ANNALES
UNIVERSITATIS MARIAE CURIE-SKLODOWSKA
LUBLIN — POLONIA

VOL. LXVII (3) SECTIOE 2012

Department of Herbology and Plant Cultivation Tedlueis, University of Life Sciences i Lublin
Akademicka 13, 20-950 Lublin
e-mail: czarkw@poczta.onet.pl

CEZARY A. KWIATKOWSKI, MARIAN WESOLOWSKI,
MAGDA DRABOWICZ, BARBARA MISZTAL-MAJEWSKA

The effect of adjuvants and reduced rates of crop
protection agents on the occurrence of agricultural
pests and on winter wheat productivity

Wplyw adiuwantéw oraz zredukowanych davieddkow ochrony rélin
na wyst¢powanie agrofagoéw i produkcyjdbpszenicy ozimej

Summary. A field experiment in growing winter wheat was éagdrout in Czestawice (the central
part of the Lublin region) in 2009-2011. The expemt was set up as a split-block design with
3 replications on grey-brown podzolic soil deriviedm loess. Tillage was performed in accor-
dance with the agronomic practices typical of #pecies. NPK mineral fertilization was adjusted
to high soil nutrient availability. The researclkclided 3 rates of herbicides, fungicides and a
retardant (100, 75, 50%) as well as various tygesdvants (surface-active, oil, mineral). Plots
without adjuvant application were the control treant. It was shown that a 50% reduction in the
rates of crop protection agents caused a consigedaicrease in winter wheat grain yield and in
some yield components compared with the 75% radetta® maximum rate. Due to the addition of
adjuvants (especially the oil adjuvant) to the gmalution, the reduction in the rates of crop
protection agents by 25% did not cause any decrefagénter wheat productivity. A further re-
duction (by 50%) in the rates of crop protectiorrag, in spite of the application of adjuvants,
had a negative effect on wheat yield caused by@mse accumulation of air-dry weight of weeds
in the crop as well as by higher susceptibilitywdfeat to a complex of fungal diseases infecting
the stem base.

Key words: winter wheat, adjuvants, rates of crop protectments, productivity, agricultural
pests
INTRODUCTION

The use of intensive technologies in growing wintdeat can positively affect wheat
productivity, but it is not always economicallyfied [Kaniuczak 2000]. Apart from that, the
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decreased risk of environmental contamination badeduction in permissible levels of resi-
dues of biologically active substances in cereatlpets speak for reduced rates of crop pro-
tection agents applied [KuW.998, Lipa 2004]. Efforts to reduce the consunmptibcrop pro-
tection agents consist in lowering their doses measonable way so that intended weed or
fungus-killing effects can be achieved by usingé¢hagents [Pietryga and Drzewiecki 2000,
Rola and Rola 2002]. One of the methods of compiegdar the decreased dose of the active
substance is to add aiding agents (adjuvants)rtiibve the physico-chemical properties of
the spray solution [Stock 1991, Kierzek 2000]. Madjuvants are products intended for use
mainly with herbicides and only few of them canused with other agents (e.g. fungicides,
retardants). One of the main objectives of a coatbapplication of adjuvants with crop pro-
tection agents is to increase the biological agtofi pesticides by improving retention of water
drops by the plant and absorption of the activstsinioe by the plant as well as to reduce the
negative effect of weather conditions on the actibthe active substance [Hollowat/al.
2000, Wanicaet al. 2005]. In the present study, a hypothesis was ithedéowering the rates
of crop protection agents by 25-50%, with the diamdous addition of adjuvants, would
allow agricultural pests to be effectively elimimdtand, in effect, it would enable grain yield
and the parameters of yield components to be maadkat a level similar to those found
under the conditions when the recommended rategatied without any adjuvant.

The aim of the present study was to determine tteeteof reduced rates of herbi-
cides, fungicides and growth retardant as wellfahree adjuvant types on weed infesta-
tion, health, lodging and yield of winter wheat ammdsome yield components.

MATERIALS AND METHODS

The field experiment in growing winter wheat (c8muga’) was carried out in the
period 2009-2011 at the Czestawice ExperimentainHaglonging to the University of
Life Sciences in Lublin. It was set up as a splitek design with 3 replications, in 27°m
plots. The experiment was established on grey-brpadeolic soil derived from loess,
classified as good wheat complex. Potato was theiquis crop for winter wheat. Min-
eral fertilization, adjusted to high soil nutrieanailability, was applied at the following
rates on a per hectare basis: N — 70 k@sP- 60 kg, KO — 90 kg. The present study
investigated the following types of adjuvants: Aentrol treatment (without any adju-
vant), B — surface-active adjuvant Break Thru S @40 | ha'), C — oil adjuvant Atpolan
80 EC (1.5 | hd), D — mineral adjuvant — ammonium sulphate (10%tsm — 1.5 | h&),
as well as 3 rates of herbicides, growth retardamd, fungicides (100%, 75%, and 50%).
The following pesticides were applied: herbicid8sKator 6,25 WG + Puma Uniwersal
069 EW — 0.3 + 1.2 | Ha(100% rate), 0.23 + 0.9 | Hg75% rate), 0.15 + 0.6 | Ha
(50% rate); growth retardant (Terpal C 460 SL)@-Iha® (100% rate), 1.5 | Ra(75%
rate), 1.0 | ha (50% rate); fungicides (Tilt Plus 400 EC and Ald5 SC) at identical
rates — 1.0 | H&(100% rate), 0.75 | Ra(75% rate), and 0.5 | H50% rate). The crop
protection agents were applied using a field sprayeler a pressure of 0.25 MPa, on
dates in accordance with the recommendations dinstéute of Plant Protection — State
Research Institute in Pozingat the moment of planning the experiment — 2008).

Infection of wheat plants by a complex of pathogesssing stem base diseases was
determined at the milk stage (BBCH 75). 50 plantsenpulled out from each plot. After
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washing away the soil, the plants were divided,etelng on the degree of stem base
infection, into groups according to a five-pointalec(% of the infected stem base). Sub-
sequently, the disease index was calculated fan btese diseases in accordance with Mc
Kinney’s formula given by tacicowa [1969]. Assessinef weed infestation of the win-
ter wheat crop was made at the dough stage (BBGH®3using the dry-weight-rank
method in 1 x 0.5 m sampling plots, with two reations per plot. At the same time, ear
density of winter wheat was determined in the abmeationed sampling plots. The
degree of lodging of winter wheat was estimatedessvdays before harvest, using
a 9-point scale. Number of grains per ear andezagth were determined on the basis of
30 randomly sampled ears from each plot. After éstrof winter wheat (the®ldecade
of August) and after the grain was dried to 14%stwwe content, grain yield was deter-
mined (in kg per plot) and calculated on a per drecbasis as well as 1000 grain weight
was determined.

The obtained results were statistically analyséaguthe analysis of variance and de-
termining the significance of differences by Tuketgést (p = 0.05).

RESULTS AND DISCUSSION

Regardless of the adjuvants, the application ofrd@mmended (100%) rates of
crop protection agents resulted in the stem bdesetiaon index ranging on average 7.6—
9.7% (tab. 1). The reduction in the rates of croptgrtion agents by 1/4 caused a sig-
nificant increase in the wheat stem infection indexto the range of 8.8—-15.1%. On the
other hand, lowering the rates of crop protectigards by 50% resulted in a more than
twofold increase in infection of the wheat stemeblay a complex of fungal diseases.
Irrespective of the type of adjuvant and the rdterop protection agents, all adjuvants
tested contributed to a significant decrease instleen base infection index of winter
wheat compared to the control treatment.

Table 1. The index of winter wheat stem-base iidedby the fungal disease complex at the milk
stagg%) — mean for 2009-2011
Tabela 1. Indeks porania podstawydzbta pszenicy ozimej kompleksem choréb grzybowych
w fazie dojrzatéci mlecznej (%) $rednio z lat 2009-2011

Rates of crop
protection agents
Dawki srodkow
ochrony ralin
100% | 75%| 50%
A — without adjuvant (control treatment)
bez adiuwanta (obiekt kontrolny) 9.1 151} 213 15.4
B — Break Thru S 240 — surface-active adjuvaatiitwan
powierzchniowo czynny

Mean
Srednio

Treatment
Zabieg

8.6 95| 183 121

C — Atpolan 80 EC - oil adjuvant — adiuwant olejowy 67| 88| 16.2 10.9
D — ammonium sulphate adjuvant — siarczan amonu 8.00.4 | 17.0 115
Mean —Srednio 85 | 10.7| 182 -

LSD (5.05y— NIR (9,05 for — dla: rates — dawek = 2.49; adjuvants — adiuéw = 2.56
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Table 2. Air-dry weight of weeds in the winter wheeop per 1 rh(g) — mean for 2009—-2011
Tabela 2. Powietrznie sucha masa chwastéw w ta@zernicy ozimej na 1 {(g) —srednio z lat
2009-2011

Rates of crop
protection agents
Dawki srodkow

ochrony ralin

100% | 75%| 50%

3.7 88 | 427 18.4

Mean
Srednio

Treatment
Zabieg

A — without adjuvant (control treatment) —
bez adiuwanta (obiekt kontrolny)
B- Br_eak Thru S _240 - s_urface-actlve adjuvant — 29 53 o5 5 112
adiuwant powierzchniowo czynny
C — Atpolan 80 EC - oil adjuvant — adiuwant olejowy 02| 49 21.4 9.4
D — ammonium sulphate adjuvant — siarczan amonu 3.16.2 | 36.8 15.3
Mean —Srednio 2.9 6.3 | 31.6 -
LSD (g.05y— NIR g 05 for — dla: rates — dawek = 2.43; adjuvants — adiuaw = 2.95

Table 3. Winter wheat lodging in a 1-9 scale* — m&a 2009-2011
Tabela 3. Wyleganie pszenicy ozimej w skali 1-Stednio z lat 2009-2011

Rates of crop
protection agents

Treatment s g Mean
- Dawki srodkow . .
Zabieg . Srednio
ochrony rglin
100% | 75%| 50%
A — without adjuvant (control treatment) — 8.2 74 6.4 73

bez adiuwanta (obiekt kontrolny)
B — Break Thru S 240 — surface-active adjuvant —

- ; . 8.8 8.0 6.9 7.9
adiuwant powierzchniowo czynny

C — Atpolan 80 EC - oil adjuvant — adiuwant olejowy 09| 84 7.5 8.3
D — ammonium sulphate adjuvant — siarczan amonu 8.58.0 6.8 7.8
Mean —Srednio 8.6 7.9 6.9 -

LSD (0.05y— NIR (g.05) for — dla: rates — dawek= 0.90; adjuvants — adiniéosx = 0.88
"1 — complete lodging of the crop — tan kompleteigdy; 9 — no lodging — brak wylegania

Air-dry weight of weeds in the winter wheat cropsasignificantly dependent on
both experimental factors (tab. 2). The reductiothe rates of crop protection agents by
50% resulted in a more than tenfold increase inttai¢ in question compared to the
application of the recommended rates (100%) andefold increase in weed biomass in
the crop relative to the 75% rates. All the adjusaregardless of the rates of crop pro-
tection agents, contributed to a reduction in ajrwleight of weeds in the wheat crop on
average by 17% (ammonium sulphate) — 49% (AtpolrE®).

In the situation where the recommended 100% rdtesop protection agents were
applied, lodging of winter wheat was insignificgtgb. 3). The lowering of the doses of
crop protection agents by 25% did not also haveyeifeant effect on cereal lodging
and the average increase in lodging under thesditamrs was only 0.7 percentage
points. It was only when the recommended rategaj protection agents were reduced
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by half that this caused a statistically proverréase in lodging (on average by 1.7 per-
centage points) compared to the 100% rates. ligrivgp of adjuvants under evaluation,

only Atpolan 80 EC effectively caused a reductiotoidging of winter wheat crops com-

pared to the control treatment, on average by &rBgmtage point.

Table 4. Number of ears per £ imwinter wheat (pcs) — mean for 2009-2011
Tabela 4. Liczba kloséw pszenicy ozimej na?(szt.) —érednio z lat 2009-2011

Rates of crop
protection agents

Treatment L . Mean

- Dawki srodkow : .
Zabieg ) Srednio

ochrony ralin
100% | 75%| 50%
A — without adjuvant (control treatment) —

bez adiuwanta (obiekt kontrolny) 481 464 | 416 454

B — Break Thru S 240 — surface-active adjuvant — 492 487 | 443 474

adiuwant powierzchniowo czynny
C — Atpolan 80 EC - oil adjuvant — adiuwant olejowy 984 | 495 | 452 482
D — ammonium sulphate adjuvant — siarczan amonu 488183 | 428 466
Mean —Srednio 490 | 482 | 435 -
LSD (.05 — NIR (o 05 for — dla: rates — dawek = 19.4; adjuvants — adiuéw = 18.8

Table 5. Ear length of winter wheat (cm) — mean2@®9-2011
Tabela 5. Dlug& ktosa pszenicy ozimej (cm)srednio z lat 2009-2011

Rates of crop
Treatment protecppn age nts Mean
- Dawki srodkéw . .
Zabieg . Srednio
ochrony ralin
100% | 75%| 50%
A — without adjuvant (control treatment) —
bez adiuwanta (obiekt kontrolny) 9.5 9.3 9.0 9.3
B - Br.eak Thru .S 24Q — surface-active adJuvant9.8 96 94 96
— adiuwant powierzchniowo czynny
C — Atpolan 80 EC - oil adjuvant — adiuwant olejowy 89| 9.8 9.6 9.7
D — ammonium sulphate adjuvant — siarczan amonu 9.69.5 9.2 9.4
Mean —Srednio 9.7 95| 9.3 -
LSD (g05— NIR 05 fOr — dla: rates — dawek = n.s. —r.n.; adjuvaaidiuwantéw = n.s.—r.n.

Winter wheat ear density per ¥ significantly depended on the experimental factors
in question (tab. 4). The reduction in the ratesrop protection agents by half resulted
in a decrease in the number of ears per unit ameaverage by approx. 10-11% com-
pared to the rates reduced by 25% and the reconedearade. Such a trend occurred in
spite of the addition of adjuvants to the sprayusoh. Regardless of the rates of crop
protection agents, the adjuvants had a positivecefin the number of winter wheat ears
per 1 nf; however, the application of crop protection agéntcombination with the oil
adjuvant (Atpolan 80 EC) or the surface-active aaii (Break Thru S 240) guaranteed
a significant increase in ear density.
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Table 6. Number of grains per ear in winter wheas)] — mean for 2009-2011
Tabela 6. Liczba ziaren w klosie pszenicy ozimej.}s-srednio z lat 2009-2011

Rates of crop protec-
tion agents
Treatment Dawki srodkow ’Mear)
Zabieg ) Srednio
ochrony ralin
100% | 75%| 50%
A — without adjuvant (control treatment) —
bez adiuwanta (obiekt kontrolny) 29 24 20 24
B — Break Thru S 2£_10 — surface-active adjuvant —-afiu 35 32 26 31
want powierzchniowo czynny
C — Atpolan 80 EC - oil adjuvant — adiuwant olejowy 6 3| 36 26 33
D — ammonium sulphate adjuvant — siarczan amonu 31 30 23 28
Mean —Srednio 33 30 24 -
LSD (g.05y— NIR g.05 for — dla: rates — dawek = 2.8; adjuvants — adiida = 2.6
Table 7. 1000 grain weight of winter wheat (g) -améor 2009-2011
Tabela 7. Masa 1000 ziaren pszenicy ozimej (geédnio z lat 2009-2011
Rates of crop protec-
tion agents
Treatment Dawki srodkow ’Mear)
Zabieg ) Srednio
ochrony ralin
100% | 75%| 50%
A — without adjuvant (control treatment) —
bez adiuwanta (obiekt kontrolny) 511 50.6| 49.2 50.3
B — Break Th_ru S 24}0 — surface-active adjuvant —-adu451_8 512| 502 511
want powierzchniowo czynny
C — Atpolan 80 EC - oil adjuvant — adiuwant olejowy 25 | 51.6| 504 51.4
D — ammonium sulphate adjuvant — siarczan amonu 4 51.51.0 | 50.0 50.8
Mean —Srednio 51.6 | 51.1| 49.9 -

LSD (g.05y— NIR g 05 for — dla: dawek — rates = n.s. —r.n.; adjuvangsliuwantéw = n.s. — r.n

Average ear length of winter wheat proved to bead independent of the experi-
mental factors (tab. 5). Nevertheless, the studydoa trend towards the shortening of

the ear length with the increasing reduction inrtites of crop protection agents.

The reduction in the rates of crop protection agédrwatd a significant effect on the
decrease in the number of grains per ear in wintezat (tab. 6). Already 3/4 of the rate
of crop protection agents contributed to the foramatof a smaller (on average by
3 pieces) number of grains per ear, whereas the reexction resulted in a loss of 9
grains on average, thus a decrease in their nubbas much as 27% compared to the
recommended rates. All the adjuvants applied inpesent experiment positively af-
fected the number of grains per ear and the averagease of the above described pa-

rameter was 14—-27% under the influence of the adljtsv
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Table 8. Grain yield of winter wheat (t/ha) — méan2009-2011
Tabela 8. Plon ziarna pszenicy ozimej (t/hd)ednio z lat 2009-2011

Rates of crop protec-
Treatment tion ggent,s Mean
- Dawki srodkéw . .
Zabieg . Srednio
ochrony ralin
100% | 75%| 50%
A — without adjuvant (control treatment) —
bez adiuwanta (obiekt kontrolny) 6.0 59 50 5.6
B — Break Th'ru S 24}0 — surface-active adjuvant —-aallua4 6.1 57 6.1
want powierzchniowo czynny
C — Atpolan 80 EC - oil adjuvant — adiuwant olejowy 66| 6.4 5.9 6.3
D — ammonium sulphate adjuvant — siarczan amonu 6.26.0 5.4 5.9
Mean —Srednio 6.3 61| 55 -
LSD (0.05) — NIR (0,05) for — dla: rates — dawek.38) adjuvants — adiuwantéw = 0.34

Table 9. The simple correlation coefficient (r)ee¢n grain yield of winter wheat and the occurrence
of agricultural pests as well as crop lodging sipective of the adjuvants — mean for 2009—2011
Tabela 9. Wspotczynniki korelacji (r) guzy plonem ziarna pszenicy ozimej i wysbwaniem
agrofagéw oraz wyleganiemdion niezaleznie od adiuwantéw $rednio z lat 2009-2011

Treatment Rates of crop protection agents
Zabie Dawki srodkéw ochrony rélin
g 100% 75% 50%

Alr—d.ry wellght of weeds ) 011 ~030 _061*
Powietrznie sucha masa chwastow
Stem base infection index .
Indeks poraenia podstawydzbta —0.07 -0.22 —0.56
Winter wheat .Iodglng . o _001 019 _043
Wyleganie rélin pszenicy ozimej
*significant correlation coefficien.qs)— istotny wspoétczynnik korelagii os)

The reduction in the rates of crop protection ag@st well as application or no ap-
plication of adjuvants did not differentiate sigcéintly 1000 grain weight in winter
wheat (tab. 7). We can only speak about a trenarsva smaller grain size in the grain
harvested from the plots protected by crop pratactigents with their rates reduced by
half. It is also worth noting that the adjuvante&k Thru S 240 and Atpolan 80 EC had
a positive effect on thousand grain weight (TGWwdfeat, while in the event that the
rates of crop protection agents were reduced by @&&%e adjuvants ensured the mainte-
nance of the parameter in question at a level higfan in the control treatment (100%
rate, with no adjuvant).

Winter wheat grain yield was significantly modifidny both experimental factors
(tab. 8). The reduction in the rates of crop prisdecagents by half resulted in a decrease
in grain yield by respectively 10-13% comparedhe &pplication of the rates reduced
by 25% and the recommended rates. The additioheoktirface-active adjuvant to the
spray solution, in particular the oil adjuvant (8kpn 80 EC), irrespective of the rates of
crop protection agents, caused an increase in vgraat yield by more than 10% rela-
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tive to the control treatment. It is worth notirigat in spite of the reduction in the rates of
crop protection agents by 25%, the applicationlb&djuvants gave higher or identical

yields compared to the treatment with the full doséhout the application of any adju-

vant. Moreover, the addition of the oil adjuvantth@ rates of crop protection agents
reduced by 50% also guaranteed wheat yield ated éémost identical to that obtained in

the control treatment (without any adjuvant) witte tapplication of the recommended
rate. This suggests that lowering the rates of propection agents within certain limits,

combined with the application of substances inéngathe adhesion of the spray liquid

(Atpolan 80 EC), is fully justified.

Under the conditions where the rates of crop ptime@gents were reduced by 50%,
a significant negative correlation was found betwesnter wheat grain yield and inten-
sive occurrence of weeds in the crop (air-dry weaftweeds) as well as infection of the
stem base by the fungal disease complex. A lowduat®on in grain yield was noted
under the influence of lodging of plants (tab. 9).

As a rule, reducing the rates of crop protectioanég causes a decrease in crop pro-
ductivity and worse yield quality as a result oé timtensive occurrence of agricultural
pests [Wdnica 2003, Lipa 2004]. Kwiatkowski and WesotowskD]1b] found that the
reduction in the rates of crop protection agent®®@ caused an increase in the number
and air-dry weight of weeds in the winter wheatpcemd the addition of adjuvants did
not help to reduce this trend. Nevertheless, aatémtu in the rates of crop protection
agents within reasonable limits, not exceeding 35%6,3may bring satisfactory produc-
tion effects [Wesotowsket al. 2005], in particular if adjuvants are added to speay
solution [Skrzypczalet al. 2003, Kwiatkowski 2010]. In the study of PiekarkZ2005],
lowering the rates of crop protection agents by 568mbined with the addition of adju-
vants (Atpolan 80 EC), did not deteriorate siguwifity their weed-killing properties and
had no effect on spring barley grain yield. In tipénion of Pecicet al. [2000] as well as
Rola and Rola [2002], the above described situatiay arise from the fact that weed
infestation was low and, on the other hand, ceraadsa group of crop plants showing
high competitiveness towards weeds. In the opinioBomaradzkiet al. [2002], weeds
that are not destroyed completely can contributa &ignificant decrease in yield, in-
creased weed infestation of subsequent crops, lnddvelopment of fungal diseases.
Wachowiak and Kierzek [2003] argue that the addité an adjuvant to the rate of fun-
gicides reduced by 50% allowed good results to bmioed in the control of potato
blight. The study of Kwiatkowslét al. [2006] shows that the reduction of the amount of
NPK fertilizers applied and of the rates of hertbés and fungicides by half led to
a slight deterioration of some grain yield compdaef winter wheat, such as ear length,
number of grains per ear, and grain plumpnesidrekperiment under discussion, num-
ber of grains per ear proved to be a yield compbtieat responded negatively to the
reduction in the rates of pesticides by 50%. Kvoatkki and Wesotowski [2011a]
proved on the example of spring barley that theicgdn in the rates of herbicides, fun-
gicides and growth retardant by 25% did not resuthe deterioration of yield compo-
nents and of the cereal crop thanks to the applitatf crop protection agents together
with an adjuvant. An identical conclusion can baver from the results of the present
study on winter wheat productivity. The aspect n¥inmental protection associated
with the reduction in the rates of crop protectaments is also of major importance. On
the basis of few studies [Kucharski 2004], it cangresumed that the addition of an
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adjuvant to a herbicide causes a slowing of itsilitplinto the deeper layers of the soil
profile, which extends the time of its action onedeseedlings and reduces or prevents
the penetration of herbicides into groundwater [arski 2004].

CONCLUSIONS

1. As a result of the addition of adjuvants to #ipeay solution of crop protection
agents, the reduction in their rates by 25% didcanise a decrease in winter wheat pro-
ductivity.

2. The reduction in the rates of crop protectioarag by 50% resulted in a signifi-
cant fall in winter wheat yield as manifested imapid decrease in ear density per unit
area and in number of grains per ear, while thetiaddof an adjuvant had no effect on
the reduction of this trend. The deterioration @fter wheat yield was closely related to
increased weed infestation of the crop and infectbthe stem base by a complex of
fungal diseases.

3. The oil adjuvant Atpolan 80 EC proved to hawe ltighest effectiveness in elimi-
nating negative consequences of the reductiondrrdtes of herbicides, fungicides and
growth retardant.
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Streszczenie Eksperyment polowy z uprawpszenicy ozimej prowadzono w Czestawicagiod-
kowa Lubelszczyzna) w latach 2009-2011 sWMiadczenie zakono metod split-block w trzech
powtdrzeniach, na glebie ptowej wytworzonej z leddprawa roli byta zgodna z zasadami agro-
techniki typowej dla gatunku. Navwenie mineralne NPK dostosowano daejizasobnéci gleby

w skfadniki pokarmowe. W badaniach uwationo 3 dawki herbicydéw, fungicydéw i retardan-
ta (100, 75, 50%) oraz rodzaje adiuwanta (powiariamko czynny, olejowy, mineralny). Obiekt
kontrolny stanowity poletka bezzycia adiuwanta. Dowiedzion@,e redukcja dawekrodkéw
ochrony rglin o 50% powodowata istotne zmniejszenie plonuragoszenicy ozimej oraz niekto-
rych elementéw struktury plonu w poréwnaniu z dawk% i dawlg maksymalg. Dodatek adiu-
wantéw (zwhaszcza olejowego) do cieczytkowej sprawiatze redukcja dawekrodkéw ochrony
roslin o 25% nie wptywata na zmniejszenie produkcgpiopszenicy ozimej. Dalsza redukcja
(0 50%) dawekrodkéw ochrony rélin, pomimo zastosowania adiuwantéw, wptywata negate

na plonowanie pszenicy poprzez nasilone nagromaelzewietrznie suchej masy chwastéw w
tanie oraz wgkszy podatné¢ zbaza na kompleks choréb grzybowych pmjgcych podstaw
zdzbta.

Stowa kluczowe pszenica ozima, adiuwanty, dawdiodkéw ochrony réin, produkcyjngg,
agrofagi



