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Eff ects of adjuvants on the eff ectiveness and rainfastness of 
rimsulfuron in potato
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Summary   Adjuvants are used with herbicides to increase their effi  cacy. In this study, it was demon-
strated that the application of 0.1% of the non-ionic surfactant (NIS, Contact) and 0.5 L ha-1 of a crop 
oil concentrate (COC, Renol) did not improve the effi  cacy of rimsulfuron on Amaranthus retrofl exus. In 
contrast, the same treatments enhanced performance and rainfastnes of rimsulfuron in Chenopodium 
album. Increasing non-ionic surfactant concentration to 1 L ha-1 increased rimsulfuron performance 
around 10-fold for A. retrofl exus compared to around 3-fold for C. album. The same treatment reduced 
12-fold the rainfastness of rimsulfuron on A. retrofl exus while improving 2-fold the rainfastness of rim-
sulfuron on C. album. Measured ED50 and ED90 doses of rimsulfuron indicated that the addition of the 
0.2 L ha-1 of NIS improved the recommended (60 g a.i. ha-1) and the reduced (30 g a.i. ha-1) dose eff ect of 
rimsulfurom in potato crop in the fi eld. The highest potato yield was recorded (60 tons per ha) when 60 
g ai. ha-1 of rimsulfuron was applied at three growth stages [leaf development (S1) + vegetatively prop-
agated organs (S4) + development of tuber (S7)] of the crop without using a NIS; not signifi cant diff er-
ences were measured when the same dose of rimsulfuron was applied at the three (S1, S4, and S7) and 
two (S1, S4) growth stages with NIS. 
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cluding S. sarachoides and Solanum trifl orum 
(Eberlein et al., 1992). Also some potato cul-
tivars are not tolerant to metribuzin (Ar-
senault and Ivany, 1996).

It is generally accepted that the optimi-
zation of herbicide use allows dose reduc-
tions. To optimize herbicide use, aspects 
such as the best time of application (Sa-
madi Kalkhoran and Alebrahim, 2016) and 
appropriate use of adjuvants are investi-
gated and in many studies have shown ef-
fi cient weed control with reduced herbicide 
doses (Blachshaw et al., 2006). An adjuvant 
is a biologically inert substance, but when 
it is added to herbicide spraying solutions 
could enhance retention, coverage, and ef-
fi cacy of the applied herbicide (Green and 
Beestman, 2007). Improving the penetrabili-
ty of the active ingredients will increase the 
eff ect of herbicide and will reduce side ef-
fects risk (Penner, 2000). Numerous types of 
adjuvants exist such as surfactants, oils, and 
fertilizers while surfactants are classifi ed as 
non-ionic, anionic, cationic, or zwitterion-
ic ones (Schramm, 2003). Herbicide appli-
cations carry the risk of reduced effi  cacy if 

Introduction

The most important weeds in potato crop 
in Iran are Amaranthus spp., Chenopodium 
album L., Portulaca oleracea L., Polygonum 
spp., Setaria spp., Echinochloa crus gali, Hor-
deum leporinum and Lolium spp. (Hasanina-
sab Farzaneh et al., 2018). Rimsulfuron is a 
sulfonylurea herbicide (applied at both pre- 
and post- emergence) which is selective and 
eff ective in potato crop for the control of a 
range of grass and broadleaved weeds ex-
cept from Solanum sarrachoides (L.) (Robin-
son et al., 1996). Pre- and post- emergence 
application of rimsulforun eff ectively con-
trolled C. album and A. retrofl exus (Tonks and 
Eberlin, 2001; Alebrahim et al., 2012). On the 
other hand, the intensive use of metribuz-
in has caused an increasing number of re-
sistant species (Alebrahim et al., 2012), in-
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rainfall occurs shortly after application. Ad-
juvants would aff ect the herbicide’s rain-
fastness which is another reason to consid-
er when selecting an adjuvant (Kudsk et al., 
1989). 

Rimsulfuron needs an adjuvant to op-
timize its effi  cacy and rainfastness similar-
ly to other ALS inhibitors (Green and Green 
1993; Mathiassen and Kudsk, 2002; Pannacci, 
2010). Since the type and the concentration 
of the applied adjuvant could infl uence rim-
sulfuron activity, Tonks and Eberlein (2001) 
applied rimsulfuron at 4 diff erent dosag-
es (9, 18, 26, 35 g ha-1) with diff erent types 
of adjuvants such as a nonionic surfactant 
(NIS), a crop oil concentrate (COC), a methy-
lated seed oil (MSO), or an organosilicon sur-
factant (SIL). The mean control of the com-
mon lambsquarters (C. album) reached 75%, 
regardless of the type of adjuvant or rimsul-
furon dose . 

Amaranthus retrofl exus and C. album are 
two problematic weeds in cultivation of po-
tato (Alebrahim et al., 2012), given the lim-
ited available herbicides for their control. 
Therefore, it is important to investigate so-
lutions for their eff ective control. The objec-
tives of the current study are to demonstrate 
the effi  cacy and rainfastness of optimized 
doses of rimsulfuron when applied together 
with NIS and COC adjuvants in controlling A. 
retrofl exus and C. album in greenhouse and 
fi eld experiments.

Materials and methods

First outdoor pot experiment
The experiments were carried out at the 

Department of Agroecology, the Universi-
ty of Aarhus, Denmark (55° 19’ N, 11° 23’ E) 
in 2011. Two experiments were conducted 
in pots outdoors. Chenopodium album and 
A. retrofl exus seeds were obtained from the 
seedbank of the University of Aarhus, Den-
mark. For each plant species, twenty seeds 
were sown per pot in 2 L plastic pots fi lled 
using an automatic seed sowing machine. 
The potting mixture included: sandy loam 
soil, sand, and peat (2:1:1 w/w/w respective-

ly, 4.2% organic matter and a pH of 6.9). The 
pots were sub-irrigated fi ve times a day by 
deionized water after seedling emergence, 
only four plants were kept in each pot. At 
four to six-leaf growth stages, plants were 
treated by the herbicide. Commercial rim-
sulfuron (Titus DF, 250 g kg-1) were used in 
a laboratory pot sprayer equipped with two 
fl at–fan nozzles (4110-14; Hardi; Taastrup, 
Denmark) working at 260 kpa and delivering 
155.3 l ha-1. Rimsulfuron was used solo and 
in a mixture of surfactants. The treatments 
used are shown in Table 1. The plants were 
subjected to 5 mm rain at diff erent times by 
a rain simulator which was working at an in-
tensity of 9 mmh-1 (Pannacci et al., 2010). A 
factorial experiment with three factors was 
applied: The fi rst factor was the rimsulfu-
ron doses (seven levels: 0, 1.872, 3.75, 7.5, 15, 
30, 60 g a.i. ha-1 for C. album and 0, 0.2343, 
0.468, 0.9375, 1.875, 3.75, 7.5 g ha-1 for A. ret-
rofl exus); the second factor was the type of 
surfactant (two levels: Contact (a non-ion-
ic surfactant, 980 g/l linear alcohol ethoxy-
late, from Nufarm company (NIS), 0.1%), Re-
nol (a crop oil concentrate (COC), 0.5 L ha-1)); 
the third factor was the time of 5 mm rain 
(four levels: 0, 1, 2, 4 hours after treatment 
(HAT) (Table 1). The pots were located out-
doors adopting a factorial experiment of a 
completely randomized block design with 
three replications. Plants were harvested 
three weeks after the herbicide applica-
tion and fresh weight (all plants/pot) of the 
above ground biomass was measured. Af-
terwards, the fresh biomass was oven-dried 
at 75°C for 48 h and then the dry weight was 
measured. 

Second outdoor pot experiment
In the second outdoor pot experiment, 

plants of C. album and A. retrofl exus were 
sprayed with the same rimsulfuron doses 
and exposed to the same rain treatments, 
as in the fi rst outdoor experiment. The NIS 
(Contact) was used in 0, 0.04, 0.2, and 1 L ha-1 
for C. album and A. retrofl exus (Table 1). The 
plants were harvested three weeks after the 
herbicide application and fresh weight (all 
plants/pot) of the above ground biomass 



© Benaki Phytopathological Institute

Use of adjuvants with rimsulfuron in potato 37

was measured. Afterwards, the fresh bio-
mass was oven-dried at 75°C for 48 h and 
then the dry weight was measured.

Field experiments
Two fi eld experiments were conduct-

ed at Sheikh Kalkhoran of Ardabil (48° 20’ 
N, 38° 15’ E) in Iran, on loam soil (42% sand, 
32% silt, and 26% clay), in 2015. Soil organ-
ic matter and pH were 0.9% and 7.68, re-
spectively. Fertilizers were applied through 
the irrigation system according to soil test 
recommendations during the growing sea-
son. Seed potatoes (cv. Agria) were plant-
ed at 10 cm depth and 25 cm distance in 
rows separated 75 cm apart from each oth-
er on April 21, 2015, after soil tillage on Octo-
ber 13, 2014. Plots were sprayed against in-

sects and diseases as needed and irrigated 
during the growing season with overhead 
sprinklers to obtain 65% minimum soil wa-
ter content. Two factorial experiments of a 
complete randomized block design were 
conducted with three replications at a plot 
size of 2*4 m2. There were three factors on C. 
album and A. retrofl exus with reduced or the 
recommended doses. The fi rst factor was 
rimsulfuron doses, either reduced (0, 5, 10, 
15, 20, 25, 30 g ai. ha-1) or the recommend-
ed (0, 10, 20, 30, 40, 50, and 60 g ai. ha-1); the 
second factor was Contact surfactant doses 
(0 and 0.2 L ha-1) and the third factor was the 
time of application (S1, S1+S4, S1+ S4+S7) on 
C. album and A. retrofl exus (Table 1). In both 
experiments, rimsulfuron was applied at leaf 
development (S1, one stage), leaf develop-

Table 1. The list of treatments for all the experiments that refer to rimsulfuron and surfac-
tants doses; the fi rst and second outdoor pot experiments and the two fi eld experiments. 
NIS: non-ionic surfactant, COC: crop oil concentrate, and HAT: hours after treatment, the ap-
plication timings (see Table 2) were as follows: i) S1: Leaf development; ii) S1+S4: leaf devel-
opment (S1) + vegetatively propagated organs (S4); and iii) S1+S4+S7: leaf development (S1) 
+ vegetatively propagated organs (S4) + Development of tuber (S7).

First outdoor pot experiment

Species Rimsulfuron (g a.i. ha-1) Contact (NIS) Renol (COC) Rain
Chenopodium 
album 0, 1.875, 3.75, 7.5, 15, 30, 60 0.1% 0.5 L ha-1 0, 1, 2 ,4 HAT

Amarathus
retrofl exus 0, 0.2343, 0.468, 0.9375, 1.875, 3.75, 7.5 0.1% 0.5 L ha-1 0, 1, 2 ,4 HAT

Second outdoor pot experiment

Species Rimsulfuron (g a.i. ha-1) Contact (NIS) Renol (COC) Rain
Chenopodium 
album 0, 1.875, 3.75, 7.5, 15, 30, 60 0.04. 0.2, 1 L ha-1 - 0, 1, 2 ,4 HAT

Amarathus
retrofl exus 0, 0.2343, 0.468, 0.9375, 1.875, 3.75, 7.5 0.04. 0.2, 1 L ha-1 - 0, 1, 2 ,4 HAT

Field experiment (Reduced dose)

Species Rimsulfuron (g ai. ha-1) Contact (NIS) Renol (COC) Application time
Chenopodium 
album 0, 5, 10, 15, 20, 25, 30 0.2 L ha-1 - S1, S1+S4, S1+S4+S7

Amarathus
retrofl exus 0, 5, 10, 15, 20, 25, 30 0.2 L ha-1 - S1, S1+S4, S1+S4+S7

Field experiment (Recommended dose)

Species Rimsulfuron (g ai. ha-1) Contact (NIS) Renol (COC) Application time
Chenopodium 
album 0, 10, 20, 30, 40, 50, 60 0.2 L ha-1 - S1, S1+S4, S1+S4+S7

Amarathus
retrofl exus 0, 10, 20, 30, 40, 50, 60 0.2 L ha-1 - S1, S1+S4, S1+S4+S7
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ment (S1) + vegetatively propagated organs 
(S4) (two stages), and leaf development (S1) 
+ vegetatively propagated organs (S4) + de-
velopment of tuber (S7) (three stages) (Meier 
et al., 2009) (Table 2). Commercial rimsulfu-
ron (Titus DF, 250 g kg-1) was applied by us-
ing a back-pack sprayer equipped with two 
fl at–fan nozzles (8001; Inter) worked at 260 
kpa and delivering 250 L ha-1. Weed control 
was evaluated by harvesting weed plants 
within a quadrat of (0.75× 0.50 m2) at three 
weeks after treatment. Three weeks after 
the herbicide application, all of the plants 
in each plot were harvested and dried in an 
oven at 75°C for 48 h and then weighed. For 
determination of total tuber yield per hect-
are, the tubers of center rows in each plot 
were harvested and weighted.

Statistical Analyses
The dose-response data were analyzed 

using the R (R Core Team, 2020) program 
(Version 4.0.1) with the drc package (Ver-
sion 4.0.1). The log-logistic regression of dry 
weight of C. album and A. retrofl exus on dose 
was fi tted with a log-logistic regression us-
ing a three parameters log-logistic model 
(Streibig et al., 1993):

      
dy =   

1 + exp [b(log(z) - log(ED50)]       
(1)

where y is dry weight z, d is the upper limit 

where the dose is zero, ED50 denotes the dose 
required for reducing dry weight at 50%, and 
bis proportional to the slopes of the curves 
around ED50. The ED50 parameter in Eq. (1) 
can be replaced by any ED level (Pannacci 
and Covarelli, 2009), (e.g., ED10, ED90).

The relative potency (RP) is the horizon-
tal displacement between two curves at a 
chosen EDx (Kudsk et al., 1989). The biologi-
cal exchange rate in a single application, i.e. 
the relative potency between the herbicides 
was calculated as follows: 

RP = ED50xf/EDC50xf+v                    (2)

Where, EDxf = the EDx of herbicide alone; and 
EDxf+v= the EDx of herbicide in mixture with 
a surfactant. If RP = 1, the addition of surfac-
tant does not aff ect herbicide performance. 
If RP was signifi cantly higher or lower than 1, 
the herbicide in the mixture with the surfac-
tant was more or less potent than the her-
bicide alone, respectively. Similarly, the rain-
fastness can be assessed by calculating the 
ratio between the EDx dose with rain and the 
corresponding EDx dose without rain.

Statistical analyses of yield data were 
performed using SAS (9.1) software. An ANO-
VA was performed using PROC GLM (PC-SAS) 
and when the F test indicated signifi cant ef-
fects, means were compared using LSD Fish-
er (P < 0.05) test. 

Table 2. Application times of rimsulfuron in relation to the principal potato growth stages 
in the fi eld experiments.

Stage Description

0 Germination / sprouting / bud development
1 Leaf development (main shoot)
2 Formation of side shoots / tillering
3 Stem elongation or rosette growth/shoot development (main shoot)

4 Development of harvestable vegetative plant parts or vegetatively propagated organs/
booting (main shoot)

5 Infl orescence emergence (main shoot) / heading
6 Flowering (main shoot)
7 Development of fruit
8 Ripening or maturity of fruit and seed
9 Senescence, beginning of dormancy
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Results

First outdoor pot experiment
Regarding the effi  cacy, the results 

showed no signifi cant improvement on rim-
sulfuron performance on A. retrofl exus with 
the addition of the adjuvant 0.1% NIS or 0.5 
COC (compare ED50 values of the ‘no rain’ 
treatments) (Table 3). In contrast, the inclu-
sion of the 0.1% NIS adjuvant signifi cantly 
improved the performance of rimsulfuron 
on C. album (Table 3). 

Regarding the rainfastness, 0.1% NIS and 
0.5 COC provided a high level of rainfastness 
comparable to that of COC on A. retrofl exus 

(Table 3). In C. album, the ED50 doses were 
much higher in comparison with A. retrofl ex-
us and the non-ionic surfactant strongly im-
proved the effi  cacy of rimsulfuron and had a 
strong eff ect on rainfastness while no signif-
icant impact of rain with Renol was shown 
(Table 3). Also, the results showed that rain-
fastness was low without adjuvant and with 
0.5 L ha-1 COC, but the inclusion of 0.1% NIS 
signifi cantly improved the rainfastness; full 
rainfastness of rimsulfuron was obtained 
only after 4 hours (Table 3). 

Second outdoor pot experiment
In the second pot experiment, the re-

Table 3. The eff ect of NIS and COC adjuvants on the eff ectiveness and rainfastness of rimsul-
furon [applied at various timings: 1, 2, 4 HAT (hours after treatment)] on Amaranthus retrofl ex-
us and Chenopodium album. Relative rainfastness is the necessary length of a rain-free peri-
od following a herbicide application. Diff erent superscripts in the ED50 column indicate dif-
ferences between ED50 values for each weed species. 

Amaranthus retrofl exus

Adjuvant Rain ED50 (g a.i. ha-1) Confi dence intervals Relative rainfastness

None No rain 0.28abc 0.201-0.368 1.00
1 HAT 4.68ijk 3.318-6.036 16.71
2 HAT 1.59fgh 1.069-2.103 5.68
4 HAT 1.34f 0.937-1.743 4.79

0.1 %  NIS No rain 0.26ab 0.182-0.345 1.00
1 HAT 0.55de 0.372-0.732 2.12
2 HAT 0.51d 0.363-0.657 1.96
4 HAT 0.28abc 0.184-0.382 1.08

0.5 L ha-1 COC No rain 0.25a 0.179-0.330 1.00
1 HAT 3.76ij 2.294-5.235 15.04
2 HAT 3.74i 2.407-5.064 14.96
4 HAT 1.44fg 0.910-1.970 5.76

Chenopodium album

None No rain 26.47e-i -14.78-67.72 1.00
1 HAT 24.56e-h 6.13-42.98 0.93
2 HAT 27.34e-k -3.60-58.29 1.03
4 HAT 31.16e-l 6.55-55.77 1.18

0.1 % NIS No rain 1.89a 1.11-2.69 1.00
1 HAT 4.18d 1.60-6.77 2.20
2 HAT 2.06ab 0.85-3.28 1.08
4 HAT 2.36abc 0.92-3.80 1.24

0.5 L ha-1 COC No rain 13.28e 1.60-24.96 1.00
1 HAT 21.44efg 5.09-37.79 1.61
2 HAT 26.58e-j 3.39-49.77 2.00
4 HAT 16.69e-i    -2.26-35.65  1.26
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sults showed that increasing the concentra-
tion of the NIS up to 1 L ha-1 improved the 
performance of rimsulfuron (Table 4). At 1 L 
ha-1, the surfactant increased the effi  cacy of 
rimsulfuron on A. retrofl exus around 10-fold 
compared to rimsulfuron alone. On the con-
trary, increasing the concentration of the NIS 
sharply improved the performance of rim-
sulfuron on C. album (Table 4). Herbicidal 
performance was slightly more enhanced as 
concentration increased from 0.04 to 1 L ha-1. 
At 1 L ha-1, surfactant increased rimsulfu-
ron performance on C. album around 3-fold 
compared to rimsulfuron alone which was 
less compared to A.  retrofl exus (Table 4). 

The rainfastness of rimsulfuron on A. ret-
rofl exus reduced with an increase in surfac-
tant concentration up to 1 L ha-1 up to 12-
fold (Table 4). On the contrary, increasing the 
concentration of the NIS sharply improved 
the rainfastness of rimsulfuron on C. album 
to 2.5-fold (Table 4). Each species had some 
distinct diff erences to the single surfactant 
properties. Regarding herbicidal perfor-
mance, the non-ionic surfactant was less ef-
fi cient on C. album compared to A. retrofl ex-
us, but when tested for rainfasness showed 
a higher eff ectiveness especially at 1 L ha-1 

for C. album (Table 4). The spray deposit on 
the leaf surface is strongly related to cuticular 

Table 4. The eff ect of NIS adjuvant doses on the eff ectiveness and rainfastness of rimsulfu-
ron [applied at various timings: 1, 2, 4 HAT (hours after treatment)] on Amaranthus retrofl ex-
us and Chenopodium album. Relative rainfastness is the necessary length of a rain-free peri-
od following a herbicide application. Diff erent superscripts in the ED50 column indicate dif-
ferences between ED50 values for each weed species. 

Amaranthus retrofl exus

Adjuvant Rain ED50 (g a.i. ha-1) Confi dence intervals Relative rainfastness

0.04 L ha-1 NIS No rain 0.33cd 0.219-0.437 1.00
1 HAT 0.96ij 0.701-1.219 2.38
2 HAT 0.59fg 0.433-0.757 1.49
4 HAT 0.43de 0.302-0.553 1.16

0.2 L ha-1 NIS No rain 0.12b 0.051-0.196 1.00
1 HAT 1.10jk 0.789-1.406 4.22
2 HAT 0.47def 0.305-0.640 2.30
4 HAT 0.43de 0.306-0.559 1.73

1 L ha-1 NIS No rain 0.03a -0.006-0.069 1.00
1 HAT 0.73hi 0.513-0.939 24.3
2 HAT 0.70gh 0.523-0.878 23.3
4 HAT 0.29c 0.191-0.396 9.67

Chenopodium album

0.04 L ha-1 NIS No rain 5.37b-f 1.44-9.30 1.00
1 HAT 23.38ij 7.89-38.86 4.35
2 HAT 23.91jk 1.62-46.21 4.45
4 HAT 13.47e-i 6.15-20.79 2.51

0.2 L ha-1 NIS No rain 3.66a-d 2.26-5.05 1.00
1 HAT 9.86d-h 4.50-15.21 2.69
2 HAT 6.61b-g 3.39-9.83 1.81
4 HAT 5.17a-f 2.71-7.62 1.41

1 L ha-1 NIS No rain 1.75a 0.84-2.66 1.00
1 HAT 4.20a-e 2.24-6.16 2.40
2 HAT 2.97abc 1.46-4.47 1.70
4 HAT 2.38ab 1.21-3.56 1.36



© Benaki Phytopathological Institute

Use of adjuvants with rimsulfuron in potato 41

structure and the adjuvant chemical tenden-
cy for retention on the leaf. Thus, the appro-
priate surfactant type and concentration in-
creased rimsulfuron eff ectiveness by 10-fold. 
NIS effi  cacy was much higher compared to 
Renol. A surfactant concentration of 1 L ha-1 
was required for maximum herbicidal perfor-
mance. However, regarding to rainfastness, 
the results were diff erent between the weed 
species. 

Field experiments
The results showed that increasing the 

doses of rimsulforun up to 60 g ai. ha-1 in-
creased control of both C. album and A. ret-

rofl exus. The assessment at three weeks af-
ter treatment demonstrate that rimsulforun 
at 40, 50, and 60 g ai. ha-1 in two (S1+S4) and 
three (S1+S4+S7) stages application provid-
ed 100% control of C. album and A. retrofl ex-
us (Figures 1, 2). Application of rimsulforun 
at 25 and 30 g ai. ha-1 (i.e. 0.25X and 0.5X of 
the recommended dose) applied at three 
crop stages (S1+S4+S7) provided excellent 
control of both weed species (Figures 1, 2). 
When rimsulforun was combined with 0.2 L 
ha-1 NIS, C. album and A. retrofl exus control 
was only slightly increased. 

Tables 5 and 6 show the ED50 values of 
the surfactants applied alone and in combi-

Figure 1. The eff ect of rimsulfuron application on dry weight of (a) Amaranthus retrofl exus and (b) Chenopodium album 
when applied at a reduced dose (1X: 30 g a.i. ha-1) without (a1, b1) and with (a2, b2) NIS surfactant (0.2 L ha-1) at three 
cropping timings. The application timings (see Table 2) were as follows: i) S1: Leaf development; ii) S1+S4: leaf develop-
ment (S1) + vegetatively propagated organs (S4); and iii) S1+S4+S7: leaf development (S1) + vegetatively propagated or-
gans (S4) + Development of tuber (S7).
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nation with rimsulfuron, at diff erent growth 
stages of potato. The curves’ upper limits 
were diff erent for various doses and appli-
cation time for each species, in some cases, 
the curves were crossing. The parameters 
ED10, ED50, ED90, and b were estimated at each 
application time by fi tting Eq. (1) for the C. 
album, and A. retrofl exus biomass reduction. 
The ED50 values of rimsulforun were signifi -
cantly reduced two to three times for A. ret-
rofl exus at reduced dose of rimsulfuron. For 
A. retrofl exus, the ED50 values of the reduced 
doses rimsulforun experiment (applied at 
one, two, three stages without surfactant), 
were 10.88, 6.37 and 3.09 g ai ha-1 vs. 7.27, 

3.77 and 2.03 g ai ha-1 (applied at one, two, 
three stages with 0.2 L ha-1 NIS), (Table 5).

The reduced dose-response curves de-
scribed the response well. The ranking of 
ED50 at reduced dose for the three applica-
tion times was S1>S1+S4>S1+S4+S7 with 
and without surfactant (Table 5). Based on 
the ED50 values given in Table 5, surfactants 
can improve the effi  ciency of rimsulfuron 
at reduced dose compared to rimsulforun 
alone. The ED50 values of rimsulfuron at re-
duced dose without surfactant were esti-
mated at 18.11, 12.31, 7.81 g a.i. ha-1 on C. al-
bum after application at one, two or three 
potato growth stages, respectively; when 

Figure 2. The eff ect of rimsulfuron application on dry weight of (a) Amaranthus retrofl exus and (b) Chenopodium album 
when applied at the recommended dose (1X: 60 g a.i. ha-1) without (a1, b1) and with (a2, b2) NIS surfactant (0.2 L ha-1) at 
three cropping timings. The application timings (see Table 2) were as follows: i) S1: Leaf development; ii) S1+S4: leaf devel-
opment (S1) + vegetatively propagated organs (S4); and iii) S1+S4+S7: leaf development (S1) + vegetatively propagated 
organs (S4) + Development of tuber (S7).
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combined with surfactant the ED50 values 
were 15.46, 10.66, 7.19 g a.i. ha-1 , respective-
ly (Table 6). The ED50 values at reduced dose 
and various time of application for C. album 
were higher than A. retrofl exus. Table 6 shows 
the same ED50 ranking of the potency of the 
three application times at the recommend-
ed dose of the dose-response curves of C. al-
bum and A. retrofl exus. The results of rimsul-
furon on C. album dry weight showed that 
the NIS surfactant could not improve the ef-
fi cacy of the recommended dose of rimsul-
furon at S1+S4 and S1+S4+S7. The estimat-
ed ED50 doses demonstrated that a reduced 
dose of rimsulfuron at S1+S4 and S1+S4+S7 
provided full control of the two species at 
30 g ai. ha-1. The relative potency (RP) val-
ues were diff erent when NIS were added to 
the herbicide. RP values showed that surfac-

tants can improve the effi  cacy of reduced 
and recommended doses of rimsulfuron for 
A. retrofl exus at all application times, and re-
duced and recommended doses at all appli-
cation times at S1 stage. 

The eff ect of rimsulfuron application on 
total tuber yield, when applied at a reduced 
dose (1X: 30 g a.i. ha-1) and the recommend-
ed dose (1X: 60 g a.i. ha-1) without and with 
NIS surfactant (0.2 L ha-1) at three crop stag-
es (S1, S4, and S7), is presented in Figure 3. 
The highest potato yield was measured (60 
tons per ha) when 60 g ai. ha-1 rimsulfuron 
was applied at all stages without using NIS. 
No signifi cant diff erences were measured 
when the same dose of rimsulfuron was ap-
plied with NIS at three (S1, S4, and S7) and 
two (S1, S4) potato crop stages. 

Table 5. The estimated regression parameters of the reduced rimsulfuron dose eff ect (1X: 
30 g a.i. ha-1) on Amaranthus retrofl exus and Chenopodium album dry weight, when applied 
with and without NIS surfactant (1L ha-1) at three application times as follows: i) S1: Leaf de-
velopment; ii) S1+S4: leaf development (S1) + vegetatively propagated organs (S4); and iii) 
S1+S4+S7: leaf development (S1) + vegetatively propagated organs (S4) + Development of 
tuber (S7). The response variable is 0-100-percent weed control (dry weight reduction). The 
Relative potency (Rp) is explained in section 2.4. Diff erent superscripts in the ED50 column in-
dicate diff erences between ED50 values within each weed species. 

Reduced dose without surfactant on Amaranthus retrofl exus dry weight

Application time slope upper ED10 ED50 ED90 Rp

S1 -6.04± 0.33 97.46 ± 0.78 7.56 ± 0.14 10.88 ± 0.09f 15.64 ± 0.38 1.49

S1+S4 -5.48 ± 0.27 99.58 ± 0.59 4.27 ± 0.07 6.37 ± 0.09d 9.52 ± 0.29 1.68

S1+S4+S7 -3.07 ±0.76 100.29 ± 0.73 1.51 ± 0.44 3.09 ± 0.35b 6.32 ± 0.43 1.52

Reduced dose with surfactant on Amaranthus retrofl exus dry weight

S1 -4.09 ± 0.13 97.94 ± 0.33 5.93 ± 0.09 7.27 ± 0.07e 12.60 ± 0.16 1.00

S1+S4 -2.69 ± 0.14 100.49 ± 0.39 2.77 ± 0.08 3.77 ± 0.06c 8.70 ± 0.28 1.00

S1+S4+S7 -2.38 ± 0.45 100.36 ± 0.42 1.43 ± 0.33 2.03 ± 0.33a 5.22 ± 0.15 1.00

Reduced dose without surfactant on Chenopodium album dry weight

S1 -5.40 ± 0.47 79.05 ± 2.86 12.06 ± 0.32 18.11 ± 0.40f 27.20 ± 1.46 1.17

S1+S4 -3.00 ± 0.18 104.00 ± 2.66 5.92  ± 0.20 12.31 ± 0.34d 25.59 ± 1.72 1.13

S1+S4+S7 -3.37 ± 0.18 100.64 ± 1.21 4.07 ± 0.15 7.81 ± 0.16b 15.00 ± 0.68 1.08

Reduced dose with surfactant on Chenopodium album dry weight

S1 -4.41 ± 0.58 79.74 ± 3.90 9.51 ± 0.47 15.46 ± 0.58e 25.73 ± 2.43 1.00

S1+S4 -2.97 ± 0.27 100.36 ± 3.32 5.09 ± 0.27 10.66 ± 0.43c 22.31 ± 2.22 1.00

S1+S4+S7 -2.71 ± 0.23 102.67 ± 2.15 3.19 ± 0.21 7.19 ± 0.25a 16.17 ± 1.44 1.00
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Discussion

The optimum concentration of the active 
ingredient in post-emergence herbicides 
should be able to preserve its eff ectiveness 
for the critical period otherwise it could lead 
to inadequate weed control (Hess and Rich-
ard, 1990). Our results showed that ED50 rim-
sulfuron was ranked as S1+S4+S7< S1+S4< 
S1 with and without surfactant. Renner and 
Powel (1998) concluded that post-emergence 
application of rimsulforun at 18, 27 and 35 
g ha-1 provided full control of A. retrofl exus 
and 77, 84, and 91% of C. album, respective-
ly. Also, Robinson et al. (1996) reported that 
post-emergence application of rimsulfuron 
at 9, 18, 27, 35, 70 g ha-1 controlled 67, 100, 
100, 100, 100 % A. retrofl exus, and 60, 90, 97, 
90, 98% C. album, respectively. Rimsulfuron 

at 30 g a.i ha-1 controlled A. retrofl exus and 
C.album 100% at S1+S4 and S1+S4+S7 stages. 
Lanfranconi et al. (1993) reported that rimsul-
forun applied post-emergence at 9, 18, 27, 35, 
and 70 g ha-1 controlled A. retrofl exus 67, 100, 
100, 100, 100% and C.album 60, 90, 97, 90, 
and 98%, respectively.  Similar results were 
reported by Renner and Powell (1998) that 
concluded that post-emergence application 
of rimsulfuron at 18, 27, 35 g ha-1 controlled 
C. album 77, 84 and 91% and of A. retrofl ex-
us 100, 100, and 100%, respectively. Khata-
mi et al. (2017) reported that post-applica-
tion of rimsulfuron provided 87.37, 99.75, and 
96.87% control of C. album at 30, 40, and 50 g 
a.i ha-1 and 86.73, 89.91 and 95.50% for A. ret-
rofl exus, respectively.

For the enhanced activity of a post-
emergence herbicide, high absorption and 

Table 6. The estimated regression parameters of the recommended rimsulfuron dose eff ect 
(1X: 60 g a.i. ha-1) on Amaranthus retrofl exus and Chenopodium album dry weight, when ap-
plied with and without NIS surfactant (1L ha-1) at three application times as follows: i) S1: Leaf 
development; ii) S1+S4: leaf development (S1) + vegetatively propagated organs (S4); and iii) 
S1+S4+S7: leaf development (S1) + vegetatively propagated organs (S4) + Development of 
tuber (S7). The response variable is 0-100-percent weed control (dry weight reduction). The 
Relative potency (Rp) is explained in section 2.4. Diff erent superscripts in the ED50 column in-
dicate diff erences between ED50 values within each weed species. 

Recommended dose without surfactant on Amaranthus retrofl exus dry weight

Application time slope upper ED10 ED50 ED90 Rp

S1 -4.32 ± 0.25 100.19 ± 0.44 6.28 ± 0.17 10.41 ± 0.07a 17.27 ± 0.55 1.63

S1+S2 -6.18 ± 8.04 100.02 ± 0.37 4.67 ± 4.61 6.67 ± 3.49a 9.51 ± 0.61 2.07

S1+S2+S3 -6.73 ± 49.78 100.00 ± 0.36 3.87 ± 27.11 5.37 ± 24.61a 7.44 ± 16.14 1.14

Recommended dose with surfactant on Amaranthus retrofl exus dry weight

S1 -2.60 ± 0.33 100.68 ± 0.64 2.73 ± 0.44 6.35 ± 0.36a 14.76 ± 0.85 1.00

S1+S2 -2.37 ± 1.25 100.21 ± 0.68 1.27 ± 1.36 3.21 ± 1.86a 8.11 ± 0.87 1.00

S1+S2+S3 -6.00 ± 43.54 100.00 ± 0.39 3.24 ± 26.42 4.67 ± 25.69a 6.74 ± 19.15 1.00

Recommended dose without surfactant on Chenopodium album dry weight

S1 -4.04 ± 0.35 94.93 ± 1.68 11.06 ± 0.49 19.05 ± 0.42a 32.81 ± 1.96 1.08

S1+S2 -2.85 ± 0.23 102.37 ± 1.43 5.30 ± 0.34 11.44 ± 0.30a 24.68 ± 1.83 0.88

S1+S2+S3 -3.10 ± 0.87 100.43 ± 1.27 3.54 ± 1.02 7.18 ± 0.67a 14.57 ± 1.71 0.83

Recommended dose with surfactant on Chenopodium album dry weight

S1 -3.27 ± 0.51 98.69 ± 3.53 9.02 ± 0.97 17.62± 0.92a 3.44 ± 4.31 1.00

S1+S2 -0.24 ± 0.25 170.19 ± 145.92 0.001 ± 0.005 12.86 ± 89.96a 9.79 ± 1.56 1.00

S1+S2+S3 -7.19 ± 26.69 100.00 ± 2.00 6.32 ± 10.72 8.58 ± 4.82a 1.16 ± 6.68 1.00
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translocation are necessary. Using the ap-
propriate type of adjuvants is necessary to 
increase the effi  cacy of most post-emer-
gence herbicides by, mostly, surface ten-
sion reduction (Kudsk, 2008). Our results in 
greenhouse and fi eld trials showed that NIS 
was more eff ective to improve the rimsulfu-
ron performance and rainfastness on both 
weed species. Increase of NIS concentration 
increased rimsulfuron activity around 10-
fold for A. retrofl exus compared to around 
3-fold for C. album; also it reduced the rain-
fastness of rimsulfuron on A. retrofl exus 
while it improved the rainfastness of rimsul-

furon on C. album. Previous studies showed 
that NIS slightly improved the performance 
of rimsulfuron on C. album and A. retrofl ex-
usin in fi eld potato due to lower values of 
surface tension where ED50 was calculated. 
Hutchinson et al. (2004) suggested that us-
ing NIS with rimsulforun controlled C. album 
and A. retrofl exus by 89% and 97%, respec-
tively. Tonks and Eberlin (2001) concluded 
that rimsulfuron applied at 4 diff erent dos-
es (9, 18, 26, or 35 g/ ha) together with dif-
ferent types of surfactants, i.e. NIS, COC, a 
methylated seed oil (MSO), or an organosili-
con surfactant (SIL), had moderate (average 

Figure 3. The eff ect of rimsulfuron application on total tuber yield, when applied at (a) a reduced dose (1X: 30 g a.i. ha-1) 
and (b) the recommended dose (1X: 60 g a.i. ha-1) without (a1, b1) and with (a2, b2) NIS surfactant (0.2 L ha-1) at three crop-
ping timings, The application timings (see Table 2) were as follows: i) S1: Leaf development; ii) S1+S4: leaf development (S1) 
+ vegetatively propagated organs (S4); and iii) S1+S4+S7: leaf development (S1) + vegetatively propagated organs (S4) + 
Development of tuber (S7) (LSD=4.33).
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75%) control of common lambsquarters, re-
gardless of adjuvant or dose. Mamnoii et al. 
(2016) concluded that the use of rimsulfuron 
(60 g ha-1) + 2.5 % citowet (non-ionic surfac-
tant) controlled A. retrofl exus, at an average 
of 54% and 96% in Jiroft and Karaj of Iran, re-
spectively, in a two-year fi eld experiment.

Chenopodium album had higher ED50 
than A. retrofl exus. One explanation is that A. 
retrofl exus possess leaf areas that are easier 
to be wettable compared with those of the 
C. album (Ren et al., 2007). The present re-
sults are in line with fi ndings in previous sim-
ilar experiments (Medd et al., 2001). Harr et 
al. (1991) report there were 66% polar com-
ponents in the leaf surface of C. album, in 
comparison with 55% for A. retrofl exus. Oth-
er studies report that a) the hair covering on 
the abaxial side of the C. album leaves and 
crystalline structure of hair led to less herbi-
cide retention and penetration into leaf tis-
sues, b) A. retrofl exus leaf surface possessed 
smooth cuticular layer; c) the angle of the 
spray droplet was 76º on the C. album leaves 
in comparison with of 54º on A. retrofl exus 
(Harr et al., 1991). Therefore, we can possibly 
assume that higher amounts of herbicide are 
required to be absorbed, transferred, and 
reach the target in the photosynthetic sys-
tem in C. album. Hence, weak herbicide per-
formance of C. album could be associated 
with lower wettability of the leaf surface. 

On the other hand, due to the hairy cu-
ticle of C. album it appears that utilization 
of a NIS adjuvant could increase the herbi-
cide rainfastness. The improvement of the 
rimsulfuron effi  cacy by NIS could be asso-
ciated with the solubilization, softening, or 
disordering of the nature of cuticular wax-
es by the utilization of the non-ionic surfac-
tant. Hence, it is possible that the surfactant 
could lead to better cuticle penetration and 
stromal infi ltration and subsequently, bet-
ter absorption and translocation of rimsul-
furon. Also, the non-ionic surfactant could 
possibly lower the surface tension of the 
spray droplet until the known as the Critical 
Micelle Concentration (CMC) (Sharma et al., 
1996; Penner, 2000). 

Conclusions

Utilization of a NIS surfactant enhanced rim-
sulfuron effi  cacy and rainfastness on C. al-
bum and A. retrofl exus. Increasing non-ion-
ic surfactant concentration from 0.04 to 1 L 
ha-1 increased rimsulfuron activity around 
10-fold for A. retrofl exus compared to 
around 3-fold increase for C. album. Also, in-
creasing rimsulfuron dosages up to 60 g ai. 
ha-1 enhanced weed control to 100% at po-
tato fi eld and increased total tuber yield up 
to 60 ton ha-1. The application time was crit-
ical, however, post-application of rimsulfu-
ron at S1+S4 and S1+S4+S7 stages of potato 
enhanced weed control and potato yield. 

Author Contribution
Mohammad Taghi Alebrahim conceived the 
ideas. Mohammad Taghi Alebrahim and El-
ham Samadi Kalkhoran assembled the data, 
analyzed the data. Roghayyeh Majd and Seye-
deh Asieh Khatami helped to interpret the 
data. Mohammad Taghi Alebrahim and El-
ham Samadi Kalkhoran wrote the manuscript. 
Mohammad Taghi Alebrahim edited the man-
uscript. All authors improved and approved 
the manuscript.

Funding Information
The work was partly funded by the University 
of Mohaghegh Ardabili, Iran and Aarhus Uni-
versity, Denmark. 

Confl ict of Interest
The authors declare that they have no confl ict 
of interest.

This work was supported by the Faculty of Ag-
riculture and Natural Resources, University of 
Mohaghegh Ardabili, Iran, and the Depart-
ment of Agroecology, Aarhus University, Den-
mark. The authors are grateful to Per Kudsk 
and Solvejg kopp Mathiassen from Arhus Uni-
versity for their kind support in part of this 
work. Authors are also thankful to their respec-
tive institutes for their ongoing support.



© Benaki Phytopathological Institute

Use of adjuvants with rimsulfuron in potato 47

Literature Cited
Alebrahim, M.T., Majd, R., Rashed Mohassel, M.H., 

Wilkakson, S., Baghestani, M.A., Ghorbani, R. 
and Kudsk, P. 2012. Evaluating the effi  cacy of 
pre and post-emergence herbicides for control-
ling Amaranthus retrofl exus L. and Chenopodium 
album L. in potato. Crop Protection, 42: 345- 350. 
https://doi.org/10.1016/j.cropro.2012.06.004.

Arsenault, W.J. and Ivany, J.A. 2001. Response of 
several potato cultivars to metribuzin and di-
quat. Crop Protection, 20: 547-552. https://doi.
org/10.1016/S0261-2194(00)00137-X.

Blackshaw, R.E., O’Donovan, J.T., Harker, K.N., Clay-
ton, G.W. and Stougaard, R.N. 2006. Reduced 
herbicide doses in fi eld crops: A review. Weed 
Biology and Management, 6: 10–17.

De Ruiter, H., Uffi  ng, A.J.M., Meinen, E. and Prins, A. 
1990. Infl uence of surfactants and plant spe-
cies on leaf retention of spray solutions. Weed 
Science, 38: 567–572. https://doi.org/10.1017/
S004317450005150X.

Eberlein, C.V., Al-Khatib, K.M., Guttieri, J. and Fuerst, 
E.P. 1992. Distribution and characteristics of tri-
azine-resistant Powell amaranth (Amaranthus 
powellii) in Idaho. Weed Science, 40: 507-512. 
https://doi.org/10.1017/S0043174500058045.

Green, J.M. and Beestman, G.B. 2007. Recent-
ly patented and commercialized formula-
tion and adjuvant technology. Crop Protec-
tion, 26(3): 320-327. https://doi.org/10.1016/j.
cropro.2005.04.018.

Green, J.M. and Green, J.H. 1993. Surfactant struc-
ture and concentration strongly aff ect Rimsul-
furon activity. Weed Technology. 7: 633-640. 
https://doi.org/10.1017/S0890037X00037465.

Harr, J., Guggenheim, R., Schulke, R.H. and  Falk, R.H. 
1991. Chenopodium album L. the leaf surface of 
major weeds. West Princeton (NJ): Sandoz Agro 
Ltd.

Hasaninasab Farzane, R., Alebrahim, M.T., Mohebo-
dini, M. and Samadi Kalkhoran, E. 2018. The ef-
fect of dose and application time of EPTC on po-
tato weed control. Journal of Crop Production, 
11(4): 41-54 (In Persian with English summary).

Hess, F.D. and Richard, H.F. 1990. Herbicide Deposi-
tion on Leaf Surfaces. Weed Science, 38: 280-288. 
https://doi.org/10.1017/S004317450005654X.

Hutchinson , P.J.S., Eberlin, C.V. and Tonks, D.J. 2004. 
Broadleaf weed control and potato crop safety 
with postemergence rimsulfuron, metribuzin, 
and adjuvant combinations. Weed Technology, 
18 (3): 750-756. https://doi.org/10.1614/WT-03-
172R1.

Khatami, S.A., Alebrahim, M.T., Majd, R. and Mohe-
bodini, M. 2015. The evaluation of Rimsulfuron 
effi  cacy on potato weed control. M.Sc thesis of 
Mohaghegh Ardabili University. 

Kudsk, P. 2008. Optimizing herbicide dose: a straight-

forward approach to reduce the risk of side ef-
fects of herbicides. Environmentalist, 28: 49–55.
https://doi.org/10.1007/s10669-007-9041-8.

Kudsk, P., Mathiasse, S.K. and Kristensen, J. 1989. 
The rainfastness of fi ve sulfonylurea herbicides 
on Sinapis alba L. Mededelingen van de Faculteit 
Landbouwwetenschappen, Rijksuniversiteit Gent. 
54: 327-332.

Lanfranconi, L.E., Bellinder, R.R. and Wallace R.W. 
1993. Grain rye residues and weed control 
strategies in reduced tillage potatoes. Weed 
Technology, 7: 23–28. https://doi.org/10.1017/
S0890037X00036654.

Mamnoii, E., Karami Nejad, M.R., Rashed Mohasel, 
M.H., Shimi, P. and Aeen, A. 2016. Evaluation of 
some Herbicides for Potato (Solanum tuberos-
um L.) Weed Control in Jiroft and Karaj. Journal 
of Plant Protection, 30(3): 368-378. https://doi.
org/10.22067/jpp.v30i3.32448.

Mathiassen, S.K. and Kudsk, P. 2002. The infl uence 
of adjuvants on the effi  cacy and rainfastness of 
iodosulfuron. In: Proceedings of the 12th EWRS 
Symposium (Arnhem, The Netherlands, 24-27 
June 2002. European Weed Research Society, 
Doorwerth, the Netherlands, 206-207. 

Medd, R.W., Van De Ven, R., Pickering, D.I. and Nord-
blom, T.L. 2001. Determination of environment-
specifi c dose-response relationships for clodi-
nafop-propargyl on Avena spp. Weed Research, 
41: 351-368. https://doi.org/10.1046/j.1365-3180 
2001.00243.x.

Meier, U., Bleiholder, H., Buhr, L., Feller, C., Hack, H, 
Heb, M., Lancashire, P.D., Schnock, U., Reinhold, 
S., Boom, T.V.D, Weber, E. and Zwerger, P. 2009. 
The BBCH system to coding the phenological 
growth stages of plants – history and publica-
tions – Journal  fur Kulturpfl anzen, 61 (2): 41–52. 
https://doi.org/10.5073/JfK.2009.02.01.

Pannacci, E. and Covarelli, G. 2009. Effi  cacy of me-
sotrione used at reduced doses for post-emer-
gence weed control in maize (Zea mays L.). Crop 
Protection, 28: 57–61. https://doi.org/10.1016/j.
cropro.2008.08.011.

Pannacci, E., Mathiassen, S.K. and Kudsk, P. 2010. Ef-
fect of adjuvants on the rainfastness and per-
formance of tribenuron-methyl on broad-
leaved weeds. Weed biology and Management, 
10: 126-131. https://doi.org/10.1111/j.1445-6664. 
2010.00376.x.

Penner, D. 2000. Activator adjuvants. Weed Technol-
ogy, 14:785–791. https://doi.org/10.1614/0890-
037X(2000)014[0785:AA]2.0.CO;2.

R Core Team. 2020. A language and environment 
for statistical computing. R Foundation for Sta-
tistical Computing. Vienna, Austria. URL. http://
WWW.R-project .org/. 

Ren, L.Q., Wang, S.J., Tian, X.M., Han, Z.W., Yan, L.N. 
and Qiu, Z.M. 2007. Non-smooth morphologies 
of typical plant leaf surfaces and their anti-ad-



© Benaki Phytopathological Institute

Alebrahim et al.48

hesion eff ects. Journal of Bionic Engineering, 
4: 33-40. https://doi.org/10.1016/S1672-6529-
(07)60010-9.

Renner, K.A. and Powell, G.E. 1998. Weed control in 
potato (Solanum tuberosum) with rimsulfuron 
and metribuzin. Weed Technology, 12: 406-409. 
https://doi.org/10.1017/S0890037X00044018.

Robinson, D.K., Monks, D.W. and Monaco, T.J. 
1996. Potato (Solanum tuberosum L.) toler-
ance and susceptibility of eight weeds to rim-
sulfuron with and without metribuzin. Weed 
Technology, 10: 29-34. https://doi.org/10.1017/
S0890037X00045668.

Samadi Kalkhoran, E. and Alebrahim, M.T. 2016. 
The Evaluation of  Oxadiargyl on Weed Control 
of Potato (Solanum tuberosum L.) at Diff erent 
Growth Stages. Journal of Plant Protection, 30(3): 
426-440 (In Persian with English summary).

Schramm, L.L., Stasiuk, E.N. and Gerrard Marangoni, 
D. 2003. Surfactants and their application. An-
nual Reports Section “c” (Physical chemistry), 99: 
3-48. 

Sharma, S.D., Kirkwood, R.C. and Whateley, T.L. 1996. 
Eff ect of non-ionic nonylphenol surfactants on 
surface physicochemical properties, uptake, and 
distribution of asulam and diflufenican. Weed 
Research, 36: 227–239. https://doi.org/10.1111/
j.1365-3180.1996.tb01652.x.

Streibig, J.C., Rudemo, M. and Jensen, E.J. 1993. 
Dose-response curves and statistical models. 
In: Herbicide Bioassay (ed. By streibig J. C. and P. 
Kudsk). CRC Press, Boca Raton, FL, 29-55. 

Tonks, D.J. and Eberlein, C.V. 2001. Postemergence 
weed control rimsulfuron and various adjuvants 
in potato (Solanum tuberosum). Weed Technolo-
gy, 15: 613- 616. https://doi.org/10.1111/j.1365-
3180.1996.tb01652.x.

Received: 15 January 2021; Accepted: 26 December 2023

Επίδραση επιφανειοδραστικών στην αποτελεσματικότητα και 
την αντοχή στην έκλπυση του ζιζανιοκτόνου rimsulfuron στην 
πατάτα

M.T. Alebrahim, E.S. Kalkhoran, R. Majd και S.A. Khatami

Περίληψη   Τα επιφανειοδραστικά χρησιμοποιούνται μαζί με ζιζανιοκτόνα για να αυξήσουν την αποτε-
λεσματικότητά τους. Στην παρούσα μελέτη, αποδείχθηκε ότι η εφαρμογή 0,1% του μη ιονισμένου επι-
φανειοδραστικού (NIS, Contact) και 0,5 L ha-1 συμπυκνώματος φυτικού ελαίου (COC, Renol) δεν βελτί-
ωσε την αποτελεσματικότητα του rimsulfuron εναντίον του ζιζανίου Amaranthus retrofl exus. Αντίθετα, 
οι ίδιες επεμβάσεις ενίσχυσαν την αποτελεσματικότητα και την αντοχή στην έκπλυση του rimsulfuron 
εναντίον του ζιζανίου Chenopodium album. Η αύξηση της συγκέντρωσης του μη ιονισμένου επιφανει-
οδραστικού σε 1L ha-1 αύξησε την αποτελεσματικότητα του rimsulfuron περίπου κατά 10 φορές ενα-
ντίον του A. retrofl exus ενώ κατά 3 περίπου φορές εναντίον του C. album. Η ίδια επέμβαση μείωσε κατά 
12 φορές την αντοχή στην έκπλυση του rimsulfuron εναντίον του A. retrofl exus ενώ τη βελτίωσε κατά 
2 φορές εναντίον του C. album. Οι δόσεις ED50 και ED90 του rimsulfuron έδειξαν ότι η προσθήκη 0,2 L 
ha-1 NIS βελτίωσε την αποτελεσματικότητα της συνιστώμενης (60 g δ.ο. ha-1) και της μειωμένης δόσης 
(30 g δ.ο. ha-1) του rimsulfurom σε καλλιέργεια πατάτας στον αγρό. Η υψηλότερη απόδοση της πατά-
τας καταγράφηκε (60 τόνοι ανά εκτάριο) όταν 60 g δ.ο. ha-1 rimsulfuron εφαρμόστηκαν σε τρία στάδια 
ανάπτυξης [ανάπτυξη των φύλλων (S1), βλαστικά πολλαπλασιαστικά όργανα (S4) και ανάπτυξη κονδύ-
λου (S7)] της καλλιέργειας χωρίς τη χρήση NIS. Δεν παρατηρήθηκαν σημαντικές διαφορές όταν εφαρ-
μόστηκε η ίδια δόση rimsulfuron μαζί με NIS σε τρία (S1, S4 και S7) και δύο (S1, S4) στάδια ανάπτυξης 
της καλλιέργειας.
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