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Abstract 
This research was carried out at the Institute of Agriculture, Lithuanian Research Centre for Agriculture and Forestry 
during the growing seasons of 1985–1988 and 2017–2018. The aim of this study was to analyse the changes in pea 
leaf weevil (Sitona lineatus L.) abundance in faba bean as affected by the air temperature and rainfall over the past 
more than 30 years. To collect adults of S. lineatus, yellow water traps were used during the growing season in both 
study periods. Larvae were counted in root nodules and in the surrounding soil. To determine the foliar damage, 
automatic leaf area scanner was used in 1985–1988, while in the second experimental period foliar damage was 
estimated by counting the number of U-shaped notches on leaves. The results showed that the trend of temperature 
maximums and minimums increased during three decades, and the amount of rainfall was uneven through the 
years. The increase in average air temperature was rapid in the recent three decades, which resulted in the change 
in the day-degrees required for S. lineatus. In the present study, the recorded accumulative thermal units over the 
two periods from 1985 to 1988 and from 2017 to 2018 showed a rise in day-degrees. The pyrethroid treatment was 
significantly effective against foliar damage, but it was ineffective in reducing the number of larvae and damaged 
nodules compared to the untreated. 
Further research on the bioecology of S. lineatus and on the effective timing of its control is needed in Lithuania. 
The results obtained in this study supplement the already existing agricultural practices aimed at improvement of 
pea leaf weevil management in faba bean. 
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Introduction
Insects are cold-blooded creatures taking on 

the temperature from their surroundings. Of all other 
environmental factors, the temperature may play the most 
decisive role (Bale et al., 2002). It is a major environmental 
factor affecting insects’ development, survival and 
reproduction, as insects are very sensitive to ambient 
climate changes, especially temperature (Kambrekar 
et al., 2015). Precipitation is another factor that influences 
insect population. It affects insect pest enemies (Petzoldt, 
Seaman, 2006) and removes insects from plants by 
heavy rain (Reiners, Petzoldt, 2005). Soil flooding can 
be used as a control method for insects that overwinter 
in the soil (Vincent et al., 2003). Climate change may 
lead to changes in pests’ distribution and development 
rates or may result in increasing overwintering period, 
number of generations and activity of natural enemies. 
Netherer and Schopf (2010) suggest that an increase in 
temperature and drought events in the southern areas of 
Europe will promote some insect species, which are less 
tolerant of thermal stress to move toward the northern 
areas. Climate change can also reduce plant resistance to 

insects and the efficacy of pesticides (Reddy, 2013). Also 
it usually impacts on the abundance, feeding behaviour, 
activity and reproduction of insects, where abundance 
increasing, for example, is associated with the rainy 
season (Vasconcellos et al., 2010). The main reason for 
decreasing abundance of arthropods is climate warming 
(Lister, Garcia, 2018). In warmer winter seasons, the 
abundance of insect species increases. This may be due 
to the increasing number of generations and shorter 
development period (Karuppaiah, Sujayanad, 2012). 

Pea leaf weevil (Sitona lineatus L.) is endemic 
in Europe and the northern part of Africa, which has been 
introduced into different countries in the world (Olfert 
et al., 2012). S. lineatus is a subversive pest on legumes, 
and its damage depends mainly on the seasonality. It 
is considered the main pest on pea as a spring crop, 
while not on the winter crop. In addition, the relative 
air humidity can also affect development of growth 
stages (Mansoor-ul-Hasan et al., 2017). Temperature 
is an influential factor on the development stages and 
fecundity of S. lineatus and its infestation potential. 
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For example, Arbab and McNeill (2011) found that the 
period of embryo development in S. lepidus was about 
10 and 55 days at 28°C and 9°C, respectively, while the 
embryo died at 35°C. In another study, the development 
rate of immature stages in S. lineatus decreased at a 
temperature above 30°C. A female laid up to 40 eggs daily 
at 25°C (Lerin, 2004). Understanding of the response of 
pest abundance to climate change is important in order to 
reduce chemical management. 

In Lithuania, the seasonal variation in the air 
temperature and precipitation decreased at the beginning 
of the fourth decade of the 20th century. Comparison of 
temperatures in the 21st century to those in the period 
from 1961–1990 showed an increase in the temperature 
(Bosnjakovic, Haber, 2015). During the last 15–30 years, 
the average temperature in Lithuania has risen. The 
tendency that the amount of precipitation in Lithuania is 
increasing in the cold period and decreasing in the warm 
period has been observed (LHS, http://www.meteo.
lt/lt/klimato-kaita). Compared to the 20th century, the 
average annual temperature in Lithuania increased by 
0.7–0.9°C, which agrees with Ozolinčius (2012), who 
have documented that the thermal period in spring and 
autumn has increased. 

Changes in the abundance of Sitona lineatus 
in faba bean as influenced by the air temperature and 
rainfall over the past more than 30 years are presented 
in this study. 

Materials and methods
Research site. The research was carried out in 

two periods: 1985–1988 and 2017–2018, at the Institute of 
Agriculture, Lithuanian Research Centre for Agriculture 
and Forestry in Akademija (55°23′41.6″ N, 23°51′27.0″ E), 
Kėdainiai district, situated in Central Lithuania. 

Weather data. Monthly temperatures and 
rainfall during the growing season months (April to 
September) between 1984 and 2018 were obtained from 
Dotnuva Meteorological Station located about 0.5 km 
from the experimental site. The maximum and minimum 
temperature and the total rainfall were recorded daily. The 
average of temperatures was estimated for every 10 days, 
and then the average of the three values was calculated. 

Insect sampling. In each study field, six yellow 
water traps were distributed 6 m from each other in six 
locations to detect the appearance time and abundance of 
pea leaf weevil (Sitona lineatus L.). Beetle adults were 
collected weekly from the traps and transferred to the 
laboratory for analysis, where individuals were counted. 
Also, a 0.25 m2 frame was used in two places of each plot 
(size is 2 × 10 m = 20 m2) to count S. lineatus during the 
growing seasons of 1985, 1986, 1987, 1988, 2017 and 2018. 

Insecticide treatments. In both experimental 
periods (1985–1988 and 2018), the pyrethroid 
insecticides were applied according to the local threshold. 
The products used in the study are described in Table 1. 

Foliar damage and larvae number of S. lineatus. 
In 1985–1988, the foliar area was measured by leaf area 
scanner automation area meter AAM-7 (Kayashi Denko 
Ltd., Japan). At growth stages BBCH 12, 14 and 39, 100 

leaves of faba bean plants, differing in size, were taken 
randomly from the treated and untreated plots, and then 
they were passed through equipment sensors to calculate 
the total leaf area. To determine larvae number, the whole 
roots of 10 plants of faba bean were collected randomly 
per plot, and after washing the number of larvae in 
the nodules was counted under the magnifier. In 2018, 
U-shaped notches on leaves from 10 randomly sampled 
plants per plot were counted at growth stages BBCH 
11, 12, 13, 14 and 16. At growth stage BBCH 16, due 
to high number of notches per plant, a scale for damage 
percentage estimation with 5 levels for peripheral injury 
ratio (0 – no notches, 1 – 10%, 2 – 25%, 3 – 75% and 4 
– 100%) was used. To count larvae at the full flowering 
stage BBCH 65 roots of 10 plants with surrounding soil 
were collected randomly per plot. The soil from each 
sample was soaked in salty (10%) water then was passed 
through a 250 µm sieve to count S. lineatus larvae. Roots 
were washed at the laboratory, and then the number of 
damaged and undamaged nodules was counted. 

Estimating the day-degrees. To calculate the 
day-degrees (thermal units) during the two experimental 
periods (1985–1988 and 2017–2018), the following 
formula was used (McMaster, Wilhelm, 1997): 

,

where DD is the day-degrees, Dmax and Dmin – the 
daily maximum and minimum temperature, respectively, 
LDT – the lower developmental threshold, which is the 
base temperature for adults to finish their overwintering 
and to be active. That temperature was determined by 
Hans (1959). In the formula, if ((Dmax + Dmin) / 2) is less 
than LTD, there is no accumulation of thermal units and 
DD = 0. Day-degrees accumulation was tracked and 
recorded. The average of day-degrees under the current 
(2017–2018) weather conditions was compared with 
previous (1985–1988). 

Statistical analysis. The data were recorded 
and analysed statistically by the software SAS, version 
7.15 (SAS Institute Inc., USA). The significance of 
differences was estimated by Duncan’s multiple range 
test at the probability level P < 0.05. 

Results and discussion
Changes in the air temperature and amount of 

precipitation in the central part of Lithuania between 
1984 and 2018. As shown in Figure 1, during 35 years, 
the trend of temperature showed an increase during the 
growing season’s period. This is in line with the steadily 
rising temperatures documented in Europe as an outcome 
of global climate change (Pasqui, Di Giuseppe, 2019). 
Also, this is consistent with temperature increase in 
Europe over the past 36 years, which was 1°C above 
average (Bukantis et al., 2013). During the observation 
period, the lowest annual temperature average (+11.9°C) 
was recorded in 1987, and the highest one (+16.6°C) was 
recorded in 2018. 

As shown in Figure 2, the biggest drop in the 
deviation from the annual air temperature average 
was −1.2°C recorded in 1987, while in 2018 there was 
recorded the biggest increasing (+3.6°C) in the deviation 
from the annual temperature average. 

As shown in Figure 3, April had the highest 
deviation increasing from the air temperature average 
(+1.6°C), while June had the lowest (+0.3°C). 

Table 1. Description of insecticides used in the study

Product title and rate Active ingredient (a.i.)
Ambush 0.8 kg ha-1 permethrin 250 g L-1

Cyperkill 500 EC 0.05 L ha-1 cypermethrin 500 g L-1
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The changes in daily maximum and minimum 
air temperature were also noticed. As shown in Figure 4, 
in 2017–2018, they were higher than in 1985–1988 
by 2.7°C and 1.4°C, respectively. So the trend of 
temperature maximums and minimums increased during 
35 years. The increase in temperature was consistent with 
Bukantis et al. (2013), who reported that in Lithuania, 
the daily sunlight hours in 1991–2010 were higher than 
1961–1990 by 80–200 hours, and the annual increase 
in temperature was 0.7–1°C in the period 1991–2010 
compared to 1961–1990. However, a report by the US 
Environmental Protection Agency (EPA, https://www.
epa.gov) noted that global warming does not occur 
because of an increase in solar output but because of the 
greenhouse gases (Zohdy et al., 2016). 

Figure 1. The trend of annual air temperature during the growing season (April–September) (data of Dotnuva 
Meteorological Station) 

Figure 2. The trend of annual deviation from the air temperature average during the growing season (April–September) 
(data of Dotnuva Meteorological Station) 

Figure 3. The deviation from the air temperature average 
during the growing season (1984–2018) (data of Dotnuva 
Meteorological Station) 

Figure 4. The trend of total annual precipitation (1984–2018) during the growing season (April–September) (data of 
Dotnuva Meteorological Station) 

The precipitation amounts showed that the 
precipitation patterns are not homogenous through the 
years. The driest year was 2002, while since 2009 a new 
wet period began and the trend for precipitation showed 
an increase over 35 years, although there were frequent 
droughts in 1991, 1992, 2002, 2015 and 2018. 

In 1984–1993, the annual precipitation average 
in 1999–2018 increased by 16.9% compared to 1984–
1993. But that increase was not in all months, in June and 
August it decreased and in April, May, July and September 
it increased. This is consistent with Bukantis et al. (2013), 
who found that the increase in annual precipitation average 
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Figure 6. Faba bean leaf area at different growth stages (1985–1988) 

occurred not in all months in 1991–2010 compared to 
1961–1990. During the two periods of research (1985–
1988 and 2017–2018), three years (1986, 1987 and 2017) 
exceeded the overall precipitation average. 

An increase in the precipitation rate may occur 
because of the rapid increase in water cycle associated 
with global warming (Bukantis et al., 2013). This increase 
in temperature average may continue according to the 
forecasts, which indicate an increase in temperature and 
an annual reduction in snow cover (Bosnjakovic, Haber, 
2015). The climatic change may only include extremely 
hot summer and increasing precipitation amount in 
winter (Andersson, 2013). 

Sitona lineatus is a major spring pest of faba bean 
(Vicia faba L.). According to the Hamon et al. (1987), 
spring flight of this insect pest begins if temperatures are 
above 12.5°C. The increase in temperature from 1984 to 
recent times suggests an earlier spread and increase of 
abundance of this pest. 

Figure 5. The abundance of Sitona lineatus at different growth stages (1985–1988) 

Abundance of S. lineatus in faba been; results 
for 1985–1988 experiment. As shown in Figure 5, at all 
growth stages, abundance of S. lineatus differed between 
the study years. The highest abundance of beetles was 
in the initial stages of the faba bean growing. There are 
several reasons for that; the most important factor was 
particular weather, which determined the dynamics of 
their number in individual years. In 1985, the abundance 
of S. lineatus adults was significantly higher than in the 
other growing seasons during the research years. This may 
be due to the fact that the weather in 1985 was suitable 
for pest development with the temperature average 
in May and June +1.6°C higher than normal (14.8°C). 
In addition, the air humidity and soil moisture content 
were sufficient. In 1985, S. lineatus adults migrated to 
faba bean field before emergence of the shoots through 
the soil surface, and there was one peak of S. lineatus 
abundance at growth stages BBCH 12–30. 

Studies on insect flight activity showed that high-
temperature promoted the insects to start flight earlier 
due to various internal factors that encourage to start 
the flight (Cooter, 2018). The high temperatures speed 
up metabolism, which immediately raises pest activity 
and ends the diapause faster (Jaworski, Hilszczański, 
2013; Lemoine et al., 2014). In 1986, 1987 and 1988, 
the migration of adults to the field coincided with shoot 
emergence and there were two peaks of abundance at 
the same growth stages (BBCH 12–15 and BBCH 74) 
in those years. 

As shown in Figure 6, in 1985, the S. lineatus 
was most intensively feeding on the leaves in the 
untreated plots. The leaf area was the smallest in all 

growth stages of faba bean. Meanwhile, the treatment by 
insecticide permethrin resulted in the largest leaf area at 
the growth stage BBCH 30 an increase of about 4.5 cm2. 
In 1986, the leaf area was similar to that in 1985, when 
the beetles were most intensively feeding on the leaves in 
the untreated plots. In 1987, the abundance of S. lineatus 
was low due to the chilly weather in spring and colder 
than usual winter, which has been found to decrease the 
abundance of insects in the next growing season (Reddy, 
2013). At low abundance, a.i. permethrin gave very 
good efficacy at the growth stage BBCH 14–15. Some 
differences between the treated and untreated plots were 
also noticed in 1988, especially at growth stage BBCH 
30, when a.i. permethrin gave 3.6 cm2 larger leaf area 
compared to the untreated. 
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Figure 7. The number of Sitona lineatus larvae in the root nodules of faba bean (1985–1988)

Figure 8. The abundance of Sitona lineatus in 6 traps

Precipitation and drought are important factors 
that increased insect pest prevalence through changing 
the physiology of host plants, whose susceptibility to 
insects feeding and appearance is heightened by the 
lack of precipitation or heat waves (Hart et al., 2017). 
As shown in Figure 7, there were almost no larvae at 

the tested growth stages in the different years. This does 
not agree with the studies, which found that the root 
nodules can be damaged by larvae at all growth stages 
(Jackson, MacDougall, 1920). At all the times when the 
larvae were present, insecticide permethrin showed good 
efficacy against them compared to the untreated. 

trend of the abundance of S. lineatus was relatively similar 
in both 2017 and 2018 at almost all growth stages of faba 
bean with some exceptions. In 2017, the first appearance 
S. lineatus adults in the traps was compatible with the first 
leaf unfolding at growth stage BBCH 11. It was a bit later 
compared to 2018, when the first appearance was just 
before shoot emergence through the soil surface at growth 
stage BBCH 08. This was due to the higher temperature 
average in April and May in 2018 (+4.3°C) than in 2017 
(+4.4°C) for the same period. When 80% of faba bean 
pods became ripe, the abundance of S. lineatus in 2017 
was significantly higher than in 2018. 

Results for 2017–2018 experiment. As shown in 
Figure 8, there were two peaks of S. lineatus abundance 
in both 2017 and 2018 at the same growth stages of faba 
bean. The first peak occurred during the flower opening 
period (BBCH 60–63), and the second one occurred, when 
all pods had reached the final length (BBCH 79). The 
number of generations of insects is highly correlated with 
global warming. The number of generations per year may 
increase as the insects tend to grow faster in the warmer 
climate (Jaworski, Hilszczański, 2013). S. lineatus speeds 
up the development and extends the period and rate of 
reproduction, which in turn will increase insect abundance 
and crop damage (Reddy, 2013; Raza et al., 2015). The 

As shown in Table 2, adult density in untreated 
plots at the faba bean growth stage BBCH 12 was quite 
high (7.5 beetles per m2). Insecticide cypermethrin did 
not give a significant difference of pests compared to 
the untreated at growth stages BBCH 12 and 13 or later. 
Meanwhile, foliar damage severity was significantly 
the lowest in the treated plots (15.32 notches per plant) 
compared to the untreated (30.8 notches per plant). 
The protective effect of a.i. cypermethrin against foliar 
damage continued until growth stage BBCH 16. In 2018, 
the percentage of damaged nodules ranged from 49.3% 
to 56.3%. There were no significant differences in effect 
on the number of larvae between the treatments. Slightly 

lower percentage of damaged nodules was observed in 
the treated plots compared to the untreated. This agrees 
with Vankosky (2010), who found that the pea plants 
treated with pesticides did not significantly differ from 
the untreated ones in the number of damaged nodules.  

The difference in the pest severity depends on 
several factors, the most important of which being the 
appropriate environmental conditions that favour the 
development and shortening of stages (embryo, larva and 
pupa). Studies showed that the cold weather conditions 
in spring led to the appearance of S. lineatus at the more 
advanced plant growth stages compared to warmer weather 
conditions (Cárcamo, Vankosky, 2011). The complex 
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relationship between humidity and temperature is one 
of the most important factors affecting hatching. For 
example, the appropriate relative humidity for egg 
hatching for S. lividipes and S. hispidulus was above 
76%, while for S. crinitus and S. lineatus it was more than 
56%. No eggs were hatched below those values. Despite 
the ideal relative humidity, the increase in air temperature 
above 25°C resulted in a decrease in egg hatching rate 
for S. lividipes, S. hispidulus and S. crinitus, while for 
S. lineatus egg hatching was not influenced up to 29°C 
(Melamed-Madjar, 1966). 

In our study, none of the foliar treatments was 
efficient in reducing the number of S. lineatus larvae. It 
also agrees with Seidenglanz et al. (2010), who found that 
the seed and foliar treatments were not effective against 
S. lineatus larvae. A study on seed treatments conducted 
by Gospodarek et al. (2016) reported no significant effect 
of seed treatments at different times on the number of 
damaged nodules. On the other hand, high temperatures 
negatively affect the efficacy of pyrethroid insecticides 
by accelerating their degradation (Reddy, 2013). 

Estimating day-degrees for S. lineatus. As 
shown in Figure 9, under current climate conditions the 
average amount of day-degrees required for S. lineatus 
adults to finish their overwintering and to be active was 
196.6 thermal units (about 22% higher) compared to 161 
thermal units three decades ago. 

crop. The period required to start S. lineatus activity 
decreased, when the daily temperatures were much 
higher than the threshold temperature compared to 
the temperatures close to the threshold. Therefore, 
the relationship between S. lineatus activity rate and 
the daily temperature was not linear. This may be due 
to a change in the rate of metabolism at different daily 
temperatures. That is similar to what Arbab et al. (2008) 
found, where the relationship between the temperature 
and insect growth rate was not linear and development 
rate increased to a maximum at the optimum temperature 
but quickly decreased to zero at the fatal temperature. 
Day-degrees help farmers to predict the time of pests’ 
appearance and their flight peaks in the fields as a way 
of pest management (Zohdy et al., 2016). Day-degrees 
varied between the study years, which is in line with 
Brust et al. (2009), who found that this variation was 
caused by the soil temperature and solar radiation (Zohdy 
et al., 2016). 

Conclusions 
1.	 The increase in average air temperature has 

been rapid over the recent three decades, which resulted 
in the change in the day-degrees required for Sitona 
lineatus in faba bean. In the present study, the recorded 
accumulative thermal units along the two periods from 
1985 to 1988 and from 2017 to 2018 showed a rise in 
day-degrees. 

2.	 Results showed that the pyrethroid treatment 
was significantly effective against foliar damage, but it 
was inefficient in reducing the number of larvae and the 
damaged nodules compared to the untreated.

3.	 Further research on the correct insecticide 
application timing and on the bioecology of S. lineatus 
in the region of Lithuania is needed. The results 
obtained in this research supplement the already existing 
agricultural practices aimed at improvement of S. lineatus 
management in faba bean. 
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Table 2. The mean number of Sitona lineatus per 1 m2, number of crescent notches on leaves at the two faba bean 
growth stages, number of larvae around the plant and percentage of damaged nodules in 2018 

Treatment

Growth stage

Number of 
larvae

Percentage 
of damaged 

nodules 
%

BBCH 12 BBCH 13

number of 
beetles

number of 
notches

number of 
beetles

number of
 notches

Untreated 7.5 ± 1.70 a 9.75 ± 0.64 b 9.5 ± 3.09 a 30.77 ± 1.62 b 3.32 ± 0.63 a 56.36 ± 2.89 a

Cypermethrin 4 ± 2.30 a 7.57 ± 0.96 a 5.5 ± 1.70 a 15.32 ± 1.08 a 3.27 ± 0.32 a 49.31 ± 2.42 a

Note. Means within a column followed by the same letters are not significantly different according to Duncan’s multiple-range test.

Figure 9. Day-degrees units for Sitona lineatus under 
ancient and current climate conditions 

At the present time, the day-degrees decreased 
compared with the previous data for the same studied 
area. The highest difference for required day-degrees was 
found between 1987 and 2017, where they were 80.8 and 
235.9 thermal units, respectively, while other years gave 
a slight change in the required thermal units. There was 
no clear correlation between the increase in the annual 
temperature rate and the required thermal units for 
S. lineatus incidence. It depended on the daily temperature 
average in the month, which preceded planting the host 

Changes in Sitona lineatus abundance in faba beans as influenced by the air temperature 
and rainfall in the three decades
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Sitona lineatus gausumas pupose per tris dešimtmečius 
priklausomai nuo oro temperatūros ir kritulių kiekio 

M. Almogdad, K. Tamošiūnas, R. Semaškienė 
Lietuvos agrarinių ir miškų mokslų centro Žemdirbystės institutas 

Santrauka 
Tyrimai atlikti Lietuvos agrarinių ir miškų mokslų centro Žemdirbystės institute 1985–1988 ir 2017–2018 m. 
Tyrimų tikslas – išanalizuoti sitonų (Sitona lineatus L.) gausumo pokyčius pupose (Vicia faba L.) per daugiau nei 
tris dešimtmečius priklausomai nuo oro temperatūros kitimo ir kritulių kiekio. Abiem tyrimų laikotarpiais sitonų 
plitimui stebėti sezono metu buvo naudotos geltonosios vandens gaudyklės. Išsiritusios lervos skaičiuotos ant 
šaknų ir dirvožemyje, šaknų zonoje. Lapų pažeidimams nustatyti 1985–1988 m. atlikto tyrimo metu buvo naudotas 
automatinis lapų ploto skeneris. Antruoju tyrimo laikotarpiu buvo vertinta U formos iškarpų skaičiaus ant lapų 
procentinė išraiška. Tyrimų rezultatai parodė, kad minimalios ir maksimalios temperatūrų pokyčių tendencija per 
tris dešimtmečius padidėjo, o kritulių kiekis tarp metų buvo pasiskirstęs netolygiai. Šiuo laikotarpiu vidutinė oro 
temperatūra sparčiai didėjo, kaip ir aktyvios temperatūros, reikalingos plisti S. lineatus. Tyrimų metu užregistruotos 
aktyvios temperatūros tarp dviejų laikotarpių nuo 1985 iki 1988 m. ir nuo 2017 iki 2018 m. parodė šių temperatūrų 
kilimą. Abiem tyrimų laikotarpiais purškimas piretroidų grupės insekticidu pupų lapų pažeidimus sumažino iš 
esmės, tačiau nepavyko sumažinti lervų ir pažeistų azotą fiksuojančių šaknų gumbelių kiekio. 
S. lineatus bioekologijos ir efektyvios kontrolės tyrimai Lietuvoje turėtų būti tęsiami. Šio tyrimo rezultatai gali 
prisidėti prie žemės ūkio praktikos, siekiant pagerinti šio kenkėjo valdymą ir sumažinti jo pupoms daromą žalą. 

Reikšminiai žodžiai: aktyvios temperatūros, azotą fiksuojantys šaknų gumbeliai, piretroidai, sitonai, Vicia faba. 
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