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the spectrophotometric analysis

Murilo Mesquita Baess@r Mauri Martins Teixeira®; Rogério Faria Veira®; Trazilbo José de Paula Junfor
Paulo Roberto Cecdn

ABSTRACT

Fungal diseases are important factors limiting common bean yield. White mold is one of the main diseases caused
by soil pathogens. The objective of this study was to quantify the distribution of a fungicide solution sprayed into the
canopy of bean plants by spectrophotomatsing a boom sprayer with and without air assistafoe .experiment
was arranged in a 2 x 2 x 2 factorial (two types of nozzles, two application rates, and air assistance on and off)
randomized block design with four replicatioAs.assistance influenced the deposition of solution on the bean plant
and yield increased significantly with the increased rate of application and air assistance in the boom sprayer
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RESUMO

Uniformidade de distribuicédo de calda no dossel do feijoeiro,
utilizando analise espectrofotométrica

A ocorréncia de doencas é um fator de influéncia na produtividade do feijoeiro. O mofo-branco esta entre as
principais doencas promovidas por patégenos de solo. O objetivo deste trabalho foi quantificar a distribuicdo de
liquido pulverizado no dossel da planta do feijoeiro, a partir de analise espectrofotométrica, usando-se um pulverizador
de barra, com e sem assisténcia dE@montado um experimento em esquema fatorial 2 x 2 x 2 (dois tipos de pontas,
duas taxas de aplicacdo e assisténcia de ar ligada e desligada), em delineamento de blocos ao acaso, com quatro
repeticbesA assisténcia de ar na barra interferiu na deposicao da calda no feijoeiro e houve aumento significativo na
produtividade, quando se aumentou a taxa de aplicacdo e quando a assisténcia de ar na barra porta-bicos estava
ligada.
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INTRODUCTION and reduce drift during spraying (Coaeal 1990;Taylor

Some years agthe common bearPbaseolus vulgaris & Andersen, 1991)This method has, howeyesome
y g 9 limitations, especially in relation to plant height, wind

L.) was considered to be a subsistence crop, but because .
Spéed and droplet size.

of the advancements in technology and crop research, it . .
) ' One of the techniques used to measure spray deposits
is now grown as a cash crop by large scale commercql . . o

of plant protection products in plant canopies is the

farmers, (Rinaldi, 2008). . .
. . . . a]ddmon of tracers to the spray solution, whose
White mold is one of the most destructive diseases 0 ncentration will be m db ¢ i vsi
common bean in the world, especially when cultivated iﬁo ce di a to Sk et Iee;zt:)rze th¥ specl romz rltc an_a ysIS.
areas of mild temperatures and high soil and air moisture.tLr(l:C()rb N9 ? O(f)@ | a.t( ) tls analysis gtﬁr:nlnetsrl
fields with history of white mold, some measures must pec absorption of electromagnetic waves, with 1engins

taken for an integrated management of pests and diseaggé\.'veen 160 and 3000 nm, using a tungsten light source

This strategy aims to obtain quality protiyaeducing powered by a stabilized source, which generates constant

and even eliminating the use of pesticides. Chemical contF&d'at'on IntensityAfter diffraction, the radiation passes _
by foliar fungicide application is among the managemertl?rough the sample container a_nd re_ache_s a pho_t(_)electnc
measures that reduce the effects on the crop, or even preG&i; Then. the generated electrical signal is amplified and
the entry of white mold in the field. a transducer feed the met€he meter can be calibrated

Pesticides are used in modern agriculture to protetd r¢ad fransmittance or absorbance. .
the crops from pests, diseases and weeds (Ehab Yates &Akesson (1963) tested fluorescent tracers in
2005). The authors state that increased deposition of figantitative analysis. They concluded that tracer
solution on the target can be achieved by using poﬁjlunons must be sensitive to detection; enable the use
nozzles with air assistance. Howewdis technique has in quantitative analysis, rapidly; be soluble when mixed

some restrictions, because it depends on the plant sy¥#h the solution, with minimal physical effect on spraying
and wind speed ratio. and less droplet evaporation; have distinct properties to

farms (Tixeiraet al, 2008) to prevent infections caused0ntoxic and inexpensive. The first reports on the use of
by pathogens and provides fast results. Neverthele@0d dyes as tracers of spray solution date from the 1990s
there is the need to avoid selection pressure, which oftdjarchietal, 2005).

occurs when fungicides from the same chemical class are Derksen & Sanderson (1996) evaluated the influence

applied consecutively over several crop cycles. Pestici@ the spray application rate on leaf deposition of plant

rotation is recommended to manage pest resistance. Protection products, using a tracer with the solution. They

The proper use of pesticides for the control of plarffund that the application of large volumes of solution
diseases requires knowledge of many factors such as Bfgvided better coverage and less variation in deposition
causative agent involved and its potential as a pathogéfroughout the canopyowevey the current trend of
the equipment used for product application, number pesticide application is to decrease volume, which reduces
applications, application timing, droplet size, volume othe risk of environmental contamination and improves the
solution, etc.. operational capacity

Air-assisted spraying began to be used in the 1950s The bright blue food dye was added to the spray
and since then the technology has evolved. Initially solution to analyze the volumes deposited on leaves of
tree crops, manual sprayers were used with air guns, e uppermiddle and lower parts of cotton plants (Souza
required large amount of solution (Feal, 2008). The et al, 2007a). The tracer solution consisted of 0.179%
same authors commented that recetttly use of sprayers bright blue (FD&C Blue No. 1) and 0.179% SatWetllow
with more efficient fans and producing large volumes dfissolved in 0.015%¥ilperse as described by Palladini
air has led to very good results. In pesticide applicatiof2000).After spraying, the leaves were washed and the
the effective control of pests requires an efficient transporolume recovered was analyzed by spectrophotometry
of active ingredients into the canopy of plants (Farooq ifferent deposition volumes were identified in the
Landers, 2004). different parts of the plant.

Tractor-driven sprayers with air assistance have one The effects of surfactants and spray nozzles on the
or two fans, usually of axial flowpositioned near the solution deposition oi€ynodon dactylorwere studied
central section of the spray bar that distribute a higby adding the dye FD&C Blue No. 1 (1500 mg/L) to the
volume of air in an inflated duct mounted above the spraplution as a tracer (Carbonatial, 2005). It was found
bar (Matthews, 2000). that, without addition of surfactant, the spray deposition

Sprayers with downward air assistance have been usat the leaves was loweregardless of the nozzle type
to increase the penetrationdsbplets into plant canopies used.
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Haydenet al (1990) compared two natural targetR6 (flowering: opening of the first flowers defines the R6
conditions and two water-soluble food dyes classified stage, which lasts until the corolla of the first fertilized
“Food, Drug and Cosmetic” as FD&C No. 6 and FD&Cflower has fallen, exposing the first pod in early
No. 1, with wavelength readings in the distinct bands 48&velopment), in th&gro-Reservas Farm of Brazil, located
and 630 nm, respectiveljhe dyes were shown accuratein the municipality of Unai, Minas Gerais. The trial was
and inexpensive for research use on solution depositiperformed with a Jacto Falcdfortex airassist axial fan
on plants. sprayey with a 600 Ltank, coupled to ®altra BM 100

Souza et al. (2007b) investigated the variation in trac&actor with 73.5 kW(100 hp) engine power
deposits, simulating post-emergence herbicide application The contact fungicide Frowncide 500 SC was used at
on populations oBrachiaria plantaginegLink) Hitchc the rate of 750 g h'eof the active ingredient (fluazinam).
and Commelina benghalensis. infesting a soybean Two spray volumes were used: 200 and 40@L
crop.A total of 250 Lha! of solution prepared with 0.18%  The incidence and severity of white mold and crop
bright blue dye and 0.18% Saturn yellow was appliegield were evaluated. White mold incidence was assessed
They found that plants d. plantaginea between the by the percentage of plants showing disease symptoms,
soybean lines, received on average 34% more depositimd severity was evaluated by a grading scale from 1to 9
than plants on the line. used byieiraet al (2001) and adapted from Hall & Phillips

The efect of the adjuvanfterbane added to spray (1996) (Bble 1).
solutions prepared with FD&C Blue No. 1 (1500 mg/L) on The experiment was arranged in a 2 x 2 x 2 factorial:
the spray deposition oRistia stratioteswas evaluated types of nozzles, spray volumes and air assistance on
(Martinset al, 2005). The amount of dye in the sampleand off, in a randomized block design with four replications,
was measured with a GBC Cintra 20 spectrophotometer andh blocks and plots spaced 15 m apart to avoid drift
the absorbances were read at 630 nm, thereby determiniegween them.
the concentration of the dye retained on the leaf surface. Drift was evaluated during the application of the tracer

Raetanat al (2001) compared the coverage providedn the bean plants, using artificial targets, water-sensitive
by different sprayers using a tracer solution consisting cérds, followingNolf & Frohbeig (2002) The cards were
bright blue dye (FD&C No. 1) at the concentration oplaced at one meter in height outside the target area of
0.075% (w/v) and fluorescent Saturn yellow (0.075%&pplication, 5, 10 and 15 m from the plot edges, in the
dissolved with lignin sulphonatéxilperse (0.0075%). direction of the windAfter application, the points of

Bauer & Raetano (2003) evaluated the spray depositionpact on each card (26 x 76 mm) were recorded, which
on dry beans using sprayers with and without air assistanees indicative of drift intensity in each treatment.

The use of copper oxide as a traddferent types of nozzles The area of the experimental unit wasl&nt (5 x 3 m).

and volumes of solution showed that the air assistanceTihe hydraulic spray nozzles used during the trials were:
the boom sprayer did not increase deposition on bedacto JA-4, hollow cone [working at a pressure of 413.4 kPa
leaflets 48 days after emergence. Larger application volum(@® Ibf/poP), at flow rate of 1.25 L/min]; and JacI-110-
increased deposition over the whole plant, and tH®4, flat fan nozzle tip [working at a pressure of 206.7 kPa (30
deposition on upper and lower leaflets was similar Ibf/pol?, a flow rate of 1.06 L/min]. During the trial, the

Costeet al (2007) evaluated the effect of spray nozzlespacing between the nozzles was 0.5 m and the height of
pressure and wind speed on drift from simulated préhe boom was 0.5 m for the manifold nozzles and 0.3 m for
emergence herbicide applications. The spray solutidhe conical nozzle. The sprayer speed was measured and
consisted of water and the food dye FD&C Blue No. adjusted to keep the solution application rate at 200'L ha
was used as tracérift was sampled by active collectorsor 400 L h&. The fan shaft speed was 219.9 rad/s (2100
fixed on the spray boom and the tracer was usedm), using aTako TD 303 digital tachometeThe
successfully to evaluate herbicide drift.

This work aimed to quantify and evaluate theraple 1 Grading scale for assessing the severity of white mold
distribution of liquid sprayed on the plant canpppd in common bean.
analyze the efficiency of fungicide applied by hydraulic‘SC
spray nozzle with air assistance on white mold control.1

ore Characteristic

All plants without symptoms of disease

3 1 to 25%

MATERIALS AND METHODS 5 Most plants showing symptoms with og 1o 509
The experiment was carried out in a field cultivateg part (%) ofi:;zgzdand branches 51 to 75%
with common beanRhaseolus vulgarig.), cv. Carioca g 76 to 100%

Pérola, under pivotirrigation, at the developmental Sta@@urce:vieira et al (2001), adapted from Hall & Phillips (1996).
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manometers were calibrated using a standard pressapplication rate influenced the spray deposition on the
gauge to obtain the ratio between the pressure indicaledves (&ble 2).
and actual pressure. The temperature and relative humidity The best results were obtained when the air assistance
were monitored using a psychrometer was on and the application rate was 400 L, loataining
After harvesting, the moisture content of harvestedeposition of 0.74 pbm? leaf (Table 3)This result can be
beans was determined and adjusted to 12% (b). caused by a better transport dynamics of droplets to the
measurements were made using a 0.001 g digital scgléant canopy compared with the sprayer without air
Data were subjected to analysis of variance and the meassistance (Matthews, 2000).
compared by th&ukey'’s test at 5% probability The best results were obtained with the flat fan nozzle
Spray deposition on bean plants was evaluated kips (Table 4), probably because the conical tip produces
applying the solution with 3 g-Lblue FCF dye as tracer droplets of smaller diametarasily transported by the air
(FD&C Blue No. 1; Food, Drug & Cosmeticjo avoid and consequentlproviding higher penetration into the
interference of the tracer in the absorbance read by tt@nopyThus, the volume retained in the upper third tends
spectrophotometgthe standard solutions were made witho decrease.
the mixture collected from the spray tank before application.
Leaves were collected from the uppeiddle, and lower Middle third of the bean plant
third of plants. Five leaves were collected from each part, In the middle third of the bean plant, no significance
one at each cardinal point and one in the cetdtaling was found for the interactions or for the nozzle type, which
15 leaves per plant. Three plants were analyzed per platso did not influence the spray deposition on the leaves
After each spraying, leaves were removed, placed af the middle third of the plant, regardless of air assistance
plastic containers and washed with 100 mL of distilleth the boom being on orfgfTable 2).This result is similar
water The containers were sealed and agitated for 30ts. that reported by Bauer & Raetano (2003), who found
The solution resulting from the extraction was analyzedo increase in deposition on bean leaflets, 48 days after
in a SPlabor SP-1105 spectrophotometer to measure #mergence, using different nozzles and spray volumes with
absorbance at 630 nm (detection range of the blue dyaix. assistance in the boom of the sprayer
This analysis determines the absorption of electromagnetic The air assistance in the boom of the sprayer and the
waves, using a tungsten light source powered byhagher application rate increased significantly the amount
stabilized source, which generates constant radiatiof solution retained by the leaves in the middle third of
intensity After diffraction, the radiation passes througththe bean plants éble 5).
the sample container and reaches a photoelectric cell.
Then, the generated electrical signal is amplified andLgwer third of the bean plant
transducer feed the met&he meter can be calibrated to ~ Similarly to the results obtained in the upper third of the
read transmittance or absorbance. Leaf area was measureah plants; in the lower third, both the air injection and the
by scanning and analysisusing the software Infagé application rate were significant, howevére interaction
version 3.0. between these factors was also significaabl@ 2).
The absorbance data were converted into The bestresults were obtained when the air assistance
concentration (mg®) using the calibration curve obtainedwas on and the application rate was 400 £, bbtaining
from the standard solutions; the initial concentration afeposition of 0.28 ptm?leaf (Table 6) This improvement
the solution and the volume of sample dilution were used the deposition probably occurred due to the transport
to calculate the volume retained in thegttrWith these dynamics of droplets to the plant canopliis increase
results, the volume of total deposition retained in the targietthe volume retained by the lower bean leaves may be of
area was divided by the leaf removal area, thus obtainiggeat importance, since white mold can start proliferation

the amount in pL crhleaf. in leaves near the soil. These results are similar to those
The data were submitted to variance analysis amtained by Souzet al (2007b), who studied the volume
means compared Byukey test at 5% probability of solution deposited on the leaves of the uppéddle
and lower parts of the cotton plant, using the bright blue
RESULTSAND DISCUSSION food dye added to the spray solution.

In general, the air assistance in the spray boom
increased spray deposition on upparddle and lower
Upper third of the bean plant leaves of bean plantlso, the application of the lger

In the upper third part of the plant, the air assistana®lume increased deposition in the plant canegyich
in the boom of the sprayéhe application rate, the nozzlewas similar on upper & lower leaflefssimilar result was
type and interaction between air assistance améported by Derksen & Sanderson (1996), evaluating the

Uniformity of liquid distribution on bean canopy

Rev CeresVicosa, v58, n.6, p. 710-716, nov/dez, 201



714 Murilo Mesquita Baesset al.

Table 2 Summary of analysis of variance of volume retained on uppddle and lower leaves of common bean, for two types of
nozzles, volumes of application and air assistance in the spray boom

Mean Squares

SV DF -

Upper Middle Lower
Block 3 0.0009 0.0009 0.0001
Air 1 0.0924 0.0364 0.0195%
Volume 1 0.5778 0.2628 0.0657
Nozzle tip 1 0.006" 0.0018 0.000003¢
Air x Volume 1 0.0055 0.0011"s 0.005Z
Air x Nozzle tip 1 0.0008¢ 0.000001s 0.00002s
Volume x Nozzle tip 1 0.0006¢ 0.0003" 0.0002s
Air x Volume x Nozzle tip 1 0.0003 0.001" 0.0001s
Residue 21 0.0005 0.0005 0.0001
VC (%) 4.17 5.09 5.73

" Non significant at 5% probability leveTl; Significant at 1% probability level; aridSignificant at 5% probability

Table 3 Mean volume of solution on leaves (pt®) of the jnfluence of spray volume on the leaf deposition of
upper third of common bean plants pesticides. The authors found that the application of large

Volume (L ha?) Air Assistance volumes resulted in better coverage and lower variations
On Off of deposition on the canopYVhey discussed that er

200 0.45 0.37 volumes allow a redistribution of the product, due to the

400 0.7 0.6 top-to-bottom flow of liquid, with higher deposition on

* * Means followed by same capital letter in columns and smaﬁhe lower parts and, thus, more uniform deposition.
letters in the lines are not significantly different at 5% probabiliyHowever this type of application poses higher risk of soil
by the Tukey's test. contamination, if there is non-retention of the product on

Table 4 Mean volume of solution on leaves (pi?) in the the leaves.

upper third of common bean plants for the different types

. #valuation of bean yield
nozzle tips

The incidencef white mold in the experimental area
was around 25%, with low severigccording to the scale
Conical 0.52 used byvieiraet al.(2001), adapted from Hall & Phillips
*F';‘It fan ' 058 _ (1996) (Bble 2).
heans ;”g&egrgz;ﬁi’; l':\t/t:lr t')'; tt';]i le'fengg are not significantly The influence of air assistance in the spray boom, the

application rate and type of nozzle were significant. The
Table 5 Mean volume of solutiorul. cm) for air assistance in interaction between air and volume was also significant

Type of nozzle tip Spray deposition on leavesyL cm?)

the spray boom and spray volume (Table 7), therefore only the interaction must be studied.
Air assistance  Volume of solution on leavesplL cn?) The mean bean yield increased significantly with the
on 047 use of the flat fan nozzle tip, thereby providing a better
Off 0.40 white mold control (&ble 8).

There was a significant increase in yield, both with
200 0.35 increased application rate and air assistance in the boom
’ (Table 9).Yield increased from 2.51 to 2.82 Mghahen

400 0.53 . . .
, the air assistance in the nozzle bar was on and the
* Means followed by same letter in the columns for each factor are

not significantly different at 5% probability level by the F test. aPplication VOlume was 200 Fﬁa _
In general, primary infections caused by white mold
Table & Mean volume of solution on leaves (pir?) in the  pegin in the presence of free water and exogenous energy

lower third of common bean plants source, usually senescent flower petals fallen on the floor

Volume (Lha?)  Volume of solution on leavesylL cm?)

Air assistance or retained on the plants. Thus, for an efficient control of
Volume (L ha?) on Off this fungus, it is necessary to increase the retained volume,
200 0.2 0.1 the density and coverage of droplets in the middle and,
400 0.28a 0.25 especiallylower parts of the tget.As a rule, in this study

* Means followed by same capital letter in the columns and sma_lHOth the mcreaseq application rate and the alr aSSIStance
letters in the lines are not significantly different at 5% probabilityin the boom provided better spray penetration into the
level by the Tukey test. Canopy Of common bean_
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Table 7. Summary of analysis of variance of common bean yiel@arbonari CA, Martins D, Marchi SR & Cardoso LR (2005) Efei-
for two types of nozzle, volumes of application and and air to de surfatantes e pontas de pulverizagdo na deposicdo de calda

assistance in the spray boom de pulverizagdo em plantas de grama-seda. Planta Daninha,
23:725-729.
SV DF MS Cooke BK, Hislop EC, Herrington PJ)Vestern NM &
Block 3 0.8212 Humpherson JF (1990Qir-assisted spraying of arable crops in
Air 1 110.2613 relation to deposition, drift and pesticide performance. Crop
Volume 1 75.645 Protection, 9:303-311.
Nozzle tip 1 2.88 CostaAGF, Velini ED, Negrisoli E, Carbonari CA, Rossi CVS,
Air x Volume 1 15.125" Corréa MR & Silva FML (2007) Efeito da intensidade do ven-
Air x Nozzle tip 1 0.005s to: da pressa.o'e de ponta’s de pulver'lzagao na der!va de aplica-
. ¢Oes de herbicidas em pré-emergéncia. Planta Daninha, 25:203-
Volume x Nozzle tip 1 0.2112s 210.
Air x Volume x Nozzle tip 1 0.1512" o
Resid 21 0.5745 Derksen RC & Sanderson JP996)Volume, speed and distribution
esidue : technique effects on poinsentia foliar deposits. Transactions of
VC (%) 1.64 the ASAE 39:5-9.
" Non significant at 5% probability level, Significant at 1% Farooq M & LandersAJ (2004) Interactive éécts of air liquid
probability level, and Significant at 5% probability level. and canopies on spray patterns of axial-flow sprayergrinual
International Meeting Sponsored, Michig@#mais,ASAE/CSAE.
p.12.
Table 8 Mean yield of common bean in megagram per hectarepx RD, Derksen RC, Zhu H, Brazee RD & Svensson(Z08)A
for different types of nozzles history of air-blast sprayer development and future prospects.
- - Transactions of thSAE 51:405-410.
Type of nozzle tip Common bean yield (Mg h&)

- Hayden JAyers G Grafius E (1990)Two watersoluble optically
Conical 2.74 resolvable dyes for comparing pesticide spray distribution.
Flat fan 2.7F Journal of Economic Entomology3:2411-2413.

* Means followed by same letter in the column are not significantlyiarchi SR, Martins D, Costa NWerra MA & Negrisoli E (2005)
different at 5% probability by the F test. Degradacio luminosa e retengéo foliar dos corantes azul bri-

lhante FDC-1 e amarelo tartrasina FDC-5 utilizados como
tracadores em pulverizagdes. Planta Daninha, 23:287-294.

Table @ Mean yield of common bean in megagram per heCtarﬁr rtins D, Terra MA, Carbonari CA, Negrisoli E, Cardoso LR &

for the 'nteraCt'O,n b?tween air assistance in the spray boom ar‘a'ofoli GR (2005) Efeito de diferentes concentracdes de aterbane
volumes of application

na deposicado de calda em plantas de pistia stratiotes. Planta

Yield Daninha, 23:343-348.
Volume (L ha) Air assistance Matthews GA (2000) Pesticide application methodsed. Malden,
Blackwell Science. 432 p.
On Off - . _— .
Palladini LA (2000) Metodologia para avaliagdo da deposicdo em
200 2.8 2.5 pulverizagGesTese de Doutorado. Universidade Estadual
400 2.9 2.780b Paulista, Botucatu, 150p.

* Means followed by same capital letter in the columns and smaRaetano CGScudeler FBauer FCVenegas F &/inchi RR (2001)
letters in the lines, are not significantly different at 5% probability Avaliagdo da cobertura de pulverizagdo com diferentes equipa-
by the Tukey's test. mentos e condigdes operacionais na cultura do café. In: Simpoésio
Internacional deTecnologia deAplicacdo de DefensivéAgrico-
las: Eficiéncia, Economia e Preservagdo da Saude Humana e do

CONCLUSIONS Ambiente, JundiaiAnais, FERF. p.2-6.

. . . Rinaldi PCN (2008) Influéncia da profundidade de adubacao e da
The flat fan nozzle tip and the conical tip had the SaME,q|ocidade de uma semeadora de plantio direto na cultura do

performance in relation to spray deposition on beanfeijao. Dissertagdo de Mestrado. Universidade Federaligte
plants. sa, Vigosa, 65p.

koogAD, Holler FJ & NiemanTA (2002) Principios de andlise
instrumental. 5ed. PortoAlegre, Bookman. 835p.

Souza H, Castro RD & Palladini LA2007b) Deposito de pulve-
Both the increased application rate and the air assistedizacao com diferentes padrées de gotas em aplicagSes na cultu-

. . . . ra do algodoeiro. Engenharfegricola, 27:75-82.
spraying provided better penetration into common bean 9 g "
Souza R, Velini ED & Palladini LA (2007a) Aspectos

Yield increased with air assisted spraying ana
application rate of 200 L Ha

canopy metodoldgicos para anélise de depdésitos de pulverizagdes pela
determinagdo dos depdsitos pontuais. Planta Daninha, 25:195-
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