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Abstract
Weedy sunflower has become a problem worldwide, giving significant yield losses in sunflower
and soybean fields even at low densities, decreasing their oil quality and allowing gene flow among
crops and weeds. Its evolution differs among countries due to availability of wild forms. The problem is
not only weedeness but also herbicide resistance in the Republic of Serbia. Three weedy sunflower
populations from Serbia were studied: RWS1 and RWS2, which were presumably ALS herbicide
resistant and SWS which is susceptible. Plant height, fresh weight, leaf area, relative chlorophyll
content, fecundity and percentage of germination, length and weight of seedlings with and without
nicosulfuron application were recorded. The most frequently RWS1 and RWS2 populations were of
better ecological fitness than the SWS population under the conditions with and without nicosulfuron
application. The number of seed produced was higher in RWS1 without herbicide application and
RWS2 with nicosulfuron application. It was concluded that the differences in the level of herbicideresistance could result in different fitness level of weedy sunflower populations which could promote the
invasiveness of these populations in landscape.
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Abbreviations: DAT – days after treatment; IMI-R – imidazolinone resistant; IMI-S –
imidazolinone susceptible; RCC – relative chlorophyll content; SWS – susceptible weedy
sunflower; RWS1– presumably resistant weedy sunflower population1; RWS2 – presumably
resistant weedy sunflower population 2

1. Introduction
Weedy sunflower (Helianthus annuus) has become a problem not only in the North
America where is the native area [1] but also in the other parts of the world. Its evolution might
differ from place to place [2], which is suggested that is originated from wild introductions in
Argentina while from pollen contamination of commercial seed with wild plants or crop-wild
hybrids in Spain in a comparative study [3]. Sunflower might be introduced to Europe in early
sixteenth centuary through Spain as ornamental and spread throughout Europe during the
centuary [4] and multiple introductions into Europe were occured [5]. Sunflower as a crop has
increased since 1970s in Europe [6] and the records of weedy sunflower in Europe date back
to 1980s [7]. In all evolving conditions, after weedy sunflower is established, hybridization
between crop and weedy/wild/feral populations is inevitable [2, 6, 8, 9, 10, 11, 12, 13, 14].
Volunteer populations are also subject to hybridization with crop and feral populations [10].
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Weedy sunflower is an issue worldwide, which causes decline in yield over 50% under more
than 4 plants m-2 in sunflower crop, 97-95% under 4.6 plants m-2 in soybean and lesser
amount in wheat [7, 15, 16, 17]. In addition, weedy sunflower affects quality and quantity of
oil due to lower oil content and different fatty acid composition [17]. It can become
troublesome for cultivated sunflower given their genetic similarity that allows gene flow:
weedy-to-crop and crop-to-weedy [18]. Especially use of genetically or biologicaly
engineered varieties require more attention on weedy sunflowers [19, 20, 21, 22]. Weedy
sunflower is not only difficult to control weed but also its spread accelerates after its
population reaches certain level [23]. Weedy sunflower is also considered an issue of major
concern in the sunflower growing areas of the Balkan Peninsula such as Hungary, Croatia and
Romania. Weedy sunflower populations in arable and non-arable lands have been observed in
these neighboring countries where traditionally sunflower hybrids been cultivatied. Given that
there is a realistic possibility for interspecies and intraspecies crossing in H. annuus and its
close relatives [9, 24] and resulting in that spreading resistant weedy sunflower can be a big
problem. The biggest populations are in southern Srem and southern Banat (north part of
Serbia) [25]. Although no studies carried out in Serbia, it might be more detrimental for small
holding farmers of Serbia because of inadequate agricultural practices and poor weed
management. Herbicide resistant common sunflower populations have been reported in Serbia
and the other places [26, 27, 28]. The wide-spread adoption of herbicide-resistant crops
(sunflower hybrids resistant to herbicide ALS inhibitors) has exposed herbicides such as
nicosulfuron the weedy population to the high risk of crop-to-weedy gene flow. Resistance to
ALS herbicides occurs rapidly and spreads because of lack of fitness cost [29]. On the other
hand, fitness cost can provide some advantage to population to cause delay in germination
[30, 31]. Fitness of herbicide resistant populations is a measure of adaptation of populations
and gives estimation of their possible extension and management ways if fitness estimations
can be done accurately [32]. Fitness of herbicide resistant weed populations under
competitive and non competitive conditions without herbicide applications show differences
although herbicide resistant weed populations under herbicide application conditions have
fitness advantage [33, 34, 35, 36]. In addition, gene flow herbicide resistant crop to its weedy
populations can result in higher fitness advantage of these weeds as it has been shown in
weedy rice [37]. Increasing feral populations and their damages on crops, expanding use of
engineered crops, developing herbicide resistance and rising environmental concerns require
understanding ecology and biology of weedy sunflower populations. The aim of the current
study was reveal fitness of herbicide resistant and susceptible weedy sunflower populations
with and without herbicide applications, which might end up with a strategy proposal for
weedy sunflower control based on evaluated fitness and invasiveness of recorded populations.

2. Materials and methods
Weedy sunflower seeds for the field experiment were collected in 2006 from three sites:
Surcin 1 (SWR1) and Surcin 2 (SWR2) where ALS inhibitor herbicides were applied
successively six and three years, respectively and Padinska Skela (SWS) where herbicides
had never been applied. Field experiments were conducted at the Institute PKB
Agroekonomik, Belgrade in 2008 and 2009. The soil type was alluvial black marsh with 2.6%
of organic matter and pH 7.8. The experimental area was managed according to the
conventional agronomic practices and irrigated as needed. Meteorological data (Table 1) in
2008 was characterized by lower rainfall during the first part of the season, accumulating
89.8 mm between 1 April to 30 June, and higher rainfall in the following months (157 mm
from 1 July to 31 August). The 2009 growing season had a relatively high rainfall
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during the first part of the growing season (146.8 mm accumulated until 1 July) and low
rainfall in the later months of the season (90.6 mm from 1 July to 31 August). The daily
mean temperatures were similar for both years. Between 1 April and 1 September,
1396.7 d °C (d °C = Σ [(Tmax + Tmin) / 2-Tbase]; Tbase = 10°C) were accumulated in 2009
compared to 1388.6 d °C in 2008. The experimental model was a randomized complete block
design with four replications. The size of each plot was 5.0 × 4.2 m. Plants which were grown
in pots were transplanted (108 individuals per plot) in the field 10 days after emergence.
Plants were treated with nicosulfuron (40 g a.i. ha-1, BASF) at the 2–4 true-leaf growth stage
(17 to 19 days after transplanting) using a knapsack sprayer Neptune 15, Kwazar® equipped
with a TeeJet 1004 nozzle delivering 300 L ha−1 at 200 kPa pressure on 17 May in both years.
All plots were maintained weed-free for the other weeds by hoeing. Plant height, fresh weight,
leaf area and relative chlorophyll content (RCC) were recorded five times (0, 15, 30, 45 and
60 DAT). Fresh weight was taken immediately after cutting plants from the soil level. Leaf
area was measured using a Delta-T leaf area meter. Changes in RCC of the same leaves were
measured between the midrib and margin using a Minolta SPAD 502 chlorophyll meter [38];
two measurements were taken per leaf and averaged. After the completion of SPAD reading,
leaves were taken from 10 plants and stored at –20°C until total chlorophyll content was
recorded. A standard curve was constructed on the basis of SPAD readings and total
chlorophyll content from laboratory analysis. Based on standard curves and „n” SPAD
readings, RCC was determined. Fecundity (number of heads plant-1, head diameter, number of
seeds plant-1) measurements, from two central rows of each plot, were made at maturity.
After harvesting the seed samples were collected from each treatment and stored in the dark at
room temperature until use. Thirty seeds (10 seeds × 3 replications) of each treatment were
placed in petri dishes and 5 ml of distilled water was added and were placed in growth
chamber at 25°C. The percentage of germination, length and weight of seedlings were
recorded after 7 days. Each experiment was conducted twice. Statistical procedures were
carried out using STATISTICA 5.0 software. Having in mind that there were no significant
differences between years, then combined data were subjected to one-way ANOVA
(F-values) to evaluate main effects of nicosulfuron application on germination, vegetative
productivity, relative chlorophyll content and fecundity of weedy sunflower populations.

Results
Fitness of the different weedy sunflower populations was evaluated based on plant
height, fresh weight and leaf area under conditions with and without herbicide applications.
The effect of year as a factor had no significant influence on the most of the fitness
parameters examined. Therefore data from both years were combined. Plant height, fresh
weight and leaf area was higher in plants not sprayed comparing to survived plants after
spraying (Figure 1). At the late season, plant height reached to 241, 238, and 220 cm for
not sprayed populations for RWS1, SWS and RWS2, respectively. Generally, under the
conditions without herbicide application WSR1 plants were the tallest during the season
although significant differences in plant height between weedy sunflower populations at the
evaluation time throughout the season were not always found (Figure 1a). Nicosulfuron
application caused height inhibition among survived plants: the lowest plant height inhibition
has been noted for RWS1 (23-44%), followed by RWS2 (28-50%) and SWS plants (49-52%).
Differences in plant height between weedy sunflower populations after nicosulfuron application
were significant (p<0.01) except between RWS1 and RWS2 at the second and between RWS2
and SWS at the last evaluation time.
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Figure 2. Relative chlorophyll content (RCC) of weedy
sunflower populations under nicosulfuron (40 g a.i. ha-1)
applied or not applied.

Figure 1. Plant height (a), fresh weight (b), leaf
area (c) of weedy sunflower populations, which
nicosulfuron was applied (40 g a.i. ha-1) or not
applied (0 g a.i. ha-1).

Figure 3. Number of heads plant -1 (a), head diameter
(b) and number of seeds plant-1 (c) with and without
nicosulfuron (40 g a.i. ha-1) application.
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Table 1. Rainfall and GDD in 2008 and 2009 at the experimental field
Month
April
May
June
July
August
Total

Rainfall (mm)
2008
2009
1.2
9.4
49.0
39.2
39.6
98.2
82.0
35.8
75.0
54.8
246.8
237.4

GDD (oC)
2008
2009
129.8
139.1
218.6
229.8
320.1
273,1
333.7
366.3
386.4
388.4
1388.6
1396.7

Table 2. Seed germination, seedling length and weight of weedy sunflower populations with
and without nicosulfuron application
Parameter
Seed germination
(%)
Seedling length
(cm)
Seedling weight
(g)

Rate of nicosulfuron
(g a.i.ha-1)
0
40
0
40
0
40

SWS
5.75 ± 0.85
5.65 ± 1.46
1.42 ± 0.52
3.13 ± 0.70
0.22 ± 0.03
0.23 ± 0.06

RWS1
(mean value± SD)
6.50 ± 1.75
3.75 ± 1.94
2.50 ± 1.73
3.12 ± 2.48
0.23 ± 0.02
0.21 ± 0.02

RWS2
8.75 ± 2.30
8.75 ± 1.88
7.45 ± 1.66
6.81 ± 1.20
0.27 ± 0.11
0.29 ± 0.06

Only the inhibitory effect of herbicide to RCC was confirmed for RWS2 at the last two
evaluations. Nicosulfuron applied plants produced significantly less heads and seeds than no
herbicide applied ones; but diameter of heads were similar (Figure 3). When the herbicide
was not applied plants of WSR1 population produced significantly more seeds (2865 seeds
plant-1) compared to the other two populations (SWS:2510 and RWS2: 2499 seeds plant-1).
Regarding to the number of head plant-1, RWS1 population averaged the same as the SWS
(53), but was lower compared to RWS2 population (55). Populations with the lower number
of heads plant-1 contained heads with a larger diameter (RWS1:5.6 cm, SWS:5.5 cm,
RWS2:4.8 cm) and had a greater seed production. Under the conditions with nicosulfuron
application, the number of seeds plant-1 were RWS2:1473, RWS1:1182 and SWS:718;
number of heads plant-1 was RWS2:30, RWS1:24 and SWS:14; otherwise head diameter were
RWS2:5.3, RWS1:5.5 and SWS:5.2. Generally, weedy sunflower seeds had very poor
germination, almost 4 to 9%. Germination of the seeds (% germination, seedling length and
weight) that originated from the plants that developed without nicosulfuron application or
from the plants survived the herbicide application the previous year, were the best for RWS2
plants (Table 2). Differences in percentage of seed germination, seedling length and weight
(data not shown) were insignificant (p>0.05) and therefore the application of nicosulfuron the
previous year had no influence on seed germination of weedy sunflower populations.

3. Discussions and Conclusions
There is no evidence for a fitness cost of herbicide resistance [39, 40] or for an
invasiveness of weedy sunflower populations. As in our study, the previous studies
demonstrated that environmental stresses can alter fitness or productivity of plants [41].
This hypothesizes an interaction of hybridization and growing conditions. Variation in
environmental conditions and genetic on fitness is likely to play an important role in invasion
of weedy sunflower plants. Alternatively, similar environmental conditions may differently
affect the survival and reproduction of different populations of weedy sunflower. In this
12468
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study, three weedy sunflower populations were grown under the same conditions, suggesting
that the source of the populations may have an important influence on fitness. We found
considerable variation in many measured parameters (plant height, fresh weight, leaf area,
relative chlorophyll content, seed germination and fecundity) between the tested populations.
With respect to almost all of the measured parameters, ecological fitness of weedy sunflower
populations was higher under the condition without herbicide application. The exception to
this was RCC value in which case very often chlorophyll content in treated plants was higher
compared to the untreated plants for all three weedy sunflower populations. On one hand this
shows that weedy sunflower populations battled herbicide stress by increasing chlorophyll
production [42], and on the other to be the result of the fact that the synthesis of plant
pigments is not the primary target of nicosulfuron [43]. The most frequently RWS1 and
RWS2 populations were of better ecological fitness than the WSS population under the
conditions with and without nicosulfuron application. However, sometimes there were no
differences in growth parameters between SWS and the other two resistant populations of
weedy sunflower, especially in plant height and rarely in leaf area under the condition without
herbicide application. This result is partially in agreement with an earlier publication, which
reported no differences in growth parameters between IMI-R (imidazolinone resistant) and
IMI-S (imidazolinone susceptible) common sunflower, except in early growth stages when
high growth rate in resistant plants was found [44].
In our study the leaf area in RWS1 and RWS2 plants was significantly greater than in
SWS, except in the late growth period when a high leaf area in SWS plants was found under
conditions with nicosulfuron application. Also it was described similar changes of the leaf
area between IMI-R and IMI-S common sunflower during the growth period, while in the
case of IMI-R and IMI-S prairie sunflower hybrids the opposite was true [45]. Moreover, in
all vegetative parameters of fitness (plant height, fresh weight, leaf area) RWS1 was better
than RWS2 population under the condition with as well as without nicosulfuron treatment,
that point out a higher level of resistance to nicosulfuron than RWS2 plants. Concerning
generative parameters of fitness SWS plants had considerably lower fecundity (number of
heads plant-1, number of seeds plant-1, and head diameter) than the other two populations,
particularly under conditions with nicosulfuron application where seed production was
reduced by 39% and 51% with regard to RWS1 and RWS2 plants. Similarly to our findings, it
was showed that R plants of Lolium rigidum resistant to glyphosate produced more seeds than
the susceptible plants [46]. Resistant weedy sunflower plants showed superiority with regard
to different parameters, e.g. RWS1 showed better fitness with respect to vegetative
parameters [44] and probably a greater capacity for invasiveness. The superiority of resistant
plants was also shown regarding seed germination, e.g RWS2 showed greater fecundity and
seed germination after application of nicosulfuron. In a recent study, it was confirmed
different ALS activity in vitro between resistant and susceptible weedy sunflower plants
(IRWS-R1:6.13, IRWS-R2:3.80), which was corresponding to fitness parameters of these
populations that were grown under the conditions with and without nicosulfuron application
[26]. Consequently, our results suggest that RWS1 and RWS2 plants possess a certain
superiority compared to SWS plants, which can impose fitness costs. Those fitness
differences could result from different resistance alleles themselves [44, 47] or their genetic
polymorphism [41].
Finally, it suggests that the relative fitness of resistant plants compared with susceptible
plants can promote the spreading and invasiveness of weedy sunflower. Similarly to this it
was found that fitness differences between resistant and susceptible plants are usually inferred
from comparison of relative plant vigor, productivity, or competitiveness, as measured using
Romanian Biotechnological Letters, Vol. 22, No. 2, 2017
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specific traits including: seed dormancy, flowering date, seed production, aboveground
biomass and fecundity of the species[48]. In addition, it was found that susceptible plants
of Kochia scoparia germinated more rapidly than the susceptible plants in the absence of
herbicide [49]. Moreover, it was conferred that resistant plants of K. scoparia and Lactuca
serriola germinated faster than susceptible plants [50]. Differences between R and S plants
were suggested to be due to genetic polymorphism and not because of the resistance traits. As
well, it was reported that resistant and susceptible sunflower plants displayed a high degree of
dormancy [51], which was most probably the case in our study as all three WS populations
showed poor seed germination. We have found that the distinct level of herbicide-resistance
could result in different fitness of weedy sunflower populations which could promote the
invasiveness of these populations in landscape. A major finding of this study was that
resistant weedy sunflower populations are pre-eminent in comparison to susceptible
populations and possess ecological fitness as a promoter of their invasiveness. Fitness
measures describe the potential evolutionary success of a population based on survival,
competitive ability and reproductive success and promote dispersal and invasiveness. Finally,
weedy sunflower as invasive plants could become troublesome for sunflower crops, given
their genetic similarity which allows gene flow in both directions (weedy sunflower to crop
and crop to weedy sunflower), especially in the regions of traditional sunflower planting.

4. Acknowledgments
We thank the Ministry of Education, Science and Technological Development of the Republic
of Serbia for supporting this investigation Project III 46008 and EU-FP7-REGPOT-AREA
Project No 316004.

5. References
1.

B.D. SMITH, The domestication of Helianthus annuus L. (sunflower). Veg Hist Archaeobot, 23, 57-74
(2014).
2. N.C. KANE, J.M. BURKE, L. MAREK, G. SEILER, F. VEAR, G. BAUTE, S.J. KNAPP, P. VINCOURT,
L.H. RIESEBERG, Sunflower genetic, genomic and ecological resources. Mol Ecol Resour, 13, 10-20
(2013).
3. M. POVERENE, M. CANTAMUTTO, A comparative study of invasive Helianthus annuus populations in
their natural habitats of Argentina and Spain. Helia, 33, 63-74 (2010).
4. E.D. PUTT, Early history of sunflower, A.A. SCHNEITER, ed., ASA, CSSA, SSSA, Madison, pp 1-19
(1997).
5. M.H. MULLER, M. LATREILLE, C. TOLLON, The origin and evolution of a recent agricultural weed:
population genetic diversity of weedy populations of sunflower (Helianthus annuus L.) in Spain and
France. Evol Appl, 4, 499-514 (2011).
6. A. BERVILLE, M. MULLER, B. POINSO, H. SERIEYS, Ferality Risks of gene flow between sunflower
and other Helianthus species, J. Gressel Ed., CRC Press, Boca Raton, pp. 209-230 (2005).
7. M.H. MULLER, F. DELIEUX, J.M. FERNANDEZ MARTINEZ, B. GARRIC, V. LECOMTE,
G. ANGLADE, M. LEFLON, C. MOTARD, R. SEGURA, Occurrence, distribution and distinctive
morphological traits of weedy Helianthus annuus L. populations in Spain and France. Genet Resour Crop
Ev, 56, 869-877 (2009).
8. C.R. LİNDER, I. TAHA, G.J. SEİLER, A.A. SNOW, L.H. RİESEBERG, Long-term introgression of crop
genes into wild sunflower populations. Theor Appl Genet, 96, 339-347 (1998).
9. J.M. BURKE, K.A. GARDNER, L.H. RIESEBERG, The potential for gene flow between cultivated and
wild sunflower (Helianthus annuus) in the United States. Am J Bot, 89, 1550-1552 (2002).
10. M. REAGON, A.A. SNOW, Cultivated Helianthus annuus (Asteraceae) volunteers as a genetic “Bridge” to
weedy sunflower populations in North America. Am J Bot, 93, 127-133 (2006).

12470

Romanian Biotechnological Letters, Vol. 22, No. 2, 2017

Fitness studies on invasive weedy sunflower populations from Serbia
11. M. POVERENE, M. CANTAMUTTO, G.J. SEILER, Ecological characterization of wild Helianthus
annuus and Helianthus petiolaris germplasm in Argentina. Plant Genetic Resources, Characterization and
Utilization, 7, 42-49 (2008).
12. T. HVARLEVA, M. HRISTOVA, A. BAKALOVA, M. HRISTOV, I. ATANASSOV, A. ATANASSOV,
CMS lines for evaluation of pollen flow in sunflower relevance for transgene flow mitigation. Biotechnol
Biotechnol Equip, 23, 1309-1315 (2009).
13. A. GUTIÉRREZ, M. CANTAMUTTO, M. POVERENE, Introgressıon of cultivated sunflower in exotic
Helianthus petiolaris populations. J Basic Appl Genet, 23, 25-36 (2012).
14. M. ROUMET, C. NOILHAN, M. LATREILLE, J. DAVID, M.H. MULLER, How to escape from
crop-to-weed gene flow: phenological variation and isolation-by-time within weedy sunflower populations.
New Phytol, 197, 642-654 (2013).
15. G.R. GILLESPIE, S.D. MILLER, Sunflower competition in wheat. Can J Plant Sci., 64, 105-111 (1984).
16. P.W. GEIER, L.D. MADDUX, L. J. MOSHIER, P. W. STAHLMAN, Common sunflower (Helianthus
annuus) interference in soybean (Glycine max). Weed Technol, 10, 317-321 (1996).
17. M. CASQUERO, A. PRESOTTO, M. CANTAMUTTO, Exoferality in sunflower (Helianthus annuus
L.): A case study of intraspecific/interbiotype interference promoted by human activity. Field Crop Res,
142, 95-101(2013).
18. S. URETA, M CANTAMUTTO, A. CARRERA, C. DELUCCHI, M. POVERENE, Natural hybrids
between cultivated and wild sunflowers in Argentina. Genet Resour Crop Ev, 55, 1267-1277 (2008).
19. N. FAURE, H. SERIEYS, A. BERVILLÉ, Potential gene flow from cultivated sunfower to volunteer, wild
Helianthus species in Europe. Agr, Ecosyst Environ 89, 183-190 (2002).
20. R.A. MASSINGA, K. AL-KHATIB, P.S. AMAND, J.F. MILLER, Gene flow from imidazolinone-resistant
domesticated sunflower to wild relatives. Weed Sci, 51, 854-862 (2003).
21. J. MOODY-WEIS, H.M. ALEXANDER, The mechanisms and consequences of seed bank formation in
wild sunflowers (Helianthus annuus). J Ecol, 95, 851-864(2007).
22. C.A. MALLORY-SMITH, E.S. OLGUIN, Gene flow from herbicide-resistant crops: It’s not just for
transgenes. J Agric Food Chem, 59, 5813-5818 (2011).
23. R. HUMSTON, D.A. MORTENSEN, O.N. BJØRNSTAD, Anthropogenic forcing on the spatial dynamics
of an agricultural weed: the case of the common sunflower. J Appl Ecol, 42, 863–872 (2005).
24. D.M. ARIAS, L.H. RIESEBERG, Gene flow between cultivated and wild sunflowers. Theor Appl Genet,
89, 655-660 (1994).
25. M. SAULIC, D. STOJICEVİC, A. MATKOVIC, D. BOZIC, S. VRBNICANIN, Population variability of
weedy sunflower as invasive species, A. ULUDAG, T. TRICHKOVA, M. RAT, R. TOMOV, eds,
Proceedings, 4th ESENIAS Workshop: International Workshop on IAS in Agricultural and NonAgricultural Areas in ESENIAS Region, 16-17 December 2013, Çanakkale, Turkey pp. 79-85 (2013).
26. D. BOŽIĆ, Response of weedy populations and sunflower hybrids to acetolactate synthase inhibiting
herbicides (Reakcije korovskih populacija i hibrida suncokreta prema herbicidima inhibitorima acetolaktat
sintetaze). Diss. University of Belgrade, Faculty of Agriculture (2010).
27. A.D. WHITE, M.D.K. OWEN, R.G. HARTZLER, J. CARDINA, Common Sunflower Resistance to
Acetolactate Synthase-Inhibiting Herbicides. Weed Sci, 50, 432-437 (2002).
28. I.A. ZELAYA, M.D.K. OWEN, Evolved resistance to acetolactate synthase-inhibiting herbicides in
common sunflower (Helianthus annuus), giant ragweed (Ambrosia trifida), and shattercane (Sorghum
bicolor) in Iowa. Weed Sci, 52, 538-548 (2004).
29. Q. YU, S.B. POWLES, Resistance to AHAS inhibitor herbicides: current understanding. Pest Manag Sci,
70, 1340-1350 (2014).
30. M.M. VILA-AIUB, P NEVE, KJ STEADMAN, SB POWLES, Ecological fitness of a multiple herbicideresistant Lolium rigidum population: dynamics of seed germination and seedling emergence of resistant and
susceptible phenotypes. J Appl Ecol, 42, 288-298 (2005).
31. C. DELYE, Y. MENCHARİ, S. MİCHEL, E. CADET, V. LE CORRE, A new insight into arable weed
adaptive evolution: mutations endowing herbicide resistance also affect germination dynamics and seedling
emergence. Ann Bot, 111, 681–691(2013).
32. P. NEVE, R. BUSI, M. RENTON, M.M. VILA-AIUB, Expanding the eco-evolutionary context of
herbicide resistance research. Pest Manag Sci, 70, 1385–1393 (2014).
33. F.D MENALLED, R.G. SMITH, Competitiveness of herbicide-resistant and herbicide susceptible kochia
(Kochia scoparia [L.] Schrad.) under contrasting management practices. Weed Biol Manag, 7, 115–119
(2007).
34. R.S. LLEWELLYN, D.J. PANNELL, Managing the herbicide resource: an evaluation of extension on
management of herbicide-resistant weeds. AgBioForum, 12, 358-369 (2010).

Romanian Biotechnological Letters, Vol. 22, No. 2, 2017

12471

SAVA P. VRBNICANIN, DRAGANA M. BOZIC, DANIJELA M. PAVLOVIC, MARIJA M. SARIC-KRSMANOVIC,
DARKO STOJICEVIC, AHMET ULUDAG
35. C. DELYE, M. JASIENIUK, V. LE CORRE, Deciphering the evolution of herbicide resistance in weeds.
Trends Genet, 29, 649-658 (2013).
36. M.M. VILA-AIUB, S.S. GOH, T.A. GAINES, H. HAN, R. BUSI, Q .YU, S.B. POWLES, No fitness cost
of glyphosate resistance endowed by massive EPSPS gene amplification in Amaranthus palmeri. Planta,
239, 793-801 (2014).
37. W. WANG, H. XIA, X. YANG, T. XU, H.J. SI, X.X. CAI, F. WANG, J. SU, A.A. SNOW, B. LU,
A novel 5-enolpyruvoylshikimate-3-phosphate (EPSP) synthase transgene for glyphosate resistance
stimulates growth and fecundity in weedy rice (Oryza sativa) without herbicide. New Phytologist, 202,
679-688 (2014).
38. A.D. RICHARDSON, S.P. DUIGAN, G.P. BERLYN, An evaluation of non-invasive methods to estimate
foliar chlorophyll content. New Phytol, 153, 185-194 (2002).
39. A.A. SNOW, B. ANDERSON, R.B. JORGENSEN, Costs of transgenic herbicide resistance introgressed
from Brassica napus into weedy B. rapa. Mol Ecol, 8, 605-615 (1999).
40. J. OARD, M.A. COHN, S. LINSCOMBE, D. GEALY, K. GRAVOIS, Field evolution of seed production,
shattering, and dormancy in hybrid populations of transgenic rice (Oryza sativa) and the weed, red rice
(Oryza sativa). Plant Sci, 157, 13-22 (2000).
41. K.L. MERCER, D.L. WYSE, R.G. SHAW, Effects of competition on the fitness of wild and crop-wild
hybrid sunflower from a diversity of wild populations and crop lines. Evolution, 60, 2044-2055 (2006).
42. I. RIETHMULLER-HAAGE, L. BASTIAANS, J. HARBINSON, C. KEMPENAAR, M.J. KROPFF,
Influence of the acetolactate synthase inhibitor metsulfuron-methyl on the operation, regulation and
organization of photosynthesis in Solanum nigrum. Photosynth Res, 88, 331-341 (2006).
43. M. MEKKI, G.D. LEROUX, Inhibition of Plant Acetolactate Synthase by Nicosulfuron, Rimsulfuron, and
Their MixtureDPX-79406. Weed Sci, 42, 327-332 (1994).
44. M.W. MARSHALL, K. AL-KHATIB, T. LOUGHIN, Gene flow, growth, and competitiveness of
imazethapyr-resistant common sunflower. Weed Sci, 49, 14-21 (2001).
45. R.A. MASSINGA, K. AL-KHATIB, P.S. AMAND, J.F. MILLER, Relative fitness of imazamox-resistant
common sunflower and prairie sunflower. Weed Sci, 53, 166-174 (2005).
46. B.P. PEDERSEN, P. NEVE, C. ANDREASEN, S.B. POWLES, Ecological fitness of glyphosate-resistant
Lolium rigidum population: Growth and seed production along a competition gradient. Basic Appl Ecol, 8,
258-268 (2007).
47. K.W. PARK, C.A. MALLORY-SMITH, D.A. BALL, G.W. MUELLER-WARRANT, Ecological fitness of
acetolactate synthase inhibitor-resistant and –susceptible downy brome (Bromus tectorum) populations.
Weed Sci, 52, 768-773 (2004).
48. S.I. WARWICK, L.D. BLACK, Relative fitness of herbicide-resistant and susceptible populations of
weeds. Phytoprotection, 75, 37-49 (1994).
49. W.E. DYER, P.W. CHEE, P.K. FAY, Rapid germination of sulfonylurea resistant Kochia scoparia L.
Accessions associated with elevated seed levels of branched chain amino acid. Weed Sci, 41, 18-22 (1993).
50. C.R. THOMPSON, D.C. THILL, B. SHAFFI, Growth and competition of sulfonylurea-resistant and
susceptible kochia (Kochia scoparia). Weed Sci, 42, 172-179 (1994).
51. J.D. CONNOR, A. HALL, Sunflower physiology, A. A. Schneiter, (ed.), Agronomy Monograph 35,
Madison, WI: ASA/CSSA/SSSA, pp. 67-113 (1997).

12472

Romanian Biotechnological Letters, Vol. 22, No. 2, 2017

