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ABSTRACT

In a series of experiments the deposition of spray liquid and the biological effects
were determined in arable crops using a sprayer equipped with an air assisted system
to convey the spray droplets to and in the crop. In four growing seasons the use of
air assistance was compared with conventional spraying. The biological effects were
determined in randomized field tests, with spray concentrations of the active
ingredient varying from O to 100% of the dose recommended, and volume rates of
100 1 ha' and 200 1 ha for onions.

The amount of deposition of the spray liquid was established by washing paper strips
suspended at different heights in the crop, using the dye Brilliant Sulfo Flavine
(BSF).

Biological effects of the sprayings were investigated by quantifying the percentages
of the leaf area covered with ’leaf spot’ (Botrytis squamosa) in onion. In each
growing season the number of infected leaves or level of infected area of the plants
was measured on each plot at weekly intervals from the time of first infection.
The use of air assistance resulted in an even distribution of the spray in the crop,
and a more evenly spread distribution over the crop. The total deposition on the
plants was significantly higher for air assisted spraying. Significant differences were
found in the biological efficacy between volume rates, spray interval and dosage.

INTRODUCTION

Because of environmental contamination a general reduction in the use of pesticides is
required. The aim in The Netherlands is to reduce the use of pesticides by 50% by the year
2000. Drift of spray to surface water next to cultivated land should be reduced by more than
90% (Tweede Kamer der Staten-Generaal, 1991). In accordance with the Multi Year Crop
Protection Plan research has been set up to develop improved application techniques for
pesticides. Improvements in spraying application techniques can contribute to these goals by
better deposition on the leaves and reduction of drift to soil, surface water and air (DLO,
1995).

If the essential aspects of dose-effect relations of the chemicals are not well understood, this

is often compensated by an overdosage of the active ingredient. Reduction in the use of
chemicals now being a top priority, more attention needs to be paid to achieving a better leaf
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coverage with less chemical. Furthermore, emission of crop pretection chemicals is a major
problem in crop protection. New spray application techniques might improve the deposition
and reduction of drift. In a series of experiments spray-deposition and biological effect were
determined in a onion crop using a sprayer equipped with an air assisted system. In the
design volume rates, the rate of active ingredient, spray interval and the use of air assistance
were compared.

MATERIALS AND METHODS

During four growing seasons (1991-1994) field trials were established in a crop of onions
(cv. Hysam) at PAGV Research Station. Plots, measuring 4.5 m wide and 19 m long, were
marked out in a randomized block design incorporating three replicates. A "Hardi Twin"
sleeve boom sprayer was used. For air assistance the sprayer was operated at one third of
its maximum air flow with nozzles kept vertical,as in conventional practice. Because of its
ability to be operated without air assistance, the "Hardi Twin" was also used to apply the
standard conventional non air assisted spray treatments, the air curtains on the machine being
folded.

Hardi 4110-12 flat fan nozzles were used for sprays applied at 2.5 bar pressure. A rate of
200 1 ha' was produced using the tractor speed of 4 kph and the 100 | ha' was achieved at
8 kph. Sprayer boom height was 0.50 m above the crop canopy.

Spray deposition

During 1991 and 1992 growing seasons spray deposition measurements were done in equal
sized plots within the field trial area. At the time of fungicide application deposition
measurements were carried out by adding the fluorescent dye Brillant Sulfo Flavine (BSF)
to the spray agent (0.5 g I'' water). The detergent Agral N was added in a concentration of
1 g I'" water to simulate a pesticide formulation. After the spraying the dye was extracted
from the leaves or collectors. The collectors used were chromatography paper strips 10 cm
long and 2 cm wide folced around leaves at three heights in the plant canopy. On the soil
surface and over the crop canopy 100 x 8 cm filter tissues were used. Collectors were placed
systematically on three places across the sprayer boom. A single spray pass was made across
each target. The rate was measured by fluorimetry and expressed per surface area of the
collector. The measured deposits were expressed as percentage of the application rate of the
sprayer (spray dose). After log-transformation results of the deposition measurements were
statistically evaluated using Genstat statistical software (Payne, 1993). In addition to absolute
deposition (quantity of chemical), the results included the coverage and the droplet spectrum
on the target area. For this part of the research, video recordings were made of the spray
deposition on water sensitive paper that was suspended in the crop. The video recordings
were analyzed by means of vision technology but these are not reported here.

Biological effect

Biological effects of the sprayings were investigated in randomized field trials during four
consecutive growing seasons (1991-1994). In each growing season the level of Borrytis
squamosa infection was measured. Levels of disease in the crop were recorded at weekly
intervals from first infestation (time of first application) until fall-over of the leaf. This was




done by taking five randomly selected plants per plot, assessing leaf disease as number of
spots per leaf. If more than 150 spots occurred, numbers were assessed using key-figures and
classified accordingly.

Fungicide treatment (chlorothalonil as Daconil M at 2 kg ha’ product) was applied every
week or fortnight, starting when first spots were found and ending at desiccation of the onion
leaf. Dosages varied from 100% to 50% and an untreated control was also included. The
total field received normal farm inputs for fertilizer, weed control and growth regulation. At
harvest time in each plot 15 m? were harvested to determine crop yield.

RESULTS

Spray deposition

From the deposition measurements in 1992 it became clear that 100 1 ha™ gave proportionally
lower rates of deposition on the three leaf levels of the onion plant than 200 1 ha' (Table 1).
With both 100 1 ha and 200 1 ha' there were differences between with and without air
assistance. In general least deposit was from 100 1 ha', more occurred with 200 1 ha! and
most at 100 and 200 1 ha' with air assistance. At 200 1 ha™ there was a difference between
with and without air assistance in deposition on in- and outward directed leaf side of the
plant. With both 100 and 200 1 ha’ there was a difference in inward leaf side deposition on
all leaf levels between with and without air assistance. Deposition on the top leaf level
between treatments was not statistically significant (P <0.05). On the middle and bottom leaf
level air assistance deposited proportionally more spray volume than without air. Deposition
on the top, middle and lower leaf levels was different for all spraying systems.

Table 1. Mean deposition on inward and outward directed leaf sides of the top, middle and
lower leaf levels on onions as % qf sprayed volume, 1992.

Volume  Air assistance Leaf level
(1ha')

Top Middle Lower
In Out In Out In Out

200  none 22.9 6.9 17.8 2.8 16.1 4.6
200  1/3 of full 23.0 12.4 16.6 9:3 18.3 9.2
100  none 21.2 5.9 17.0 2.8 11.2 1.9
100 1/3 of full 27.8 5.8 22.9 23 26.6 2.7

In 1992 the deposition on the soil surface with 200 1 ha' was more with air assistance than
without air assistance (not shown). At 100 1 ha the differences in soil deposition were not
statistically significant (P<0.05). (Deposit measurements in 1991 had shown similar results
when measurements were then only done with a 200 1 ha spray volume).




Biological effect

During the individual growing seasons leaf diseases occurred in untreated as well as in
treated plots; in general disease levels were low in 1994, moderate in 1992, and severe in
1991 and 1993. In all years but 1994 all spraying systems and dosages reduced the mean
level of B. sqaumosa significantly (P<0.05) (Table 2)..

Table 2. Mean number of leaf spots of B. squamosa on onions close before
fall-over of the leaves for the treated and untreated plots, 1991-1994.

1991 1992 1993 1994

treated 19 15 932 6
untreated 519 98 1287 11

Averaged for the four growing seasons data for the number of leaf spots for the total plant
are given in Table 3.

Table 3. Number of leaf spots of B. squamosa on onions, 1991-1994 mean.

Spray interval (days) 7 14 14
dose (%) 50 100 75

Volume Air
(1 ha') assistance

200 none 55.3 30.6 79.2
200 1/3 of full 62.3 64.7 58.2
200 none ; : 6.3 13.2 29.9
200 1/3 of full . 8.5 12.2 25
100 none g 13.7 40.0 30.6
100 1/3 of full 21.7 29.1 26.3
200 none 198.8 244.1 207.6
200 1/3 of fudl 297.4 305.6 270.8
100 none 404.1 324.4 461.2
100 1/3 of full 403.3 431.4  309.1
200 none 0.9 2.7 6.0 4.3 11.8 6.0
200 1/3 of full 1.8 2.2 5.6 9.2 8.7 9.6
100 none 2.3 10.3 3.2 7.6 6.3 7.8
100 1/3 of full 1.8 2.9 4.0 8.2 5.2 7.9

From Table 3 effects can be distinguished on spray intervals, dosages, spray volumes and
air assistance. In Figure 1 the mean number of leaf spots averaged per plant for spray
interval and dosage is presented for the years 1992 and 1994. It became clear that a 14 day
spray interval had a higher level of infestation than a 7 day interval. Effect of dosage was
only significant in 1992, a year with moderate infestation pressure. Mean number of leaf
spots per plant for the 200 1 ha' spray volume was lower than for the 100 1 ha™. For both
100 and 200 1 ha'' there seemed to be no effect of the use of air assistance on the number of
leaf spots per plant.
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Figure 1. Mean number of B. squamosa spots per leaf for 7- and 14-day spray interval, 1992-
1994.
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Figure 2. Mean crop yield (kg/10 m?) of onions at 14-day spray interval for conventional and
air-assisted spraying, full and 75% dose, 1991-1994.




In Figure 2 mean crop yields are presented for the four seasons for the effect of spraying
technique and dosage at a 14 day spray interval (averaged for spray volumes). From this
graph it becomes clear that air-assisted spraying results in higher crop yields both at full and
reduced dosage of fungicides. In all years yields for plots sprayed with air assistance and
75% dose were higher than yield of plots sprayed conventionally at full dose. However, these
differences are statistically not significant.

At high infestation levels the 7 day spray interval resulted in higher crop yields than the 14
days interval (data not presented here).

DISCUSSION

In general, a spray volume of 200 1 ha' gave better control of Botrytis squamosa in onions
than a 100 1 ha! volume. A 7 day spray interval resulted in lower levels of infestation of B.
squamosa than a 14 days interval. With high infestation levels a 14 day spray interval also
resulted in lower crop yields.

The use of reduced dosage for disease control is possible, but a 50% dose reduction resulted
in unaceptably high levels of disease.

The use of air assistance resulted in a higher spray deposit on the onion plant. Also,
distribution over the crop and on plant leaf levels was more even. Penetration of the spray
into the crop was also higher with air assistance. However air assistance can also result in
a higher deposit of spray onto the soil beneath the crop.

Crop yields are effected by fungicide dose and spraying technique. However, a relationship
between spray deposit and number of leaf spots is difficult to make. Although a higher spray

deposit does not implicitly mean better disease control, it had a positive effect on crop yield.
It appears that other parameters should be looked at to give a better explanation for this
situation. Analysis of spray quality, e.g. droplet distribution and drop sizes on the leaf tissue,
could be valuable in combination with quantitative measurements of spray deposit.
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