Research reports

The effect of fungicide sprays on root development, green
leaf area and yield of wheat in the absence of disease

R. Balasubramaniam and R.E. Gaunt Department of Agricultural Microbiology,
Lincoln University College of Agriculture, Canterbury, New Zealand

Summary

The effect of fungicide applications on plant
growth and crop yield was investigated in
the field. Four sprays of benomyl and two of
triadimefon were applied at commercially
recommended rates to wheat. Green leaf
area, total leaf area, root length, yield and
yield components were not affected by the
chemical applications. There was no evi-
dence for phytotonic effects in this trial. It
is suggested that phytotonic effects, associ-
ated with nutritional, growth regulatory or
resistance mechanisms, occur only under
certain conditions and will be the result of
crop, chemical and environment interac-
tions.

Introduction
Fungicides are an important input to inten-
sive wheat production in Europe and some
other parts of the world. Approximately 6.5
million hectares of cereals in Europe re-
ceived at least one foliar fungicide applica-
tion in 1979 (Jenkins and Lescar 1980), in-
cluding 50%, 27% and 29% of the cereal
production areas in the United Kingdom,
France and Germany respectively.

Increased yield associated with fungicide
application has usually been attributed to
disease control. However, Jenkins et al.
(1972) commented that control of low dis-
ease severities could not explain observed
yield increases in some ficld trials. Griffiths
and Scott (1977) suggested that some fungi-
cides may stimulate plant growth and cause a
‘phytotonic’ effect independent of disease
control. Phytotonic effects of fungicides
were reported on coffee in East African
countries (Gillett 1942, Griffiths 1971) and
on cereals grown in glasshouses (Griffiths
and Scott 1977, Peat and Shipp 1981). Appli-
cations of benomyl, carbendazim, ethirimol,
tridemorph, triadimefon and captafol in-
creased yields in the field more than would
have been expected from control of low dis-
ease severities (Griffiths 1981, Priestley
1981).

Delayed senescence has been implicated
in the mechanism of phytotonic effects of

fungicides. Direct effects of fungicides on
senescence, similar to the effects of cytoki-
nins, have been reported for methyl ben-
zimidazole carbamate (MBC) fungicides in
cereals (Dickinson and Walpole 1975, Ellen
and Spiertz 1975, Staskawicz et al. 1978, Peat
and Shipp 1981). Delayed senescence will
contribute to yield increases only when yield
production is limited by insufficient green
leaf area duration. This may occur, for ex-
ample, when the supply of photosynthates is
not sufficient to realise the carbohydrate
storage potential of the number of grains set
during grain filling. Since cytokinins also
promote cell division, it is possible that fun-
gicides with cytokinin-like properties may
increase yield by effects on spikelet and flo-
ret development or endosperm cell number.

Tolstrop  and  Smedegaard-Petersen
(1984) reported that saprophytic fungi,
mostly Cladosporium spp., were associated
with senescence in barley. Smedegaard-Pe-
tersen and Tolstrop (1985) suggested that
observed yield increases with fungicide ap-
plication were attributable to a reduction in
energy cost to the host for resistance mecha-
nisms which prevented infection. They sug-
gested that this was similar to the energy cost
associated with defence against avirulent
pathogens (Smedegaard-Petersen and Sto-
len 1981). Dickinson (1981a, 1981b) sug-
gested that saprophytic fungi may behave as
weak pathogens, becoming more active as
the crop senesces. These facultative para-
sites may be of greater importance than pre-
viously recognized, and their direct control
by fungicides may increase green leaf area,
and possibly yield, thus causing an apparent
phytotonic effect.

It is imperative that phytotonic effects on
yield are studied in field-grown crops, and it
is likely that phytotonic effects will be ex-
pressed only under some environmental
conditions. There are no reported studies on
the effect of foliar fungicide application on
root growth. In this paper, the effects of fo-
liar fungicide applications to a wheat crop
with minimal discase severity on shoot
growth, root growth and yield are reported.
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Materials and Methods

Wheat seed (cv. Kopara) treated with captan
(100 g a.i. 100 kg! seed) was sown (150 kg
ha') on 24th June 1980 on a silt loam soil at
Lincoln, New Zealand. At GS 12 (Zadoks et
al. 1974) four randomised blocks of four
treatment plots (12 x 10 m) were marked
out, with a mown access path (0.5 m) border-
ing each plot within the blocks. Benomyl
(250 g a.i. ha') was applied at G.S. 12, 23, 25
and 33 and triadimefon (125 g a.i. ha!') was
applied at GS 40 and 82 in the full spray
treatment. No sprays were applied to one
plot (nil spray) in each replicate. Fungicide
sprays were applied from each side of the
plots by a tractor mounted 6 m boom at 300
L ha' at 3.45 x 10° N m? pressure.

Ten plants per plot were sampled ran-
domly during the growth season (GS 12-79)
from rows at least one metre from the edge
of the plots to avoid plants influenced by
edge effects and interplot interference
(James and Shih 1973, James et al. 1973).
Percentage leaf area occupied by disease was
recorded on all green leaves of the main
stem using standard area diagrams (Anon
1972). The leaf lamina was removed and the
area determined using leaf area meter (Li-
cor Model 3100, USA). Total green leaf area
was calculated as described by Lim and
Gaunt (1981).

Soil cores were extracted from a position
at least 1 m from the edge of the plots at GS
12 (two cores/plot) and GS 89 (three cores/
plot). The cores were pooled for each plot
and cut into segments at 10, 20, 35 and 50 cm
depths. The roots were separated from the
soil using an automated washing system
(Bohm 1979) and live root length was meas-
ured by the grid intercept method (Marsh
1971). The total root length to 50 cm depth is
presented as length/unit area of soil (cm
cm?). Root length in individual segments of
a core is presented as length /unit volume of
soil (cm em™).

When harvest ripe, plants in five 0.1 m?
quadrats were sampled randomly on each
side of the 1.5 m central strip in each plot.
The total number of plants and the number
of ear bearing tillers were measured. A cen-
tral 10 x 1.5 m strip was machine harvested
(Walter and Wintersteiger Universal Seed
Master, Austria), and the yield and mean
grain weight determined.

Results
Minimal symptoms of speckled leaf blotch
first appeared at GS 24 (Table 1) as small
chlorotic areas on the lower leaves. Pycnidia
did not develop and disease was not present
from GS 33 onwards. Symptoms of leaf rust
appeared at GS 69, but severity was very low
and there were no significant differences
between treatments up to GS 71.

There were no significant differences be-
tween treatments in mean percentage green
leaf area and total leaf area (Table 1). Total
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Table 1. The effect of fungicide application on disease development and leaf area on main stems of Kopara wheat.

Variable Fungicide Disease variables at growth stages®
treatment
12 22 23 24 25 32 33 69 71 79

Mean % disease severity® Full 0.00 0.00 0.00 0.02 0.03 0.06 0.00 0.00 0.02 1.26

Nil 0.00 0.00 0.00 0.02 0.07 0.23 0.00 0.10 0.09 226
LSD (P=0.05) 0.00 0.00 0.00 0.07 0.06 0.18 0.00 0.25 0.19 053
Mean % green leaf area Full  100.0 100.0 938 98.9 98.9 88.8 79.1 78.8 776 60.1

Nil 100.0 100.0 9.6 98.9 98.5 90.0 78.9 76.6 76.5 59.7
LSD (P=0.05) 0.0 0.0 4.1 0.5 0.7 9.1 9.5 126 5.1 94
Total leaf area (cm?) Full 1.5 44 5.5 10.0 15.0 20.6 494 43.6 56.9 515

Nil 14 4.0 51 9.5 143 214 471 409 512 46.5
LSD (P=0.05) 0.6 12 1.6 0.5 14 36 132 28 10.0 6.0
Total green leaf area (cm?)  Full 1S5 44 59 10.6 159 208 46.6 372 46.7 300

Nil 14 4.0 53 10.3 15.0 21.1 45.0 36.4 414 273
LSD (P=0.05) 04 1.2 0.6 0.6 1.3 22 5.8 6.3 9.5 42

A Based on a sample of 10 main stems per replicate for each growth stage as defined by Zadoks er al. (1974).

B Based on total of any diseases present.

Table 2. The effect of fungicide application on root length of wheat

Growth Fungicide Root lengths in soil profile zones (cm)
stage® treatment
0-10®  10-20®8 2035  35-50% 0-50¢

21 Full spray 0.69 0.67 0.29 0.20 210

Nil spray 0.96 0.83 0.36 0.18 26.0
LSD P=0.05 0.21 0.47 0.25 0.26 11.1
89 Full spray 7.69 430 1.55 0.94 1573

Nil spray 8.64 489 1.78 1.17 179.6
LSD P=0.05 0.99 238 0.20 0.86 23.7

A Defined by Zadoks et al. (1974)

B Root length per unit volume (LV) of soil (cm em™)
€ Root length per unit area (LA) of soil (cm cm?)

Table 3. The effects of fungicide application on yield and yield components of

wheat
Yield and yield components

Variable Fungicide treatments LSD

Full spray Nil spray P=0.05
Plant number m? 275 270 328
Ear number per plant 2.40 248 037
Grain number per ear (calculated) 314 298 11.1
Individual grain weight (mg) 40.8 40.8 14
Header yield (t ha!') at
14% moisture content 573 5.65 0.48

green leaf area, calculated from the percent-
age green leaf area and total leaf area was
also not affected (Table 1).

There were no significant differences in
root length between treatments at GS 21
except in the 0-10 cm zone (Table 2). At GS
89, after six fungicide applications, there
were no significant differences between
treatments, except in the 20-35 cm segment
(Table 2). In this segment, the root length in

fungicide sprayed plants was 12% less than
in the unsprayed plants. Total root length
down to 50 cm was not affected by treat-
ment.

There was no significant difference in
yield attributable to fungicide spray applica-
tion (Table 3) and there were no effects on
the number of plants/square metre, grain
number/ear nor on mean grain weight.

Discussion

Disease severity was very low, reaching a
maximum of 2.3% and 1.3% at GS 79 in the
unsprayed and sprayed plants respectively,
and not exceeding 0.23% and 0.06% at other
assessments. By comparison disease severity
in the previous year, when there was a severe
disease epidemic, reached a maximum of
21% in unsprayed plants (Thomson and
Gaunt, 1986).

The application of fungicides had no ef-
fect on green leaf area nor total leaf area, in
contrast to the effects reported by Griffiths
and Scott (1977), Cook (1981), Dickinson
(1981a), Griffiths (1981), Jordan (1981) and
Priestley (1981). Root growth was also not
affected by foliar fungicides applied
throughout the season. The absence of sig-
nificant effects on the number of plants per
unit area, number of grains per ear, the
mean grain weight, or yield suggests that the
other yield components (spikelet number
per ear and grains per spikelet) were also
not affected. It was concluded that fungicide
applications had no phytotonic effect on
crop growth throughout the crop cycle.

The results obtained were specific to the
crop species, cultivar, soil, climate (temper-
ate) and agricultural practices in the trial,
which differed from those of similar investi-
gations. Glasshouse studies (e.g. Griffiths
and Scott 1977, Peat and Shipp 1981) are not
directly relevant to phytotonic effects in the
field, and the use of higher than recom-
mended rates of fungicides (e.g. Peat and
Shipp 1981) may not be indicative of poten-
tial yield responses with usual practices.

Griffiths and Scott (1977) concluded that
the evidence for phytotonic responses to
fungicides was inconclusive, but suggested
three ways in which the effects may be pro-
duced. The fungicides may affect plant



growth directly, control of even small
amounts of recognized diseases may, at criti-
cal times, have large effects on yield; and
control of phylloplane organisms and weak
pathogens may, in certain circumstances,
cause yicld increases. Yield increases from
the control of low amounts of disease at
critical stages and from the control of facul-
tative pathogens are examples of unrecog-
nized disease effects on yield, and should
not, therefore, be considered as phytotonic
effects. On the other hand, phytotonic ef-
fects may be produced by the nutritional
properties of fungicides or by the energy
costs involved in resistance mechanisms as-
sociated with avirulent pathogens or sapro-
phytic fungi (Snedegaard-Petersen and Sto-
len 1985).

Under different circumstances to this in-
vestigation, phytotonic effects in the re-
stricted sense defined above may well occur.
If such phytotonic effects are shown to be
significant, they should be considered in in-
vestigations of disease effects on yield in
which fungicides are used to create different
amounts of disease.
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