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1. Introduction 

Organic or sustainable management systems is focused on the creation of greater crop spatial 
and temporal diversification in crop rotation, and a reduction in the negative effects for food 
quality and environment, specifically a reduction in synthetic pesticide use (Lazauskas, 1990; 
Anderson, 2010). The relationship and competition beetween crop and weed populations is 
determined by the practical application of basic ecological principles in such management 
systems (Liebman & Davis, 2000; Singh et al., 2007). Crop diversification, which alters the 
composition of weed communities and influences their density, helps stabilize agricultural 
crop and weed communities (Barbery, 2002). Different seasonal types of agricultural crops (e.g. 
winter or spring crops) with different growth cycles and agronomic requirements provide 
unfavourable conditions for segetal plant life cycles. This prevents weed spread, germination, 
growth and seed ripening (Liebman & Dyck, 1993; Koocheki et al., 2009). In organic farming 
systems, an important role is assigned to a crop rotation (plant sequence diversification), catch 
crops and intercrops (Liebman & Davis, 2009; Anderson, 2010), and crop potential usage for 
suppressing and tolerating segetal plants (Liebman & Dyck, 1993). 

Intercropping is the simultaneous production of more than one crop species in the same 
field (Willey & Rao, 1980). Intercrops can be combinations of two or more species, including 
both annuals and perennials or a mixture (Anil et al., 1998). When two or more crops are 
growing together, each must have adequate space to maximize synergism and minimize 
intercrop competition and decrease weed competition. Therefore, before implementing 
specific intercropping systems, it should be taken into account: spatial arrangement 
(Malezieux et al., 2009); plant density (Neumann et al., 2007; Andersen et al., 2007); maturity 
dates of the crops being grown (Anil et al., 1998); and plant architecture (Brisson et al., 2004).  

One of the most commonly used intercropping mixtures is the legume/nonlegume (usually 
cereals) combination (Ofori & Stern, 1987; Anil et al., 1998; Hauggaard-Nilsen et al., 2008). 
Biologically fixed nitrogen (N2) of legumes is the most common plant growth stimulating 
factor and improved crop competition with respect to weed species in organic or sustainable 
farming systems (Berry et al., 2002).  Studies in the literature have demonstrated that grain 
legumes are weak suppressors of weeds, but mixing species in a cropping system becomes a 
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way to improve the ability of the crop itself to suppress weeds (Lemerle et al., 2001; Mohler, 
2001; Jensen et al., 2006). Therefore, intercropping of cereals and grain legumes: pea (Pisum 
sativum L. (Partim), lupin (Lupinus angustifolius L.), bean (Vicia faba L.), vetch (Vicia sativa L.) 
et ctr is a neglected theme in agricultural research. Weeds continue to play a major limiting 
role in agricultural production. The control of weeds using classical pesticides raises serious 
concerns about food safety and environmental quality, which have dictated the need for 
alternative weed management techniques.  

The field experiments were carried out in 2007–2010 at the Institute of Agriculture (Dotnuva, 
loamy soil) and the Joniskelis Experimental Station (Joniskelis, clay loam soil,) of the 
Lithuanian Research Centre for Agriculture and Forestry. The aim of this study was to 
determine the effect of intercropping pea with spring cereals on crop competition, yield 
performance and weed control in organic farming conditions. The following trial design was 
used for intercrops and sole crops: 1) pea (cv. ‘Pinochio’), Ps, 2) pea/spring wheat (Triticum 
aestivum L. emend. Fiori et Paol., cv. ‘Estrad’), PWi, 3) pea/spring barley (Hordeum vulgare L., 
cv. ‘Aura’), PBi, 4) pea/oats (Avena sativa L., cv. ‘Migla’), POi, 5) pea/spring triticale (× 
Triticosecale Wittm., cv. ‘Nilex’), PTi, 6) spring wheat, Ws, 7) sprig barley, Bs, 8) oats, Os, 9) 
spring triticale, Ts. The experimental plots were laid out in a complete one–factor randomised 
block design in three replicates. Individual plot size was 2.5 × 12 m. The intercrop design was 
based on the proportional replacement principle, with mixed pea grain and spring cereals 
grain at the same depth in the same rows at relative frequencies (50:50 –a relative proportion of 
grain legume and spring cereals seeds). Wheat seeds rate were 5.5, barley 4.7, oat 6.0, triticale 
4.5 and pea 1.0 mln seeds ha-1 for sole crop. Weeds were assessed twice: at stem elongation 
growth stage (BBCH 32–36) and at development of grain filling growth stage (BBCH 73). Mass 
of weeds and botanical composition was determined in 0.25 m2 at 4 settled places of each 
treatment. The experimental data were processed by the analysis of variance and correlation-
regression analysis methods using a software package “Selekcija”. Weed number and mass 
data were transformed to 1x + . 

2. Benefits of intercropping of cereal and grain legume 

2.1 Yield and quality of intercrops 

Cereal and legume intercropping systems are one of the important agronomic practices, 
wherein usually the productivity of the system as a whole is higher in comparison with that 
of their performance individually. Intercropping of cereals with grain legumes has been a 
common cropping system in rain-fed areas and especially in the Mediterranean countries 
(Anil et al., 1998; Lithourgidis et al., 2006). Grain legumes extensively used in intercropping 
with cereal include pea, vetch, lupin and bean (Hauggaard-Nielsen et al., 2001; Andersen et 
al., 2005; Ghaley et al., 2005; Berk et al., 2008). A number of different cereal crops have been 
proposed to be appropriate for intercropping with grain legumes such as barley oat, 
triticale, and wheat (Thomson et al., 1992; Berk et al., 2008). Intercropping advantages 
include improved soil conservation (Anil et al., 1998), yield stability (Hauggaard-Nielsen et 
al., 2003; Lithourgidis et al., 2006) and favours weed control (Banik et al., 2006). This leads to 
improved utilisation of environmental resources, light, water, and nutrients, in a multiple 
plant species community (Brisson et al., 2004; Corre-Hellou et al., 2007). The legume can 
provide N benefits to the nonlegume directly through mycorrizal links, root exudates, or 
decay of roots and nodules; or indirectly through a spring effect, where the legume fixes 
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atmospheric dinitrogen (N2), and thereby reducing competition for soil NO3- with the 
nonlegume (Anil et al., 1998). In intercropping the risk of nitrogen losses through leaching is 
substantially reduced in comparison to sole cropped pea (Neumann et al., 2007). Urbatzka et 
al. (2009) suggest, when pea is cultivated in a mixture with cereals, the N utilization effect 
was higher than in sole pea crop. In Danish and German experiments, the accumulation of 
phosphorous (P), potassium (K) and sulphur (S) was 20% higher in the intercrop (50:50) 
than in the respective sole crops (Hauggaard-Nielsen et al., 2009). The concentration of 
nitrogen is one of the most important criteria for grain quality evaluation. Pea intercropped 
with spring cereal increased the nitrogen concentration in intercrops compared with sole 
cereal (Ghaley et. al., 2005; Mariotti et al., 2006). Thus, better nutrition conditions are created 
in intercrops, therefore crops have a higher competitive ability against weeds.  

Results from our study conducted in Dotnuva suggests that intercrops were less productive 
than sole pea crop (except for pea intercropped with wheat). However, the pea / barley and 
pea/triticale intercrops were slightly more productive than the sole cereal crops (Table 1). 
At Dotnuva, according to productivity, the dual-component intercrops were ranked in the 
following order: pea / wheat > pea / triticale; pea / barley > pea / oats. The data from the 
Joniskelis site show that in a heavy loam Cambisol, crop productivity was  on average 20.5% 
higher, compared with that of crops grown in the Dotnuva site (Table 1).  
 

Sole crops and 
intercrop 

Crop 
component

Loamy soil (Dotnuva) Clay loam soil (Joniskelis) 
Grain 
yield 

(kg ha-1)

Nitrogen Grain 
yield 

(kg ha-1)

Nitrogen 
mg kg-1 kg ha-1 mg kg-1 kg ha-1 

Ps pea 2936.5 37.2 108.8 2896.6 33.6 83.8 
P+SWi pea 550.4 37.3 20.5 795.3 34.5 23.5 

wheat 2401.3 22.2 54.8 2473.2 20.0 42.3 
total 2951.9 24.9 75.3 3268.5 23.5 65.7 

P+SBi pea 565.7 36.9 20.6 649.0 33.1 18.2 
barley 2184.5 19.6 44.9 2386.4 18.7 38.4 
total 2750.1 24.2 65.5 3035.4 21.8 56.6 

P+Oi pea 445.2 37.0 16.6 432.9 33.3 12.2 
oat 2109.9 18.5 39.3 3837.5 17.4 57.1 

total 2555.4 22.4 55.9 4270.4 19.0 69.4 
P+STi pea 520.7 34.2 19.2 1240.8 33.4 35.5 

triticale 2214.6 26.6 48.9 2000.6 23.4 39.3 
total 2735.3 23.3 68.2 3241.4 27.2 74.8 

SWs wheat 3002.9 19.2 59.8 3387.9 18.7 53.9 
SBs barley 2583.3 16.6 46.4 2995.8 17.7 45.4 
Os oat 2897.0 17.6 48.3 3955.1 16.6 56.0 
STs triticale 2717.9 19.5 55.1 3220.5 21.7 59.9 

LSD05 743.12 5.70 20.06 611.8 6.32 9.42 

Note. Sole crop: Ps –pea, SWs – spring wheat, SBs – spring barley, Os –oat, STs – spring triticale; 
intercrop: P+SWi – pea and spring wheat, P+SBi – pea and spring barley;  P+Oi – pea and oat, P+STi – 
pea and triticale. 

Table 1. Grain yield and nitrogen content of pea and spring cereals grown as sole crops and 
in dual-component intercrops data averaged over 2007-2010  

www.intechopen.com



 
Weed Control 

 

6 

Clay loam soils have high capillary water capacity, therefore plants are not so readily 
affected by lack of soil moisture (Maikštėnienė et al., 2006). The data from the Joniskelis site 
evidenced that all intercrops were more productive than sole pea crop. Moreover, the sole 
spring cereal was lower yielding than cereal intercropped with pea (except for pea 
intercropped with wheat). The rough structure of these soils was more favourable for cereals 
than for peas. At Joniskelis, according to productivity, intercrops were ranked in the 
following order: pea / oats > pea / wheat, pea / triticale > pea / barley. In dual-component 
intercrops with increasing productive density of cereals and their share in the yield, the total 
yield of the intercrops increased in Dotnuva (r = 0.650; P<0.05; r = 0.969; P<0.01, 
respectively) and in Joniskelis (r = 0.576; P<0.05; r = 0.916; P<0.01, respectively). Results 
obtained in various soils showed that when peas were grown mixed with oats or barley, 
their productivity was directly influenced only by cereals yield (r = 0.991; P<0.01; r = 0.971; 
P<0.01, respectively), whereas the productivity of peas grown in mixed crop with wheat or 
triticale was influenced by both components: yields of cereals (r = 0.825; P<0.01 and r = 
0.984; P<0.01, respectively) and pea (r = 0.637; P<0.05 and r = 0.842; P<0.01, respectively) of 
the intercrop.  

The accumulation of nitrogen in cereal grain is an indicator of different crop species 
competitive power. The findings from Dotnuva site showed that pea grown in sole crop 
accumulated 2.2% more nitrogen than pea intercropped with cereal. However, the grain 
nitrogen concentration of cereal intercropped with pea averaged 19.2% higher than that in 
sole cereal crop. The nitrogen concentration in pea grain was slightly lower in Joniskelis 
compared with Dotnuva. The amount of grain nitrogen did not differ between sole pea 
crops and pea intercrops. The grain nitrogen concentration of cereal intercropped with pea 
averaged 6.4% higher than that in sole crop. At both experimental sites, the highest grain 
nitrogen concentration was in spring wheat and triticale intercropped with pea.  

In loamy soil (Dotnuva), sole pea produced a higher yield, therefore the nitrogen content 
was 29.8% higher compared to the corresponding data in clay loam soil (Joniskelis). The 
intercrops accumulated similar nitrogen concentrations in the total grain yield in both 
experimental sites. The amount of nitrogen in total grain yield of intercrops was greater by 
26.3% in Dotnuva and by 23.8% in Joniskelis compared to the averaged amount of nitrogen 
in grain of sole cereal crop in corresponding experimental sites. 

2.2 Intercropping for weed management 

Weed management is a key issue in organic farming system (Bond & Grundy, 2001). 
Improvement of crop competition with weeds has been emphasised as the benefit of the 
increased sowing density of sole crops or intercropping (Auskalniene & Auskalnis, 2008; 
Liebman & Davis, 2000). Individual cereal species vary in their competitiveness against 
weeds. Weed suppression has been found to be greater in intercrops compared with sole 
crops, indicating synergism among crops within intercrops (Liebman & Dyck, 1993; Bulson 
et al., 1997; Szumigalski & van Acker, 2005; Deveikytė et al., 2008, 2009). In an organic 
farming weeds are controlled not only by direct means (manually or mechanacilly) and 
preventive measures (appropriate crop rotation, tillage, crop management) but also by 
increasing crop tolerance of weeds (choice of genotypes, sowing method, fertilization 
strategy) (Barbery, 2002; Anderson, 2010). 
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2.2.1 Weed species composition, germination time and conditions  

According to literature, annual weeds, whose short vegetation period coincides with the 
cereal growth season, are most common in spring cereals (Rassmusen, 2002; Barbery, 2002). 
Weed seed germination is influenced by many factors such as field history and seed bank, 
soil properties, tillage practices and crop technologies. Annual weed seeds germinate at 
different times. Thlaspi arvense L. germinated at the earliest time, other weeds germinated 
when soil temperature had warmed up. Fallopia convolvulus (L.) A. Löve germinated a little 
later (Špokienė, 1995). In general, the intensive weed germination period is when soil warms 
up to 10-15 ° C. Therefore, the most intensive competitive interaction between weeds and 
crops occurs in the second half of May until mid June and late July to mid August in Eastern 
Europe (Špokienė, 1995). 

Our results revealed that annuals dominated the weed flora composition (7-18 species) 
while there were fewer perennials (2-8 weed species). The most common annual weed 
species on fertile soils were: Chenopodium album L., Veronica arvensis L., Stellaria media (L.) 
Vill., Galium aparine L., Fallopia convolvulus, Thlaspi arvense, Viola arvensis Murray , Lamium 
purpureum L., Polygonum aviculare L., Polygonum persicaria L., Fumaria officinalis L., 
Tripleurospermum perforatum (Merat) M. Lainz. The dominance of these weed species can be 
explained by a very good adaptation to the existing soil and climatic conditions and soil 
tillage regime (Protasov, 1995). Such species are characterized by higher soil nutrient 
assimilation compared to agricultural crop plants. The following perennial weed species 
were identified: Cirsium arvense (L.) Scop., Sonchus arvensis L., Taraxacum officinale F.H. 
Wigg., Equisetum arvense L., Tussilago farfara L. Both experimental sites were similar in weed 
species and number (Table 2).  

In a loamy soil (Dotnuva), plant diversity in crop rotation was higher (at cereal stem 
elongation growth stage BBCH 32-36) Chenopodium album was the dominant weed species 
from the 12-13 species identified. This species accounted for 61.7-77.2% of the total weeds 
documented. Whereas, in clay loam soil (Joniskelis), there were fewer (7-9) weed species of 
which the most frequent were Stellaria media (16.1-26.9 %), Veronica arvensis (9.8–16.8 %), 
Galium aparine (7.6-13.3%), Chenopodium album (7.3-12.9 %), and Fallopia convolvulus (6.9-9.9 
%). Based on Špokienė and Povilionienė’s (2003) findings, according to weed harmfulness 
reduction, the species can be ranked as follows: Cirsium arvense (10) > Sonchus arvensis (9) > 

Taraxacum officinale (8) > Chenopodium album, Stellaria media (7) > Galium aparine, Fallopia 

convolvulus (6)> Polygonum sp. (5)> Thlapsi arvense (4). According to Lithuanian researchers’ 
data, weed species such as Viola arvensis, Veronica arvensis, and Lamium purpureum are less 
harmful; however, the number of weed species in a crop (weed harmfulness threshold) is of 
great importance (Špokienė & Povilionienė, 2003). 

Our research data (Joniskelis) revealed that weed germination was significantly lower in pea 
/ barely intercrop, spring wheat and oat sole crops compared to the pea sole crop. At 
Dotnuva and Joniskelis experimental sites the weed number tended to decrease 3.6-19.5 % 
and 3.9-19.5 %, respectively. In Joniskelis, all intercrops and sole crops had good 
suppression of Thlaspi arvense. Slightly fewer weeds germinated in cereal sole crops 
compared to intercrops. The germination of Galium aparine was significantly lower, and the 
number of Fallopia convolvulus tended to decrease in Joniskelis’ cereal sole crop. Different 
crops (intercrop and sole crop) had little effect on the variation of perennial weed number.  
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Further suppression of weeds depends on the crop’s ability to impede weed growth. It is 
widely accepted that the competitive interaction between weeds and crops does not occur 
only at early stages of plant development (Lazauskas, 1990).  

 

Species Place 
Sole crops and intercrop (BBCH 32–36) 

Ps P+SWi P+SBi P+Oi P+STi SWs SBs Os STs 
Weed m2 

Viola 
arvensis 

Dotnuva 2.3 1.7 1.9 2.3 1.9 2.6 2.2 1.6 1.7 
Joniskelis 5.8 3.5 3.3 2.8* 5.2 3.5 4.7 2.5* 5.8 

Veronica 
arvensis 

Dotnuva 1.1 0.6 0.6 0.3 1.2 0.6 0.4 0.4 0.7 
Joniskelis 8.7 8.8 7.7 5.5 10.0 8.7 10.0 6.8 7.3 

Thlapsi 
arvense 

Dotnuva 3.7 1.7 0.9 0.9 0.8 1.0 0.7* 1.6 0.4* 
Joniskelis 8.0 3.8* 2.8** 4.2 4.7 3.3** 3.3* 2.5** 3.3** 

Galium 
aparine 

Dotnuva 0 0 0 0 0 0 0 0 0 
Joniskelis 8.8 6.0 5.8* 7.0 6.7 5.0* 5.2* 4.0** 4.8* 

Fallopia 
convolvulus 

Dotnuva 1.9 1.1 1.6 1.3 0.7 2.1 1.3 2.0 1.2 
Joniskelis 5.3 4.2 4.7 5.5 6.3 3.5 3.0 3.8 5.5 

Stellaria 
media 

Dotnuva 2.7 1.9 2.2 3.2 2.3 2.4 2.4 1.8 2.2 
Joniskelis 10.7 12.2 11.0 12.5 9.3 10.5 14.7 9.5 17.0 

Chenopodium 
album 

Dotnuva 35.7 35.6 35.7 33.8 36.6 32.8 37.2 41.9 35.7 
Joniskelis 8.5 7.8 5.3 5.8 4.7* 4.2* 5.8 4.5* 4.8 

Polygonum 
persicaria 

Dotnuva 1.2 0.7 0.6 0.7 0.2** 0.1** 0.2** 0.7 0.3** 
Joniskelis 0 0 0 0 0 0 0 0 0 

Polygonum 
aviculare 

Dotnuva 1.0 0.1 1.4 0.6 0.7 0.7 0.6 0.8 1.7 
Joniskelis 0 0 0 0 0 0 0 0 0 

Chaenorrhinum 
minus 

Dotnuva 1.9 2.2 1.8 2.1 1.9 2.9 1.2 2.3 2.2 
Joniskelis 0 0 0 0 0 0 0 0 0 

Cirsium 
arvense 

Dotnuva 2.9 0.8 3.6 3.0 2.3 0.2 0.5 0.1 3.2 
Joniskelis 0.2 3.7* 1.3 2.7 3.0 2.5 1.7 0.5 4.2** 

Sonchus 
arvensis 

Dotnuva 1.8 0.7 0.1 0.9 1.0 0.3 1.0 1.4 0.4 
Joniskelis 0.7 0.3 0.5 1.5 2.2 0.7 0.3 0.5 0.3 

Total  
number of 

weeds 

Dotnuva 57.9 48.1 51.7 51.3 50.9 46.6 48.2 55.8 51.0 

Joniskelis 66.3 60.5 53.2* 55.9 63.7 51.7* 60.0 44.0** 63.2 

Number of 
weeds 
species 

Dotnuva 12 13 13 13 13 13 13 13 13 

Joniskelis 8 8 7 8 9 8 8 8 7 

Note. *differences are statistically significant as compared to the control at P<0.05, **-at P<0.01 
Sole crop: Ps –pea, SWs – spring wheat, SBs – spring barley, Os –oat, STs – spring triticale; intercrop: 
P+SWi – pea and spring wheat, P+SBi – pea and spring barley; P+Oi – pea and oat, P+STi – pea and 
triticale. 

Table 2. Weed emergence and density of the most important species in sole crop and 
intercrop data averaged over 2007-2010  
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2.2.2 The competitive ability of pea intercropped with different spring cereal species  

Intercropping advantages may be influenced by both plant density and relative frequency of 
the intercrop components (Subkowicz & Tendziagolska, 2005). The density of plants in 
intercrops varied between different experimental location, soil and cultivation conditions in 
our research. According to crop density data, pea plant accounted for 27.2% of barley 
intercrop and 29.7% of wheat intercrop at Dotnuva site. The greater density of pea was 
observed in intercrop with oat and triticale (35.2 and 34.7%, respectively). In Joniskelis, the 
number of pea plants was lower (20.3-24.6 %) in intercrops, except for pea intercropped with 
triticale (34.7%). 

The highest productive density of pea in sole crop and intercrop was obtained in a loamy 
soil (Dotnuva) while a lower density was observed in clay loam soil (Joniskelis). Productive 
stem density of pea in crop structure was similar: 12.0-18.4 % (40-58 stems per m2) in loamy 
soil, 10.2-20.4% (28-43 stems per m2) in clay loam soil (Table 3). The more stable productive 
densities of intercrop were obtained in a loam soil (286-346 stems per m2) compared to a clay 
loam soil (211-275 stems per m2). This crop density in intercrop structure on a clay loam soil 
was determined by the specific properties of the soil (high clay content) and weather 
conditions. The weather conditions are essential on the formation of intercrop productivity 
and weed germination. They influence the optimal plant density and create the basis for 
competition between the components during crop germination period. The comparison 
between the different intercrops showed that the highest productive density was in pea 
intercropped with spring wheat (346 stems per m2) and with barley (332 stems per m2) in a 
loam soil, and peas with oats (275 stems per m2) and with wheat (268 stems per m2) in a clay 
loam soil.  
 

Place 
Crop 

component

Sole crops and intercrop (BBCH 73) 

Ps P+SWi P+SBi P+Oi P+STi SWs SBs Os STs 

Productive stems per m-2 

Dotnuva 

pea 109 48 40 58 48     

cereal  298 292 258 238 478 398 442 368 

total  346 332 316 286     

Joniskelis 

pea 81 34 37 28 43     

cereal  235 195 247 168 355 307 343 334 

total  268 231 275 211     

Note. Sole crop: Ps –pea, SWs – spring wheat, SBs – spring barley, Os –oat, STs – spring triticale; 
intercrop: P+SWi – pea and spring wheat, P+SBi – pea and spring barley;  P+Oi – pea and oat, P+STi – 
pea and triticale. 

Table 3. The productive density of sole crop and intercrop data averaged over 2007-2010 

According to the literature, cereal has a stronger ability for weed suppression than pea 
(Andersen et al., 2007). German researchers note that crowding coefficients for semi-leafless 
pea cultivars were smaller than for conventional leafed types, therefore plant height of pea 
appears to be more important than plant leaf type for weed suppression (Rauber et al., 
2001). The clay loam soil (Joniskelis) was more favourable for cereal growth: pea plants were 
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shorter (13.2%), and cereals taller (2.6-4.9%, except for spring barley) compared with 
respective crops in a loamy soil (Dotnuva) (Table 4). The pea plants were 22.1-29.9 % shorter 
(Dotnuva) and 34.1-42.0% (Joniskelis) compared to oat, spring wheat and tricicale. The 
height of spring cereals ranked as follows: oat > triticale > wheat > barley. According to the 
study, the height of pea plants declined by 20.1-24.7% in higher density intercrops 
(Dotnuva), and in lower density intercrops (Joniskelis) by 11.0-25.0% compared to pea sole 
crops. The height of intercropped cereals was not significantly different than cereal sole 
crops. Pea plants intercropped with oat, in some cases with barely and triticale were taller 
than those of sole crops. 
 

Place 
Crop 

component 

Sole crops and intercrop (BBCH 73) 

Ps P+SWi P+SBi P+Oi P+STi SWs SBs Os STs 

Height of crop (cm) 

Dotnuva 

pea 56.7 42.9 43.6 42.7 45.3     

cereal  70.5 54.7 82.5 80.9 72.8 57.8 80.9 79.4 

weighted 
average 

 66.5 53.6 75.1 74.8     

Joniskelis 

pea 49.2 36.9 38.2 39.7 43.8     

cereal  72.4 58.7 89.4 79.6 74.7 56.6 84.9 82.8 

weighted 
average 

 67.9 55.5 84.4 72.2     

Note. Sole crop: Ps –pea, SWs – spring wheat, SBs – spring barley, Os –oat, STs – spring triticale; 
intercrop: P+SWi – pea and spring wheat, P+SBi – pea and spring barley; P+Oi – pea and oat,  P+STi – 
pea and triticale. 

Table 4. The plant height in sole crop and intercrop data averaged over 2007-2010  

The weed suppression depended on the growth intensity of the crop aboveground biomass 
during the growing season. The mass per pea plant and per cereal stem at the beginning of 
cereal heading (BBCH 51) showed that the intercrops produced more biomass (0.18–1.05 g) 
compared to the cereal sole crops (Table 5). Comparison of different cereal species showed 
the lowest aboveground biomass per cereal stem was both in spring barley sole crop and 
intercropped with pea. Oat intercropped with pea accumulated the highest dry matter yield 
in the aboveground part. Here we identified the lowest aboveground mass per pea plant. 
The data of the aboveground mass suggested that pea grew slowly in intercrops until start 
of heading of cereals and poorly competed with cereals. During the experimental period, the 
aboveground mass was influenced by productive plant density but not by mass per stem. 
Peas produced more aboveground biomass in the second half of the vegetation period, in 
contrast to cereals, which already holds a dominant position in the first stages of growth. 
Weeds are suppressed for the durationof the vegetation period when the pea intercropped 
with cereal is established at appropriate densities. During the main crop growing period, 
when the development rate of the intercropped plant species do not coincide, favourable 
weather conditions for one or the other intercropped species can influence the degree of 
competition. The Joniskelis’ experimental data indicated that the productive plant density in 
intercrops was lower for peas, which require higher nutrition area. 
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Indicators 
Crop 

component 
Sole crops and intercrop (BBCH 51) 

Ps P+SWi P+SBi P+Oi P+STi SWs SBs Os STs 

Dry 
matter of 
one stem 

(g) 

pea 6.76 3.09 3.12 2.59 4.20     

cereal  3.07 2.22 3.67 3.30 2.73 1.97 2.62 3.12 

weighted 
average 

 3.08 2.41 3.59 3.55     

Dry 
matter 
(g m-2) 

pea 521.4 104.1 117.4 73.5 184.6     

cereal  720.8 434.2 913.3 529.3 969.5 605.0 897.8 1010.9 

total  824.9 551.6 986.8 713.9     

Note. Sole crop: Ps –pea, SWs – spring wheat, SBs – spring barley, Os –oat, STs – spring triticale; 
intercrop: P+SWi – pea and spring wheat, P+SBi – pea and spring barley; P+Oi – pea and oat,  P+STi – 
pea and triticale. 

Table 5. The aboveground mass of crop during vegetation period in sole crop and intercrop 
(BBCH 51), Joniskelis 2007-2010 averaged data 

The pea was suppressed in intercrops, where the productive density of pea stems was 40-58 
(Dotnuva) and 28–43 stems m-2 (Joniskelis), the productive density of cereal was 238-298 and 
168-247 stems m-2, respectively. This indicates that the mass per pea plant in intercrops was 
1.6-2.6 times lower compared to pea sole crop. Therefore, at Joniskelis site, the aboveground 
mass of crops during the growing season (BBCH 51) was lower for pea /wheat by 14.9%, 
pea/barley by 8.8%, and pea/triticale by 29.4% compared to the respective cereal sole crop. 
Only oat grown in intercrop produced more dry matter (9.9%) in aboveground mass 
compared to oat sole crop. 

Indices allow researchers to quantify and express several attributes of plant competition, 
including competition intensity and importance, competitive effects and responses, and the 
outcome of competition (Weigelt & Jolliffe, 2003). An aggresivity value of zero indicates that 
component crops are equally competitive. If aggressivity value is higher than zero the 
species in the crop dominates, if this value is lower than zero the species is being chocked 
(Willey, Rao, 1980). Spring cereal has been dominant in intercrops due to the higher rate of 
aggression (Ac), the competitiveness ratio (CRc) in spring cereals. In most cases, oat was 
characterised as the strongest weed suppresser in intercropping system (Table 6).  

The cultivation conditions were less favourable for crop growth in 2008 (in loamy soil) and 
2009 (in clay loam soil), therefore weed density increased by up to 1.5-2 times until the 
harvesting period. The weakest competitive ability of cereal was obtained during 2008 and 
2009. The study showed that the role of intercropped pea in weed suppression was limited. 
H. Hauggaard-Nielsen et al. (2008) indicate that a relative proportion of pea intercrop 
around 40-50% is needed in order to achieve a level of intraspecific competition. 

2.2.3 Weed suppression in sole crops and intercrops  

The ability of pea intercropped with cereal to suppress weed species was revealed only at 
the development of the grain at filling growth stage (BBCH 73) and during favorable crop 
growing conditions. The total number of weeds in intercrops was significantly reduced 
compared to pea sole crop at maturity stage (BBCH 73) at both experimental sites (Table 7). 
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The strongest weed suppression was observed in higher plant density intercrop and sole 
crop in Dotnuva. However, the number of weeds was 31.3-50.6% lower in intercrop 
compared to pea sole crop. In lower density crops (Joniskelis), the number of weeds in 
intercrop was 22.4-31.0% lower except for the oat sole crop and oat intercropped with pea. 
The oat displayed strong weed suppression capabilitieswith the number of weeds 72.5% 
lower in oat sole crop and 63.8% in oat/pea intercrop compared to pea sole crop. 
Comparison between cereal sole crops and intercrops showed a reduction in weed numbers 
in intercrop by an average 37.5%, in sole crops by 44.8% at Dotnuva, and by 36.3 and 39.1%, 
respectively in Joniskelis compared to pea sole crop. The number of weed species also 
significantly decreased except for pea/wheat (Dotnuva) and pea/triticale (Joniskelis) 
intercrops.  
 

Intercrop Year 
Loamy soil (Dotnuva) Clay loam soil (Joniskelis) 

Ac CRc Ac CRc 

P+SWi 

2007 1.06 4.75 0.56 3.37 
2008 0.80 2.99 0.40 2.89 
2009 1.10 5.22 1.09 2.13 
2010 - - 0.37 2.63 

P+SBi 

2007 1.09 6.52 0.96 7.84 
2008 0.20 1.51 0.91 3.88 
2009 0.92 7.90 1.50 3.09 
2010   0.57 2.28 

P+Oi 

2007 1.25 4.89 1.22 15.63 
2008 1.17 2.90 1.15 5.45 
2009 1.41 9.89 1.26 4.67 
2010 - - 0.85 5.25 

P+STi 

2007 0.78 3.65 0.38 2.44 
2008 0.70 4.05 1.52 1.33 
2009 1.99 7.92 -0.17 0.54 
2010 - - 0.26 1.82 

Note. Intercrop: P+SWi – pea and spring wheat, P+SBi – pea and spring barley; P+Oi – pea and oat, 
P+STi – pea and triticale. 

Table 6. Plant aggressivety (Ac) and competition rate (CRc,) in organically grown intercrops 

The number of weeds observed during the cereal maturity stage (BBCH 73) varied 
compared to the weed number in spring (BBCH 32-36) (Table 8). Thus, weed population 
dynamics was influenced not only by the crop suppression ability, but also by the total 
weediness of crop and weed species. In Joniskelis, in the lower density pea sole crop, the 
number of weeds increased by 4.9 m-2, and in Dotnuva decreased by 3.1 m-2 during the 
period from emergence to cereal grain-filling growth stage. At Dotnuva, in the higher 
density crop, the total number of weeds decreased by 12.4–28.8 m-2 compared to the 
corresponding data in the spring. The variation of weed numbers during the growing 
season differed little between sole crop and intercrop (except oat sole crop and intercrop) 
with a decrease of 28.8 and 21.0 m-2, respectively. At Joniskelis, more marked differences 
between crops were determined; however, the suppression of weeds was weaker compared 
to the Dotnuva data. According to the spring weed density, the lowest suppression of weeds 
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was in pea / barley intercrop and wheat and barley sole crops. Pea intercropped with wheat 
or triticale and triticale sole crop exhibited similar weed suppression; the number of weeds 
per m2 decreased by 9.8, 12.7 and 14.0, respectively. The best ability to suppress weeds was 
shown by oat sole crop and oat intercropped with pea with a decrease in weeds per m2 by 
24.4 and 30.1, respectively. 

 

Species Place 
Sole crops and intercrops (BBCH 73) 

Ps P+SWi P+SBi P+Oi P+STi SWs SBs Os STs 

Viola arvensis 
Dotnuva 1.3 1.4 0.7 0.4 1.0 0.6 1 0.0* 0.7 

Joniskelis 5.6 4.0 3.0 1.6** 4.2 4.1 5.4 1.2** 4.6 

Veronica arvensis
Dotnuva 0.2 0.3 0.0 0.1 0.0 0.2 0.2 0.0 0.0 

Joniskelis 15.3 10.2 10.8 2.9** 8.2* 11.1 12.3 5.0** 8.6* 

Thlaspi arvense 
Dotnuva 1.1 0.2** 0.0** 0.0** 0.0** 0.0** 0.0** 0.0** 0.0** 

Joniskelis 3.7 1.3** 0.2** 0.0** 0.8** 0.5** 0.2** 0.0** 0.5** 

Polygonum 
persicaria 

Dotnuva 1.7 1.0 0.2** 1.1 0.7* 0.6* 0.4* 0.3** 0.1** 

Joniskelis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Polygonum 
aviculare 

Dotnuva 2.0 0.7* 2.2 0.4* 0.9 0.2** 0.7 0.4* 0.7 

Joniskelis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Galium aparine 
Dotnuva 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Joniskelis 4.4 2.2** 3.5 1.7** 3.4 3.1 2.5 1.3** 3.1 

Fallopia 
convolvulus 

Dotnuva 1.2 0.8 0.8 0.6 1.1 1.7 0.2 1.8 1.3 

Joniskelis 7.8 5.2 7.1 4.2* 6.6 5.3 5.9 4.2* 5.8 

Stellaria media 
Dotnuva 2.3 1.7 1.8 1.4 1.7 2.0 1.0 0.4* 1.0 

Joniskelis 11.3 8.4 9.4 3.3** 5.9** 6.0** 8.2 3.0** 5.4** 

Chenopodium 
album 

Dotnuva 37.6 27.0* 23.4** 22.0** 28.0* 22.9** 24.2** 21.9** 26.0** 

Joniskelis 7.2 7.0 6.1 5.1 9.3 6.1 8.1 1.7** 6.2 

Sonchus arvensis
Dotnuva 2.2 0.3 0.7 0.9 0.7 0.3 0.4 1.4 0.2 

Joniskelis 6.1 3.4 5.3 1.4* 3.6 1.6* 3.9 0.5** 4.1 

Cirsium arvense 
Dotnuva 2.8 0.7 3.2 3.1 2.9 0.2 1.1 0.4 3.6 

Joniskelis 0.8 4.3 2.2 2.8 3.2 6.2* 3.0 0.7 4.8* 

Total number of 
weeds 

Dotnuva 54.7 35.7** 33.2** 30.3** 37.6** 29.4** 30.0** 27.0** 34.3** 

Joniskelis 71.3 50.7* 54.2* 25.8** 51.0* 49.4** 55.3* 19.6** 49.2** 

Number of weeds 
species 

Dotnuva 6 5 3** 4** 5* 4** 3** 3** 4** 

Joniskelis 9 7* 7* 5** 8 7* 8* 4** 8* 

Note. *differences are statistically significant as compared to the control at P<0.05, **-at P<0.01 
Sole crop: Ps –pea, SWs – spring wheat, SBs – spring barley, Os –oat, STs – spring triticale; intercrop: 
P+SWi – pea and spring wheat, P+SBi – pea and spring barley;  P+Oi – pea and oat, P+STi – pea and 
triticale. 

Table 7. Weed density (weed m-2) of the grain at filling growth stage (BBCH 73) of the most 
important species in sole crops and intercrops, data averaged over 2007-2010 
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Species Place 
Sole crops and intercrops (BBCH 73) 

Ps P+SWi P+SBi P+Oi P+STi SWs SBs Os STs 

Viola arvensis 
Dotnuva -1.0 -0.3 -1.2 -1.9 -0.9 -2.0 -1.2 -1.6 -1.0 
Joniskelis -0.2 +0.5 -0.4 -1.3 -1.0 +0.6 +0.7 -1.3 -1.3 

Veronica arvensis
Dotnuva -0.9 -0.3 -0.6 -0.2 -1.2 -0.4 -0.2 -0.4 -0.7 
Joniskelis +6.6 +1.4 +3.1 -2.6 -1.8 +2.4 +2.3 -1.8 +1.2 

Thlaspi arvense 
Dotnuva -2.6 -1.5 -0.9 -0.9 -0.8 -1.0 -0.7 -1.6 -0.4 
Joniskelis -4.3 -2.5 -2.7 -4.2 -3.8 -2.9 -3.2 -2.5 -2.8 

Polygonum 
persicaria 

Dotnuva +0.5 +0.3 -0.4 +0.4 +0.5 +0.5 +0.2 -0.4 -0.2 
Joniskelis - - - - - - - - - 

Polygonum 
aviculare 

Dotnuva +1.0 +0.6 +0.8 -0.2 +0.3 -0.5 +0.1 -0.4 -1.0 
Joniskelis - - - - - - - - - 

Galium aparine 
Dotnuva - - - - - - - - - 
Joniskelis -4.4 -3.8 -2.3 -5.3 -3.2 -1.9 -2.7 -2.6 -1.8 

Fallopia 
convolvulus 

Dotnuva -0.7 -0.3 -0.7 -0.7 +0.5 -0.4 -1.1 -0.2 +0.1 
Joniskelis +2.5 +1.0 +2.5 -1.3 +0.3 +1.8 +2.9 +0.4 +0.4 

Stellaria media 
Dotnuva -0.4 -0.2 -0.4 -1.8 -0.6 -0.4 -1.4 -1.4 -1.2 
Joniskelis +0.7 -3.8 -1.6 -9.3 -3.4 -4.5 -6.4 -6.5 -11.5 

Chenopodium 
album 

Dotnuva +1.9 -8.6 -12.3 -11.8 -8.5 -9.9 -13.0 -20.0 -9.7 
Joniskelis -1.3 -0.8 +0.7 -0.8 +4.6 +1.9 +2.3 -2.8 +1.4 

Sonchus arvensis 
Dotnuva +0.4 -0.4 +0.6 0.0 -0.3 0.0 -0.6 0.0 -0.2 
Joniskelis +5.4 +3.1 +4.8 -0.1 +1.4 +0.9 +3.6 0.0 +3.7 

Cirsium arvense 
Dotnuva -0.1 -0.1 -0.3 +0.1 +0.6 0.0 +0.6 +0.3 +0.4 
Joniskelis +0.7 +0.7 +0.8 +0.2 +0.2 +3.7 +1.3 +0.2 +0.7 

Total number of 
weeds 

Dotnuva -3.1 -12.4 -18.2 -21.0 -12.9 -17.2 -18.2 -28.8 -16.7 
Joniskelis +4.9 -9.8 +1.0 -30.1 -12.7 -2.3 -4.8 -24.4 -14.0 

Note. Sole crop: Ps –pea, SWs – spring wheat, SBs – spring barley, Os –oat, STs – spring triticale; 
intercrop: P+SWi – pea and spring wheat, P+SBi – pea and spring barley;  P+Oi – pea and oat, P+STi – 
pea and triticale 

Table 8. The variation of weed numbers (weed m-2) of the most important species in sole 
crops and intercrops during growing season, data averaged over 2007-2010 

At Joniskelis, the highest total mass of weeds was determined in pea sole crop and 
intercropped with triticale. At Dotnuva, the total dry matter (DM) of weeds in pea sole crop 
was 38.4% higher compared to the pea sole crop at Joniskelis (Table 9). At Dotnuva, 
Chenopodium album, Cirsium arvense, and Sonchus arvensis mass accounted for the largest 
share in the total weed mass. All cereal sole crops and intercrops significantly reduced 
weeds and the weed mass decreased by 72.0-90.7% compared to pea sole crop. At Joniskelis 
site, Cirsium arvense was spread unevenly in the experimental area; therefore, the total weed 
mass was substantially higher where this weed was present. The lowest total mass of weeds 
was determined in oat sole crop and pea intercropped with oat and barley.  

The variation of weed total numbers and weight was determined by the response of 
different weed species to crop suppression. Weed species and their numbers at cereal 
maturity stage during maturity stage are presented in Tables 7, 8 and 9. The species Viola 
arvensis, Veronica arvensis, Thlaspi arvense, Polygonum persicaria and Polygonum aviculare are 
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considered less harmful for agricultural crops (Špokienė & Povilionienė, 2003). The 
suppressing effect for Viola arvensis, Veronica arvensis was more pronounced in the lower 
density crop in Joniskelis. The number of these weed species slightly increased in the cereal 
sole crop compared to the pea intercropped with cereal. The number of these weeds 
significantly decreased in oat sole crop and intercropped with pea, and Veronica arvensis 
decreased even in triticale sole crop and intercropped with pea. Although the presence of 
Thlaspi arvense was low, the number of weeds was significantly reduced in all cereal sole 
crops and intercrops regardless of the site. At Dotnuva site, where Polygonum persicaria and 
Polygonum aviculare were found, the cereal sole crop suppressed these weeds slightly 
sronger compared to the pea intercrop. There were significantly fewer Polygonum aviculare 
plants in wheat, oat sole crops and intercropped with pea compared to the pea sole crop, 
whereas, Polygonum persicaria was suppressed by all cereal sole crops and some of their 
intercrops with pea.  

The number of Viola arvensis was low at Dotnuva during cereal maturity stage compared to 
the findings in spring, (BBCH 32-36); the weed numbers were reduced. However, at 
Joniskelis, where the incidence of these weed species was higher, the number of weeds was 
reduced only in oat and triticale sole crops and intercropped with pea (by 1.3, 1.3 and 1.3, 
1.0 weed m-2, respectively). The number of Viola arvensis increased in pea/wheat and wheat, 
barley sole crop. At Dotnuva, the number of Veronica arvensis during the gropwing season 
was reduced in all crops 0.2-1.2 weed m-2; however, at Joniskelis, the weed number 
increased in the majority of the crops. The number of Viola arvensis was reduced in oat sole 
crop (1.8 weed m-2) and pea intercropped with oat (2.8 weeds m-2), triticale (1.8 weed m-2). 
The number of Thlaspi arvense was reduced in all crops (0.4–1.6 weed m-2) at Dotnuva and at 
Joniskelis (2.5–4.3 weed m-2). The number of Polygonum persicaria and Polygonum aviculare 
increased in the majority of crops. The number of weeds most consistently decreased in oat 
and triticale sole crops. Viola arvensis, Veronica arvensis, Thlaspi arvense, Polygonum persicaria, 
Polygonum aviculare are less harmful, the mass of the weeds was low and significantly 
decreased in the majority of crops compared to pea sole crop.  

Galium aparine and Fallopia convolvulus are common in crops. Their numbers significantly 
decreased in oat sole crop and intercropped with pea; Galium aparine was also decreased in 
pea intercropped with wheat compared to pea sole crop. Cleare advantages of intercrops 
compared to sole crops were not detected against these two harmful species of weeds.  

A strong suppressive effect of crops on Galium aparine was identified during cereal maturity 
stage when the number of weeds declined by 1.9–5.3 weed m-2 compared to the findings in 
spring. The advantages of intercrops were clear with oat, wheat and triticale intercrops 
reducing the number of Galium aparine by 5.3, 3.8 and 3.2 weed m-2, respectively, than sole 
cereal crops by 2.6, 1.9 and 1.8 weed m-2, respectively.The mass of Galium aparine decreased 
(22.9–96.1%) in all crops, except for intercropped wheat. Significantly lower mass of these 
weeds was in the oat intercrop, and oat and barley sole crop compared to pea sole crop. 

At Dotnuva, the number of Fallopia convolvulus during the growing season decreased in the 
majority of crops, except for tricticale sole crop and intercropped with pea. At Joniskelis, the 
number of these weeds increased during the whole growing season compared to the 
respective number of weeds in spring. The number of weeds markedly increased in 
intercropped barley and pea and wheat and barley sole crops. The number of Fallopia 
convolvulus decreased only in intercropped oat compared to the findings in spring. The 
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experimental crops had greater influence on Fallopia convolvulus mass rather than number. 
At both experiment sites, intercrops and cereal sole crops significantly decreased the mass of 
this weed (by 70.6-98.7% and 64.8-92.8%, respectively) except for intercrop and sole crop of 
wheat (Dotnuva) and intercropped triticale (Joniskelis) compared to pea sole crop. 

The incidence of Stellaria media was high at Joniskelis. Significantly fewer Stellaria media 
plants were recorded in cereal sole crop (except for spring barley) compared to pea sole 
crop. The number of this weed was significantly reduced by the intercrops of oat and 
triticale. The reduction in Stellaria media numbers during the cereal maturity stage was 
marked (regardless of their abundance) compared to the number of these weeds in spring, 
except for pea sole crop at Joniskelis. At both sites, this weed species was more suppressed 
by cereal sole crop than the intercrop. The highest reduction of Stellaria media was 
determined in these crops: pea / oats, oats, triticale (Dotnuva and Joniskelis) and barley sole 
crop (Dotnuva) compared to the respective weed numbers in spring.At Dotnova, the mass 
of Stellaria media was low and the influence of the crops was not significant, except for oat 
sole crop. The incidence of this weed was high at Joniskelis where the influence of crops on 
the reduction of weed mass was significant (37.7–94.8%) compared to pea sole crop. The 
mass of Stellaria media was reduced by intercropped or sole oat. Also, this weed was 
suppressed by wheat, triticale sole crop and their intercrops with pea.  

The incidence of Chenopodium album was high at Dotnuva (21.9-37.6 weeds m-2); all crops 
significantly reduced the number of this weed species compared to pea sole crop. At 
Joniskelis, the number of Chenopodium album was reduced only by oat sole crop. The 
variation of Chenopodium album numbers during the growing season showed that these 
weeds were not as intensively suppressed as other weed species at Dotnuva. The number of 
Chenopodium album reduced in intercrop and sole crop was 8.5–20.0 weeds m-2 compared to 
the respective weed numbers in spring. The number of this weed species slightly increased 
in pea sole crop. However, at Joniskelis, the number of Chenopodium album incresed in the 
majority of sole crops and intercrops, where 4-9 times fewer weeds emerged in spring. The 
number of weeds slightly decreased in wheat and oat intercrops and pea sole crop, but the 
weed incidence decreased most in oat sole crop (2.8 weeds m-2). The investigated crops at 
both experimental sites reduced the mass of Chenopodium album by 71.6-93.4% at Dotnuva 
and by 54.3-97.9% at Joniskelis compared to pea sole crop. The mass of this weed was lower 
in many cereal sole crops compared to intercrops. 

Perennial weeds Sonchus arvensis and Cirsium arvense are more frequent on a clay loam soil, 
found at Joniskelis, compared to a loamy soil found at Dotnuva. At Joniskelis, Sonchus 
arvensis was more frequent in pea sole crop. The number of this weed significantly reduced 
in wheat, oat sole crops and intercropped with pea compared to pea sole crop. At Joniskelis, 
the number of Cirsium arvense decreased in all investigated crops, except for oat sole crop. 
Significantly higher numbers of this weed were found in spring wheat and triticale sole crop 
compared to pea sole crop. The trends of variation of this weed number were similar in 
Dotnuva. The crops were less suppressivefor perennial weeds than annual weed species 
observed in the experiment.  

In spring, the number of Sonchus arvensis did not differ at either experimental site; however, 
variation of the weed numbers was noted. Consistent patterns of Sonchus arvensis variation 
were not determined in the higher density crops at Dotnuva. However, the number of 
weeds increased in all experimental crops, except for oat sole crop and intercropped with 
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pea at Joniskelis. The influence of investigated crops on perennial weeds mass was not as 
marked as on annual weeds. At Joniskelis, the mass of Sonchus arvensis was significantly 
reduced in several crops including wheat and oat sole crops, and wheat and barley 
intercrops when compared to pea sole crop. 
 

Species Place 
Sole crops and intercrops (BBCH 73) 

Ps P+SWi P+SBi P+Oi P+STi SWs SBs Os STs 

Viola arvensis 
Dotnuva 0.16 0.16 0.05 0.06 0.14 0.03* 0.05 0.00* 0.08 

Joniskelis 0.75 0.20** 0.27** 0.10** 0.52 0.18** 0.32* 0.02** 0.44 

Veronica arvensis 
Dotnuva 0.02 0.02 0.00 0.01 0.00 0.02 0.01 0.00 0.00 

Joniskelis 2.02 0.88** 0.63** 0.12** 0.72** 0.44** 0.66** 0.10** 0.88** 

Thlaspi arvense 
Dotnuva 0.72 0.01* 0.00* 0.00* 0.00* 0.00* 0.00* 0.00* 0.00* 

Joniskelis 1.11 0.31* 0.0** 0.00** 0.42 0.02** 0.01** 0.00** 0.01** 

Polygonum 
persicaria 

Dotnuva 1.00 0.39** 0.02** 0.33** 0.06** 0.11** 0.06** 0.03** 0.04** 

Joniskelis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Polygonum 
aviculare 

Dotnuva 2.16 0.44** 0.50** 0.14** 0.14** 0.03** 0.10** 0.11** 0.14** 

Joniskelis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Galium aparine 
Dotnuva 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Joniskelis 3.36 3.87 1.47 0.22** 2.59 2.33 1.04* 0.13** 1.39 

Fallopia 
convolvulus 

Dotnuva 1.53 0.51 0.21* 0.09** 0.46* 0.86 0.02** 0.20* 0.37* 

Joniskelis 9.07 2.08** 3.19** 2.46** 6.55 1.27** 2.87** 0.65** 2.36** 

Stellaria media 
Dotnuva 0.71 0.47 1.04 0.21 0.52 0.54 0.20 0.06* 0.12 

Joniskelis 8.64 5.38* 3.56** 0.96** 2.85** 1.62** 3.79** 0.45** 2.02** 

Chenopodium 
album 

Dotnuva 37.15 10.54** 5.59** 6.25** 7.68** 5.03** 3.15** 2.44** 4.15** 

Joniskelis 7.94 2.41* 1.22** 1.08** 7.27 0.88** 1.63** 0.17** 3.63* 

Sonchus arvensis 
Dotnuva 4.51 0.26 0.18 4.00 0.49 0.41 0.50 1.82 0.18 

Joniskelis 2.97 0.19* 0.24* 1.58 3.33 0.40* 0.67 0.05** 0.82 

Cirsium arvense 
Dotnuva 8.01 1.54 2.48 1.59 6.32 0.06* 0.92 0.25* 4.78 

Joniskelis 0.66 19.37* 4.55 8.03 32.53* 30.30* 18.77 1.77 19.04* 

Total mass of 
weeds 

Dotnuva 56.89 14.61** 10.27** 12.72** 15.96** 7.34** 5.36** 5.27** 10.02** 

Joniskelis 41.10 35.64 17.18* 15.28** 60.44 38.84* 30.60 4.09** 33.55 

Note. *differences are statistically significant as compared to the control at P<0.05, **-at P<0.01 
Sole crop: Ps –pea, SWs – spring wheat, SBs – spring barley, Os –oat, STs – spring triticale; intercrop: 
P+SWi – pea and spring wheat, P+SBi – pea and spring barley;  P+Oi – pea and oat,  P+STi – pea and 
triticale 

Table 9. The weed dry matter mass (DM g m-2) of the most important species in sole crops 
and intercrops, data averaged over 2007-2010  

At Joniskelis, the number of Cirsium arvense increased during the growing season in all 
investigated crops compared with its number in spring. At Dotnuva, an increase in the 
number of this weed was not consistent. The number of these weeds was slightly reduced 
by pea sole crop and intercropped with wheat and barley. More weeds germinated in cereal 
sole crop compared to intercrops at both expermental sites. The variation of Cirsium arvense 
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mass differed between the experimental sites. At Dotnuva, Cirsium arvense mass was 

reduced in the wheat and oat sole crops of higher density but in other investigated crops, we 
established only a trend towards weed reduction. At Joniskelis, the mass of this perennial 
weed increased in all investigated crops, particularly in the wheat and triticale sole crops 
and their intercrops compared to pea sole crop. 

Statistical data analysis showed that productive stem density had the greatest effect on weed 
suppression, while the effect of crop height and mass had a lesser affecting both soil 
conditions. In loamy soil (Dotnuva), the total number and mass of weeds were significantly 
related to the productive density (r= – 0.922, P<0.01, r= – 0.909, P<0.01) within the range 
109–478 stems m-2. In clay loam soil (Joniskelis), where productive crop density was lower 
(81–355 stems m-2), the total number of weeds were significantly reduced by the height of 
crop (r= – 0.830, P<0.01). 

Annual weed species had variable responses to the crop density, height and mass. At 
Joniskelis, the number of Stellaria media was significantly reduced with increasing 
productive density, height and mass of crops (r= – 0.685, P<0.05; r= – 0.952, P<0.01; r= – 
0.816, P < 0.01, respectively) and the mass of this weed (respectively r= – 0.820, P<0.01; r= – 
0.834, P<0.01; r= – 0.720, P<0.05). At Dotnuva, in the treatments with a lower Stellaria media 
incidence the weed mass was most markedly reduced by crop height (r= – 0.701, P<0.05). 
The investigated crops gave a good suppression of the following annual weeds as well: 
Veronica arvensis, Thlaspi arvense, Polygonum aviculare, Fallopia convolvulus. At Joniskelis, the 
number and mass of Fallopia convolvulus was significantly reduced as productive density of 
crops increased (r= – 0.759, P<0,05; r= – 0.930, P<0.01, respectively). The number of these 
climbing weeds was also significantly reduced by the height and mass of crops (r= – 0.818, 
P<0.01; r= – 0.799, P<0.01, respectively). 

All crops competed well with Veronica arvensis. The number of this weed was significantly 
reduced by the height and mass of the crop (r= – 0.862, P<0.01; r= – 0.681, P<0.05, 
respectively), but weed mass was reduced by the productive density and height of crops (r= 
– 0.789, P<0.05; r= – 0.695, P < 0.05, respectively). At Dotnuva, a consistent pattern was not 
determined due to lower incidence of Fallopia convolvulus and Veronica arvensis. For Thlaspi 

arvense, the findings at the Dotnuva site were similar to those at Joniskelis. The number and 
mass of Thlaspi arvense were significantly reduced by the productive density of crops (r= – 
0.823, P<0.01; r= – 0.821, P<0.01, Dotnuva and r= – 0.821, P<0.01; r= –0.889, P<0.01, 
respectively at Joniskelis). The data of suppression are less consistent for Galium aparine and 

Chenopodium album which are harmful weed species in this region. At Dotnuva, in denser 
crops, Chenopodium album numbers and mass were significantly reduced by the productive 
density of crops (r= – 0.867, P<0.01; r= – 0.873, P<0.01, respectively). At Joniskelis, in thinner 
crops, productive density of crops significantly reduced only weed mass (r= – 0.783, P<0.05). 

Galium aparine is a climbing weed; therefore, the spread of this weed was negatively 
influenced by increasing productive stem numbers and crop height (r= – 0.671, P<0.05; r= – 
0.670, P<0.05, respectively). The data of perennial weeds showed that Sonchus arvensis was 
suppressed more than Cirsium arvense. At Joniskelis, the spread of Sonchus arvensis 
depended on the density (r= – 0.719, P < 0.05), height (r= – 0.814, P<0.01) and mass (r= – 
0.754, P<0.01) of crops. Also, the mass of Sonchus arvensis decreased due to increasing 
productive density of crops (r= – 0.731, P<0.05). At Dotnuva, Sonchus arvensis spread less; 
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therefore, the relationship was determined only between the number of this weed and 
productive density of crops (r= – 0.670, P<0.05). At Dotnuva, a strong relationship (r= – 
0.856, P<0.01) was established between Cirsium arvense numbers and productive density of 
crops. 

The relationship established between the total number and mass of weeds and intercrop 
competitive ability indicators (aggressivity - Ac; competition rate - CRc) showed that, with 
increasing competition rate of intercrops, weed incidence declined. This relationship was 
determined only at Joniskelis where the productive density was lower, the variation rate of 
CRc was higher, and weed species diversity and numbers were increased. With changing 
competition rates (0.54–15.63), weed number and mass declined by a linear inverse 
relationship. The correlation was medium (r= – 0.551, P<0.05; r= – 0.5031, P<0.05, 
respectively). 

Researchers from five countries: Denmark, United Kingdom, France, Germany and Italy 
investigated the influence of pea and barley intercrop sown at different ratios – 45 peas and 
150 barley plants m-2, and 90 peas and 150 barley plants m-2 - on dry matter of weeds. The 
control of weeds was similar in sole barley and in intercrops, and no difference was 
established between the substitutive and the additive intercrops (Dibet et al., 2006). 
Researchers report the advantages of various intercropping managements such as pea with 
wheat against weeds (Szumigalski & van Acker, 2005), pea with barley (Hauggaard-Nielsen 
et al., 2006), and pea with oats (Rauber et al., 2001). Diversity of weeds was decreased in 
intercrops in comparison with sole crop (Gharineh & Moradi Telavat, 2009). Like cultivated 
plants, weeds obtain nutrients through root uptake from the soil solution. As a result, weeds 
and crops compete for space, nutrients, water and light. Both weeds and crop plants are 
similar in chemical composition; therefore, weeds can accumulate similar or even higher 
amounts of nutrients than crops (Lazauskas, 1990). Nitrogen increases weed and crop 
biomass (Kristensen et al., 2008). Peas use little nitrogen from the soil since they can fix 
atmospheric nitrogen for use. As a result, peas provide good conditions for weed growth, 
especially for high nitrogen demanding weed species. Dibet et al. (2006) reported a lower 
nitrogen concentration, 0.8 g m-2, in weed mass due to competition between weed and cereal 
in intercrops compared to pea sole crop.  

Statistical analyses of sole crop and intercrop grain yields and weed numbers and variation 
are presented in Figure 1.  

Strong, inversely proportional relationships were established between grain yield and total 
weed number, and between grain yield and weed number variation during the growing 
season. This means that the number of weeds and their variation conversely affected crop 
yield. These relationships were determined only in lower density crops in clay loam soil 
(Joniskelis) when weed incidence markedly increased. The analysis of the statistical data 
suggested that an increase in the total weed number by one weed (regardless of the species) 
resulted in a grain yield reduction by 27.3 kg ha-1 (Figure 1a). The investigated crop 
competition characteristics describe the relationship between crop yields and weed number 
variation during the growing period. The grain yield changed 18.8 kg ha-1 by an inverse 
trend when changing one weed (Figure 1b). The relationship between grain yield and total 
weed mass was not significant (r= – 0.564, P>0.05). This relationship could determine 
perennial weed mass, which was especially high and the weeds were spread unevenly. It 
can be maintained that, in clay loam soil (Joniskelis), the majority of the investigated crops 
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were not strongly competitive and, during maturity stage, there remained 71.3-49.2 weeds 
m-2 in crops which had a negative impact on grain yield. Oat sole crop and intercropped 
with pea markedly differed from other investigated crops in that 19.6 and 25.8 weeds m-2 
remained during the maturity stage. At Dotnuva, this relationship was not determined. The 
number of weeds decreased by 54.7-27.0 m-2 and such weed incidence had no significant 
negative effect on the crop productivity. This shows that sustainable plant communities are 
formed under organic farming conditions. 
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Fig. 1. The correlation between grain yield of sole crop, intercrop and total number of weeds 
(a), and their variation during grain-filling stage (BBCH 73) (b),Joniskelis 2007-2010 

2.2.4 The effect of intercrops on subsequent crops in a crop rotation 

During 2007-2010, studies were conducted at Joniskelis to assess the incidence of weeds in 
the intercropping system. The studies were set up during the transitional period from 
conventional to organic farming. The dynamics of weed germination (at crop growth stage 
BBCH 32-36) in the crop rotation is summarized in Table 10. In the spring of 2007, the 
highest number of weeds was in the pea sole crop. In various spring cereals and their 
intercrops with pea, weed density decreased by 1.7-35.7% compared to pea sole crop.  

The averaged data suggested that the number of weeds in intercrops was slightly lower 
compared to cereal sole crops. After various sole cereal crops and intercrops with pea, as 
pre-crop to spring wheat (2008), the number of weeds in spring wheat was similar to that in 
the pre-crop (2007); however, in spring wheat grown after pea, weed numbers were the 
lowest. In spring wheat grown after various cereal sole crops and their intercrops with pea, 
the number of weeds increased by 3.6-69.4% compared with spring wheat grown after pea 
sole crop.  In the third year (2009), under an organic cropping system, weed density 
significantly increased in sole cereal crops and their intercrops with pea. Weed germination 
was 1.8 times higher than that in 2007 or 2008. The number of weeds in pea sole crops 
increased by 50.7 m-2 on average, with an increase of 26.5 m-2 in intercrops and 12.5 m-2 in 
cereal sole crop compared to the 2008 spring period. The number of weeds was significantly 
(P<0.01) influenced by crops. Like in 2007, the highest number of weeds was in pea sole 
crop. The number of weeds decreased by 17.1-53.3% in all other crops tested. Weed 
germination was significantly lower in oat intercrop and cereal sole crops. The variation of 
total weed numbers in 2010 was low in winter wheat grown after pea, cereal sole crops and 
intercrops compared to that in 2009. However, weed germination depended on different 
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pre-crops. Weed density decreased by 23.3 m-2 in wheat grown after pea sole crop, but weed 
numbers increased on average by 3.3 and 8.6 m-2, respectively, after intercrops and cereal 
sole crops compared to the 2009 spring period. Different pre-crops did not have any 
significant influence on weed density in winter wheat. 
 

Rotation 
Total 

number 
over crop 
rotation 

Averaged 
number 
over the 

year 

Intercrop and sole 
crop 2007 

Spring 
wheat 

(SWs) 2008

Intercrop and sole crop 
2009 

Winter 
wheat 
(WWs) 

2010 
crop weed m-2 crop weed m-2 
Ps 35.3 19.3 Ps 70.0 46.7 171.3 42.8 

P+SWi 26.0 20.0 P+Oi 51.3* 62.0 159.3 39.8 
P+SBi 22.7 32.7 P+STi 58.0 58.0 171.3 42.8 
P+Oi 34.7 24.7 P+SWi 54.0 66.0 179.3 44.8 
P+STi 26.0 34.7 P+SBi 54.7 45.3 160.7 40.2 
SWs 27.3 27.3 Os 35.3** 47.3 137.3** 34.3 
SBs 34.7 28.7 STs 52.7* 52.7 168.7 42.2 
Os 24.0 28.0 SWs 32.7** 47.3 132.0** 33.0* 
STs 27.3 32.7 SBs 46.0** 54.0 160.0 40.0 

Mean 28.7 27.6 Mean 50.5 53.3 160.0 40.0 
intercrop 27.4 28.0 intercrop 54.5 57.8 167.7 41.9 
sole crop 28.3 29.2 sole crop 41.7 50.3 149.5 37.4 

Note. *differences are statistically significant as compared to the control at P<0.05, **-at P<0.01 
Sole crop: Ps –pea, SWs – spring wheat, SBs – spring barley, Os –oat, STs – spring triticale; intercrop: 
P+SWi – pea and spring wheat, P+SBi – pea and spring barley; P+Oi – pea and oat 

Table 10. The dynamics of weed germination in the crop rotation with cereal sole crop and 
intercrop, 2007-2010, Joniskelis 

Over a four-year period, the total number of weeds ranged from 132.0 to 179.3 m-2. In the 
crop rotation with intercrops, the weed germination was 12.2% or 18.2 weeds m-2, higher 
compared to the crop rotation with cereal sole crops. Significantly lower weed germination 
was seen in the four-course crop rotation, including oat sole crop: Os – SWs –SWs – WWs; 
SWs – SWs – Os – WWs, compared to the rotation including pea sole crop (Ps – SWs – Ps – 
WWs). 

The number of weeds and their variation during cereal maturity stage (BBCH 73) are 
presented in Table 11. During the first experimental year (2007), the intercrops and sole 
crops were competitive and gave a good suppression of weeds. The number of weeds 
decreased by 12-28 m-2 compared to that in spring. According to the averaged data, the 
intercrops and sole crops did not differ markedly in their ability to suppress weeds. The 
number of weeds decreased by 20.9-79.1% in cereal sole crops and intercrops compared to 
pea sole crop. Significantly lower numbers of weeds were found in wheat and oat intercrops 
and oat sole crops during the cereal maturity stage. At the cereal maturity stage, the number 
of weeds was on average 4.3 times higher in spring wheat (2008) grown after various cereal 
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sole crops and intercrops compared to the corresponding period in 2007. Although in 2008 
weed emergence was similar to that in 2007, the number of weeds in spring wheat increased 
by an average 1.7 times compared to that during the spring period. 

Averaged data showed that in the wheat crop grown after intercrops, the number of weeds 
increased by 20 m-2, by 17.9 m-2 after sole crops and by 24.7 m-2after pea, compared with the 
respective data in spring. Comparison of the effects of various pre-crops on weed incidence 
in spring wheat showed that the number of weeds declined in pea/oat, sole barely and oat 
crops (by 6.1, 19.8 and 15.2%, respectively), compared with pea sole pre-crop. However, 
these differences were not significant.  

In 2009, the number of weeds further increased. In sole cereal crops and intercrops, during the 
cereal maturity stage, the number of weeds was 97.1 m-2, which was 2 times higherthan during 
the same period in 2008, and 1.9 times more than in spring (2009). Compared with the spring 
period, weed numbers in pea crop increased by 76 m-2, in intercrops by 49.3-54.0 m-2 (except 
for pea/oat crop) and in sole cereal crops by 53.3-77.3 m-2 (except for oat crop). Weed numbers 
declined in pea/oat and sole oat crops by 2.0 and 6.6 m-2 or 3.9 and 18.7% respectively, 
compared with the respective data in spring. All intercrops and cereal sole crops significantly 
decreased weed numbers by 15.5-80.3%, except for the sole triticale crop, compared with pea 
crop. Averaged data suggest that sole cereal crops suppressed weeds slightly more than 
intercrops. The lowest weed incidence was recorded in pea/oat and sole oat crops.  
 

Rotation Total weed 
number 
during 

crop 
rotation 

Averaged 
number 
over the 

year 

Intercrop and sole 
crop 2007 

Spring 
wheat 

(SWs) 2008

Intercrop and sole 
crop 2009 

Winter 
wheat 
(WWs) 

2010 
Crop weed m-2 crop weed m-2 

Ps 17.7 44.0 Ps 146.0 91.3 299.0 74.8 
P+SWi 8.7* 51.3 P+Oi 49.3** 66.7** 176.0** 44.0** 
P+SBi 10.7 53.7 P+STi 112.0* 110.0 286.3 71.6 
P+Oi 6.7** 41.3 P+SWi 103.3* 112.7 264.0* 66.0 
P+STi 13.3 45.7 P+SBi 108.7* 88.7 256.3** 64.1 
SWs 11.0 58.7 Os 28.7** 70.0 168.3** 42.1** 
SBs 14.0 35.3 STs 106.0* 102.0 257.3** 64.3 
Os 3.7** 37.3 SWs 96.7** 80.7 218.3** 54.6* 
STs 10.0 45.0 SBs 123.3 88.7 267.0* 66.8 

Mean 10.6 45.8 Mean 91.7 90.1 243.6 60.9 
Intercrop 9.9 48 intercrop 93.3 94.5 245.7 61.4 
sole crop 9.7 44.1 sole crop 88.7 85.4 227.8 56.9 

Note. *differences are statistically significant as compared to the control at P<0.05, **-at P<0.01 
Sole crop: Ps –pea, SWs – spring wheat, SBs – spring barley, Os –oat, STs – spring triticale; intercrop: 
P+SWi – pea and spring wheat, P+SBi – pea and spring barley; P+Oi – pea and oat 

Table 11. The variation of weed numbers in the crop rotation with intercrops and sole crops 
at cereal maturity stage, 2007-2010, Joniskelis 
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In 2010, at the winter wheat maturity stage, weed numbers differed little from that in 2009. 
However, compared with the spring period, weed numbers increased an average of 1.7 
times. Averaged data indicate that the greatest increase in weed numbers occurred in winter 
wheat grown after pea; a smaller increase occurred after intercrops and sole crops. 
Compared with pea, significantly lower weed numbers were determined in winter wheat 
crop grown after pea/oat intercrop. 

Various crop rotations had significant effects (P<0.01) on the total weed number during 
cereal maturation stage. The highest number of weeds over a four-year period was 
established in the crop rotation with pea (Ps – SWs – Ps – WWs). Inclusion of semi-leafless 
pea in the crop rotation tended to increase crop weed incidence. In all other crop rotations 
with sole cereal crops or pea/cereal intercrops, the total weed incidence significantly 
declined by 10.7-43.7% (except for the crop rotation: P+SBi – SWs – P+STi - WWs), compared 
with the crop rotation with pea (Ps – SWs – Ps – WWs). Averaged over one year, 
significantly lower weed incidence was in the following crop rotations: P+SWi – SWs – P+Oi 
– WWs; SWs – SWs – Os – WWs and Os – SWs – SWs – WWs, compared with the crop 
rotation including pea.  

Weed mass variation in different crops at cereal maturation stage (BBCH 73) is presented in 
Table 12. For the first year (2007) in intercrops and sole cereal crops, the weed incidence was 
low; consequently, their mass was low. Compared with pea crop, in all intercrops and sole 
cereal crops weed mass was significantly lower (61.1-97.3%). The lowest weed mass was 
recorded in oat and its intercrops with pea. The mass per weed varied in a similar way 
(except for pea/triticale crop). Averaged data suggest that higher total weed mass and mass 
per weed was in intercrops, compared with sole crops.  

In the next year (2008), in spring wheat crop grown after different pre-crops, weed mass 
increased by 1.9 times. Different pre-crops exerted varying effects. When spring wheat had 
been grown after pea, the total weed mass declined by 2.0 times; after intercrops, it 
increased by 3.0 times and after sole cereals it increasedby 3.7 times, compared with 
respective weed mass in 2007. Pea/barley and pea/triticale intercrops tended to increase 
weed mass in spring wheat, compared with pea pre-crop. Other crops, as pre-crops, reduced 
weed mass. Averaged data indicate that the highest mass per weed was in spring wheat 
grown after pea sole crop; weed mass was lower after intercrops and it was the lowest after 
sole cereal crops. Pea/oat intercrop and sole spring wheat crop as pre-crops significantly 
reduced mass per weed compared with pea as pre-crop. Reduction of mass per weed 
decreased viability and number of mature seeds (Lazauskas, 1990; Liebman & Davis, 2000). 

In the third year of the crop rotation, when growing various species of cereals and their 
intercrops with pea, the total weed number increased by an average of 3 times, compared 
with the average total weed mass in 2008, or by 5.6 times, compared with 2007. Many of the 
tested crops significantly reduced weed mass by 70.4-96.3% (except for pea/triticale and 
triticale crops) compared with sole pea crop. Significantly lower mass per weed was 
determined in sole cereal crops (except for triticale) and pea/barley crops, compared with 
pea crop. 

In the final year of the experiment (2010), in the winter wheat crop, total weed mass 
increased by an average of 29.6% compared with that in 2009. After different pre-crops, total 
weed mass was variable. In winter wheat grown after pea, total weed mass declined by 
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34.3%, after intercrops and sole crops it increased by 23.7 and 94.3%, respectively, compared 
with the respective data in 2009. Significantly lower total weed mass and mass per weed in 
winter wheat was recorded when it was grown after pea/oat and sole oat crops.  
 

Rotation Total 
weed 
mass 
over 
crop 

rotation 
(g ) 

Intercrop and sole crop 
2007 

Spring wheat 
(SWs) 2008 

Intercrop and sole crop 
2009 

Winter wheat 
(WWs), 2010 

crop 

weed mass 

crop 

weed mass 

total 
(g m-2) 

single 
weed (g)

total 
(g m-2)

single 
weed (g)

Total 
(g m-2) 

single 
weed (g)

total 
(g m-2) 

single 
weed (g) 

Ps 23.65 1.338 12.11 0.275 Ps 67.27 0.461 44.17 0.484 147.2 
P+SWi 1.77** 0.204** 10.02 0.195 P+Oi 12.44** 0.252 16.51** 0.248* 40.74** 
P+SBi 3.21** 0.301** 13.58 0.253 P+STi 71.80 0.641 41.10 0.374 129.69 
P+Oi 1.23** 0.184** 7.12* 0.172* P+SWi 19.93** 0.193 60.33 0.535 88.61* 
P+STi 9.19** 0.689 14.73 0.322 P+SBi 18.61** 0.171* 33.97 0.383 76.5** 
SWs 2.71** 0.247** 6.66* 0.113* Os 2.50** 0.087** 13.72** 0.196** 25.59** 
SBs 2.57** 0.184** 7.63 0.216 STs 51.03 0.481 52.25 0.512 113.48 
Os 0.63** 0.171** 8.80 0.236 SWs 9.05** 0.094* 37.06 0.459 55.54** 
STs 2.91** 0.291** 9.22 0.205 SBs 15.01** 0.122* 47.78 0.539 74.92** 

Mean 5.32 0.401 9.99 0.221 Mean 29.74 0.278 38.54 0.414 83.59 
intercrop 3.85 0.345 11.36 0.236 intercrop 30.70 0.314 37.98 0.385 83.89 
sole crop 2.21 0.223 8.08 0.193 sole crop 19.40 0.196 37.70 0.427 67.38 

Note. *differences are statistically significant as compared to the control at P<0.05, **-at P<0.01 
Sole crop: Ps –pea, SWs – spring wheat, SBs – spring barley, Os –oat, STs – spring triticale; intercrop: 
P+SWi – pea and spring wheat, P+SBi – pea and spring barley; P+Oi – pea and oat 

Table 12. The variation of weed mass in the crop rotation with intercrops and sole crops 
during cereal maturity stage, 2007-2010, Joniskelis 

Summarised data show that in cultivated heavy loam Cambisol, during the transition period 
from an input-intensive to an organic cropping system, weeds emerged more intensively in 
the third and fourth years of the crop rotation. Averaged data evidence that, in the crop 
rotations with sole cereal crops and intercrops, weed numbers annually increased. In the 
crop rotation with pea, the pea promoted weed emergence; pea as pre-crop effect on wheat 
reduced weed emergence. During the four year, significantly fewer weeds emerged in the 
crop rotation with sole oat crop. 

During the cereal maturity stage, weed numbers and mass were more markedly influenced 
by sole cereal crops and their intercrops with pea compared with their effect as pre-crops. In 
the first year, compared with the spring period, weed numbers during the growing season 
markedly declined; over the following years, weeds were suppressed less and their numbers 
increased. Cereal sole crops and intercrops had a greater  suppression of weeds during the 
growing season; therefore, their numbers per rotation (except for the crop rotation P+SBi – 
SWs – P+STi + WWs) and mass (also except for the crop rotation P+SBi – SWs – P+STi –
WWs and SBi – SWs –STi – WWs) were significantly lower compared with the crop rotation 
with pea. Over the four years, during the cereal maturity stage in the crop rotations with 
intercrops, the total number of weeds was an average of 17.9 m-2 higher and 55.3 m-2 lower, 
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and the total weed mass by 16.51 g m-2 higher and 63.31 g m-2 lower, compared with the 
crop rotations with sole cereals or pea. Averaged data indicate that for any one year, 
significantly fewer weeds were in the crop rotation including oat or its intercrop with pea. 
Literature provides data on allelopathy effects against weeds due to direct or indirect release 
of chemicals from live or dead plants (including microorganisms) (Bhadoria, 2011). The 
effect of sole oat crop against weeds was longer-lasting than that of pea/oat intercrop. This 
finding is consistent with other researchers’ evidence suggesting that the sequence of 
oat/pea intercrop harvested for forage followed by winter wheat will suppress warm-
season weeds during the 2-year interval (Anderson, 2010).  

3. Conclusions  

The weed suppression effect of intercrops verses sole crops markedly differed during the 
plant growing period. Competitive abilities of crops were determined by plant productive 
density, height, mass, index of aggressiveness of cereals (Ac), and competition rate (CRc). 
More stable productive densities of intercrops were obtained in a loam soil (286-346 stems 
m-2) compared to a clay loam soil (211-275 stems m-2). Productive stem density of pea in crop 
structure was similar. According to plant height, spring cereals ranked as follows: oat > 
triticale > wheat > barley. Pea plants were the shortest and their height and mass tended to 
decline in intercrops. In intercrops, cereals had greater influence on weed suppression than 
pea.  

During the crop growing season, sole cereals and pea/cereal intercrops provided better 
weed suppression than pea (semileafless pea cultivars). At Dotnuva, in denser crop 
densities, the total weed numbers during the maturity stage declined by 12.4-28.8 weeds m-2 

compared with that in spring;in pea crops, the reduction amounted to 3.1 weeds m-2. At 
Joniskelis, in the crops with a lower population density, the effect on weeds was lower. At 
lower crop population densities, weed suppression differences between sole crops and 
intercrops were inappreciable. At both experimental sites, the best weed suppression was 
exhibited by sole oat crop and its intercrop with pea; total weed numbers during the 
maturation stage declined by 24.4–28.8 weeds m-2 and 21.0–30.1 weeds m-2, respectively, 
compared with the spring period. At Dotnuva, all crops significantly reduced weed mass by 
72.0-90.7%, compared with pea crop. At Joniskelis, due to higher and uneven incidence of 
Cirsium arvense, the variation of weed mass was less consistent. According to increasing total 
weed mass, the crops ranked as follows: cereals < intercrops < pea. The lowest weed mass 
was identified in sole oat crop.  

The variation of total weed numbers and mass was influenced by weed species. With low 
incidence of Viola arvensis, Veronica arvensis, Thlaspi arvense and more abundant counts of 
Galium aparine, all crops tended to reduce weed numbers compared with the spring period. 
With higher incidence of Viola arvensis, Veronica arvensis and Galium aparine (Joniskelis), their 
number (for Galium aparine also mass) decreased most in pea / oat and oat crops, compared 
with pea crop. With higher incidence of Fallopia convolvulus, its numbers were reduced only 
by pea/oat crop, while other crops increased its number compared with the spring period. 
However, Fallopia convolvulus, Viola arvensis, and Veronica arvensis mass significantly 
declined compared with that in pea crop. Sole cereal crops gave a better suppression of 
Stellaria media compared with intercrops. When the incidence of this weed was high, all 
crops significantly reduced its mass, compared with pea crop. In spring, when the incidence 
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of Chenopodium album was very high (32.8-41.9 m-2) at the Dotnuva site, the number and 
mass of this weed significantly declined in intercrops and cereal crops compared with pea 
crop. When the incidence of this weed was lower (4.2-8.5 m-2), only its mass declined more 
markedly compared with pea crop. At both experimental sites, sole cereal crops, particularly 
especially oat, reduced weed mass more appreciably than intercrops. Crops had the lowest 
suppressive effect on perennial weeds, Sonchus arvensis and Cirsium arvense. In many crops, 
the number and mass of these weeds increased. Slightly less sensitive to crop suppression, 
especially to oat and pea / oat intercrop, was Sonchus arvensis. An increase in crop 
productive density had a significant negative effect on the number and/or mass of many 
weed species. For many climbing weed species, Galium aparine and Fallopia convolvulus, an 
increase in crop height significantly reduced their density. Short-growing weeds Veronica 
arvensis Stellaria media responded negatively to many competitive properties of crops.  

The greatest negative effect on crop grain yield (2896.6–4270.4 kg ha-1) in a clay loam soil 
(Joniskelis) was exerted by weed numbers during crop maturation stage and its variation 
during the crop growing season. With a simultaneous increase in the number of these weeds 
(19.6-71.3 m-2 range), the yield of the crops tested statistically declined by 27.3 kg ha-1. It was 
calculated that during the crop growing season, with one suppressed weed, grain yield 
increased by 18.8 kg ha-1. In loamy soil (Dotnuva), the remaining number of weeds (27.0-54.7 
weed m-2) during cereal maturity stage did not have any significant effect on crop yield 
(2555.4-3002.9 kg ha-1).  

On a cultivated, heavy loam Cambisol, during the transition period from an intensive to an 
organic cropping system, the highest number of weeds emerged and persisted through the 
growing season in the third and fourth years of crop rotation. During the cereal maturity 
stage, sole cereal crops and their intercrops with peas had the greatest impact on weed 
numbers and mass, compared with their effect as pre-crops. Sole cereal crops and intercrops 
suppressed weeds during the growing season; therefore, in many crop rotations weed 
numbers and mass were significantly lower compared with a crop rotation with pea. Over a 
four-year period, during the maturity stage of cereals, in the crop rotations with intercrops, 
the total number of weeds was an average of 17.9 m-2 higher and 55.3 m-2 lower, and the 
total mass by 16.51 g m-2 higher and 63.31 g m-2 lower, compared with the respective crop 
rotations with sole cereal crops or pea. Averaged data showed, that during one year, 
significantly lower numbers of weeds were in the crop rotation with oat or its intercrop with 
pea. 
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