Jerzy KSIEZAK, Jolanta BOJARSZCZUK

Institute of Soil Science and Plant Cultivationtats Research Institute

ul. Czartoryskich 8, 24-100 Putawy, Poland
e-malil: jerzy.ksiezak@iung.pulawy.pl

Received: 2018-06-29 ; Accepted: 2018-07-25

INFLUENCE OF UNDERSOWN SPECIES ON MAIZE YIELDING

Summary

The field experiment was conducted in the yeard 26 at AES Grabow (Mazowieckie Voivodeshipprmghg to Insti-
tute of Soil Science and Plant Cultivation — StRtesearch Institute in Putawy, (Poland) and in egalal farm in
Chwatowice (Poland) in the years of 2014-2015. frta¢ was conducted in the randomized block methiodour replica-
tions. The following treatments were compared: cdrand intercrop sowings with: buckwheat, phacelidite mustard
and white clover. The inter-row cultivation of budieat, phacelia, white mustard and white clover haabsitive effect on
maize yield. On average, for the four species efititercrops, the yield increase was 17-22%, an@iabdw, in the year
with unfavorable distribution of total precipitatio this increase was significantly higher and antednto about 60%. In
the summers with favorable weather conditions (281id 2016), intersowing buckwheat proved the laasful in Grabdéw,
while in the dry year, as well as in Chwalowicdsthpecies was less competitive than maize. Inténgpdifferent species
into maize crops had a relatively small effect loa dry matter content of whole plants and cobs|enhi Grab6w in 2015,
with unfavorable weather conditions, it had a pesiteffect on its content.

In Grabdw, the structure of maize plants wasditliversified by the applied intercrop species. Tveest share of the
cob was recorded in 2014. In Chwalowice, maize grawith intercrops formed cobs only in 2014. In thusation, inter-
crops stimulated the number of grains producedqudr, while in Grabow, an intercrop species had alsimpact on the

number of grains per cob.

Key words maize (Zea mayls.), species undersown, structure of maize plant

WPLYW GATUNKU WSIEWKI NA PLONOWANIE KUKURYDZY

Streszczenie

Doswiadczenie polowe przeprowadzono w latach 2014-20RZD Grabow (woj. mazowieckie), niajeym do IUNG-PIB
w Putawach, oraz w latach 2014-2015 w Pokazowynmp@Gaerstwie Ekologicznym w Chwatowicach, Gatym do CDR
Radom. Déwiadczenie przeprowadzono meiododblokéw losowanych w 4 powtdrzeniach. Poréwnywaastpujgce
obiekty: kontrola, gatunki wsiewki: gryka, facelggrczyca biata, koniczyna biata. Uprawa wetd®yrzdziach gryki, face-
lii, gorczycy biatej i koniczyny biatej wplywatarizgstnie na plonowanie kukurydayednio dla czterech gatunkéw wsiew-
ki, zwikszenie plonéw wynosito 17-22%, a w Grabowie w mokiekorzystnym rozktadzie i sumie opadéw byleczma
wieksze i wynosito okoto 60%. W Grabowie w latach @gpjgcym przebiegu warunkéw atmosferycznych (2014 i 2016
najmniej celowe byto wsiewanie gryki, a w roku suchjak rownie w Chwatowicach, gatunek ten byt mniej konkurencyjn
dla kukurydzy. Wsiewanie aidych gatunkéw wsiewek w tan kukurydzy miato stasualkniewielki wptyw na zawaré su-
chej masy w catych sbnach i kolbach. Natomiast w Grabowie w roku ospiezyjajcym przebiegu pogody (2015) korzyst-
nie wptywato na jej zawartd. W Grabowie struktura ghin kukurydzy byta stosunkowo matamécowana zastosowanym
gatunkiem wsiewki, a udziat kolby byt najmniejszy2®l4 roku. Natomiast w Chwatowicach, kukurydzaawggna

z wsiewkami zawrzata kolby tylko w 2014 roku. W Chwatowicach wsiemgtywaty stymulujco na liczlz wytworzonych
ziaren na kolbie, a w Grabowie gatunek wsiewki reiasunkowo maty wptyw na zaziarnienie kolby.

Stowa kluczowekukurydza (Zea mays), gatunki wsiewek, strukturadiin kukurydzy

1. Introduction

Maize, along with wheat, rice and soya, is onehef
main cultivated species in the world [9, 14]. AledPoland,
from a plant of marginal economic importance, mdias
become an important crop species over the recegeafs.
This is reflected in a dynamic growth of its cudtiion area
(in 2000 - 314 thousand ha, in 2016 - 1.2 millia@).tSuch
an increase in the cultivated area and in the yaldl have
not been achieved in any other country. This deraknt
results from biological, technological and orgatizaal
progress of Polish agriculture. Moreover, it alepehds on
the possibilities of its varied use. Grains, indisal plant
fractions (cob cores, embryos), and straw have beed in
biofuel production in recent years, while the whalsove-
ground parts are used as silage raw material. Wblale
maize silage is the most valuable bulk feed forinamts,
mainly due to its high content of easily digestib&bohy-
drates and structural scales necessary for thestdige
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processes in the digestive tract of these anintaie. of the
most important elements (apart from fertilizatidimiting
maize growth is weed infestation, which influengésds,
as well as chemical composition and nutritionalueabf
plants. Since maize grows slowly in the initial ipdr the
root system is underdeveloped and competes poatly w
weeds for nutrients in soil solutions [8, 12, 13).Zon-
venient conditions for weed development are credtetlto
the late sowing of maize, a wide inter-row tillaged a low
plant density per unit area. That is why it is sportant to
maintain weed-free plantations in the early staafemaize
growth. Yield losses caused by weed infestatiomaize,
as reported by Rola and Rola [19], may amount t%,70
while according to Skrzypczak [21], at large weedto-
rence, even reach 90%. According to Skrzypczak §22,
the yield of fresh matter of maize weeded out viiénbi-
cides was twice as high as of the control plantsjeathe
effectiveness was 94.5 -99.7%. In the study of Rikch
[20], herbicides destroyed from 49.4 to 82.1% ofeds
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There are few reports of only mechanical treatmdots
maize [11]. According to Waligéra et al. [24], iweetcorn
cultivation, the herbicidal effectiveness of thecmenical
method was much lower than that of the chemicahout
and it turned out to be beneficial only in the coling of
barnyard grass. In turn, Wilson [25] informs thagahani-
cal treatments can destroy about 87% of weeds izema
According to Adamczewski [1], mechanical treatmeaits
low limiting weed abundance by only 50%, and omlbe-
tween rows. In turn, Bojarszczuk et al. [4] and gkak et
al. [15, 16] noted a strong reduction in weed it#fiésn af-
ter mechanical treatments in maize grown under ricga
conditions. In the conventional system, weed iafiah in
maize cultivation is most effectively limited byrbéeides,
while in the organic system, weed control can beeaed
by mechanical or biological methadm organic farms
keeping ruminant animals, maize is a very imporsanirce
of energy feed. Weed control in such farms can é&e p
formed only by means of officially permitted metisofibr
the cultivation of this specie¥he aim of the study was to
evaluate the suitability of different intercrops feducing
weed infestation in organic “maize cultivation.

2. Materials and methods

The field experiment was conducted in the years420
2016 at the AES Grabdw [51°28"N 21°4009"E] (ma-
zowieckie voivodeshiop), belonging to InstituteSuil Sci-
ence Cultivation — State Research Institute (PQland at
the ecological farm in Chwalowice [51°56"N

3. Results and discussion

Course of weather conditions were different inybars
of study (Table 1). In Grabow, in May of 2014 itveabeen
noted a lower temperature than the long-term aweiag
May, which had a significant impact on the emergenc
growth, and development of maize. The total prégijgin
from March to September was much higher than theg-lo
term average. A large amount of rainfall was reedréh
May, which at low temperatures strongly favored the
growth of weeds. In 2015, rainfall was high in Mayd in
June, the third decade of July, and especially irgust,
there was low rainfall compared to the multi-yeaverage,
which had a negative impact on the growth and dgvel
ment of plants. Moreover, in July and August ampera-
tures were mostly high, which further worsened ¢badi-
tions for yielding. The lowest rainfall between Mharand
the end of September compared to the previous wewsy
was observed in 2016. A higher air temperaturengutine
growing season and evenly distributed precipitatespe-
cially in July and August, ensured the highest lleske
maize yields. The sum of precipitation during tregeta-
tion period this year exceeded the multi-year nand
amounted to 703 mm. Excess of moisture and thenacco
panying high temperatures in July in excess of Tf%he
multi-year norm contributed to the development efetal
flora in the maize. In 2015, uneven distributiorpoécipita-
tion in the vegetation period was also found.

The level of fresh and dry matter yields in mamwere
significantly influenced by the location of cultii@n, the

21°1817"E], belonging to the Center Advisory Agriculture course of weather conditions during the growingseaaand

in Radom, in the years 2014-2015. The trials wayp-c
ducted in the randomized block method, in four ioepl
tions. The following treatments were compared: buetat,
phacelia, white mustard and white clover. Beforevést-
ing, the height of the cob setting and the heidlthe plants
were determined for 10 randomly selected plantsifeach
plot. The dry matter content of the whole plant aob, as
well as the structure of maize plants (stem, seethcob
and cover leaves), were also determined. Aftertdmwest,
the yields of green and dry matter were determirad.
Chwatowice, the size of the plot was 30,6, and the ex-
periments were carried out on the soil of the godurbat
complex, class llla (2014), and good rye compldass
IVa (2015). The content of available phosphorusim per
1000 g of soil) was 121 - 136, potassium 131 - 2y
magnesium 44 - 69. The soil pH determined in 1n Ka&$
5.1 - 6.5. Maize together with intercrops were sdvam
24 to 25 April. The plants were harvested in théksdough
maturity stage from '8to 10" September. In Grabéw, the
plot size at the set-up was 33, mhile at harvest, 28,0m
The experiment was carried out on the soil of a/\g&od
rye complex, class llla. The content of availabtegpho-
rus (in mg per 1000 g of soil) was 114-149, of pstam
151-172 and of magnesium 60-68. The soil pH detezchi
in 1n KCl was 5.4-5.9ln 2014, maize together with inter-
crops were sown on"7May. In 2015 and 2016, maize,
phacelia, mustard and buckwheat were sowr" av&y,
while white clover 7-10 days later. Maize was hated
during the milk-dough maturity stage on 17"%eptember.
Mineral fertilization was not applied. The signditce of
the effect of the studied factors on features waduated

the sown plant species undersown. In 2014, thelyiei
Grabow were similar to those in Chwatowice, whilke i
2015, yields were higher in Grabéw (Tables 2, 3). |
Grabow, the highest fresh yield was recorded in6201
which was on average by 84% higher than in 2014knd
110% higher than in 2015. In both regions, intelisgwof
phacelia, white mustard and white clover had atpesef-
fect on maize yield. In Grab6w, on average, thehrgield
increase for the four seeding species in 2014 &i® 2vas
17-20%, while in 2015, which had unfavorable disition
and total precipitation, it was higher and amouritedbout
60%. In Chwalowice, on the other hand, the diffeeein
comparison to the control ranged from 22 to 29%. In
Grabow, in the years with favorable weather coodii
(2014 and 2016), planting buckwheat was the leastull
while in the dry year, this species was conduciventize
yields (significant differences control ranged).
Chwalowice, on light soils, this species turned toube the
least competitive with maize. Buchner and Kolleq [6
achieved the highest yields of maize dry mattesdoying a
mixture of perennial ryegrass with white clover audbter-
ranean clover. Moreover, according to the authetgh
sowing effectively limited water erosion. Bereddi3§ in-
forms that all the intercrops (subterranean clow@ktures
of ltalian ryegrass with white clover and of periahmye-
grass with white clover) decreased the yields oizendry
matter. The mixture of Italian ryegrass and whitever had
the most limiting effect. Moreover, this author ebsed a
stronger response of maize to the presence ofciojes in
dry and cold years. itke Entrup and Stemann [17] re-
corded only slightly lower yields of maize dry netgrown

In

by means of variance analysis. The confidence semiegether with intercrops compared to pure sowinigese

intervals were determined with Tukey test at thgnii-
cance level of = 0.05.
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authors, as well as Borowiecki and Lipski [5], fduthat
perennial ryegrass is less aggressive and hasex lowact
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on maize than the faster and more intensively grguial-
ian ryegrass. In addition, according tétke Entrup and
Stemann [17], due to a smaller reduction in maieddy a
lower sowing rate of perennial ryegrass and a lsdsving
date, when maize is already larger and better t@bieith-
stand competition, are more advantageous. Thenaton
presented in the study by Essais de semis [7] shbats
there was a certain tendency to increase the dttemaeld
of maize with intersown perennial ryegrass compaed
pure sowing. Borowiecki and Lipski [5] reported ttisaw-
ing grasses into maize rows did not significaniffedenti-
ate its yield, while the term of grass sowing dat have a
significant impact on its yields. They also undezti that
grasses act as mulch to protect the soil from ekees
evaporation. Albrecht and Andrzejewska [2] reportiedt

more advantageous. The information presented irsttraty

by Essais de semis [7] shows that there was aiden-
dency to increase the dry matter yield of maizehwiter-
sown perennial ryegrass compared to pure sowing.
Borowiecki and Lipski [5] reported that sowing ggas into
maize rows did not significantly differentiate itgeld,
while the term of grass sowing did not have a $icgmt
impact on its yields. They also underlined thasgea act as
mulch to protect the soil from excessive evapanatidbrecht
and Andrzejewska [2] reported thBtifolium ambiguumis a
good species to be intersown with maize. Theseomigug-
gested that such use of this plant can primaribyget the soil
against erosion. In Africa, Hassen et al. [2008]rabt observe
any decrease in grain yield of maize cultivatedhwie follow-

ing speciesChloris gayana, Stylosanthes hamata, Desmodium

Trifolium ambiguums a good species to be intersown withintortum and Macrotyloma axillare.

maize. These authors suggested that such usesopldmt
can primarily protect the soil against erosion. Africa,
Hassen et al. [2009] did not observe any decraaggain
yield of maize cultivated with the following spesie
Chloris gayana, Stylosanthes hamata, Desmodiunntinto
and Macrotyloma axillare.

The level of fresh and dry matter yields in mamwere
significantly influenced by the area of cultivatjothe
course of weather conditions during the growingssaand
the plant species sown. In 2014, the yields in Gnatvere
similar to those in Chwatowice, while in 2015, viglwere
significantly higher in Grabéw (Tables 2, 3). InaBow,
the highest yield was recorded in 2016, which waseer-
age by 25% higher than in 2014 and by 110% highan t
in 2015. In both regions, intersowing of buckwheata-
celia, white mustard and white clover had a posit¥fect
on maize yield. In Grabéw, on average, the yielttease
for the four seeding species in 2014 and 2016 wWa20%,
while in 2015, which had unfavorable distributiomdetotal
precipitation, it was significantly higher and amead to
about 60%. In Chwatowice, on the other hand, ttHtedi
ence in comparison to the control ranged from 20%2%.
In Grabow, in the years with favorable weather doows
(2014 and 2016), planting buckwheat was the leasfulj
while in the dry year, this species was conduciventize
yields (significant differences). In Chwatowice, dight
soils, this species turned out to be the least etithge with
maize. Buchner and Koller [6] achieved the highgstds
of maize dry matter by sowing a mixture of perehnja-
grass with white clover and subterranean clovernddeer,
according to the authors, such sowing effectivatyited
water erosion. Beredonk [3] informs that all théemgrops
(subterranean clover, mixtures of Italian ryegragish
white clover and of perennial ryegrass with whitever)
decreased the yields of maize dry matter. The mexof
Italian ryegrass and white clover had the mosttiimgi ef-
fect. Moreover, this author observed a stronggrarse of
maize to the presence of intercrops in dry and gelars.

In Grabdéw, in 2014 the dry matter content of whole
plants and cobs was lower than in the followingrggda-
ble 4,). That year, maize did not produce grainthencobs,
and the cover leaves constituted more than hatemaize
cob. Sowing of different crop species into maize2016
had little effect on the content of the dry massnwdize
cobs and of the whole plants, whereas in 2015, hirchv
occurred adverse weather conditions, it had aipesiffect
on the above content. On the other hand, a spe€idse
intercrop had only little impact on the concentratof dry
matter in whole plants and cobs. Moreover, in 204dry
matter content of the cobs was lower than in thelah
plants, which was not observed in the next two yehr
Chwatowice, the dry matter content of the wholenfdan
2015 was slightly higher than in 2014, while sowiragi-
ous species into maize crops had a relatively sefifgtt on
the dry matter content. The study by Essais de S¢ni
presented information on a slight increase in thendatter
content of maize grown with intersown perennialgngess.

The structure of maize plants in Grabdéw was neddyi
little differentiated by the intersowing of the ptaspecies,
and the cob established the smallest percentathe iplant
structure in 2014, while the largest in 2015 (Ta®i®). In
Chwatowice, in 2014, all the plants formed cobs. the
areas, where maize was cultivated with intercraymhs
constituted about 56,9%, and while maize was cititd
without any intercrops, slightly below 50%. In tthigation,
in 2015, cobs were produced only on the contraltiments.
The number of cobs per plant in both regions ofivation
and in all the years of the research was very amin
2014 in Grabdéw, maize plants did not develop graamsl
cover leaves accounted for about 57,4% of the ¢alcs
ture. Share of grain per cob in 2016 was highen tima
2015, and the intercrop species had a relativeilssffect
on the number of grains per cob. In Chwatowice,small-
est amount of grain was produced by cobs in tharabn
while more grains were recorded in cobs in thettneats
with intersown white mustard and white clover. Hpplied

Litke Entrup and Stemann [17] recorded only slightlyspecies of intercrops slightly differentiated tladth and

lower yields of maize dry matter grown togetherhwititer-

diameter of the cobs, but they stimulated the nundfe

crops compared to pure sowing. These authors, dsase grains produced per cob, with buckwheat (in Chwadeyv

Borowiecki and Lipski [5], found that perennial gyass is
less aggressive and has a lower impact on maizettiea
faster and more intensively growing Italian ryegrds ad-

intercrops having the lowest impact (phacelia irati&mw)
(Table 10, 11). In the second and third year ofegixpents
in Grabow, the intersowing of all the tested spediad a

dition, according to titke Entrup and Stemann [17], due to positive effect on the height of the cob settlingd e&he

a smaller reduction in maize yield, a lower sowrate of
perennial ryegrass and a later sowing date, whemenis
already larger and better able to withstand coripetiare
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height of plants, especially in the case of intetiag white
clover. In Chwatowice, on the other hand, no swsidén-
cies were observed (Tables 12, 13).
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Table 1. Course of weather conditions during thgetation of maize
Tab. 1. Przebieg warunkéw meteorologicznych w alatesvegetacji kukurydzy

Sum/ Mean
Specification Month II-1X
1T Y [ v [ vi [ v Jvii JIX

Grabéw 2014
Rainfall (mm) 36,5 51,1 161,7 93,1 1014 919 152 50,9
Temperature (°C) - 9,9 13,5 15,2 20,4 17,9 14,4 15,2

Grabéw 2015
Rainfall (mm) 63,2 34,8 107,0 30,3 51,7 6,2 93,9 , 387
Temperature (°C) - 7,8 13,4 16,3 18,2 17,9 13,3 14,5

Grabdéw 2016
Rainfall (mm) 52,3 45,1 39,4 60,1 81,9 536 203 , 852
Temperature (°C) 3,9 9,2 14,9 18,7 19p 18,1 15,7 6 16
*Average rainfall from multi-years 30,0 39,0 57,0 71,0 84,0 75,0 50,0 406,0
Average temperature from multi-years 1,6 7,7 13/4 16,7 18,3 17,3 13,2 12,6

Chwalowice 2014
Rainfall (mm) 61,7 56,9 181,4 46,7 157|7 198,1 0|3 02,8
Temperature (°C) 6,5 10,2 14,0 14,7 20{7 13,2 141 331
Chwatowice 2015

Rainfall (mm) 60,2 49,2 142,0 46,0 3Ly 13|5 0,5 , 843
Temperature (°C) 5,2 8,6 13,0 17,3 20|1 22,4 20,4 315

*Average of multi years 1871-2000 (AES Grabéw)
Source: /Zrodto: Database of Meteorological Service of Grabdwd Chwatowice / Baza danych Stacji Meteorologicznej
w Grabowie i Chwatowicach

Table 2. Fresh and dry matter yields of maize déjpgnon species undersown (Grabow) (t/ha)
Tab. 2. Plonswiezej i suchej masy kukurydzy w zalesci od gatunku wsiewki (Grabéw) (t/ha)

Undersown species Fresh matter yield Dry matter yield
2014 2015 2016 Mean 2014 2015 2016 Mean

Control 17,0 11,5 31,9 20,1 35 3,6 9,6 5,6
Buckwheat 17,1 20,2 34,4 23,9 34 7,4 11,4 74
Phacelia 22,5 17,5 38,4 26,1 45 6,4 12,2 7,7
White mustard 21,3 16,6 37,3 25,1 47 6,2 11,5 7,4
White clover 20,8 19,2 38,9 26,3 4,4 7,4 11,8 7,8

Mean 19,7 17,0 36,2 - 4,1 6,2 11,3 -

NIRg 0sHSDg 05 5,12 4,13 4,35 - 1,22 1,10 n.s. -

n.s. - not significant difference Saurown work Zrodio: opracowanie wiasne

Table 3. Fresh and dry matter yields of maize déjpgnon undersown species (Chwatowice)
Tab. 3. Plonswiezej i suchej masy kukurydzy w zalesci od gatunku wsiewki (Chwatowice)

Undersown species Fresh matter yield (t/ha) Dry matter yield (t/ha)
2014 2015 Mean 2014 2015 Mean
Control 17,4 8,5 13,0 5,5 2,6 4,1
Buckwheat 22,6 10,7 16,7 6,8 3,5 5,2
Phacelia 21,8 10,4 16,1 7,0 3,3 5,2
White mustard 21,5 9,6 15,6 6,8 3,2 5,0
White clover 19,0 13,3 16,2 4,0 3,2 3,6
Mean 20,5 10,5 15,5 6,0 3,2 4,6
NIRg 6sHSDy o5 3,09 2,97 - 1,26 0,88 -

Source: own work Zrodio: opracowanie wiasne

Table 4. Dry matter content in plants and cob ofze&so) (Grabow)
Tab. 4. Zawart€’ suchej masy w gtinach i kolbach kukurydzy (%) (Grabéw)

Undersown species 2014 2015 2016

Plants Cob Plants Cob Plants Cob

Control 20,6 13,7 31,7 35,4 30,1 47,4
Buckwheat 19,8 15,1 36,5 48,3 33,1 44,6
Phacelia 20,0 14,4 36,4 47,6 31,8 44,1
White mustard 22,3 15,4 37,1 46,4 30,8 44,5
White clover 21,0 14,6 38,3 48,6 30,3 45,4
Mean 20,7 14,6 36,0 45,3 31,2 45,2

NIRg 0sHSDy o5 2,39 n.s. 3,21 3,30 n.s. n.s.

n.s. - not significant difference Saurewn work Zrodio: opracowanie wiasne
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Table 5. Dry matter content in plants and cob ofzs&%o) (Chwatowice)
Tab. 5. Zawart€’ suchej masy w gtinach i kolbach kukurydzy (%) (Chwatowice)

Undersown species 2014 2015

Plants Cob Plants Cob
Control 31,5 41,0 34,4 37,0
Buckwheat 30,0 35,5 32,7 -
Phacelia 32,3 40,6 31,1 -
White mustard 31,8 40,2 33,1 -
White clover 31,7 38,1 34,1 -

Mean 31,5 39,1 33,1
NIRg 0sHSDy o5 n.s. 3,98 n.s.
n.s. - not significant difference

Saurown work Zrodio: opracowanie wiasne

Table 6. Structure of maize plant (%) (Grabéw)
Tab. 6. Struktura rdin kukurydzy (%) (Grabéw)

Undersown species 2014 2015 2016
Stem Cob Stem Cob Stem Cob

Control 83,4 16,6 48,6 51,4 64,6 35,4
Buckwheat 81,0 19,0 49,2 50,8 62,5 37,5
Phacelia 85,0 15,0 47,6 52,4 63,0 37,0
White mustard 82,8 17,2 49,3 50,7 62,5 37,5
White clover 80,2 19,8 47,8 52,2 63,3 36,7

Mean 82,5 17,5 48,5 51,5 63,2 36,8

Source: own work Zrodio: opracowanie wiasne

Table 7. Structure of maize plant (%) (Chwatowice)
Tab. 7. Struktura rélin kukurydzy (%) (Chwatowice)

Undersown species 2014 2015

Stem Cob Stem Cob
Control 51,1 48,9 75,3 24,7
Buckwheat 43,7 56,3 100 -
Phacelia 41,4 58,6 100 -
White mustard 43,2 56,8 100 -
White clover 44,0 56,0 100 -

Mean 44,7 55,3 95,1

Source: own work Zrodto: opracowanie wiasne

Table 8. Cob structure of maize (%) (Grabéw)
Tab. 8. Struktura kolby kukurydzy (%) (Grabdéw)

2014 2015 2016
Undersown - - -
species Seeds Corncob Colverlng Seeds Corncob Covering Seeds Corncob Covering
eaf leaf leaf
Control - 45,6 54,4 71,1 15,8 13,1 74,9 15,6 9,4
Buckwheat - 46,3 53,7 73,2 14,6 12,2 73,B 16,5 9,6
Phacelia - 39,5 60,5 70,5 16,4 13,1 73,83 17,1 9,6
White mustard - 39,5 60,5 70,3 15,6 14,1 7314 16,8 9,7
White clover - 41,9 58,1 70,4 14,9 12,7 74,8 16,0 4 9
Mean 42,6 57,4 71,1 15,5 13,0 74, 16,4 9,5

Source: own work Zrodio: opracowanie wiasne

Table 9. Cob structure of maize (%) (Chwatowice)
Tab. 9. Struktura kolby kukurydzy (%) (Chwatowice)

Undersown species 2014 - 2015 -
Seeds Corncob Covering leaf Seeds Corncoh Covering leaf

Control 54,3 21,3 22,3 73,7 11,6 14,7
Buckwheat 61,1 19,6 19,3 - - -

Phacelia 63,8 21,2 15,0 - - -
White mustard 64,9 20,0 15,1 - - -
White clover 64,9 20,0 15,1 - - -

Mean 61,8 20,4 17,4

Source: own work Zrodto: opracowanie wiasne
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Table 10. Length, diameter and number of grairomcob (Grabow)
Tab. 10. Dluged, srednica i liczba ziaren w kolbie kukurydzy (Grabéw)

Undersown 2014 . . 2015 . 2016
. Length Diameter Length Diameter Number of Length | Diameter Number of
species S L
(cm) (mm) (cm) (mm) grains in cob (cm) (mm) grains in cob
Control 5,6 11,8 4,2 14,9 114 17,4 38,7 364
Buckwheat 7,0 17,2 7,5 20,6 142 17,3 39,4 370
Phacelia 7,8 18,4 6,9 20,9 133 15,4 37,6 351
White mustard 8,1 18,1 7,2 20,6 132 15,6 38,8 384
White clover 7,6 194 6,7 214 148 15,2 37,2 388
Mean 7,2 17,0 6,5 19,7 133, 16,2 38,2 371

Source: own work Zrodto: opracowanie wlasne

Table 11. Length, diameter and number of graingraiins in corncob (Chwatowice)
Tab. 11. Dluged, srednica i liczba ziaren w kolbie kukurydzy (Chwaitmy

Undersown spe - 2014 - - 2015 -
. Length Diameter Number of grains Length Diameter Number of grains
cies - -

(cm) (mm) in cob (cm) (mm) in cob
Control 12,3 30,9 218 7,5 20,0 97,0
Buckwheat 10,5 32,9 225 - - -
Phacelia 11,5 32,2 239 - - -
White mustard 10,5 31,8 248 - - -
White clover 11,4 315 249 - - -

Mean 11,2 31,9 235 - -

Source: own work Zrodio: opracowanie wiasne

Table 12. The height of maize plants, settlingalf end number of cobs per plant (Grabdw)
Tab. 12. Wysold roslin kukurydzy, osadzenie kolby i liczba kolb nédline (Grabow)

2014 2015 2016

Undersown Height of | Height of | Number | Height of | Height of | Number | Height of | Height of | Number

species cob set- plants of cobs cob set- plants of cobs cob set- plants of cobs
tling (cm) (cm) per plant | tling (cm) (cm) per plant | tling (cm) (cm) per plant

Control 48 100 0,8 56 121 1 111 240 0,9
Buckwheat 46 109 0,8 81 191 1 119 254 0,8
Phacelia 44 106 0,7 81 182 1 121 260 0,9
White mustard 49 118 0,8 78 183 1 123 263 0,9
White clover 48 125 0,7 83 195 1 125 265 0,9
Mean 47 111 0,8 75 174 1 119 256 0,9

Source: own work Zrodio: opracowanie wiasne

Table 13. The height of maize plants, settlingaid and number of cobs per plant (Chwatowice)
Tab. 13. Wysokd roslin kukurydzy, osadzenie kolby i liczba kolb néinz (Chwatowice)

2014 2015
Undersown specieg Height of cob | Height of plants Number of Height of cob | Height of plants| Number of cobs
settling (cm) (cm) cobs per plant| settling (cm) (cm) per plant

Control 47 130 0,9 47 87 1
Buckwheat 46 136 0,8 - 86 -
Phacelia 43 130 0,8 - 90 -
White mustard 47 136 0,8 - 88 -
White clover 45 132 0,8 - 85 -
Mean 45 132 0,8 87

Source: own work Zrodto: opracowanie wiasne

4. Conclusions in Grabow, while in the dry year, as well as in Glawice,

this species was less competitive than maize.

The inter-row cultivation of buckwheat, phacelgite Intersowing different species into maize crop haéla-
mustard and white clover had a positive effect caizen tively small effect on the dry matter content ofalhplants
yield. On average, for the four species of therorgps, the and cobs, while in Grabéw in 2015, with unfavorable
yield increase was 17-22%, and in Grabdw, in trer ygth ~ weather conditions, it had a positive effect orcastent.
unfavorable distribution and total precipitatiorist in- In Grabdw, the structure of maize plants was #iygh
crease was significantly higher and amounted taia®0%. diversified by the applied intercrop species. Thevdst

In the summers with favorable weather condition81@® share of the cob was recorded in 2014. In Chwalewic
and 2016), intersowing buckwheat proved the leasful maize grown with intercrops formed cobs only in 200n

Jerzy KSIEZAK, Jolanta BOJARSZCZUK 134 ,Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(2)



this location, intercrops stimulated the numbergodins
produced per cob, while in Grabdéw, an intercropcise
had a small impact on the number of grains per cob.

The inter-row cultivation of buckwheat, phacelite
mustard and white clover had a positive effect caizen
yield. On average, for the four species of therart#ps, the
yield increase was 17-20%, and in Grabdw, in trer yéth
unfavorable distribution and total precipitatiorist in-
crease was significantly higher and amounted taa60%.
In the summers with favorable weather condition81&
and 2016), undersowing buckwheat proved the lesesful
in Grabow, while in the dry year, as well as in Glowice,
this species was less competitive than maize.

Undersowing different species into maize crop laad
relatively small effect on the dry matter contefitndole
plants and cobs, while in Grabow in 2015, with wofable
weather conditions, it had a positive effect orcastent.

In Grabdw, the structure of maize plants was $ygh
diversified by the applied intercrop species. Tbevdst
share of the cob was recorded in 2014. In Chwalewic
maize grown with intercrops formed cobs only in 20
this location, intercrops stimulated the numbergodins
produced per cob, while in Grabdéw, an intercropcise
had a small impact on the number of grains per cob.
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