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EVALUATION OF WEED INFESTATION OF MAIZE CULTIVATED
WITH SELECTED PLANT SPECIES

Summary

IN MIXED SOWING

The aim of the study was to evaluate the weedtaties of maize grown in mixed sowing with othearplspecies (sun-
flower, common bean, vetch). The field experimemt warried out in the years 2014-2016 at the edeohkigfarm in
Chwalowice, belonging to the Advisory Agricultu@énter in Radom, using the randomized block metimod, replica-
tions, on the soil of the good wheat complex, diasAn assessment of species composition, spatiendance, fresh and
air dry weed weight and biomass index were detezthiThe analysis showed that the mix sowing ofeanaith different
plant species significantly reduced weed infestatithe highest weight of weed was found in mailtivation in pure sow-
ing. The most competitive with weeds was maize mgiownix sowing with sunflower, where weed weigas weduced by
36% compared to pure maize sowing. The number efl wpecies in the maize cultivated in mixed sowinte studied
crop species varied considerably over the yeaith®fstudy. Most weed species were identified ifitkieyear of the study
(average of 23 species), characterized by high tim@scontent, and the lowest in the third yeartsf study (average of 8
species). The lowest values of the biomass indethéothree years of the study were found for adrédnd maize grown
with common bean. While the largest for maize growmixed sowing with sunflower.

Key words maize, mixed sowing, weed infestation, ecolaginf weed biomass

ZACHWASZCZENIE KUKURYDZY UPRAWIANEJ WSPOtRZ EDNIE Z WYBRANYMI
GATUNKAMI RO SLIN

Streszczenie

Celem bada byta ocena zachwaszczenia kukurydzy uprawianepivzgpnie z innymi gatunkami $tin (stonecznik, fasola
zwyczajna, wyka). Bwiadczenie polowe przeprowadzono w latach 2014-20®spodarstwie ekologicznym w Chwato-
wicach, nalégcym do CDR w Radomiu, metotdlokéw losowanych, w 4 powtdrzeniach, na glebimdeksu pszennego
dobrego, kl. llla. Przeprowadzono oeesktadu gatunkowego, liczehito poszczegdlnych gatunkéw, oznaczéniezqg i
powietrznie such mag chwastéw oraz okstono wspoélczynnik biomasy. Analiza wykazatpprawa wspotdna kuku-
rydzy z rénymi gatunkami rdin istotnie ograniczata zachwaszczenie. Naksi; mag chwastoéw stwierdzono w uprawie
kukurydzy w zasiewie czystym. Natomiast najbarépiggurencyjny w stosunku do chwastéw byt tan kuday uprawianej
wspotrzdnie ze stonecznikiem, gdzie masa chwastow zagtdikowana o 36%, w poréwnaniu do czystego zagkewu
kurydzy. Liczba gatunkéw chwastéw we wspdingch zasiewach kukurydzy z badanymi gatunkadiinroprawnych
zmieniala s istotnie w poszczego6lnych latach badhlajwiecej gatunkéw flory segetalnej rozpoznano w piermsegku
badai (srednio 23 gatunki), charakteryzigym s¢ duzq iloscig opaddéw, natomiast najmniej w trzecim roku badaednio

8 gatunkow). Najabz; wartasé wspoétczynnika biomasy dla trzech lat baddwierdzono dla obiektu kontrolnego oraz w
uprawie kukurydzy z faspINatomiast najwiksze dla kukurydzy uprawianej wspétiaie ze stonecznikiem.

Stowa kluczowekukurydza, siew wspokdny, zachwaszczenie, gospodarstwo ekologiczne abmohwastow

1. Introduction the early growth periods [9]. Interspecific competi is
weaker than intra-species competition, which itusriced
The mixed sowing of maize with legumes allows forby agrotechnical factors such as mineral ferti@ator
increased protein content in the fodder although ithh  sowing proportion [12].
crease in total yield may be insignificant as ailtesf com- The aim of the study was evaluation of weed ifish
petition for light and water [2]. Mixed sowing alsdlow  of maize cultivated mix sowing with other specisssan-
for higher yield of fresh and dry matter from therface flower, common bean, vetch.
unit [1, 4, 10, 16], and more efficient use of rertts to re-
duce crop expenditure [5, 19]. There is also leslks of
weed [6]. The mixed sowing of maize with legumesigs
sociated with the interaction of plants. In maizews C4
photosynthesis, which results in a high competifmmwa-
ter, sun light, nutrients and space for the devalamt of

2. Material and methods

The field experiment was carried out in the ye20$4-
2016 at the ecological farm in Chwatowice [5158IN
21°1817"E], belonging to the Advisory Agricultural Center

roots and above ground parts, thus reducing thiel yié
legumes and maize [11]. Mixed sowing of the twocspe
is similar to that of legumes alone grown with gased

in Radom, using the randomized block method, iaplica-
tions, on the soil of the good wheat complex, cldss The
following items were compared: control — maize (Sowop

sowing rate. Weakening of growth and morphologicakultivar, 240 FAO) (A), plant species: sunflower) (Betch

changes may be a result of shading by maize, edjyeii
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(C), common bean (D). The area of a plot was 3C,0Time
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contents of available nutrients amounted kg soil):
phosphorus — to 35,6; potassium — to 21,4 and nsagmne-
to 4,4. Soil pH, as determined in 1 N KCI, was &/ineral
fertilization was not used. Maize was sown on 24\pfil,
while vetch and common bean — 30 of April, and Ewnér
— depending on year of the study between 30 ofl Aprl8
of May. Plants were harvested at the milk-douglyestaf
mixture components at the first decade of September
Weed infestation was analyzed a couple days bdfare
vesting plants, on the surface of 0,5 mith four replica-
tions. The study included an evaluation of weedcigse
composition, number of individual species and tesigha-
tion of fresh and dry matter of weeds. For comparisf
weed infestation of maize depending on plant sgetie
mixed sowing, the biomass index was determined cahd
culated for two years (2015 and 2016) accordingh®
formula by Patriquin [13]:

croplbiomass<100

weedbiomasst cropbiomass

Biomasdindex=

The dry matter of the above ground of plants ardds
from the surface of 1frwere taken into account.
Assessing the significance of the impact of thesmered
factors on the features under investigation wasdas the
variance analysis, indicating Tukey’'s confidencelf-ha
intervals at a significance level of 0,05.

3. Results and discussion

Comparative analysis of the results showed that t
weed infestation of maize depended on the specits w
which it was cultivated, the year of the study ahe
weather conditions during the vegetation perioc(&4).

Table 1. Weather conditions during the vegetatiemnaals
Tab. 1. Przebieg warunkéw pogodowych w okresie taege

cji roslin
Month Sum
/
N Ye Me-
Speciication | o 1y 1y v (v \f' \If IX | an
(-
1X)
Rainfalls 2014| 617] 569 184 467 177 1BL |03 7028
(mm) 2015| 6200 492 MO 460 317 135 05 3M9
2016| 65 178 41y 378 269 757 447 3101
Rainfalls mean from
multi-years (mm) Sl W M O A A A o
2014| 65| 102 140 147 207 1832 141 183
I%Tpe'at“re 2005| 52| 86| 130 173 01 24 204 153
2016| 41| 103 150 193 190 186 161 1R9
Temperatu re mean 4
from multi-years (°C) 25| 84| 138 164 185 180 132 130

Source: /Zrédio: Database of Meteorological Service of IUNG-

PIB / Baza danych Stacji Meteorologicznej IUNG-PIB

Course of weather conditions were different in ybars of
study. In the first year of the study (2014), escebmois-
ture (due to heavy rainfall) in April, May, July diugust,
exceeding the 77, 76, 28 and 298% respectivelyhef t
multi-year norm for these months. The sum of priégijon
during the vegetation period that year exceedednrthki-

May, excess of moisture was noted, exceeding tié 38
multi-year norm for that month, while in June, Japd
August, the deficit was 39, 74, 80% of the multayaorm,
respectively. The third year of research (2016) thadeast
favorable in terms of precipitation. Between Apnild July,
moisture deficiency was observed. The largest iefias
found in May and July respectively: 59 and 74% o t
multi-year norm. In addition, the amount of pretaftion
during the vegetation period that year was 36% falvan
the average for many years. According to Zaliwskd a
Gorski [18], the sum of effective temperatures abtve
6°C threshold for maize with hybrids less than 24Q0si-
lage is less than 1200°C.

Cultivation of maize with selected crop speciesn{s
flower, vetch and common bean) significantly redldae
condition of weed infestations. The greatest weddsta-
tion was found in pure sowing of maize, indicatedfiesh
and dry matter of weeds (Table 2, 3). The most itiype
for weeds was maize grown with sunflower, whereshre
and dry weed matter was reduced by 36% comparpdre
sowing of maize.

Table 2. Dry matter of weeds depending on the plpet
cies in mixed sowing in the years 2014-2016n(9)

Tab. 2. Sucha masa chwastéw w zadéci od gatunku ro-
sliny wspétrzdnej w latach 2014-2016 {(g?)

Plant species in Year Mean
mixed sowing 2014 2015 | 2016
A* 301,8b** | 282,4c| 67,2¢ 217,1c
B 221,5a 144,3a 56,3b140,7a
C 285,6b 209,5h 32,5p175,9b
D 215,7a 317,3¢ 38,8a190,6b
Mean 256,2 238,4| 48,1 1811
* A - maize, B - maize+sunflower, C - maize+vetch,

D — maize+common bean
** - Values followed by a different letter are sificantly different
(p<0.05) Source: own studgfédio: opracowanie wiasne

Table 3 Number of weeds (plamt&’) in mixtures depend-
ing on the plant species in mixed sowing (meanth&
years 2014-2016

Tab. 3. Skiad gatunkowy oraz liczba gatunkéw chivast
zaleinasci od gatunku réliny wspétrzdnej (sztm?) sred-

nio w latach 2014-2016
o Plant species in mixed sowing
Specification Mean
A* | B C D

Monocotyledonous | o, 4 | 1537 1146 836 1036
weeds

Dootyledonouswe-| g7 | 270/ 842 542 583
'g'é‘smber oftotal\e- | 1591| 1518 1988 1378 1619
ggg‘be”’f""eed ®1l 151 137 163/ 120 143

Source: own studyZrédio: opracowanie wlasne
*See Table 2

On average for the three years of study, the lgadssir-

year norm and amounted to 703 mm. Excess moishde aable species was shown in maize cultivated with mom

the accompanying high temperatures in July in exads
11% of the multi-year norm contributed to the depehent
of segetal flora in the maize. In 2015, uneverritistion of
precipitation in the vegetation period was alsonfibuln
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beans (138 plants®), while maize grown in pure sowing
and with sunflower was characterized by a similamber of
weeds (152-159 plantsi?) (Table 4). On the other hand, the
greatest number of weeds area was characterizedalime
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cultivated with vetch (199 units®). In this way of maize
cultivation we also recognized the highest numideweed
species - 16. While the lowest number of weed spgesias
found in the maize grown in mixed sowing with commo
bean - 12 numbers of weed. The number of weed espéti
the mix sowing of maize with the tested crop spee@ried
over the years of the study. (Table 4).

ter. This author has found that weeds in mixed sgvaf
maize has been reduced by 43% compared to maitie cul
vated in pure sowing.

In our own study the species diversity of segéitah
was similar in all crops. A total of 21 specieswseds, in-
cluding 4 monocotyledons and 17 dicotyledonous isgec
were identified. Irrespective of the type of cropore nu-
merous were monocotyled species, which accountedrfo
average of 64% of all weeds. The most common were:

Table 4. Weed species composition and number oflsvee Echinochloa crus-galliDigitaria sanguinalis and Setaria

(plantsm™) in the first year of the study (2014)

Tab. 4. Sklad gatunkowy chwastéw w zadéci od gatunku
rosliny wspétrzdnej (sztm?) w pierwszym roku bada
(2014)

Plant species in
Weed species mixed sowin Mean
A~ B | cCc | D
Monocotyledonous
Echinochloa cru-galli 140,7|266,0] 2310| 1255 194,6
Elymus epens 200 | 25| 85| 7,5 96
Sum of monocotyledonous 160,7|268,5 2395| 1330 204,3
Dicotyledonous

Anchusa arvens 8,0 - 2,5 95| 6,7
Anthemis arvens 1,5 - - 05| 1,0
Capsella bursa-pastoris 3,5 25| 40| 75 44
Chenopodium album 145| 50| 7,5 8,5 8,9
Cirsium arvense 2,5 95| 95 50 6,6
Convolvulus arvensis - - 0,5 - 0,5
Euphorbia helioscop 2,0 - - - 2,0
Fallopia convolvulu 8,0 6,5| 135/ 7,00 8,8
Fumaria officinalis 1,0 - 2,5 - 1,8
Galeopsis ladanum 5,5 05| 45| 6,5 4,3
Galinsoga parviflora 195 | 50| 160, 260 16,6
Galium aparine 0,5 10| 1,0 -1 08
Geranium molle 8,0 10| 15, 2,0 3.1
Geranium pusillum 26,0 | 85| 110 140 14,9
Lamium implexicaule - 0,5 - - 0,5
Lamium purpureul - - 0,5 - 0,5
Lapsena commur 9,0 1,0/ 3,0/ 5,00 45
Matricaria maritime - - 05| 10| 0,8
Melandrium albur - 0,5 - - 0,5
Plantago majo 0,5 - - - 0,5
Polygonur persicaria - 15| 25 1,0 1,7
Sinapis arvensis 0,5 - - - 0,5
Solanum nigrum 30,5 | 13,5 240 160 21,0
Sonchus arvensis 2,5 - 0,5 - 1,5
Stellaria media 4,5 40| 20| 7,0 44
Thlaspi arvense 0,5 - 1,5 20| 1,3
Trifolium arvense 1,5 - - 15| 15
Veronica persica 150 | 4,0 90 110 98
Vicia hirsuta 1,0 - - 20| 15
Viola arvensis 10,0 | 3,0, 4,00 4,00 53
Sum of dicotyledonous 176,0 67,0| 1215 1370 1254
Total 336,7|335,5 3610| 2700 329,6
Number of weed species 26 19 24 22 23

Source: own studyZrédio: opracowanie wiasne
*See Table 2

pumila Among Dicotyledonous species dominated the
Chenopodium  album According to  Stupnicka-
Rodzynkiewicz et al. [15] the composition of weefesta-
tion has an impact on the weed damage, as indivehex
cies differ in their ability to compete with theogr. These
authors believe that the greater diversity of sggeciompo-
sition, the less harmful it is. Research of Glowa§K] has
shown that the mixed sowing increases the biodiyeos
weed infestation compared to pure sowing. Underctire
ditions of its application we have found 20 weekxotss,
while in pure sowing - 13. In addition, this cropduces
both the number of weeds and their weight. Alsdbhian
and Dyck [8] confirm the effect of mixed sowing tva-
tion on weed infestation of crop plants. In theisearch,
the mixed sowing reduced the weeds number peraned
compared to pure sowing, but increased speciessityef
weeds. Similar correlations were demonstrated by- Ca
ruthers et al., [3] and Weil and McFadden [17].

In the first year of the study, the largest weddstation
characterized pure maize sowing, where the larfiesh
and dry matter of weeds was recorded. Large weledtar
tion was also demonstrated in maize sowing with room
bean. In contrast, significantly lower fresh ang dreed
matter was found in the mixed sowing of maize veitin-
flower (Table 2, 3). Sunflower has strong alleldyatm-
pact. The fresh matter of weed in maize grown ixemi
sowing with these crop species was reduced by 2b
23%, respectively, and dry matter by 27 and 29%pee-
tively, relative to pure sowing of maize.

The weed number in the mixed sowing of maize with
the tested plant species was not much differentidteast
undesirable species have been demonstrated in méize
common bean (270 number per })mvhile the other seeds
were characterized by a similar weed number (aeerag
344,4 numbers per 19n(Table 5).

The species diversity of segetal flora was simiitaall
crops. A total of 32 weed species, including 2 noatgle-
donous and 24 dicotyledonous species, were idedtifihe
greatest variety of weed species characterized gaineng
of maize (26 species). The most abundant speciesed,
irrespective of the cultivar wer&olanum nigrum, Galin-
soga parvifloraand Geranium pusillum. Echinochloa crus-
galli dominated as a monocotyledonous species. According
to Praczyk [14] due to the high frequency of ocence
harmfulness Echinochloa crus-galliChenopodium album
and Amaranthus retroflexuare the most dangerous weed

an

The highest number of weed species was notedein tispecies in maize

first year 2014 of the study (average 23 spec@sracter-
ized by excess of moisture, and least in the tlyiedr
(2016) of the study (8 on average), which was #isore-
sult of weather conditions.

In the second year of the study, the largest fegxhdry
weed matter was found in maize with common beark an
only slightly less in pure sowing of maize. Mixemgng of
maize with sunflower and vetch were more competifor

Glowacka [6] showed that the mixed sowing of maizewveeds, where fresh weed matter was reduced by 82 an

significantly reduced the number of weeds per areg, but
did not significantly reduce the production of theiy mat-
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32%, respectively, and dry matter was reduced bwar®
26%, respectively, compared to pure sowing of maize
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Table 5. Weed species composition and number oflsvee Table 6. Weed species composition and humber ofisvee

(plantsm™) in the second year of the study (2015)
Tab. 5. Sktad gatunkowy chwastow w zadéci od gatunku
rosliny wspétrzdnej (sztm®) w drugim roku badé (2015)

(plantsm™) in the third year of the study (2016)

Tab. 6. Sktad gatunkowy chwastow w zadéci od gatunku

rosliny wspétrzdnej (sztm) w trzecim roku bada(2016)

Source: own studyZrédio: opracowanie wiasne
*See Table 2

) Plant species in mixed sowing Plant species in
Weed species Mean . . .
A* B c D Weed species mixed sowing Mean
Monocotyledonous A* B C D
ggr‘“'”ocmoa € 705 | 945| 690| 925/ 816 | Monocotyledonous
= " n
Digitaria sancu- Echinochloa cru-galli 0,7 | 0,7 - - |04
inalis B 31,5 30,5 18,5 20,1 Setaria viridis 27| 80| 47| 6,71 55
Elymus reper 9,0 3,5 0,5 5,0 45 Sum of monocotyledonous 3,4 8,71 47 67 5|9
Setaria pumila | 425 | 4,5 1,5 2,5 12,8 Dicotyledonous
Sum of monoco- | IAchillea mllefolium L 1,3 - - - 0,3
tyledonous 1130 945 99,5 1114 104,p Capsella bursa-pastoris - - 0,7 0,7( 0,4
Dicotyledonous Centaurea cyanus - - - 0,7] 0,2
IAmaranthus reo- Chenopodium album 1,3 2,0| 13| 1,3] 15
0,5 1,0 - - 0,4 —
flexus Cirsium arvense - - 0,7 - 0,2
Anagallis arvens| - 1,0 0,5 0,5 0,5 Convolvulus arvensis 0,7 - - - 102
IAnthemis arvens| - - 0,5 - 0,1 Euphorbia cyparissie 2,0 - 0,7 - | 0,7
Capsella bursa- Galinsoga parviflora - - 0,7 - 102
pastoris 2.0 2.0 2,5 0.5 1.8 Geranium molle 13| 0,7 2,7 0,71 1,4
Centaurea cyanys - - - 0,5 0,1 Matricaria maritime 07| 07| 07 -1 05
Chenopodium al 105 4.0 125 195 11.6 Plantago najor __ - - 0,7 - 102
bum. : Polygonum lapathifoliul 0,7] 13 - - 105
Erodium ciuta- i 1,0 1,0 i 05 Sonchus arvensis - lo7]| - - |02
num __ \Veronica persica - - 0,7| 1,3| 0,5
FalIOplla | 05 05 05 - 0.4 \Viola arvensis - - 2,0 - 0,5
convolvulus ’ ' ’ ’
- - Sum of dicotyledonous 80[ 53 10 47 7R
Galinsoga parvi-
- 13 0,5 - 0,4
flora Total 11,4| 140 154 114 13)p
Matricaria maui-
tima - 0.5 1,0 - 0.4 Number of weed species 9 7 11 6 g
Papaver rhoee 0,5 0,5 - - 0,2 . .
= olp \é)num a\;iu- Source: own studyZrodio: opracowanie wiasne
e 0,5 - 15 - 0,5 *See Table 2
Spergula arvensis 1,5 - - - 0,4
Stellaria media - 1,0 - - 0,2 .
\Viola arvensis " " 05 - 01 In the_thlrd year of the study, the largest weestew
Sum of dicotyle- characterized by pure maize sowing, where the $arfgesh
Honous 16,0 | 115 210 21,0 174 and dry matter of weeds was recorded. Large weads h
Equisetum r- also been reported in maize and sunflower cultivatOn
vense ) 1.5 ) ) 0.4 the other hand, a significantly lower dry mattervededs
Total 129,0| 106,00 120,5 132, 1210 was found in maize cultivated with vetch. Mixed sogv
Number of weed with plants reduced weeds by 32, 60 and 54%, r¢ispbe
. 10 15 14 8 12 - . . .
species The least undesirable species was shown in puringaf

maize and in mixed sowing of maize with common bean
(11,4 units per 1 f), while cultivation of maize with vetch
was characterized by a higher weed abundance @vaa
plants per 1 ) (Table 7). A total of 16 species of weeds,

The number of weeds in the mixed sowing of maizdncluding two monocots and 14 dicotyledonous spcie

with the tested crop species was not much diffe(@at

ble 6). The smallest undesirable species was faunthize

grown with sunflower (106 units®), while the others in
mixed sowing were characterized by similar weed lnens
(120-132 unitsn).

The species diversity of segetal flora was simitall
crops. A total of 21 species of weeds, including@hocotyle-
dons and 17 dicotyledonous species, were identifiebpec-
tive of the type of crop, more numerous monocotytedis
species, which accounted for an average of 85,7%llof
weeds. The most common wekehinochloa crus-galliDigi-
taria sanguinalisand Setaria pumila The Chenopodium al-
bumdominated among the dicotyledonous species.
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were identified. The greatest diversity of weedcépe was
found in maize cultivated with vetch (11 species)l an
pure sowing of maize (9 specieSetaria viridis as a rep-
resentative of monocots a®@kranium mollevere the most
abundant species of weeds.

The biomass index is an additional indicator @& tte-
gree of weed infestation of the crop. The lowedties for
this index were found for maize cultivated in psving
and in maize with common bean, indicating a higlrstof
weed matter in the total biomass of maize per amgit.. On
the other hand, maize grown in mixed sowing sundiow
had the highest biomass factor.
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Table 7. Biomass index depending on the plant sgeici
mixed sowing (mean) in the years 2014-2015

Tab. 7. Wspéiczynnik biomasy w zaleici od gatunku
rosliny wspétrzdnej (%) w latach 2014-2015

Plant species Year mean
in mixed sowing 2014 2015

A* 81,7 65,5 73,6

B 85,2 80,8 83,0

C 814 73,8 77,6

D 85,4 61,9 73,6

Mean 83,4 70,5 77,0

Source: own workZrédto: opracowanie wiasne

4., Conclusions

1. The weed infestation of maize depends on theispe [

with which it was cultivated and on the weatheriggithe
growing season.

2. The mixed cultivation of maize with various ptlape-
cies significantly limited weed infestation. Theghest
fresh and dry matter of weeds was found in maiztved
tion in pure sowing. The most competitive with weedhs

maize growing with sunflower, where weed mass veas r

duced by 36%, compared to pure maize sowing.

3. On average for three years of study, the leastdvspe-
cies was recorded in maize grown with common b&as.
greatest abundance of undesirable species on ¢aeuait
characterized maize grown in the mixed sowing wiétch.

4. The number of weed species in the maize cudtiVan
mixed sowing with other crops was varied over tearg.
The highest number of weed species was noted ifirdie
year (2014) of the study (an average of 23 species)

5. The lowest values of the biomass index were ddion

maize in pure sowing and in maize with common bean.
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