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1.

1. RESEARCH AIMS

In the course of analysing ear rot of maize oumpry aim was to
find a wavelength range that could be use to gledidtinguish the
healthy maize samples from the infected ones byngusa

spectrophotometer, based on optical fiber techrylognother

important task was to carry out the conventionalasneements
(severity, weight, length). Our purpose was to wuhetee damage
caused by Fusarium species in the experimentas @lotl to select

most appropriate ears for hyperspectral laboratsts.

A fertilizer control system was tested with speftalus on map based
distribution. The main target was to determine wfl¢he calibration
factor and to observe sensitivity of the systemiremjadose and

working speed changes.

Patch spraying technology was tested with the fotlg purpose: To
get acquainted with reliability and accuracy of theomatic section
control system using spraying plan or boundary rimgtion for

spraying weed patches.




2. MATERIALS AND METHODS

2.1 Examination of ear rot

The examined genotypes (MV1, MV2) were sown in aalsiot
experiment in the pathological nursery of the Agijtigral Institute (CAR-
HAS) with two replications. In the main plot wetgtgenotypes, in the sub
plot were the treatments. Four treatments were:useolates offFusarium
verticillioides, F. culmorum, F. graminearum and untreated check. Six plants
were artificially inoculated, using the toothpiclethod.

Before harvest six ears were collected from noeatdd and artificially
inoculated plots. After drying and labelling ean meverity, length and
weight of ears were measured.

In addition to these conventional measurementssaneples were also
analysed at a wavelength range of 350-2500 nm @BIngSD Fieldspec 3
MAX™ hyperspectral instrument (Figure 1/a.) in aeajl light-isolated
cabinet at the Agricultural Engineering Instituté tbe Ministry of Rural
Development. The non-destructive analysis of maas and shelled kernels
was carried out using a Plant Probe™ (ASD) serfsgufe 1/b.). Three ears
were selected from each treatment. Five measurenvesite made on the
ears. Shelled kernels were taken in a special biggtk and measured five
times.

For each measurement point an integrated mean rgpecwas
recorded, based on the results of twenty readiigpe white reference

measurement was repeated before each sample wasretka




Figure 1. The hyperspectral laboratory: light-isetacabinet (a), Fieldspec 3
MAX ™instrument (b)

Evaluation of the hyperspectral measurements wase dwith
ViewSpec Pro software. The raw data were converntgd reflectance
spectra, than splice correction was made. Thenfigasurements for each ear
were averaged, after which the first derivativestted mean spectra were
compared. Principal component analysis was made Siatistica software

and analysis of conventional measurements wasdihéviS Excel.

2.2 Evaluation of site-specific fertilizer distribution

2.2.1GIS (geographic information system) data processing

For testing the distribution process data recordiystem of the field
computer was used based on a method developed éyingiitute of
Biosystems Engineering. The fertilization map wesppred with Ag Leader

SMS software for 66 management zones.




The necessary amounts of major nutrients (N, Pw&de determined
by the economic and environmental-friendly, compuiased fertilization
advisory system (ProPlanta). The professional &dwas made for maize
(Dekalb 440 hybrid) for forage with a high expecygeld (10 t/ha). Based on
the determined amount of nitrogen agent, severeréifit fertilizer doses
(430, 448, 467, 493, 511, 530, 578 kg/ha; CAN 27e)ye used in the
management zones.

A spinner disk applicator, Amazone ZA-M (Model 120With a
working width of 27 m was used. During the disttibo process the amount
of fertilizer was controlled by Amatron+ terminadd®ed on the map exported
to the EDGE monitor.

Evaluation of the saved data was done using Arc $sfsvare. To the
as-applied map layer, a boundary layer of managertweres was added. The
values of the recorded points were collected insedeh area of the
management zones. With statistical analysis functib Arc GIS software,
means of the values inside every management zoass aetermined. The
as-applied doses were compared to the prescribegsdasing linear

regression analysis.

2.2.2 Field experiments with focus on distributed quanf@011)

In further examination of the application contrgsem, the calibration
factor applied by Amatron+ system was investigaldatee different nitrogen
fertilizer (urea N 46%, ammonium nitrate N 34%,caain ammonium nitrate
(N 27%) were applied. A spinner disk applicator, #mne ZA-M
MaxTronic with a working width of 25 m was used. tAmatic guidance
system (Trimble Autopildt") was applied during the distribution process
with EGNOS and RTK GPS corrections.




500, 700 or 1000 kg weight fertilizer packages wptd into the
spreader tank. Total amount of the package wasrildistd. During
distribution process the Amatron+ interface measutee treated area in
hectares.

In this way the weight of the fertilizer unit was/ided by the treated
area of the field. The weight stated on fertilibaigs was taken into account
for the calculationdecause the manufacturer did not indicate any tear

from the net mass on the packaging.

Testing calibration factor: Value of the calibration factor was modified ret
test for more accurate application. The possibiitysing empirical factors

was investigated, too.

Testing factor affected by working speed: During the experiment, speed was
changed from a given set and system’s ability tepkdne preset target dose

was tested. The investigated speed values wer@ &)d 12 km/h.

Map-based application simulation: The first step of the simulation
experiment was to adjust the calibration factoriluhe required fertilizer
amount (435 kg/ha) was achieved. Then half of thgiral amount was
added to the control panel (without changing valtiealibration factor) to

simulate big differences in dose during map-bassiiiloution.




2.3 Spraying weed patches with the help of spraying ctrol system

Technical background and data preparation:

A Hardi Ranger 2500 sprayer connected to a SteyB 9factor was
used during the experiments with a working widtiL8fm. The sprayer with
four section frame was controlled by Ag Leaderdhsiterminal connected to
DirectCommand control system. For section managdhey ,AutoSwath”
function was selected to carry out automatic op@matAutomatic guidance
system (Trimble Autopildt') with EGNOS GPS correction was applied in
the course of spraying. Boundaries of the weedhgatevere recorded by Ag
Leader SMS Mobile software. Ag Leader SMS Advanseftware was used
on the one hand to export recorded boundariesetdi¢ld computer and on

the other hand to prepare and export sprayingloligton map.

2.3.1 Map based post-emergent weed control on maize field

The selected 21,95 ha field was sprayed with Luifma&zotrion, S-
metolachlor, terbutilazin) for preemergence weeatrab. A few weeks after
treatment in course of field scouting many irreguidhaped weed patches
(Cirsiumarvense L.) were found. Based on the boundaries of wedéchpa a
spraying map was generated with one meter resaolufitnis map was
exported to Insight monitor using *.irx file format

For chemical weed control Cambio (320 g/l bentaBihg/l dikamba)
herbicide was used against annual and perenniabldeaved weeds with 2
I’/ha dose in 250 I/ha water. Selectivity and efficavas evaluated after one

and two weeks.




2.3.2 Spraying grain stubble using vector based bouadari

Weed coverage of the field that was selected fersgcond experiment
was more than 60% and weed populations were dis¢tibheterogeneously.
In this way only imaginary boundaries were recordedexamine patch
spraying technology. For testing the new methodorebased boundaries
were exported to Insight monitor in a special fdemat (*.iby). Clean water
was used for spraying without any herbicide. Theded dose (300 I/ha)

was given by hand in the field monitor.

3. RESULTS

3.1 Examination of ear rot

3.1.1 Results of conventional measurements

In case of MV1 genotype the weight of the ears ekesed by 19,41%
and the length by 7,46% after infection with theculmorum isolate, with a
severity value of 24,58%. Inoculation with the verticillioides isolate
resulted in low severity for this genotype.

In case of MV2 genotype, all Fusarium treatmenssilted significant
damage compared to the untreated check. After tiofecwith F.
graminearum weight of the ears decreased by 72,5%, with arggwalue of
66,39%. Furthermore weight of the ears decreased2§1% and 27,38%
caused by. culmorum andF. verticillioides treatments with high severity.




3.1.2 Results of hyperspectral laboratory measurements

3.1.2.1 Analyzing spectral data of maize ears

The greatest difference was observed in the 880r810ange where the
spectra collected from the surface of samples @xigbsymptoms could be
clearly distinguished from the mean spectra of dpmtess samples in case
of MV1 and MV2 genotype. Further analysis was pernied using the
reflectance values in this range.

Principal component analysis was used to providestatistical
confirmation of the differences observed in theesild wavelength range.
When entering the data required for the analybis,mhean spectra of every
maize ear within the given spectrum range werertasea variable.

In the coordinate system set up by the second ladhird principal
components, spectra of samples with or without ggmp of infection are
separated well (Figure 2. and 3.). The differermsveen the variables were
determined by the second principal component.100%eocontrol samples
are located in the negative range and 85,7% oinfleeted samples are in the

positive range if spectra values of both genotypesnvestigated together.
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Legend: e spectrum values of infected ears

o spectrum values of control ears

10



3.1.2.2 Analyzing spectral data of shelled kernel samples

The greatest difference was observed in the 8801810ange - similary
to ear measurements - where the spectra colleaigdthe surface of kernels
exhibiting symptoms could be clearly distinguistien the mean spectra of
symptomless samples in case of MV1 and MV2 genotype

For principal component analysis, the mean speaftrehelled kernel
groups within the given spectrum range were talseea \ariable.

In the coordinate system set up by the second laadhird principal
components, spectra of samples with or without ggmp of infection are
separated well, too (Figure 4. and 5.). The difiees between the variables
were determined by the second principal compon@d®4dl of the control
samples are located in the negative range and 9af#be infected samples
are in the positive range if spectra values of bg#motypes are tested

together.
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3.2 Results of precision fertilizer distribution

3.2.1 Evaluation with the help of geospatial processitygare

The correlation between the data set of prescripiap to the data set of as-
applied map was determined. In areas of the managterones, there was a
strong correlation (r= 0,93) between the as-apgiedi prescribed doses. This
result was attributed to scattering that was attad to a sluggish system
response (when changing from low to high applicatitoses). When the
tramlines of the tractor were close to the neighingumanagement zones,
the distribution was done beyond the border ofatial management zone.
This is another important fact that affects theusacy of the distribution

work.
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3.2.2 Field measurements

Testing calibration factor

After calibration test with ammonium nitrate, factealue 1,10 was
suggested by control terminal. In the first digitibn the amount was less
than the target dose (471 kg/ha) with 20,55 kgfttee given value of the
factor was decreased to 1,00 than 0,90. Insteadi7df kg/ha, 537 kg/ha
ammonium nitrate was distributed. Changing factin wne-tenth resulted in
a high degree of inaccuracy. Factor was set upd8 than decreased until
0,96. In this way 467,89 kg/ha fertilizer was diatted by reducing the given
factor with 0,14. The given and real working speems 10 km/h for this

experiment.

Changing working speed

The system’s adaptability to speed changes wasestutliring this
experiment. Spring barley was treated with CAN (I@). After calibration
test factor value 1,00 was suggested. With thisingst 5,14 kg/ha extra
fertilizer was distributed compared to target dodel8 kg/ha). With
increasing the factor to 1,01 the target dose washed within 1% error in
two rounds (147,49 és 147,79 kg/ha). The given &spd® km/h) was
increased to 12 km/h in the fourth round. With teettings the difference
was 7,18 kg/ha compared to target dose. Before mexid 12 km/h was
adjusted in the control panel. Result was 152,4h&dn next round working
speed was decreased to 8 km/h without changingedtiengs. 26,21 kg/ha
extra fertilizer was distributed by reducing thesg with 4 km/h. In the last
five rounds of the experiment, factor was adjusteti2 km/h settings. Target

dose was achieved within 2% with factor value 1,02.
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S mulating plan-based application

In the course of the third experiment urea (N 46%3% used with 435
kg/ha target dose. Working speed was 12 km/h. Faeloe was adjusted to
0,70 based on the manual of Amatron+ monitor. B fthst distribution 65
kg/ha extra fertilizer was applied. The factor waadified to 0,80 than 0,85
finally 0,88. With this value 438,68 kg/ha was &si@d in average of four
round. A strong linear correlation (r = 0,99) wasirid between the specified
factor and the actual dose of fertilizer applicati®kaising the calibration
factor with 0,01 resulted in a decrease of feriliwith 3,48 kg/ha, based on
the given equation. For the eight turn half of theet dose was adjusted in
the control monitor. The half dose (218 kg/ha) \wpproached with extra 32
kg/ha without changing factor (0,88). With factalwe 0,99 still 9,27 kg/ha
difference was found. Also a strong linear corieta(r = 0,98) was observed
between the specified factor and the actual dodertfizer application. In
this way raising the factor with 0,01 resulted idexrease of fertilizer with
2,05 kg/ha. Based on the given equation the redjlde3 kg/ha could have

been reached with factor value 1,03.

Use of empirical factor

In this experiment possibility of using empiricakcfor was tested. The
factor used in previous trial (0,88) was given ke tmonitor, the same
fertilizer urea (N 46%) was used. Based on theetbfices observed in the
first two rounds factor was reduced to 0,87. In #verage of eight round
441,11 kg/ha distributed fertilizer was achievethvatandard deviation value
4,37. This result is within 2% error compared te thrget dose.
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Summary: The best settings are summarised in table 1. wdniehwithin 2%

error compared to the target dose. Mostly the vafube calibration factor is
around 1,00. This value could be a good startingtdor new settings if the
calibration test is not feasible. This table cobkl useful for users working

with the same fertilizer control system.

Table 1. Summary of settings for fertilizer doses

- Calibration Target Distr_iputed Difference  Working
Type of fertilizer factor dose fertilizer fromtarget speed
(kg/ha) (kg/ha)  dose (%)  (km/h)
Amm. Nitr. (N 34) 0,96 471 467,89 0,66 10
Urea ( N 46) 0,88 435 434,78 0,05 12
NPK (8-24-24) 0,99 200 200,00 0,00 10
CAN (N 27) 0,99 163 165,02 1,24 10
CAN (N 27) 1,01 148 147,79 0,14 10
CAN (N 27) 1,02 148 145,95 1,38 12

3.3 Spraying weed patches with the help of section caot system

3.3.1 Post-emergent weed control using raster basedisgreap

During raster based spraying the automatic swatlr@osystem was
working only if the actual position of the sprayeas inside the weed patch.
The swath control system was not operating if tbia position of the
application was outside the area of the weed paw¥ein though some section
of the sprayer was over the target area. The sectbthe frame were closed
by swath control system only when the sprayer redch distributed area.
More herbicide was used compared to the plan aadeipected working
width decreased because of continual navigatioratdsvthe area of weed

15




patches. The preliminary contact effect could bseoked already one week
after treatment and systematic symptoms could bieatbafter two weeks on
weeds caused by active ingredients of herbid@sed on the entire necrosis

of shoot tip the efficacy of treatment was clos&@0 percent.

3.3.2 Spraying grain stubble using vector based bounslarie

In the course of vector based spraying method thenaatic swath control
system was working properly if the actual positadrihe sprayer was outside
the weed patches but some section of the sprayerower the target area.
Inside the boundary of weed patches swath contasl also working well to
eliminate the spraying of weed-free areas. In tlise the required working
width (18 m) could have been used during navigafidns method was more
efficient and accurate compared to the technigaé was examined during
the first experiment. For small weed patches (14 @8nf) the average of
spray volume was 30% less than the target ddse sprayer was passing the
small patches to fast so the control system wasahlg to reach the target

dose.

Comparison of the two experiments:

In the first experiment the distributed area exeeethe total area of the
weed patches with 33%. In the second experimenspin@ying was carried
out with reduced over application (21%) comparedhi total weed patch
area. In the second experiment the mean amounteodistributed spray
exceeded the prescribed dose with only 0,99%. dnfitist experiment the
mean distributed spray amount was less than thecmibed dose with
14,30%.

16



4. NEW SCIENTIFIC RESULTS (THESES)

. | have determined that the spectral measurememtgedcaut from
880 to 910 nm wavelength range are suitable forsegaration of

healthy and fusarium infected maize ears and shk#enel samples.

. | found that the spectral measurements carriecboighelled kernels
give more reliable and accurate results to sepana@thy and

infected samples compared to the measured dataiaérears.

. | have proved that changing the distributed fexiliamount without
adjusting the calibration factor leads to inaccaigpplication results.
Especially if significant change in dosage is neledeworking speed
is different from the original settings. | foundaththe examined

control system is limitedly suitable for plan-basgaplication.

. | have proved that the investigated automatic swatfirol system is
working properly with vector based boundary infotima if the
actual position of the sprayer is outside the wpatthes but some

section of the sprayer is over the target area.
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5. RESULTS FOR THE PRACTICAL USE

1. For resistance breeding against ear rot of maize dpectral
measurements could give a hand for researcheraubeseparation
of healthy and infected kernels was efficient isecaf both genotypes

(tolerant and susceptible).

2. | have summarised the best settings of the nutrieptenishment
trials in one table, that contains the requiredigadf the calibration

factor and working speed for a given target dose.

3. | have described specific and detailed methodologlyout
implementation of patch spraying. | have discusaédimportant
process from the recording of weed patches thraugp preparing

over all settings of the application monitor.
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