Acta Agrophysica, 2008, 11(1), 279-289

ASSESSMENT OF EFFICACY OF DIFFERENT HERBICIDE DOSES
ON THE FAT HEN Chenopodium albujiJSING CHLOROPHYLL
FLUORESCENCE

Michal Vondra, Vladimir Smutny

Department of Agrosystems and Bioclimatology, Facaf Agronomy,
Mendel University of Agriculture and Forestry
Zemedelska 1, 613 00 Brno, Czech Republic
e-mail: xvondra@mendelu.cz

Abstract. The obtained results indicate that uffilet conditions, the PS1-Meter apparatus can
be used when estimating the efficiency of decrgadoses of herbicides CALLISTO 480 SC + ATPLUS
463 (surfactant) and BASAGRAN SUPER on fat hehghopodium albujin stands of grain maize. It
can be concluded that, as far as the efficientyeddicides mentioned above is concerned, theirsdzse
be reduced to 50 % of registered ones without aggtive effect on the grain yield.
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INTRODUCTION

At present, growing grain maize becomes more and more impantahe
Czech Republic. This fact is documented by an increase ofriéage from 47
thousand hectares in the year 2000 to 84 thousands ha in 2006. Due teast inc
ing percentage of this crop in the crop rotation the pressumarmful factors,
which are characteristic for this crop, is also enand more intensive. Of weeds,
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barnyard grassEchinochloa crus-gal)i redroot pigweedAmaranthus retroflexiis
lambsquater Ghenopodium albujmare the most frequent species. In combination
with some other noxious factors, these (and a nurmbether weeds) can show
a very negative effect on the yield and qualithafvested maize grain. For that rea-
son both growers and researchers strive to redtioauah as possible the effects of
these harmful factors and to create possibly matitnal conditions for growth and
development as well as subsequent yield formaficaltural plants.

The application of herbicides is one of the most common possibiliti re-
ducing the occurrence of weeds in stands of cultural crops. Howewsed in
a wrong way, these chemicals show negative environmentatsefiez. water,
soil and atmosphere pollution). For that reason it is necessapplipteerbicides
in an efficient manner so that their negative effects wouldktieced as much as
possible but without any reduction of their killing effects on weed plants.

For the evaluation of the efficacy of herbicides varioussassent scales can
be used, however, their major disadvantage istliegt are based on subjective esti-
mates and for that reason the obtained resultaigely dependent on opinions and
experiences of persons evaluating results of iddaliexperiments. For that reason it
is usually very difficult to compare results of tteme experiment established in dif-
ferent localities and evaluated by different experiters. Because of the aforemen-
tioned reasons (and also due to the laboriousmebssubjectivity of methods used
until now) it would be very useful to evaluate #féicacy of herbicides on the basis
of a method enabling an exact measurement of giigldluorescence. In the Neth-
erlands (Plant Research International in Wagenindpenmethod of measurement of
photosynthesis efficiency is used as a basis oafiplication of low doses of herbi-
cides. The so-called Minimum Lethal Herbicide D@stHD) method enables to
calculate those minimum doses of herbicides behonti the group of photosynthe-
sis which enable the control of the occurrence etdg on a given area and/or ex-
perimental plot (Haaget al. 2002). Kempenaaet al. (2002) studied and evaluated
the efficacy of photosynthesis inhibition herbicd® the basis of measurements of
chlorophyll fluorescence. Vondet al. (2005, 2006, and 2007) and Smuttyal.
(2006) described possibilities of application aduweed doses of herbicides in maize
stands. The method of chlorophyll fluorescence mreasents is now used also for
detection of resistant weeds (Chodeval. 1995, Norsworthyt al. 1998), estimation
of the degree of seed maturity (Jalatkal. 1998), and evaluation of quality of stored
fruit and vegetables (Toivonen and DeEll 1998). apglication of methods based on
chlorophyll fluorescence measurements usually tesullower operational costs as
well as in reduced environmental load by herbici#idsm 2006).
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MATERIALS AND METHODS

Small plot experiments were established in thesy2@05 and 2006 in the Field
Experimental Station of the Mendel University ofrisglture and Forestry, Brno, situ-
ated in the area of the University Training Farritae. This locality (179 m above sea
level, 49°01 N, 16°37 E) is situated 25 km southwards from Brno (Soutbrdvia
region, Czech Republic) in the maize-growing regsubregion K This is one of the
warmest regions in the Czech Republic with averagaual temperature and
precipitation sum of 9.2°C and 480 mm, respectively. dntl/January are the warmest
and the coldest months, with average daily air &aipres of 19.3°C and —2.0°C,
respectively. This is a dry region and the 30-yaarage of annual sums of precipi-
tation is 480 mm. This region is also partly inflaed by a precipitation shadow.
Within the growing season, rainfalls are distridugery unevenly. June and March are
the months with the highest and the lowest predipit (68.6 mm and 23.9 mm, re-
spectively). The annual sum of solar irradiatiorgess from 1.800 to 2.000 hours.

According to the taxonomic system of soils of the Czech Repubé#csoil in
the Field Experimental Station in Zate is classified as gleic fluvisol which has
developed on alluvial sediments of the Svratka River. Theksease without any
marked diagnostic horizons and the parent substrate consisting of alluviahimater
is situated below a thin humus horizon. More marked symptoms opgbegsses
can be observed at the depth of below 0.60 m. In the courde ofetr, the
groundwater level fluctuates between 0.80 m and 2.5 m. As far asithexture
is concerned, the soil is classified as heavy to very heavy.

In individual experimental variants different dos#sherbicides CALLISTO
480 SC + ATPLUS 463 (surfactant) and BASAGRAN SUR#Re used (Tab. 1).

The experiment involved 7 variants with four replications. The sif plots
was 21 Mm(3 x 7 m).

Table 1. Experimental variants

Variant Herbicide used Dose (Iha
1 CONTROL -
2 CALLISTO 480 SC + ATPLUS 463 0.25 + (0.5%)
3 CALLISTO 480 SC + ATPLUS 463 0.1875 + (0.5%)
4 CALLISTO 480 SC + ATPLUS 463 0.125 + (0.5%)
5 BASAGRAN SUPER 2.0
6 BASAGRAN SUPER 1.5
7 BASAGRAN SUPER 1.0




282 M. VONDRA, V. SMUTNY

Characteristics of the herbicides:

CALLISTO 480 SC is a systemic herbicide with théivecingredient meso-
trione (480 g) which belongs to the group of trilket. CALLISTO 480 SC herbi-
cide is applied for pre- and post-emergence cowfr@innual dicot and monocot
(grass) weeds infesting maize crops. The effectibbstance can be uptaken by both
leaves and roots and it spreads within the plabbth acropetal and basipetal direc-
tions. In affected plants, it causes whitening quotdis) of leaves and necroses of
tissues. Symptoms are visible as soon as 3 to 7afleyghe application.

BASAGRAN SUPER is a contact postemergent herbicide withetfextive
substance bentazone (480 g) which belongs to the group of photosynthésis inhi
tors. It is uptaken mainly through leaves but partly also throogts.r The uptake
through leaves is usually crucial and the killing effect is kpricFor good effi-
cacy it is important that the leaf area of plants musiuséciently developed so
that the applied herbicide can be well absorbed. The symptomsénwvblitening
(chlorosis) and reduced photosynthesis, namely due to damage okodtiranes
and disturbance in electron transport and specificr€axtions.

In both years under study the same forecrop (i.e. winter whaatused in all
experimental variants. The experiment was established in @mioval manner
using the common technologies, i.e. medium-depth ploughing in the autgdnn a
smoothing with harrows and land levellers in the spring. Poigotving the plots
were dressed with urea at the dose of 120 kg N.Na fungicides and insecti-
cides were applied.

The seeds of hybrid grain maize Ribera were sown 8riviy 2005 and 28
April 2006 with a precise four-row drill Kleine Multicorn adjudtéo interrow
distance of 0.75 m and sowing depth of 0.06 m. The sowing density vilaslB0
sands seeds per hectare.

In the stage of the fourth true leaf, both herbicides wereieapplith the
knapsack sprayer SOLO 432 ofi Bune 2005 and"6June 2006. The application
pressure and the dose of water were 0.3 MPa and 300ndspectively.

The efficacy of herbicides was measured with the PS1-Mpparatus. This
portable equipment was developed in Wageningen and it is distribytékle
company Agrifirm (The Netherlands). This instrument can meathareercent-
age of damage of the photosynthetic apparatus. Its scale hage of values
from O to 100 and low values indicate healthy plants while thie biiges - dam-
aged plants (Tab. 2). During the measurements the leaf wex ifi a "clip”
(measurements were performed in darkness). Measurementscareied out
using the youngest measurable leaf.
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Table 2. Categorisation of photosynthetic apparatus dar(ldgéiD PS1 2004)

Predicted effect on plant

PS1-value
0-15 No effect
15-30 Small effect (temporary reduction of photdbesis by about 20%)
30-50 Moderate effect (temporary reduction of pegithesis by about 40%)
>50 Large effect (temporary reduction of photosgsth by > 40%)

The degree of damage of the photosynthetic apparatus wasretkasgth the
PS1-Meter on the second, third, fourth, fifth and eighth day aftehehaicide
application.

Individual variants were harvested with the combine harv&adPO 2010
on 19" October 2005 and #00ctober 2006. In all four replications two middle
rows were harvested in each experimental variant. Harvesteglesa were
weighed and their mass was converted to yield at 15% moisture content.

The obtained results were processed using the method of armdilyaisance
(ANOVA) and the significance of mean values was subsequisigd by means
of Tukey's test using the statistical software UNISTAT 5.1.

RESULTS AND DISCUSSION

Results of ANOVA of two-year data indicated that the dditmeasurements,
the dose of herbicides and their interaction showed a highly isemifeffect on
PS1 values. The effect of the year on PS1 values wadis#diysinsignificant.
Subsequent testing (Tukey’s test, P = 0.95) revealed statistoghificant dif-
ferences between the control and variants treated with diffdases of herbi-
cides CALLISTO 480 SC + ATPLUS 463 and BASAGRAN SUPER. Inchse
of the BASAGRAN SUPER herbicide there were no statidyicgignificant dif-
ferences in PS1 values measured after the application of individee. dos

In the case of the CALLISTO 480 SC herbicide applied withwegting
agent ATPLUS 463 a statistically significant differericeneasured PS1 values
was obtained only between the half and the registered dose and béteveegis-
tered and the three-quarter dose.

In the course of individual measurements there were obviousetiffes in
the promptness of action of applied herbicides. The effect of gtersic herbi-
cide CALLISTO 480 SC applied with the ATPLUS 463 was a lstmwver (Fig.
1, 2). This was due to the fact that its effective substanceabsmbed through
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both roots and leaves and thereafter was gradually distribatedbiher plant
tissues. On the other hand, the contact herbicide BASAGRAN RUPE. 3, 4)
caused a quick necrosis of sprayed plant tissues.
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Fig. 1. The course of average PS1 values measured oridadivdates in control and in variants
treated with decreasing doses of herbicide CALLISIBOD SC + ATPLUS 463 (year 2005)
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Fig. 2. The course of average PS1 values measured oridadivdates in control and in variants
treated with decreasing doses of herbicide CALLISIBD SC + ATPLUS 463 (year 2006)
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Fig. 3. The course of average PS1 values measured oridadivdates in control and in variants
treated with decreasing doses of herbicide BASAGRRAWNER (year 2005)
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Fig. 4. The course of average PS1 values measured oridadivdates in control and in variants
treated with decreasing doses of herbicide BASAGRRANER (year 2006)

In 2005, the average PS1 values ranged from 6.4 to 12.6. The highest and the
lowest PS1 values were found on the second and the thirdfdatasurements,
respectively. In that year, the limit PS1 value of 15 (wherpti@osynthesis in-
hibition begins) was not overstepped.
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In 2006, the average PS1 values ranged from 7.0 to 11.4; the lowest value (i.e.
7.0) was measured on the first date while the highest one (i.e.ohltd¢ fourth
date of measurements.

After the application of increasing doses of thsteyic herbicide CALLISTO
480 SC + ATPLUS 463 a gradual increase in PS1 values wasleecior both
experimental years. This increase was caused by the edfeithstance meso-
trione which showed a systemic (and therefore slow) action. djirea the sec-
ond date of measurement (i.e. on the third day) the limit PS1 eéllé was
overstepped after the application of all tested doses of CAIDQ 480 SC +
ATPLUS 463.

In 2005, variants treated with the registered dosS€ALLISTO 480 SC +
ATPLUS 463 (0.25 | H4+ 0.5%) showed average PS1 value of 23.8 alreadjie
first date of measurements. On the second datesveawthe average PS1 value de-
creased to 23.0, but thereafter the values inaleasas much as 80.0. Similar effi-
cacy was found in variants treated with a threetqudose of CALLISTO 480 SC +
ATPLUS 463 (i.e. 0.1875 | Ha+ 0.5%) to the registered dose. On the first and
the second date of measurements the average PS1 values Wesnd%8.2,
respectively. Thereafter they decreased to 54.0, but on subseqtesitivey
again began to rise and on the last (fifth) date of measuteime average PS1
value was 69.6. After the application of the lowest dose of CALOI480 SC +
ATPLUS 463 (i.e. 0.125 | R+ 0.5%) a gradual increase in average PS1 values
from 24.0 (on the first date of measurements) tcmash as 67.4 (on the fifth date)
was recorded.

In 2006, variants treated with the registered dose dflTHTO 480 SC +
ATPLUS 463 (0.25 | hd+ 0.5%) showed a gradual increase in PS1 values from
18.4 (the first date of measurements) to as much as 94.6 (thddi#). As com-
pared with the registered dose a similar response was otbsdseeafter the ap-
plication of the three-quarter dose (0.1875t haD.5%) when the measured PS1
values gradually increased as follows: 14:422.2— 69.4— 82.4— 87.4). Af-
ter the application of the lowest dose of CALLISTO 480 SC + AJEL463
(0.125 | hd + 0.5%), the PS1 values decreased from 39.6 to 36.6, but on the last
(fifth) date they were as much as 77.4.After the applicatiothefherbicide
CALLISTO 480 SC + ATPLUS 463 its efficacy was sufficient aaliably killed
all lambsquater@henopodium albujrplants.

In variants treated with decreasing doses of the contabtciiee BASA-
GRAN SUPER high average PS1 values were recorded alredtig dinst dates
of measurements. This was due to the fact that its eféestilsstance, bentazone,
caused quick necroses on treated leaves.
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In 2005, the application of the registered dose of BASAGFRANPER (i.e.
2.0 | ha') caused a decrease in PS1 values from 85.0 (dirghdate of measure-
ments) to 81.4 (on the second). Thereafter thevBBies evenly increased up to the
value of 96.4. In variants treated with BASAGRAN PR at the dose of 1.5 I'ha
the highest PS1 values were recorded on the satardof measurements (93.6);
thereafter they decreased to 80.6 and afterwacdsaiged again to 88.6 and 89.6. As
compared with the registered dose of BASAGRAN SURER 1.0 | hd), in the
variant treated with a half-dose of this herbidide PS1 values gradually increased
till the third date of measurements (93.6) andethiger they decreased to 80.2 on the
last (i.e. fifth) date of measurements.

In 2006, already on the first date of measurenthetaiverage PS1 value of 88.2
was obtained after the application of the regidgtei@se of BASAGRAN SUPER (i.e.
2.0 | ha). Thereafter there was a decrease to 81.8, fatidwealternating increase
and decrease from 95.6 to 95.4 and to final 9&.Qzariants treated with a three-
quarter dose of this herbicide a gradual incraa&sil values from 79.2 (the first date
of measurements) to 97.0 (on the last date) wasded in 2006. After the applica-
tion of the half dose of BASAGRAN SUPER (1.0 hathe changes in measured
average values were as follows: on the first dageaiverage PS1 value was 79.2,
thereafter it increased to 85.0 on the secondagaih decreased to 82.8 on the third
date of measurements. On the fourth and the fidtesdthe average PS1 values in-
creased to 90.4 and 95.4, respectively. Also dfterapplication of all the doses of
BASAGRAN SUPER the efficacy of this herbicide was suéint and all treated
lambsquater planthenopodium albujrwere quickly killed.

When evaluating yields of grain (converted to 15% moisture contsnt)
means of analysis of variance the effect of year on yietdssiatistically highly
significant. On the other hand, however, there were no signifdiéferences in
yields among individual variants of reduced doses of this herbicide.

In 2006 and 2005, the average (pooled) yields in all vari@ete 14.95 t Haand
13.52 t hd, respectively. Average grain yield (converted 584lmoisture content)
obtained in both years in individual experimentaiants is presented in Table 3.

In 2005, the highest average grain yield of 14.38"t was obtained in the
variant treated with the registered dose of herbicide CALLISIBD SC +
ATPLUS 463 (0.25 | id+ 0.5 %) while the lowest one was recorded in untreated
control (12.89 t hd).

In 2006, the highest average grain yield was obtained in thenvaréated
with the three-quarter dose (i.e. 1.5 'haf BASAGRAN SUPER — 15.56 t Ha
On the other hand, the lowest average yield was obtained watlant treated
with the registered dose of this herbicide (i.e. 2.0%ha
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Table 3. Grain yields obtained in individual experimentaliants in years 2005 and 2006
Grain yield (t hd)

Herbicide/dose (I i3 by 15% moisture content

2005 2006
CONTROL 12.89 14.57
CALLISTO 480 SC + ATPLUS 463 — 0.25 + (0.5 %) 14.38 15.03
CALLISTO 480 SC + ATPLUS 463 — 0.1875 + (0.5 %) 13.60 14.92
CALLISTO 480 SC + ATPLUS 463 — 0.125 + (0.5 %) 13.47 14.92
BASAGRAN SUPER -2.0 13.07 14.45
BASAGRAN SUPER - 1.5 13.95 15.56
BASAGRAN SUPER - 1.0 13.30 15.24

CONCLUSION

The obtained results indicate that the PS1-Meter apparatube used for
measurements of the efficacy of decreasing doses of herb€ldsISTO 480
SC + ATPLUS 463 and BASAGRAN SUPER when killing the lambsgua
(Chenopodium albunih stands of grain maize. It can be therefore concluded that
the efficacy of reduced (half) doses of both herbicides (i.e. 0.425df CALLI-
STO 480 SC + ATPLUS 463 and 1.0 I'haf BASAGRAN SUPER) were suffi-
cient and that the maize grain yields were not negatively atfect

REFERENCES

Chodova D., Mikulka J., Kiova M., 1995. Comparison of chlorophyll fluorescemnd chlorophyll
content in triazine-resistant and susceptible commmundsel $enecio vulgaris Ochrana
Rostlin, 31, 185-194.

Haage I.C.P., Bastiaans L., Kempenaar C., 2002l0ERrpg options for improved low dose applica-
tion based on the MLHD-technology. In: Proceediag® Symposium European Weed Re-
search Society, Wageningen UR, 200-201.

Jalink H., van der Schoor, Frandas A., van Pijle6.J 1998. Chlorophyll fluorescence of Brassica ol
eracea seeds as a non-destructive marker for sgtedtynand seed performance. Seed Science Re-
search, (8), 437-443.

Kempenaar C., Groeneveld R.M.W., Uffing A.J.M., vder Weide R.Y., Wevers J., 2002. New
insights and developments in the MLHD-concept oé#v€ontrol. In: Proceedings 1 5ym-
posium European Weed Research Society, WageninBe®&}99.

Klem K., 2006. Use of chlorophyll fluorescence larpt medicine (in Czech). Rostlinoléka, 23-24.

MLHD PS1, 2004. Manual Version 2.0 September 200@4dgeningen, Plant Research International
B.V., 18.



ASSESSMENT OF EFFICACY OF DIFFERENT HERBICIDE DOSEN THE FAT HEN 289

Norsworthy J. K., R. Talbert E., R. Hoagland E.989Chlorophyll fluorescence for rapid detection
of propanil-resistant barnyardgragchinochloa crus-galji Weed Science, 46, 163-169.

Smutny V., Kocurek V., Vondra M., 2006. Early assaent of herbicide efficacy using fluores-
cence camera. In: Proceedings of thd Tzech and Slovak Plant Protection Conference,
Praha, CAU Prague, 592-596.

Toivonen P.M.A., DeEll J R., 1998. Differences imarophyll fluorescence and chlorophyll content
of broccoli associated with maturity and sampliegt®n. Postharvest Biology and Technol-
ogy, (14), 61-64.

Vondra M., Kren J., Smutny V., 2005. Use of chlorophyll fluoesste method for optimisation of
herbicide doses. In: Proceedings of InternatiorfaDP Students Conference MendelNet 05
Agro, Brno, FA MUAF Brno, 1-8.

Vondra M., Smutny V., Ken J., 2006. Assessment of herbicide efficacy dnoa pigweed Ama-
ranthus retroflexus using chlorophyll fluorescence. In: Proceedindspmfessional article
+MUAF for growers", Brno, FA MUAF Brno, 139-143.

Vondra M., Smutny V., ken J., 2007. The use of reduced doses of herbi€éé41STO 480 SC
and BASAGRAN SUPER to Contrdlirsium arvensan maize. In: Proceedings of profes-
sional papers ,MUAF for growers", Brno, FA MUAF Bon120-125.

OCENA SKUTECZNGCI ROZNYCH DAWEK HERBICYDOW
W ZWALCZANIU KOMOSY BIALEJ (Chenopodium albujn
PRZY UZYCIU FLUORESCENCJI CHLOROFILU
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Streszczenie. Uzyskane wyniki wskaguge w warunkach polowych aparat PS1-Metezeno
by¢ wykorzystany do oceny skutecZobmalejcych dawek herbicydéw CALLISTO 480 SC + ATPLUS
463 (surfaktant) oraz BASAGRAN SUPER w zwalczanmmiosy biatej Chenopodium album
w tanie kukurydzy na ziarno. Moa sformutowé wniosek,ze jezeli chodzi o wymienione herbicydy,
to ich dawki mog by¢ zmniejszone do 50% wagt zalecanych bez ujemnego wplywu na plonowa-
nie ziarna.

Stowa kluczowe: kukurydza na ziarno; miernik PSltévefluorescencja chlorofilu; her-

bicydy



