Acta Sci. Pol., Agricultura 13(4) 2014, 93-112

RESPONSE OF SWEET CORN CULTIVATED

IN EASTERN POLAND TO DIFFERENT SOWING DATES
AND COVERING WITH NON-WOVEN PP.

PART I. CORN YIELDS

Robert Rosa
Siedlce University of Natural Sciences and Humanities

Abstract. The area under sweet corn is increasing in Poland due to increased
consumption and suitability for cultivation in all regions of the country. However, sweet
corn is sown on different dates in these regions. A field experiment was carried out in the
years 2006-2008 at the Experimental Station in Zawady (52°03° N; 22°33” E). It was
conducted to examine the effect of three sowing dates (26 April, 10" May and 24™ May)
and covering with non-woven PP on the yields of three sweet corn cultivars (Sweet
Nugget F1, Rana F1 and Sheba F1). Weather conditions in 2007 and 2008 were more
favourable for sweet corn growth compared with the year 2006, when high air
temperatures were accompanied by very low precipitation from mid-June to late July. In
2007 and 2008, higher early, total and marketable yields were produced (by 29 and 13%,
50 and 44%, as well as 72 and 74%, respectively), and more ears were harvested (by 40-
45%), too. Moreover, with a delay in the sowing date, kernel yields harvested in these
years were twice as high as in 2006, when weather conditions contributed to more rapid
maturation of ears and to an increase in the percentage share of early ear yield in the total
yield. What is more, over the study years, on average both the total and marketable yields
of ears increased with the delayed sowing, however only in the coldest 2008 this increase
was significant. Unlike in 2008, delayed sowing in 2006 caused a decline in the number
of ears and kernel yield. An application of non-woven PP increased the yields, the share
of early yield in the overall yield of marketable ears and the number of ears. Covering was
most beneficial in cooler years for the first sowing date. The highest ear and kernel yields
were obtained for ‘Sweet Nugget F1°. Differences between the cultivars were observed
for the first sowing date.
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INTRODUCTION

Sweet corn (Zea mays L. var. saccharata Korn.) is a crop plant grown for fresh
human consumption and for raw or processed material for the canned food industry
[Biilent et al. 2006]. Both total production and value of processed sweet corn has
increased by 60% over the last 25 years [Williams et al. 2006]. It is becoming more
popular in Poland, too. At present, the area under sweet corn is 5-6 th ha [Bere$ 2010].
The climate in most parts of Poland is beneficial for cultivation of this crop, though the
most favourable conditions are in the south and south-western regions. Sweet corn is
sown on different dates depending on the region. Producers choose different sowing
dates to extend availability for fresh market [Waligora and Kruczek 2003].

There is a shortage of Polish literature on the effect of the sowing date and covering
on the growth and yields of sweet corn [Kubajak and Ostrowska 1983, Kossowski and
Cierkon 1986, Waligoéra 1997, Waligéra and Kruczek 2003, Kruczek 2010]. What is
more, there are almost no papers for eastern Poland. Earlier studies by Jablonska-
Ceglarek and Rosa [2005], Zaniewicz-Bajkowska et al. [2010], and Rosa et al. [2012a, b]
indicated that the environmental conditions in eastern Poland are favourable for the
cultivation of sweet corn. In these studies seeds were sown in mid-May or early June
but the experiments did not include issues related to sweet corn sowing date.

The first two weeks of May is the recommended time for sowing sweet corn in most
regions of Poland. The areas where spring arrives earlier (south-west and south-east)
may have earlier sowing dates (late April) [Kunicki 2003]. Climate warming has
resulted in an extended growing season in Poland, which makes it possible to make
earlier sowings of many crop species. Over the last decades, the average annual air
temperature in eastern Poland has increased by 1-1.5°C, and growing season has been
extended by about 10 days [Gorski and Zaliwski 2002]. As the agri-climate is changing,
it is possible to begin sowing sweet corn earlier in eastern Poland than it has been
suggested so far. However, spring frosts may pose a threat to earlier sowings. As a
result, it seems rational to cover sweet corn sown on earlier dates.

The objective of the present study was to determine the effect of different sowing
dates and covering of crop with non-woven PP on the yields of extra-sweet cultivars of
sweet corn, and to indicate the most appropriate time of sowing corn under the soil and
climatic conditions of eastern Poland.

MATERIAL AND METHODS

The experiment was carried out in the years 2006-2008 at the Experimental Farm in
Zawady, 115 km east of Warsaw (52°03” N; 22°33” E). According to the international
system of FAO classification, the soil was Luvisol (LV) [World Reference... 1998]. The
soil organic matter content averaged 1.5%, and its humus horizon reached the depth of
30-40 cm. Over the years of the experiment, nitrogen (NO; + NHy) content oscillated
between 39 and 63, phosphorus (P) 51 and 89, potassium (K) 80 and 105 mg-dm™ in
soil, whereas pH in H,O from 5.6 to 6.0.

The experiment was established as a split-block-split-plot design with three
replications. It studied the effect of different sowing dates (26™ April, 10" and 24™
May) and non-woven PP covering on the yields of sweet corn cultivars. Three early
extra-sweet corn cultivars were examined: Sweet Nugget F1 (Agri-Saaten), Rana F1
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(since 2010 ‘NOA F1”) (Pop Vriend Seeds), Sheba F1 (Seminis Vegetable Seeds), all
registered as vegetable cultivars. Earliness was the basic selection criterion. Compared
with the rest of the country, the study area has got a shorter growing season with lower
temperatures, particularly at night, occurring earlier in the summer. Such conditions
may be favourable for poorer ear set and lower yields. The respective growing seasons
from sowing to the milk stage, specified by breeders of the corn cultivars, lasted 70-83,
75-82 and 70-73 days. However, in the study areas they were extended, due to weather
conditions, and lasted from 84 to 106 days, depending on the study year, sowing date
and cultivation method (Table 1). Detailed results of the study examining the effect of
the above-mentioned factors on the length of sweet corn growing season have already
been presented [Rosa 2013]. While ‘Rana F1’ and ‘Sheba F1°, though still successfully
cultivated in other European countries, are no longer included in the Polish National
List of Vegetable Plant Varieties, only ‘Sweet Nugget F1° was registered in 2013. The
field experiment was set up after winter triticale. Ploughing was carried out in autumn,
in the years preceding cultivation of corn. At the same time, farmyard manure at the rate
of 30 Mg-ha was incorporated. In spring, two weeks before sowing the seeds on the
successive dates on the suitable combinations of soil, tillage was carried out, and
mineral fertilizers were applied at the following rates: 60 kg N, 50 kg P,Os, 180 kg K,O
per 1 ha. Mineral fertilizers were in the form of urea, granular superphosphate and 60%
potassium chloride.

The seeds of sweet corn were sown on three dates with 14-days intervals, starting
from 26™ of April, with the spacing of 65 x 25 cm. After sowing, the right plots were
covered with non-woven polypropylene (PP) (17 g:m™) for three-four weeks. Soil
temperature of the covered and non-covered plots was measured daily (8 am and 2 pm)
at a depth of 10 cm. Soil temperature was measured using an automatic electronic soil
thermometer PT-401 produced by Elmetron®.

When sweet corn plants were 20 cm high, top dressing with nitrogen (60 kg N-ha™)
in the form of ammonium nitrate was applied. The only cultivation practice was manual
removal of weeds carried out twice in the initial stages of development.

Ears were picked manually 2 or 3 times in the milk stage of kernels depending on
the study year, sowing date and cultivation method. The dates and duration of harvest
are presented in Table 1.

The area of each plot for harvest was 20 m”. During the harvest the following
parameters were determined:

— ecarly leafless ear yield (Mg-ha™) defined as the yield of marketable ears from the

first harvest,

— total and marketable leafless ear yield (Mg-ha™) according to the norm PN-R-

75377:1996,
— number of marketable ears per plant and per hectare.

Thirty marketable ears were sampled randomly from every combination to obtain
kernels. The average kernel weight per ear and marketable ear number per hectare were
used to calculate kernel yield (Mg-ha™).

The results of the experiment were statistically analysed with ANOVA at F < 0.05
and F < 0.01 following the mathematical model for the split-block-split-plot design.
Significance of differences was determined by Tukey test at the significance level of
P <0.05 [Winer et al. 1991].
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The weather in the study area is rather severe and influenced by the continental
climate. Yearly precipitation ranges from 500 to 550 mm, reaching 650 mm in wet
years, and air temperature averages around 7.5°C. The growing season extends from
200 to 210 days.

Weather conditions in the study years were differentiated. The lowest rainfall in the
April-August period was found in 2007 (240.6 mm), the highest one in 2006 (337.2
mm) (Fig. 1).
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Al, A2, A3 — the sowing dates of sweet corn, 26™ April, 10" and 24™ May, respectively
— terminy siewu kukurydzy cukrowej odpowiednio 26 kwietnia, 10 i 24 maja

Fig. 1.  Average temperatures and total rainfall (A) as well as cumulative precipitation (B) in
the period of study

Rys. 1. Srednie temperatury powietrza i sumy opadéw atmosferycznych (A) oraz skumulowana
wielko$¢ opadow (B) w okresie badan
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In 2007 the quantity of rainfall was the lowest but its distribution was very regular.
The worst was 2006, in which after very dry June and July, heavy rainfall was noted in
August (227.6 mm). This was 63.6% the amount of rainfall during the period from April
to September. However, the precipitation did not affect corn yields because the plants
had already reached the milk stage of kernels (the first and second sowing date) or were
in the stage of ear maturation (the third sowing date). According to Szulc and Kruczek
[2008], sweet corn requires less water, 50-100 mm, when ears are maturing. The year
2008 was characterized by lowest air temperatures, an average temperature for the
period April-September amounted to 14.7°C. In this year, among all the study years, air
temperature distribution was the most regular, without sudden fluctuations. 2006 was
the warmest year. Average air temperatures over the growing season of corn amounted
to 15.8°C. After the cold first half of April, the second half of the month and May were
very warm. At the turn of May and June there occurred fortnight cooling, and then air
temperatures suddenly increased. From mid-June until mid-August it was very hot.
2007 was characterized by very hot second half of the spring (from mid-May until mid-
June) and cool beginning of the summer.

Weather conditions during the growing season have the greatest influence on the
growth and development of corn, especially the amount and distribution of air
temperatures. For rapid and regular emergence, temperature has to be above 10°C and
soil moisture has to be moderate [Kovaceci¢ and Culjat 1993, Stone ef al. 1999].

Values of Sielianinov's hydrothermal coefficient were calculated in order to present
an overall characterisation of weather conditions during the growing season of sweet
corn:

P
>t-0.1

k=

where:
P — total monthly precipitation (mm),
Xt — total monthly air temperatures > 0°C (Table 2).

Table 2. Selyaninov’s hydrothermal coefficient
Tabela 2. Wspotczynnik hydrotermiczny Sielianinowa

L Year — Rok

Month — Miesiac

2006 2007 2008
April — kwiecien 1.18 0.82 1.04
May — maj 0.97 0.79 2.14
June — czerwiec 0.45 1.31 2.24
July — lipiec 0.24 1.35 2.24
August — sierpien 421 1.04 0.72

< 0.50 — drought — susza, 0.51-1.00 — semi-drought — polsusza, 1.01-2.00 — good humidity — dobre
uwilgotnienie, >2.01 — high humidity — duze uwilgotnienie [Waligora ez al. 2013]

RESULTS AND DISCUSSION

The use of non-woven PP covers caused an increase in soil temperature at a depth of
10 cm (Fig. 2).
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Al, A2, A3 — the sowing dates of sweet corn, 26™ April, 10t and 24" May
respectively — terminy siewu kukurydzy cukrowej, odpowiednio 26 kwietnia, 10 i 24 maja

Al, A2, A3 —the sowing dates of sweet corn, 26™ April, 10" and 24™ May, respectively
— terminy siewu kukurydzy cukrowej odpowiednio 26 kwietnia, 10 i 24 maja

Fig. 2. Soil temperature measured at 8 am and 2 pm at the 10-cm depth when sweet corn was
covered and non-covered

Rys.2. Temperatura gleby na glebokosci 10 cm mierzona o godzinie 8% i 14 w uprawie
kukurydzy cukrowej pod ostong i bez ostony
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The highest temperatures were recorded for both covered and non-covered soils in
2007. The average temperature from 26™ April to 14™ June was 15.7 and 20.9°C, at 8
am and 2 pm, respectively. Compared with the remaining study years, 2007 had the
hottest second half of spring, thus the soil temperature was higher, too. Also, the
differences between temperatures measured at 8§ am and 2 pm were the greatest. The
lowest temperatures were recorded in 2006; the average temperature over the study
period was 15.1°C at 8 am and 16.8°C at 2 pm. Despite the fact that 2006 was warm, the
second half of May and early June were the coolest months of all the study years. When
the soil was covered with non-woven PP, soil temperature increased by 0.5-3.0°C at 8
am and 0.5-5.0°C at 2 pm. On average, soil temperature increased most after covering in
2008: 0.8°C at 8 am and 2.4°C at 2 pm. Increased air and soil temperatures under non-
woven PP have been reported by other authors, e.g.: Hamouz et al. [2006], Wadas and
Kosterna [2007]. Covers reduce evaporation, catch and retain sunlight during the day
and reduce heat loss during the night, which produces a small-scale greenhouse effect.
Under such conditions plants have better conditions of growth [Kwabiah 2004,
Majkowska-Gadomska 2010].

Table 3 presents the effect of the main factors and their interaction on the examined
characteristics of sweet corn.

Table 3. The effect of main factors and their interaction on the examined sweet corn traits
Tabela 3. Wplyw czynnikoéw glownych oraz ich interakcji na badane cechy kukurydzy cukrowe;j

Factor — Czynnik EY' EY% TY MY NEP NEH KY
Year7 ROk (Y) sk sk sk ok ok ok ok
Sowing date — Termin siewu (A) HE wE HE wE * * woE
Y X A ks ks Hkk Kk Kk k% Kk
Covering — Ostanianie (B) *x *x *x wok wk * wk
Y xB *x ns—ni  ns—ni  ns—ni  ns—ni  ns—ni  ns—ni
AxB *k * * *k ns—ni  ns—ni  ns—ni
Y X A X B ks ks ks k% * k% Kk
Cultivar — Odmiana (C) Hok Hok Hok * ns —ni ns wk
Y xC ns—ni ns—ni  ns—-ni ns—-ni  ns—ni ns—ni ns—ni
AxC * ns—ni ns—ni  ns—-ni  ns—-ni ns—ni ns—ni
Y xAxC ns—ni  ns—ni ns—-ni ns—ni ns—-ni ns—ni ns—ni
BxC ns—ni  ns—ni  ns—ni  ns—ni  ns—ni  ns—ni  ns—ni
YxBxC ns—ni ns—ni  ns—-ni ns—-ni  ns—ni  ns—ni ns—ni
A X B X C skok sk sk ok * kok dok

' EY — early yield of ears — plon wczesny kolb, EY% — share of early yield in the overall yield of marketable
ears — udziat plonu wezesnego kolb w plonie kolb handlowych, TY — total yield of ears — plon kolb ogotem,
MY -yield of marketable ears — plon kolb handlowych, NEP — number of marketable ears per plant — liczba
kolb handlowych na ro$linie, NEH — number of marketable ears per hectare — liczba kolb handlowych na
1 ha, KY —kernel yield — plon ziarna

* significant at P < 0.05 — istotne przy P < 0,05

** significant at P < 0.01 —istotne przy P < 0,01

ns — ni — non-significant — nieistotne

The highest early ear yield, defined as the yield of marketable ears from the first
harvest, was achieved in 2007. It was the lowest in 2006 (Table 4). However, the
highest share of early yield in the overall yield of marketable ears (66.4%) was found in
2006 and the lowest in 2008 (41.9%). It was the result of the effect of weather
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conditions over the study years. Waligéra and Kruczek [2003], Khan ef al. [2009], and
Waligora et al. [2010] found that in warmer years with lower rainfall, sweet corn ears
mature more rapidly and the harvest is shorter, which was also confirmed in the present
study. In 2006, when high air temperatures were accompanied by very low rainfall from
mid-June to late July, ears matured very rapidly, whereas in 2008, which was cooler and
wet, sweet corn ears matured more slowly. As the sowing date of sweet corn was
delayed, the early ear yield and its share in the overall yield of marketable ears
increased. The increase was from 47.6% (for corn sown on 26™ April) to 57.6% (for
corn sown on 24™ May). However, corn response to delayed sowing dates varied over
the study years.

Table 4. Early leafless ear yield depending on the sowing date and covering of sweet corn
(average for the examined cultivars), Mg-ha™!

Tabela 4. Plon wczesny kolb odkoszulkowanych w zaleznosci od terminu siewu i ostaniania
kukurydzy cukrowej ($rednio dla badanych odmian), Mg-ha™!

Share of early yield in the overall yield

Sowing Early ear yield of marketable ears
date Covering Plon wczesny kolb Udziat plonu wezesnego kolb w plonie
Termin Ostanianie kolb handlowych, %
siewu year — rok mean year — rok mean
2006 2007 2008 Srednia 2006 2007 2008  Srednia
MOCOVENING © yera% 5002 3.0la 428  557a  462a  36.1a  46.0a
April 26" bez ostaniania
p i
26 kwietnia "OTVOVEN PP o 721b 4662 553b  60.0a  498a  377a  49.2a
agrowloknina
mean —érednia 4.78A  6.10A 3.84A 491A  S579A 48.0AB 369A  47.6A
MOCOVENING 5 150 548a  6.62a 584a  693a 4382 41.0a  5l3a
May Lo bez ostaniania
l0maja  OWOVRPP o 688 586a 630 69.0a 4750 4lda S527a
agrowltoknina
mean — érednia 5.80B  6.18A 624B  6.07B  69.1B 45.7A 412AB  52.0B
MOCOVENING 3707 727a  4.13a 503  702a 522a 37.0a  53.1a
May St bez ostaniania
24 maja R . S6a . . .0a la . .
ja  ponwovenPPs oo o56a 10450 7926 7402 S4da 58.1b 62.1b

agrowloknina
mean —$rednia  4.73A  741B  729C 648C  72.1B 532B 47.5B 57.6C
no covering
Mean bez ostaniania
Srednia  non-woven PP
agrowloknina
Mean — Srednia 5.104** 6.57C  5.79B 5.82 66.4C  49.0B 4194 52.4

4.65a 592a 4.59a 5.05a 65.0a  474a  38.0a 50.2a

555b  7.22b  6.99b 6.59b 67.7a 50.5a  45.7b 54.7b

* a, b, A, B — values in columns followed by the same letters do not differ significantly at P < 0.05 —
wartosci w kolumnach oznaczone tymi samymi literami nie ro6znig si¢ istotnie przy P < 0,05

** A, B — values in rows followed by the same letters do not differ significantly at P < 0.05 — wartosci
w wierszach oznaczone tymi samymi literami nie r6znig si¢ istotnie przy P < 0,05

In 2006, the share of early yield in the overall marketable yield harvested for the
first sowing date was significantly lower compared with the remaining dates. Corn
harvest for the last sowing date in 2007 and 2008 produced a significantly higher share
of early ear yield compared with the second and first sowing date, respectively. This
study indicated that, as the sowing date of sweet corn was delayed, the share of early ear
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yield in the overall yield increased because ears had matured more rapidly and, as a
result, their harvest was shorter. It was caused by the influence of air temperatures
during the growing season. The share of early yield in the overall yield increased more
noticeably due to the delayed sowing of sweet corn in the warmer years, compared with
the cooler years.

Sweet corn covered with non-woven PP produced significantly higher early ear
yields, and had a significantly higher share of early yield in the overall yield of
marketable ears, compared with non-covered corn (Table 4). In the cooler and wetter
years, the increase was greater but it was only significant in 2008. A statistically
significant increase in the share of early yield in the overall yield of marketable ears due
to covering was found for the third sowing date of sweet corn. The effects of the
aforementioned factors were most visible in the cool and wet 2008.

Sweet corn yields were similar in 2007 and 2008 and they amounted to 14.61-15.39
and 13.32-13.48 Mg-ha' for the total yield of ears and yield of marketable ears,
respectively (Table 5).

Table 5. Total marketable and leafless ear yield depending on the sowing date and covering of
sweet corn (average for the examined cultivars), Mg-ha™

Tabela 5. Plon odkoszulkowanych kolb ogodtem oraz kolb handlowych w zaleznos$ci od terminu
siewu i ostaniania kukurydzy cukrowej ($rednio dla badanych odmian), Mg-ha™

Sowin 1 . Marketable ear yield

e g Covering Total ear yield — Plon kolb ogotem Plon kolb handlowych
Termin Ostanianie year — rok mean year — rok Mean
siewu 2006 2007 2008 Srednia 2006 2007 2008  Srednio

no covering

.2, 10.78a* 12.03a  9.68a 10.83a 8.70a  10.69a 84la 9.27a
bez ostaniania

April 267 non-woven PP 996a 17.66b 13.30b 13.64b  7.83a 15.18b 1251b  11.84b
26 kwietnia agrowloknina : ! : . : : : :
mean — érednia 1037A 14.85A 1149A 1224A  826A 1294A 1046A 10.55A
MOCOVENING g og7  1451a 17.71a 13.77a  7.85a 1243a 16.13a  12.13a
May 10® bez osiamarfl)l;
N non-woven
10maja  oorouiknina 10622 15932 15402 1398 89% 14382 14142 1249

mean — $rednia  9.85A  1522A 16.56B 13.88B  8.40A 1340A 15.13B 12.31B

no covering

s bez ostaniania
May 24 non-woven PP

24 maja agrowléknina 11.49a 15.66a 18.69b  1528b 7.8la  14.16a 17.67b  13.21b

mean — $rednia 10.47A  16.10A 1597B 14.18B  6.54A 14.11A 1436B 11.67B

no covering

Mean bez ostaniania
Srednio  non-woven PP
agrowloknina

Mean — Srednia 10.234** 1539B 14.67B  13.43 7.744 13.48B 13.32B 11.51

9.44a 16.54a 1326a 13.08a 528a  14.05a 11.06a 10.13a

9.77a  1436a 13.55a 12.56a 728a  1239a 11.86a 10.5la

10.69a 164la 1580a 14.30b 8.19a  14.57a 14.77a  12.51b

* *% explanations as in Table 4 — objasnienia jak w tabeli 4

Significantly lower yields were harvested in 2006, as the total yield was by 33.5%
lower, and the yield of marketable ears was by 42% lower than in the remaining study
years. Waligora et al. [2010] confirmed that years with higher precipitation and lower
air temperatures during the growing season provide better conditions for sweet corn
growth and yield production. According to Maddoni et al. [1998] and Oktem et al.
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[2003], lower ear yields of ears are due to high air temperatures and water shortages in
the soil, in particular during flowering, emergence of silks on ears and filling of kernels
with milk, which was confirmed in this study. In 2006, the water status in the soil was
disturbed from late July to late August, as indicated by values of Sielianinov’s
coefficient (Table 2). Heavy rainfall in August did not contribute to increased corn ear
yields, including plots harvested in late August. Similar findings for Poland were
reported by Waligéora and Weber [2010], Rosa et al. [2012a], and Waligora et al.
[2013]. Unfavourable thermal conditions and water shortages during flowering and ear
formation, influence the yield of corn kernel [Kunicki 2003, Kruczek 2005,
Gotgbiewska 2006, Ptaszynska and Sulewska 2007]. Previous studies on sweet corn
yield carried out by the author in eastern Poland indicated that ear yields are
predominantly determined by precipitation totals in June [Rosa ef al. 2012a]. Similar
findings for western Poland were reported by Waligora et al. [2010], whereas Sulewska
[2004] indicated that precipitation in June and July is critical for corn.

Sowing date of sweet corn influenced total yields and yields of marketable ears, and
the effect of this factor depended on the weather pattern in each study year (Table 5).
A significant effect of the sowing date on corn yields was found in the cooler and wet
2008. In 2006, the total yields of ears harvested for individual sowing dates were on a
similar level. The yield of marketable ears of corn sown on 24™ May was by 20% lower
compared with the first two sowing dates, and the difference was not statistically
significant. In 2007, when the spring was hot, the summer was cool and the rainfall was
evenly distributed, the yields of ears harvested were similar for all the sowing dates.
Waligéra and Kruczek [2003] and Kruczek [2010], who cultivated sweet corn in
western Poland, reported a consistent decline in yields of ears as the sowing date was
delayed, regardless of the weather patterns in the study years. In north central USA,
delayed sowing of sweet corn (four dates between 14™ April and 14™ June) did not
affect yields of ears in a cool year but when the weather was hot, the yields declined
[Williams 2008]. In the studies in different places worldwide, delayed sowing of sweet
corn was followed by increased yields of ears, regardless of weather conditions
[Kwabiah 2004, Oktem et al. 2004, Farsiani et al. 2011]. According to Kunicki [2003],
the first two weeks of May are the best period for sowing sweet corn in most regions of
Poland. In general, the longer are the delays in sowing, the lower are the yields
produced. It is due to decreasing average daily temperatures and cooler nights from
mid-July. However, studies conducted in eastern Poland indicated that, even if sweet
corn is sown in early June, it is still possible to obtain good yields of marketable ears
ranging from 14 to18 Mg-ha™ [Jabtonska-Ceglarek and Rosa 2005].

Higher sweet corn yields occurred when plants had been covered with non-woven
PP (Table 5). The total yield and yield of marketable ears increased on average by 14
and 19%, respectively, compared with the non-covered corn. The effect of covering
depended on the study year and sowing date. In the cooler years, the effect of this factor
was more visible. Significantly higher yields of ears were recorded in 2007 for the first
sowing date, and in 2008 for the first and third sowing date. Kwabiah [2004] applied
plastic mulch in the cultivation of sweet corn, and found a significant increase in yields
for each of the three sowing dates. The highest yields of marketable ears were obtained
for the first and second sowing date. However, no significant interaction between the
studied factors was found. According to Tarara [2000], high air temperature and intense
sunlight have an adverse effect on sweet corn growth and yields. Hence, in hot years,
when a delayed sowing date is preferable, it is better to grow corn without covering.
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A major benefit associated with the use of non-woven PP was the increase in soil
temperature at the root zone which is ultimately reflected in a higher plant growth,
yields and earlier harvest, compared to soil without covering. Plant roots are known to
be less adaptable to extreme fluctuations in soil temperature than shoots are to air
temperature [Paulsen 1994]. Therefore, maintaining warm temperature at the root zone,
particularly under conditions of low ambient temperature, has a positive effect on
physiological processes in roots, such as uptake of water and mineral nutrients [Zobel
1992]. What is interesting in the present study is the fact that yields were higher when
corn had been sown on the third date and covered with non-woven PP in 2008. On the
non-covered plots the yields were by almost 40% lower, probably due to lower
temperatures in spring, which slowed down the process of soil warming, and low
rainfall from 20™ May to 15" June. The conditions may have had an adverse effect on
germination of seeds and initial growth of the non-covered corn.

Weather conditions in the study years affected the number of ears per plant and per
hectare (Table 6) In 2006, the number averaged 0.8 marketable ear per plant, which was
by 20% less than in 2007 and 2008. Studies by Moser et al. [2006] and Farsiani et al.
[2011] indicated that the number of ears per plant increases when the moisture status of
the soil improves, but falls dramatically due to the water stress. Cakir [2004] and
Brewbaker [2008] reported that water shortage caused reduction in ear per plant during
the sensitive tasselling and ear formation stages. Payero et al. [2006] indicated that
moisture tension in the soil during any of the phenological stages of the plant causes
reduction in growth, delayed maturity and decreased crop yield, which was confirmed
in the present study discussed here. In 2006, water status of the soil was disturbed and
unfavourable for corn, particularly during the stages of tasselling and ear formation.

Regardless of the study year, significantly fewer marketable ears were formed for
the third sowing date compared with the remaining dates. However, it was observed that
in the cooler years (2008 in particular) when sowing of corn was delayed, more
marketable ears were produced per plant. More ears were harvested from plots of sweet
corn for the second date in 2007 and for the third date in 2008. In the studies by Farsiani
et al. [2011] a different number of ears per plant was obtained depending on the date of
sowing. However, it is difficult to unequivocally indicate dependence between delaying
sowing date and an increase or decrease in the number of ears per plant.

Covering after sowing the seeds had an influence on an increase in the average
number of ears per corn plant. A significant impact of covering sweet corn was
observed for the first sowing date in 2007 and 2008.

The average number of ears per 1 ha in the study years was 52,623 (Table 6). In
2006, the number was by around 29 and 31% lower than in 2007 and 2008,
respectively. Also in 2006, delayed sowing of sweet corn resulted in decreased numbers
of ears per 1 ha. The number of ears harvested for the third date was significantly lower
compared with the remaining dates, the difference being 28.5 and 27%, respectively. In
2007 and 2008, sowing date did not affect the number of ears per area unit, whereas in
2006 the number of ears might have been decreased due to a colder spell in late May
and early June followed by a rapid increase in air temperature along with very low
precipitation. Such conditions had a negative influence on the initial growth and
generative development of corn sown on 24™ May which, in consequence, set fewer
ears. Waligora and Kruczek [2003] obtained the highest number of ears per 1 ha after
sugar maize sown on 4 May.
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Sowing date delayed by two weeks significantly decreased the number of ears per 1
ha compared to sowing at the beginning of May. Also Kruczek [2010] found a gradual
decrease in the number of ears per 1 ha due to delayed sowing (from 27" April to late
May) regardless of the study year. On the contrary, Kara [2011] and Kara and Atar
[2013], who conducted their study in Turkey, reported a significant increase in the
number of sweet corn ears per 1 ha when sowing was delayed in each study year. An
application of covers in the initial stages of corn setting made it possible to obtain, on
average, by around 10% more ears compared with the cultivation without covering. The
number of ears increased significantly for the last sowing date in 2006, and for the
earliest sowing date in 2007 and 2008.

Weather conditions in 2007 and 2008 positively affected sweet corn kernel yields
which were almost twice as high as in 2006 (Table 7). The effect of the sowing date on
kernel yield varied over the years. The yield was significantly higher for the first vs
third sowing date, whereas in 2008 the opposite was true. Moreover, kernel yield
harvested for the second and third date was significantly higher compared with the first
date. Statistical analysis indicated that, regardless of the study year, kernel yields of
sweet corn sown on 10™ and 24" May were significantly higher compared with the first
sowing date (26™ April). Studies conducted in other parts of the world have indicated
a varying response of sweet corn to delayed sowing. In their studies carried out in Iran,
Farsiani et al. [2011] found a gradual increase in kernel yields due to delayed sowing of
sweet corn, whereas Panahi et al. [2010] reported no significant differences.

Table 7. Kernel yield depending on the sowing date and covering of sweet corn (average for the
examined cultivars), Mg-ha™

Tabela 7. Plon ziarna w zaleznos$ci od terminu siewu i ostaniania kukurydzy cukrowej ($rednio
dla badanych odmian), Mg-ha™

Sowing date Covering Year — Rok ‘Mean
Termin Siewu Ostanianie 2006 2007 2008 Srednia
Do covertig 5.30a* 6.62a 439 543a

bez ostaniania

April 26"
26 kwictnia  DonWoven PP 474a 9.53b 6.99b 7.09b
agrowtoknina
mean — $rednia 5.02B 8.08A 5.69A 6.26A
no covermg 3.99a 7.22a 10.18a 7.13a
May 10° bez ostaniania
10 maja non-woven PP 4.85a 8.55a 9.37a 7.59a
agrowtoknina
mean — $rednia 4.42AB 7.89A 9.78B 7.36B
A 2.49 8.99a 8.47a 6.65a
" bez ostaniania
1\24: g non-woven PP 3.97a 9.23a 9.74a 7.65a
maja agrowloknina ’ ’ ’ ’
mean — $rednia 3.23A 9.11A 9.11B 7.15B
no coverng 3.92a 7.61a 7.68a 6.40a
Mean bez ostaniania
Srednia non-woven PP 452a 9.10a 8.70a 7.44b
agrowloknina
Mean — Srednia 4.224%* 8.36B 8.19B 6.92

* *% explanations as in Table 4 — objasnienia jak w tabeli 4
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In Illinois, the USA, Williams [2008] obtained lower kernel yields as sowing dates
of sweet corn were delayed. In turn, Khan ef al. [2011], who examined five sowing
dates of sweet corn in Pakistan, observed a decline in kernel yields for dates 1-3
followed by an increase for dates 3-4. In light of these findings it can be assumed that
changes in corn kernel yield due to delayed sowing are affected by weather conditions
in the study year as well as local environmental conditions.

Application of covers increased sweet corn kernel yields, the relationship being
particularly visible for the first sowing date in 2007 and 2008, probably due to colder
weather from 20™ April to mid-May, compared with 2006. Covering of sweet corn
during this period produced better thermal conditions, seeds germinated more rapidly
and young plants had better conditions of development compared with the non-covered
cultivation. The result was an increased number of plants per unit area, greater number
of ears set on plants, heavier kernels in ears (though not significantly) and, in
consequence, higher kernel yields. More favourable conditions created by covers
contributed to higher ear yields, which was explained above. Kwabiah [2004] found that
an application of plastic mulch made it possible to obtain more kernels per ear,
regardless of the sowing date of sweet corn, and suggested that it was due to a better
development of plants due to higher temperatures of soil covered with mulch in the
initial stage of corn devolopment.

Table 8 presents the response of the examined sweet corn cultivars to the
experimental factors. ‘Sweet Nugget F1° produced significantly higher early and
marketable ear yields compared with ‘Rana F1° and ‘Sheba F1°, regardless of the study
year, sowing date and covering. In 2006, early yields were similar for all the cultivars,
whereas in 2007 ‘Sweet Nugget F1” and ‘Rana F1’ produced significantly higher yields
than ‘Sheba F1°. In the cooler year 2008, yields of ‘Sweet Nugget F1° were
significantly higher than the yields of the remaining cultivars. Compared with ‘Sheba
F1’, ‘Sweet Nugget F1” and ‘Rana F1’ had higher early ear yields for the first sowing
date. The share of ‘Sweet Nugget F1° and ‘Rana F1’ early yields in the total yields of
marketable ears was over 50% higher, and the differences were significant compared
with ‘Sheba F1°. There was found a significant effect of covering plots for the first
sowing date on the share of early yield in the yield of marketable ears of the studied
cultivars. The highest total yield of ears was produced by ‘Sweet Nugget F1’; it was
significantly lower for ‘Rana F1.” The difference was the greatest for the non-covered
plots sown with corn on the first date. The yield of marketable ears of the non-covered
‘Sweet Nugget F1” sown on the first date was by 50% higher compared with ‘Sheba
F1’, and the difference was statistically significant. Regardless of the experimental
factors, sweet corn cultivars produced a similar number of marketable ears. However,
the non-covered ‘Sweet Nugget F1’ formed significantly more ears for the first sowing
date than ‘Rana F1°. For the second sowing date, the non-covered ‘Rana F1’ produced
more ears per unit area than ‘Sheba F1°. Regardless of the study years, sowing dates and
covering, kernel yields of ‘Sweet Nugget F1’ were significantly higher compared with
‘Rana F1°. For the first sowing date, the non-covered ‘Sweet Nugget F1’ produced
significantly the highest yield of ears which, for the cover-protected ‘Sweet Nugget F1°,
was significantly higher compared with ‘Rana F1°.

According to Aziz et al. [1992] and Khan et al. [1999], kernel yields and ear
parameters are significantly affected by sweet corn cultivars, regardless of agronomic
practices. However, the differences are genetically-controlled and do not depend on the
sowing date.
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CONCLUSIONS

1. Weather conditions in the study years influenced sweet corn ear and kernel yields,
number of ears per plant and per hectare, and kernel weight per ear. Higher ear yields,
greater numbers of ears and higher kernel yields were obtained in 2007 and 2008 when
June and July were colder and wetter than in 2006, when higher air temperatures and
lower rainfall over these two months contributed to more rapid maturation of sweet corn
ears, and increased the percentage share of early yield in the yield of marketable ears.

2. When averaged over the study years, early yield of ears, its share in the
marketable yield, marketable yield of ears and kernel yield increased but the number of
marketable ears declined when sweet corn sowing was performed in late May instead of
late April. The response of corn to delayed sowing depended on weather conditions in
the study years. The overall and marketable yields of ears and kernel yield increased
only in the coldest and wettest 2008. In 2006, which was the warmest and driest,
delayed sowing was followed by declining kernel yields and numbers of ears harvested
per unit area.

3. Covering of sweet corn with non-woven PP in the initial stages of development
contributed to increased early, total and marketable yields, share of early yield in the
yield of marketable ears, number of ears formed per plant and hectare, and kernel
yields. The most visible effect was observed for the first sowing date in 2007 and 2008,
when the period from mid-April to mid-May was colder than in 2006.

4. From the examined sweet corn cultivars, the highest ears and kernel yields were
produced by ‘Sweet Nugget F1°. The greatest differences between cultivars were found
in the cooler years and for the first sowing date.

ACKNOWLEDGEMENT

Research supported by the Ministry of Science and Higher Education of Poland as
part of the statutory activities of the Department of Vegetable Crops, Siedlce University
of Natural Sciences and Humanities.

REFERENCES

Aziz A., Saleem M., Rehman H., Muhammad F., 1992. Performance of maize hybrids under
irrigated conditions. Sarhad J. Agric. 8(5), 509-512.

Beres P.K., 2010. Harmfulness and effects of chemical control of Ostrinia nubilalis Hbn. on
sweet corn (Zea mays var. saccharata) in Rzeszéw region in 2006-2009. Acta Sci. Pol.,
Agricultura 9(4), 5-15, www.agricultura.acta.utp.edu.pl

Brewbaker J.L., 2008. Sweet corn. Bulletin (HGV-4) of College of Tropical Agriculture and
Human Resources. University of Hawaii.

Biilent C. M., Yalgin L., Ozarslan C., 2006. Physical properties of sweet corn seed (Zea mays
saccharata Sturt.). Journal of Food Engineering 74(4), 523-528.

Cakir R., 2004. Effect of water stress at different development stages on vegetative and
reproductive growth of corn. Filed. Crops. Res. 89, 1-16.

Farsiani A., Ghobadi M.E., Jalali-Honarmand S., 2011. The effect of water deficit and sowing
date on yield components and seed sugar contents of sweet corn (Zea mays L.). African
J. Agric. Res. 6(26), 5769-5774.

Agricultura 13(4) 2014



110 R. Rosa

Gotlgbiewska H., 2006. Wpltyw wieloletniej uprawy kukurydzy na ziarno na wystgpowanie
chwastow. Pam. Putaw. 142, 127-136.

Gorski T., Zaliwski A., 2002. Model agroklimatu Polski. Pam. Put. 130/, 251-260.

Jabtonska-Ceglarek R., Rosa R., 2005. The effect of forecrop green fertilizers on the yielding and
growth of sugar maize ‘Landmark F1°. EJPAU 8(4) #47, http://www.ejpau.media.pl/volume8/
issue4/art-47 . html

Kara B., 2011. Fresh ear yield and growing degree-days of sweet corn in different sowing dates in
southwestern Anatolia region. Turk. J. Field Crops 16(2), 166-177.

Kara B., Atar B., 2013. Effects of mulch practices on fresh ear yield and yield components of
sweet corn. Turk. J. Agric. For. 37, 281-287.

Khan M.A., Akbar S., Ahmad K., Baloch M.S., 1999. Evaluation of corn hybrids for grain yield.
Pak. J. Biol. Sci. 2(2), 413-414.

Khan Z.H., Khalil S.K., Farhatullah, Khan M.Y., Israr M., Basir A., 2011. Selecting optimum
planting date for sweet corn in Peshawar. Sarhad J. Agric. 27(3), 341-347.

Khan Z.H., Khalil SK., Nigar S., Khalil 1., Haq I., Ahmad I., Ali A., Khan M.Y., 2009.
Phenology and yield of sweet corn landraces influenced by planting dates. Sarhad J. Agric.
25(2), 153-157.

Kossowski M., Cierkon K., 1986. Wplyw terminu i ggstosci siewu na plonowanie kukurydzy
cukrowej. Zesz. Nauk. AR Krakow 211(16), 140-150.

Kovaceci¢ V., Culjat M., 1993. Some experiments with corn growing at southern Poland. Fragm.
Agron. 3, 75-90.

Kruczek A., 2005. Wpltyw dawek azotu i sposobow stosowania nawozéw azotowych i nawozu
wielosktadnikowego na plonowanie kukurydzy. Pam. Put. 140, 129-138.

Kruczek A., 2010. Response of sugar maize (Zea mays ssp. saccharata L.) to nitrogen and
phosphorus fertilization methods depending on the sowing date. Part I. Cobs yield. Acta Sci.
Pol., Agricultura 9(4), 39-46, www.agricultura.acta.utp.edu.pl

Kubajak A., Ostrowska A., 1983. Wptyw terminu siewu kukurydzy cukrowej na jej plonowanie
i jakos¢. Zesz. Nauk. AR Krakow 178(11), 161-175.

Kunicki E., 2003. Uprawa kukurydzy cukrowej. Plantpress Sp. z 0.0. Krakow.

Kwabiah A.B., 2004. Growth and yield of sweet corn (Zea mays L.) cultivars in response to
planting date and plastic mulch in a short-season environment. Sci. Hortic. 102, 147-166.

Maddonni G.A., Otegui M.E., Bonhomme R., 1998. Grain field components in maize: II. Post-
-silking growth and kernel weight. Field Crops Res. 56(3), 257-264.

Majkowska-Gadomska J., 2010. Badania nad oddzialywaniem bezposredniego ostaniania roslin
i $ciotkowania gleby na wzrost, rozwdj oraz plonowanie melona (Cucumis melo L.). Rozpr.
i monogr., Wyd. UWM Olsztyn.

Moser S.B., Feil B., Jampatong S., Stamp P., 2006. Effect of pre-anthesis drought nitrogen
fertilizer rate and variety on grain yield, yield components and harvest index of tropical
maize. Agric. Water Manage. 81, 41-58.

Oktem A., Mehmet S., Oktem A.G., 2003. Deficit irrigation effects on sweet corn (Zea mays
saccharata Sturt) with drip irrigation system in a semi-arid region water-yield relationship.
Agric. Water Manage. 61, 63-74.

Oktem A., Oktem A.G., Coscun Y., 2004. Determination of Sowing Dates of Sweet Corn (Zea
mays L. saccharata Sturt.) under Sanlurfa Conditions. Turk. J. Agric. For. 28, 83-91.

Panahi M., Naseri R., Soleimani R., 2010. Efficiency of some sweet corn hybrids at two sowing
dates in Central Iran. Middle-East J. Sci. Res. 6(1), 51-55.

Paulsen G.M., 1994. High temperature responses of crop plants. [In:] K.J. Boote, J.M. Bennet,
T.R. Sinclair, G.M. Paulsen (eds.), Physiology and Determination of Crop Yield, American
Society of Agronomy, Madison, W1, 365-389.

Payero J.O., Melvin S.T., Irmak S., Tarkalson D., 2006. Yield response of corn to deficit
irrigation in a semiarid climate. Agric. Water Manage. 84(1-2), 101-112.

PN-R-75377:1996. Kukurydza cukrowa.

Acta Sci. Pol.



Response... Part I. Corn yields 111

Ptaszynska G., Sulewska H., 2007. Wptyw warunkow pogodowych na porazenie kukurydzy
grzybem Ustilago Zeae Unger. Prog. Plant Protection / Post. Ochr. Ro$lin 47(2), 280-283.
Rosa R., 2013. Wplyw terminu siewu i przykrycia gleby agrowtokning na wzrost i dlugos¢ okresu
wegetacji kukurydzy cukrowej uprawianej w warunkach wschodniej Polski. Nauka Przyr.

Technol. 7(4), #62.

Rosa R., Zaniewicz-Bajkowska A., Kosterna E., 2012a. Wplyw warunkéw pogodowych
wschodniej Polski na plonowanie i dtugo$¢ okresu wegetacji kukurydzy cukrowej. Nauka
Przyr. Technol. 6(3), #58.

Rosa R., Zaniewicz-Bajkowska A., Kosterna E., Franczuk J., 2012b. Phacelia and amaranth catch
crops in sweet corn cultivation. Part I. Corn yields. Acta Sci. Pol., Hortorum Cultus 11(1),
145-159.

Stone P.J., Sorensen 1.B., Jamieson P.D., 1999. Effect of soil temperature on phenology, canopy,
development, biomass and yield of maize in a cool-temperate climate. Field Crop Research
63, 169-178.

Sulewska H., 2004. Wymagania $rodowiskowe kukurydzy i mozliwosci jej uprawy w Polsce.
[W:] A. Dubas (red.), Technologia produkcji kukurydzy, Wie§ Jutra Warszawa.

Tarara J.M., 2000. Microclimate modification with plastic mulch. Hort. Sci. 22, 30-32.

Wadas W., Kosterna E., 2007. Effect of perforated foil and polypropylene fibre covers on
development of early potato cultivars. Plant Soil Environ. 53(3), 136-141.

Waligéra H., 1997. Wplyw terminéw siewu na przebieg wegetacji i ksztaltowanie si¢ cech
morfologicznych kukurydzy cukrowej. PTPN, Wydz. Nauk Rol. Les., T. 83, 135-140.

Waligora H., Kruczek A., 2003. Wptyw terminu siewu na plonowanie dwoch odmian kukurydzy
cukrowej. Fragm. Agronom. 3(79), 27-39.

Waligora H., Skrzypczak W., Weber A., Szulc P., 2010. Plonowanie i dlugos¢ okresu wegetacji
kilku odmian kukurydzy cukrowej w zaleznosci od warunkow pogodowych. Nauka Przyr.
Technol. 4(1), #5.

Waligora H., Weber A., 2010. Effect of weather conditions on sugar maize yield (Zea mays ssp.
saccharata Koern.). Acta Sci. Pol., Agricultura 9(3), 75-82, www.agricultura.acta.utp.edu.pl

Waligora H., Weber A., Skrzypczak W., Chwastek E., 2013. Wptyw przebiegu warunkéw
atmosferycznych na wzrost i plonowanie wybranych odmian kukurydzy cukrowej (Zea mays
ssp. saccharata). Nauka Przyr. Technol. 7(1), #10.

Williams M.M., Masiunas J.B., 2006. Functional relationships between giant ragweed (dmbrosia
trifida) interference and sweet corn yield and ear traits. Weed Sci. 54, 948-953.

Williams M.M., 2008. Sweet corn growth and yield responses to planting dates of the North
Central United States. HortScience 43(6), 1775-1779.

Winer B.J., Brown D.R., Michels K.M., 1991. Statistical principles in experimental design.
McGraw-Hill New York.

World Reference Base for Soil Resources, 1998. World Soil Resource Reports FAO. ISRIC, ISSS
Rome.

Zaniewicz-Bajkowska A., Rosa R., Kosterna E., Franczuk J., Buraczynska D., 2010. The effect of
sunflower (Helianthus annuus L.) catch crop on content of selected components of nutritive
value of sweet corn (Zea mays L. var. saccharata (Sturtev.) L.H. Bailey). Acta Sci. Pol.,
Hortorum Cultus 9(4), 53-62.

Zobel R.W., 1992. Soil environment constraints to root growth. Adv. Soil Sci. 19, 27-51.

REAKCJA KUKURYDZY CUKROWEJ UPRAWIANEJ W WARUNKACH
WSCHODNIEJ POLSKI NA ZROZNICOWANY TERMIN SIEWU
I OSEANIANIE AGROWEOKNINA. CZESC I. PLONY KUKURYDZY

Streszczenie. Wzrost powierzchni uprawy kukurydzy cukrowej w Polsce wynika ze
wzrostu jej konsumpcji oraz mozliwosci uprawy na obszarze prawie catego kraju.
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W poszczegdlnych rejonach Polski jej uprawe rozpoczyna si¢ w rdznych terminach.
Eksperyment polowy przeprowadzono w latach 2006-2008 w Rolniczej Stacji
Doswiadczalnej w Zawadach (52°03” N; 22°33” E). Badano wplyw trzech terminow siewu
(26 kwietnia, 10 i 24 maja) oraz ostaniania agrowlokning na plonowanie trzech
superstodkich odmian kukurydzy cukrowej (Sweet Nugget F1, Rana F1, Sheba F1).
Uprawie kukurydzy bardziej sprzyjaty chtodniejsze i wilgotniejsze lata 2007 i 2008 niz
rok 2006. W latach 2007 i 2008 kukurydza data wigkszy plon wczesny (o 29 i 13%),
ogdtem (50%, 44%) i handlowy (72%, 74%) kolb oraz wyksztalcita wigcej kolb na
jednostce powierzchni (o 40-45%). W 2006 roku wysokie temperatury powietrza i mata
ilo§¢ opadow atmosferycznych, szczegdlnie od potowy czerwca do konca lipca, wplynety
na szybsze dojrzewanie kolb i jednoczesny wzrost procentowego udzialu plonu
wezesnego w plonie catkowitym. W miar¢ opdzniania terminu siewu wzrastal udziat
plonu wezesnego kolb w plonie catkowitym. Srednio dla lat opéznienie terminu uprawy
powodowalo wzrost plonéw ogétem i handlowego kolb, jednak tylko w 2008 roku wzrost
ten byl istotny. Wraz z opdznianiem uprawy kukurydzy cukrowej w 2006 roku
zanotowano spadek liczby wyksztatlconych kolb i plonu ziarna, natomiast w 2008 roku
jego wzrost. Ostanianie kukurydzy wptyneto na wzrost plondw kolb i ziarna, udziatu
plonu wczesnego kolb w plonie catkowitym oraz liczby kolb. Najwigksze efekty
ostaniania stwierdzono w latach chlodniejszych w najwcze$niejszym terminie uprawy.
Najwigkszymi plonami kolb i ziarna charakteryzowata si¢ odmiana Sweet Nugget F1.
Najwigksze roznice pomigdzy odmianami obserwowano w pierwszym terminie uprawy.

Stowa Kkluczowe: liczba kolb, ostanianie, plonowanie, struktura plonu kukurydzy, termin
uprawy, Zea mays L. var. saccharata Korn.
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