2006

Zyta Nutka Control  Fungicide Zyta Nutka Control  Fungicide

2 -1
mmol H,O m™s
) IS
| |
‘ ‘
)
*
‘ ‘
‘ ‘
i i
‘ ‘
I I
| |
| |
()
‘
|

* homogenous groups according to Fisher’s LSD test (o = 0.05)

Fig. 2. Winter wheat leaf transpiration 7 days after application of the fungicide Juwel (booting stage BBCH 41-43)
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Fig. 3. Winter wheat leaf photosynthesis 23 days after application of the fungicide Juwel (booting stage BBCH 45-49)
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Fig. 4. Winter wheat leaf transpiration 23 days after application of the fungicide Juwel (booting stage BBCH 45-49)
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Fig. 5. Winter wheat leaf photosynthesis 35 days after application of the fungicide Juwel (heading stage BBCH 51-53)
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Fig. 6. Winter wheat leaf transpiration 35 days after application of the fungicide Juwel (heading stage BBCH 51-53)
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Fig. 7. Winter wheat leaf photosynthesis 7 days after application of the fungicide Swing (heading stage BBCH 57-59)
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Fig. 8. Winter wheat leaf transpiration 7 days after application of the fungicide Swing (heading stage BBCH 57-59)
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Fig. 9. Winter wheat leaf photosynthesis 21 days after application of the fungicide Swing (flowering stage BBCH 69-71)
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Fig. 10. Winter wheat leaf transpiration 21 days after application of the fungicide Swing (flowering stage BBCH 69-71)
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Fig. 11. Winter wheat ear photosynthesis 5 days after application of the fungicide Swing (heading stage BBCH 57-58)
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Fig. 12. Winter wheat ear transpiration 5 days after application of the fungicide Swing (heading stage BBCH 57-58)
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Fig. 13. Winter wheat ear photosynthesis after application of the fungicide Swing (milk ripe stage BBCH 71-73, year 2005/06;
watery ripe stage BBCH 67-69, year 2006/07)
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Fig. 14. Winter wheat ear transpiration after application of the fungicide Swing (milk ripe stage BBCH 71-73, year 2005/06; watery
ripe stage BBCH 67-69, year 2006/07)
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Fig. 15. Winter wheat grain yield

ing influence on the level of photosynthesis. An ear-
lier study of Olszewski (2004) did not confirm the
negative effects of fungicides on the photosynthetic
apparatus. However, there was observed a tendency
towards a slight decrease in the rate of photosynthesis
under the influence of a fungicidal agent. Furthermore,
the abovementioned author found a significant decline
in the levels of photosynthesis and transpiration under
the effect of foliar herbicide application.

Under conditions of reduced photosynthetic ac-
tivity of leaves, their role is taken over by ears. Some
researchers (Evans et al. 1972; Johnson and
Moss, 1976; Blum, 1985) even claim that under
stress conditions ears play a more important role in
carrying out photosynthesis than flag leaves. The study
conducted by Olszewski etal. (2008) showed that
in these organs there was higher release of CO, into the
atmosphere than its assimilation. This phenomenon oc-
curs during the daytime with the participation of pho-
tosynthetically active radiation (PAR) (Kleczkow -
ski et al. 1988). In the opinion of other researchers
(Nalborczyk, 1993; Starck, 2002), the propor-
tion of organs other than leaves in total photosynthesis
ranges from several to a dozen or so percent.

Our own study showed a high level of photosyn-
thesis in ears at the initial stage of their development.
Next measurements exhibited a systematic decline in
photosynthetic activity of these organs, being larger in
the treatments in which the fungicides had been ap-
plied. The study of Nason etal. (2007) showed a de-
crease in the rates of photosynthesis and transpiration,
among others, as a result of the application of fungi-

I “ 0

Control Fungicide Zyta Nutka Control Fungicide

cides in which strobilurins were the active substance.
But no such correlation was demonstrated in the case
of the application of triazoles or epoxiconazole.

In their investigations of the rate of photosyn-
thesis in leaves and ears of wheat grown under water
deficit conditions, Inoue etal. (2004) obtained nega-
tive values for this parameter. The study of Olszew -
ski et al. (2008) also demonstrated in wheat ears
higher CO, release into the atmosphere than its uptake.
Similarly in the experiment of Wang et al. (2001),
photosynthesis of winter wheat ears had negative val-
ues on the 28th day after the beginning of flowering.
Besides, in the case of leaf blades the values of this
parameter were higher than they were for other green
organs. According to Starck (2002), the process of
photosynthesis occurs in all green organs (also in ears),
but with much lower intensity than in leaves.

In the present study, the applied fungicides mod-
ified only ear length and 1000 grain weight (TGW).
Similar results were obtained by Pszczétkowska
(2008) who found a significant effect of fungicides on
TGW relative to the control treatment. This author re-
ports that the highest TGW was obtained after the ap-
plication of the fungicides Juwel and Swing.

Both in the first and second year of the experi-
ment, wheat grain yield was relatively high and the
fungicides applied significantly increased its level.
Bertelsen et al. (2001), Ruske et al. (2004) as
well as Pszczdétkowska (2008) obtained similar
results in their studies; they reported an increase in
winter wheat grain yield in all fungicide treatments.
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CONCLUSIONS

1. Among the fungicides applied, only Swing Top
183 SC showed a negative effect on the process of
photosynthesis in leaves, reducing the value of the
measured parameter. But the other of the fungicidal
agents did not differentiate the level of photosyn-
thesis.

2. At the heading stage, photosynthesis measured as the
rate of CO, assimilation occurred in ears with great
intensity, whereas the fungicides used resulted in
higher release of CO, than its uptake. Moreover, at
the watery ripe stage the level of ear photosynthesis
significantly decreased.

3. The applied fungicides significantly increased grain
yield relative to the control, both in the first and
second year of the study. In addition, ‘Nutka’ was
characterized by higher yield, in spite of lower 1000
kernel weight. This cultivar developed significantly
longer ears with a larger amount of grains.
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Wskazniki wymiany gazowej lisci i klosow
oraz produkcyjnos¢ pszenicy ozimej
(Triticum aestivum L.)

w warunkach ochrony fungicydowej

Streszczenie

Przeprowadzono eksperyment badawczy, w kt6-
rym mierzono intensywnos$¢ fotosyntezy i transpiracji
w lisciach i klosach dwéch odmian pszenicy ozimej
uprawianej w warunkach ochrony fungicydowej oraz
bez ochrony. W analizach postuzono si¢ przenosnym
analizatorem gazowym LI-COR 6400. Wykazano,
ze fungicyd Juwell w wigkszosci przypadkéw nie miat
wplywu na przebieg wskaznikéw wymiany gazowej,
natomiast drugi ze stosowanych preparatow — Swing,
znaczaco obnizal intensywno$¢ mierzonych proce-
SOW.

Pomiary wskaznikow wymiany gazowej klo-
sow wykazatly, ze proces ten zachodzit w niewielkim
nasileniu, zwlaszcza w pdzniejszej fazie rozwojowe;j
kloséw. Natomiast zastosowany fungicyd spowodowat
wyzsze wydzielanie CO, do atmosfery, niz jego pobie-
ranie. Ponadto stwierdzono, ze aplikowane preparaty
istotnie zwigkszyty plon ziarna w stosunku do kontro-
li, zar6wno w pierwszym, jak i drugim roku badar.

Sposréd testowanych odmian Nutka charaktery-
zowala si¢ wyzszym plonowaniem, pomimo mniejszej
masy tysigca ziarniakéw. Jednak odmiana ta wyksztal-
cita istotnie dtuzsze ktosy, o wigkszej liczbie ziaren.
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