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Abstract. A major limitation factor for the low productivity in peas is weeding. A particularly critical moment in the race between the crop and 
weeds is the early period of growth and development. Given the influence of the varying climatic and soil conditions on the diversity and den-
sity of weed species, a differentiated approach is needed to remove them by using chemical and agrotechnical means. Studies on the varietal 
susceptibility to herbicides in forage pea in Bulgaria are very limited due to the fact that varietal diversity was not available in the recent past. 
The objective of the paper is to present a short analysis of the studies relating to weeding in peas and the control of the more important weed 
groups in it as well as to establish an individual approach in applying agrotechnical and chemical methods for weed control in growing different 
pea varieties of winter and spring forms. The use of pea varieties different in biological type as well as the possibilities to use varieties from 
the European variety list in modern agriculture determines the need to test the reaction of each individual variety not only to the herbicides 
recommended for this crop, but also to new herbicidal preparations and doses. Determining the composition of weed associations, applying 
suitable herbicides and herbicide mixtures in weed control of pea, combined with proper agrotechnics, is a prerequisite for optimizing the 
biological productive potential of the crop.
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Introduction

Pea (Pisum sativum L.) is one of the oldest and most im-
portant grain legumes grown widely in the world under differ-
ent environmental conditions. It is a major protein crop, with 
high yields and diversity of varieties occupying vast areas 
in countries such as Canada, France, Russia and China. Pea 
ranks fourth in the world after soybeans, peanuts and beans 
and has multiple uses (Angelova and Popova, 1988; Anony-
mous, 2000; Bioversity International, 2010). In Bulgaria it has 
narrower distribution and the achieved average yield is below 
the crop’s biological potential. Main causes about that are the 
use of varieties not suitable for the specific region, growing 
them on soils low in boron and molybdenum, elements that 
are significant for the symbiotic process, delayed control of 
diseases and pests important for pea (Bourion et al., 2002; 
Rodeva et al., 2005; Nikolova and Ketrikov, 2008).

An important factor for the low productivity of this crop 
is also weeding in the critical phases, determined mostly by 
its characteristic slow development at the beginning of veg-
etation. The presence of weeds reduces the nutritional area 
of plants and creates conditions for the development of dis-
eases and pests, difficulties for the harvesting machinery and 
the result is strong yield reduction (Angelova and Yancheva, 
1996a, b; Dimitrova, 2000). The realization of the biological 
potential requires the elimination of the negative impact of 
weeds to the maximum extent. Competitiveness of pea to 
weeds is due mainly to the varietal characteristics and the 

proper control of these, in view of the soil and climatic char-
acteristics in the region concerned (Ivanov, 2013; Angelova 
and Kalapchieva, 2014).

In the present review a brief analysis of the studies re-
lated to weeding in pea and the control of the more important 
groups of weeds in it was carried out and an individual ap-
proach in applying agrotechnical and chemical methods in 
weed control in growing different pea varieties (winter and 
spring forms) was established.

Significance and use of pea

Pea, like all legumes, performs many functions in the sta-
bilization of soil fertility and is a desirable predecessor for all 
cultural plants (Popov et al., 1966; Bazitov, 2002; Moskov and 
Tenova, 2005). As a plant of the cool climate, it is sown early 
in spring, has a short vegetation period and releases in time 
the areas for the next crops. It can be grown without fertilizing 
with nitrogen fertilizer or introduced after emergence when 
grown in soils poor in nitrogen (Popov and Tanev, 1990). 
Ripe seeds are a source of cheap protein, mineral substances 
and vitamins, pea green seeds and grains are used either in 
fresh or canned state for food, and the green mass – for for-
age and green fertilization (Duke, 1981; Angelova et al., 2005; 
Yancheva et al., 2007). 

Pea ranks third in nutritional value following lupins and 
soybeans for raw protein content in the grain (26-27%), and 
the green mass is rich in vitamins – C, B1, B2 and carotene. 
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Green pea is an excellent source of vitamin K1 and folic acid, 
important for maintaining bone health (Racz, 1994; Bogat-
sevska et al., 2008).

In the recent past cultivation of pea in Bulgaria was mainly 
for green mass, while grain production has shorter history. 
In the period 1934-1939 more significant areas were occu-
pied by this culture only in Dobrudzha region. The largest 
growth in production was recorded in the period 1983-1988 
(50000 ha). Grain yields for the country for a period of 40 
years are unsatisfactory and unstable (500-1700 kg/ha). The 
main reasons for this are the use of a limited varietal compo-
sition, cultivation only of spring varieties, unresolved issues 
of crop technology and, above all, weed control. In the 1980s 
the production of pea was about 50000 t per year (Kostov et 
al., 1986; Angelova and Popova, 1988; Petkov et al., 1994). 
According to data from “Agrostatistics” (2014, 2015, 2016, 
2017) at the Ministry of Agriculture, Food and Forests, in 
recent years a tendency for a certain increase in the areas 
and average yields of forage grain pea have been recorded. 
In 2014, a total of 882 ha were harvested, in 2015 - 8578 ha, 
in 2016 - 18286 ha, in 2017 - 44945 ha with the following 
average yields – 1736 kg/ha, 2186 kg/ha, 2548 kg/ha, 2916 
kg/ha, respectively.

Species composition and density of weeds

The species composition and the distribution of weeds in 
Bulgaria is closely related to the agro-ecological conditions 
and crop cultivation technologies for the different crops. 
Since it is related to the productivity of agricultural crops, it 
has been the subject of many studies during the years: An-
dreeva-Fetvadzhieva and Dechkov, 1973; Hulse, 1994; Tonev 
et al., 2000; Dimitrova, 2005; Tonev et al., 2007. The deter-
mination of the composition and density by groups is a pre-
requisite for their successful removal by agrotechnical and 
chemical means. The above authors point out that pea crops 
are weeded mainly by annual broadleaf weeds – white goose-
foot (Chenopodium album L.), field mustard (Sinapis arven-
sis L.), buckwheat (Polygonum convolvulus L.), wild radish 
(Raphanus raphanistrum L.), stickyweed (Galium aparine L.), 
field chamomile (Anthemis arvensis L.), black nightshade 
(Solanum nigrum L.), chamomile (Matricaria chamomilla L.), 
etc. From the annual wheat weeds lesser number of species 
have been established but at greater density: cockspur grass 
(Echinochloa crus galli L.), yellow and green foxtail (Setar-
ia glauca L., S. viridis L.). In the publications of Andreeva-
Fetvadzhieva and Dechkov (1973), Dimitrova (1994, 2008); 
Sabev (1997) and Bogatsevska et al. (2008) bindweed (Con-
volvulus arvensis L.) and creeping thistle (Cirsium arvense 
L.) have been specified as main species from the perennial 
group of root shooters, and from the rhizome ones – Johnson 
grass (Sorghum halepense L.) and Bermuda grass (Cynodon 
dactylon L.).

In the dissertation paper by Ivanov (2013) weeding of 
several varieties of winter and spring peas has been reported 
at two ecological points in Central South Bulgaria – Sadovo 
village, Plovdiv district and Lyubenova mahala village, Stara 
Zagora district. These three-year studies of ours revealed that 

the prevailing species in the weed associations belong to sev-
eral biological groups. In the winter varieties - from the group 
of the ephеmerals in higher density are presented Ivy-leaved 
Speedwell (Veronica hederifolia L.) and the jagged chickweed 
(Holosteum umbellatum L.), while spring draba (Draba verna 
L.), henbit dead-nettle (Lamium amplexicaule L.), drug fumi-
tory (Fumaria officinalis L.) are of lesser density. From the 
early spring weeds, both in winter and spring pea varieties, 
the greatest is the density of wild buckwheat Fallopia con-
volvulus (L.) A. Love. From the winter-spring weeds the fol-
lowing have been established – field poppy (Papaver rhoeas 
L.), field larkspur (Consolida regalis Gray), heartsease (Viola 
tricolor L.). In the weed associations of the spring and winter-
spring pea forms main place is occupied by the species from 
the group of на dicotyledonous annual late-spring weeds – 
common amaranth (Amaranthus retroflexus L.), prostrate 
amaranth (Amaranthus blitoides S. Wats.), white goosefoot 
(Chenopodium album L.), pursley (Portulaca oleracea L.), 
common knotgrass (Polygonum aviculare L.). From the 
group of annual wheat late-spring weeds great is the den-
sity of green (Setaria viridis (L.) P. Beauv.) and yellow foxtail 
(Setaria glauca (L.) P. Beauv.) and more rarely the common 
windgrass (Apera spica-venti (L.) P. Beauv.). From the peren-
nial species the greatest is the density of the root-shooting 
weeds – bindweed (Convolvulus arvensis L.), creeping thistle 
(Cirsium arvense L.) Scop.) and field milk thistle (Sonchus 
arvensis L.). The study conducted in the period 2010-2012 
confirms previous studies about the occurrence of strong 
secondary weeding with the involvement mainly of bindweed 
and less often of the creeping thistle, most often in heavy 
rainfall at phase beginning of ripening mostly in winter pea 
forms. It has been found that there is a reverse proportional 
relationship between the level of weeding and seed yields.

Methods of weed control

Agrotechnical measures. Agrotechnical measures include 
correct crop rotations, timely pre-sowing and vegetation 
treatments, mechanical weeding as well as compulsory deep 
ploughing for the spring varieties. Adhering to the optimum 
sowing date, achieving the needed crop density according to 
the variety characteristics and correct choice of competitive 
genotypes create conditions for achieving efficient results 
(Petkov et al., 1994; Mohler, 2001; Bazitov, 2002).

For the agrotechnical measures against weeds to be suc-
cessful, a mandatory assessment of their germination, growth 
and development requirements in terms of temperature and 
light is required (Impey and Gairdner, 2005). Light is an im-
portant factor in regulating competitive relationships between 
crops and weeds since it has a direct impact on growth and 
development. Early spring or autumn sowing in peas can help 
prevent emerging and germination of a number of weeds 
and even achieve complete control of a very aggressive spe-
cies Solanum nigrum, requiring high base temperature (6°C) 
for its germination and development. This may be useful in 
controlling the distribution of the root shooting species such 
as Cirsium arvense. According to the same authors, the re-
sponse of weed species to light is different, and those such 
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as Solanum nigrum, for which that factor is vital for develop-
ment, can be used in weed control by pre-winter sowing in 
peas, density regulation, and use of varieties with large leaf 
surface and height.

The sowing date has a significant effect on crop and weed 
competition, especially when environmental conditions affect 
differently germination, emergence and growth rates (Petkov 
et al., 1994; Mohler, 2001; Angelova and Kuzmova, 2001; 
Kuzmova, 2003).

In the conditions of the Thracian lowland during pre-
winter sowing and using early genotypes, competitiveness to 
weeds in winter varieties is high, which has a positive effect 
on productivity and the corresponding structural components 
of the yield. In pre-winter sowing of peas and crop friendly 
agrotechnics, it is possible to grow it without using herbicides 
(Angelova et al., 1984; Angelova and Kalapchieva, 2014).

Soil cultivation for pea grown as a spring crop comprises 
deep ploughing or re-ploughing in autumn; one harrowing 
or tilling with harrowing carried out just before sowing at a 
depth of 8-10cm. For wintering varieties, after harvesting the 
precursor, pre-sowing ploughing at 18-20cm is carried out 
and tilling or disking with harrowing before sowing. After pre-
cursor tobacco after removing the stems from the areas shal-
low ploughing at 16-18cm is done. Prior to sowing, disking, 
milling or tilling and harrowing take place at 6-8cm (Angelova 
et al., 2001; Yancheva et al., 2007).

Forage pea is grown as winter or early spring crop. The 
basic and the pre-sowing cultivations should be differentiated 
according to the nature and extent of weeding and the sow-
ing time of the crop. When pea is grown as a winter crop, it 
should be planted after early precursors. This allows for early 
deep ploughing and additional shallow treatments to keep the 
area weed-free. These treatments depend on the prevailing 
species of weeds in a given field. As with all other crops, in 
pea as well, if the area is weeded with root and root-shooting 
weeds, pre-sowing treatments should be done with tools with 
trimming but not cutting work bodies (Tonev, 2000). The ap-
plication of various technologies is an important condition 
for the successful weed control (Angelova and Kalapchieva, 
2014).

Chemical methods. The use of efficient herbicides in weed 
control over the last four decades has led to significantly in-
creased crop productivity. Herbicides result in changes in the 
cell cycle, plastid metabolism or act as endogenous growth 
regulators, affecting photosynthetic reactions (Andreeva-
Fetvadzhieva and Dechkov, 1973; Popov and Tanev, 1990; 
Lambrev and Goltsev, 1999; Tonev et al., 2007; Gunsolus and 
Curran, 2007). The use of herbicides is particularly important 
because it is the fastest and most efficient method of elimi-
nating weeds in their competition with crops and leads to the 
optimization of the biological potential of the grown varieties. 
Mechanical destruction of weeds in crops by weeding takes a 
great deal of time and effort, and harrowing cannot usually be 
carried out in the optimal time, therefore it is advisable chem-
ical weed control in pea to be carried out mainly before emer-
gence and less post-emergence. The use of pre-emergence 
herbicides in peas and other grain legumes requires a good 

knowledge of their peculiarities and the species composition 
of weeds in the areas from the preceding crop (Andreeva-Fet-
vadjieva and Dechkov, 1973; Sabev, 1997; Tonev et al., 2007).

The efficient application of herbicides, besides knowing 
their mode of action, includes correct dosage related to the 
tolerance of the cultivated plant and suitable agrometeoro-
logical conditions to implement the needed contact with the 
weed plant (Aushkalnis and Dovidaitis, 1997; Mohler, 2001; 
Yancheva et al., 2007; Gunsolus and Curran, 2007).

Climatic conditions (predominantly temperature and hu-
midity) and the soil types (composition, power, pH) have 
been found to influence the effect of herbicides on peas. Dry 
climatic conditions reduce the efficacy of soil herbicides, 
and heavy rainfall at the time of application causes in-depth 
movement, which also negatively impacts their effect (Tonev, 
2000; Angelova and Kuzmova, 2001; Impey and Gairdner, 
2005; Tonev and Dimitrova, 2007).

Unlike other leguminous crops, peas during vegetation 
exhibit resistance to a number of herbicides due to the pres-
ence of wax casting on the leaves and stems, preventing the 
retention and penetration of some herbicides. The thickness 
of this cast is relatively the highest in phase 3rd-5th true 
leaf (Andreeva-Fetvadzhieva and Dechkov, 1973; Mishra and 
Bhan, 1997; Dimova et al., 2013; Ivanov, 2013; Angelova and 
Kalapchieva, 2014). The authors recommend vegetative treat-
ment with herbicides to take place at phase 3rd-5th crop leaf 
when it is the most stable. In the event of delay in spraying 
and uneven crop in terms of the phase, leaf damage may be-
come significant. In favourable climatic conditions in most 
of the currently grown varieties plants recover from the ba-
sal branching, but their biological potential is not achieved 
(Ivanov, 2013). Therefore, the dosage of herbicides is a very 
important element in the varietal technology (Angelova et al., 
1984; Angelova and Guteva, 1995). The application of the rec-
ommended herbicide dosage is extremely important for the 
development of Azotobacter chrococum in the soil as well. 
Most herbicides used in the group of grain legumes have 
no effect on the development of nitrogen-fixing bacteria, ex-
cept in cases of overdosage (Voynova-Raykova, 1960; Racz, 
1994). Pea is sensitive to herbicides and therefore its cultiva-
tion should take into account varietal sensitivity and biologi-
cal efficacy (Ivanov, 2013; Blazinkov et al., 2015). 

For control of annual broadleaf weeds after sowing prior 
to emergence prometryn (Gezagard 500) SC (BP) 2.5-3.0 l/ha 
is recommended. Against annual grain and some broadleaf 
weeds, in the soil, prior to emergence of the crop and weeds, 
we recommend s-metholachlor (Dual gold 960 EK) 1.2 l/ha. 
In the pre-sowing period of forage pea trifluralin may be used 
with incorporation mostly in the winter forms (Triflurex 24 
EC) 3.0-4.0 l/ha (Dimitrova, 1994, 1998, 2000; Ivanov, 2013; 
Dimova et al., 2013; Angelova and Kalapchieva, 2014).

Against annual and perennial wheat weeds during veg-
etation – 3rd-5th leaf of weeds and 10-20cm Johnson grass 
height, some “Johnson grass” herbicides may be applied: 
propaquizafop (Agil 100 EC - 80) 1.50 l/ha, fluazifop (Fusilade 
forte 80) 1.00-1.30 l/ha, fenoxaprop (Furore super 7,5 EB - 
120) 2.00 l/ha (Dimitrova, 2005; Tonev et al., 2007). It has 
been found that the foliar herbaceous herbicides cycloxydim 
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(Focus Ultra 100) 2.00 l/ha and tepraloxydim (Aramo 100) 
2.00 l/ha have high selectivity to forage pea (Dimitrova, 1994, 
1998). With mixed type of weeding of areas, it is recom-
mended these two herbicides to be applied in a system with 
bentazone or with the soil herbicide s-metolachlor, resulting 
in an increase in grain yield by 18% to 52%. With presence 
of broadleaf weeds in the early stages of crop development - 
vegetative (3rd-4th crop triple leaf) the following herbicides are 
selective: bentazone (Basagran 600 SL) 1.50 l/ha, metribuzin 
(Zencor 70 BF) 500-700 g/ha and MCPA (Dicopur M) 1.50 l/
ha (Dimitrova, 2000, 2005; Tonev et al., 2007).

At the initial phases due to the slower pace of develop-
ment, pea is suppressed by the rapidly developing broadleaf 
weeds. During that period especially efficient are: Corum 1.25 
l/ha, applied in phase 3rd-5th pea leaf or Stomp Aqua (2.50-
3.00 l/ha) applied after sowing before emergence. When us-
ing Corum for better efficacy to weeds, it is advisable to add 
the adjuvant Dach. Herbicide action is enhanced by the light 
sunny weather, which stimulates active growth, while the 
cool, dark weather or prolonged drought inhibit the growth of 
weeds or reduces their turgor, and thus can reduce the effect 
of the herbicide. The application of adjuvant results in better 
weed coverage with a thicker wax layer on the leaf surface 
and prevents the possible reduction of herbicidal action at 
low atmospheric humidity and high temperatures. The com-
bination between the herbicide Corum and the adjuvant Dach 
has no impact on the next crop in crop rotation, but it is not 
recommended to mix them with foliar fertilizers and organo-
phosphorus insecticides. Reference about the available plant 
protection preparations (Agropal, 2019).

The in vitro test developed by Yancheva et al. (2013) pro-
vides obtaining reliable results on the sensitivity of two winter 
forage pea varieties in our country (No.11 and Mir) to the 
Pelican 50 CK herbicide, allowing similar tests to serve as 
a test for phytotoxicity and susceptibility of various agricul-
tural crops to herbicides, especially for new varieties and for 
a short time.

As a result of a study of ours (Ivanov, 2013; Angelova and 
Kalapchieva, 2014) on biological efficiency and susceptibility 
to herbicides in a set of five pea varieties, different by type, 
early ripening and direction of use (three winter types, two 
spring ones) weaker effect has been noticed in the winter pea 
varieties compared to the spring ones. In the spring varieties 
(Pickardi and Amitie) the highest percentage of destroyed an-
nual broadleaf weeds was achieved with the herbicide combi-
nation Trifluralin 3.0 l/ha PSI + Basagran forte 1.50 l/ha, 2-4 
leaf. In annual graminaceous weeds efficiency reaches 100%. 
Milder effectiveness of the applied herbicides is available in 
perennial weeds, where the reduction in the number of weeds 
is 10 to 20% only (Ivanov, 2013). Autumn sowing and specif-
ics of winter varieties (Mir, Vesela and No. 11) determine the 
poorer efficiency of the applied herbicides compared to the 
spring ones. The rapid growth rate and development of plants 
in early spring significantly reduces weeding and therefore 
the effect of treatment is lower. The timely and quality treat-
ments carried out before sowing, the compulsory rolling after 
sowing of the crop and the choice of a proper variety may 
create conditions for eliminating the use of herbicides, pre-

dominantly in the direction for green forage or to reduce it 
to one during vegetation when grown for seeds (Angelova et 
al., 1984; Angelova and Guteva, 1995; Ivanov, 2013). Our ex-
periments show that in spring pea varieties significant effect 
on seed yield is the combination Trifluralin 300 ml/da, SSPP 
+ Basagran 1.50 l/ha and Pulsar 8.0 l/ha. This is the most 
pronounced in the variety Amitie. Being a leafless variety, it 
is less competitive, because the presence of tendrils only and 
the lack of leaves allows weeds to get enough light for their 
development. The use of suitable herbicides in phylate varie-
ties with leaves reduced into tendrils is a necessary measure 
to achieve their productive potential (Ivanov, 2013).

Conclusion

The use of herbicides and combinations of them is an 
effective measure which significantly reduces weeding, in-
creasing the yield mainly in spring pea varieties. When used 
on winter forms with direction for green mass, the use of 
herbicides is not needed, provided technological discipline 
is respected. In the weed associations in winter and spring 
pea varieties predominate species from the ephemeral group, 
early spring and late spring, and from the perennial species 
bindweed, creeping thistle and field milk thistle are represent-
ed (Convolvulus arvensis L., Cirsium arvense L. and Sonchus 
arvensis L.). Chemical control of weeds in pea may be suc-
cessfully accomplished by the use of selective and registered 
in the country herbicides. Against annual broadleaf weeds 
during 3rd-4th true crop leaf Basagran 480 SL (bentazone) can 
be successfully used. Once or twice during pea vegetation 
against annual broadleaf and grain weed species, Corum (im-
azamox + bentazone) in combination with the DACH HC adju-
vant can be used. In the soil, after sowing, before emergence 
(SSPP) the following herbicides have been registered: Prol 
Aqua (pendimethalin), Stomp Aqua (pendimethalin), Chal-
lenge 600 SC (aclonifen). For control of annual and perennial 
grain weeds various leaf herbicides from the Johnson grass 
herbicide group can be used: Select Super 120 EC, Agil 100 
EC, etc.
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