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Abstract: The research aimed to determine the yield level of
selected maize varieties grown for grain with organic and inte-
grated farming systems. The field experiment was conducted in
2017-2019 at Kegpa Agricultural Experimental Station using the
method of crossed sub-block method in 4 replications. The first-
order factor was the maize variety, the second-order factor — the
production system. The assessed maize varieties cultivated in the
integrated system (after wheat and stubble intercrop in combi-
nation with natural and mineral fertilization) yielded better, on
average by 12.1% than in the organic system. Maize grown in the
integrated system was characterized by a 4.1% greater weight of a
thousand grains, a 3.6% greater weight of grain from one cob, and
a 2% greater number of grains per cob than in the organic system.
The maize plants were about 6.5% higher and set the cob about
10% higher than in the organic system. However, the length and
diameter of the cob as well as the proportion of grain in the cob
were similar in both production systems. In the organic system,
the cultivation of the cultivars Ambrosini and Silvestre ensured a
yield level higher by about 8% (on average 9.4 t ha') compared
to the average yields of the cultivars Smolitop and Ricardinio. In
the integrated system, Ambrosini and Ricardinio yielded better
(on average 10 t ha'), the grain yield was 9.2% higher than the
other two cultivars. In both production systems, Smolitop had the
lowest yield; its yield was around 10% lower than that of Ambro-
sini in the organic system and that of Ricardinio in the integrated
system. The highest weight and number of grains per cob, irre-
spectively of the production system, was characterized by Ricar-
dinio, and the lowest by Smolitop (the difference was 5.1% and
9.4%, respectively). Ambrosini was characterized by the smallest
caryopsis (307 g on average), while Smolitop was larger by about
21 g. Plants of Ricardinio were the tallest and set the cob highest
on the stem regardless of the production system. However, the
length and diameter of the cob of the tested cultivars were similar.
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INTRODUCTION

For many years, significant changes have been taking
place in world agriculture but also in Polish agriculture. In
line with the principles of sustainable development, prefer-
ence is given to systems that ensure economic profitabil-
ity, but also have a positive impact on the environment.
Currently, in agricultural practice, the conventional system
is most often used in the cultivation of many plant spe-
cies, including maize (Cox, Cherney, 2018; Hossar et al.,
2016; Kaffka et al., 2005). In this system, intensive farm-
ing technologies are used, but also simplified crop rotation
and tillage. The use of this system is also associated with
the use of industrial means of production, which may have
a negative impact on the environment. The observed ef-
fect of these changes is a significant increase in interest in
the organic farming system, the development of which is
a global tendency (Willer, Kilcher, 2011). In recent years
in Poland, this production system has been used in about
20 thousand farms, which covered an area of about 500
thousand ha, which accounted for 3.4% of the total area
of agricultural land (IJHARS, 2017, 2018). In this system,
synthetic fertilizers and plant protection products are not
used, and proper crop rotation and the selection of vari-
eties that allow for better utilization of the habitat poten-
tial, play the primary role in yielding (Baresel et al., 2008;
Ceseviciené et al., 2009; Eisele, Kopke, 1997; Jonczyk,
2010; Kus, Jonczyk, 2018). The comparison of produc-
tivity in various systems mainly concerned cereals (Kus,
Jonczyk, 2009; Kus et al., 2011), potato (Kaffka et al.,
2005; Zarzynska, Jonczyk, 2017) and legumes (Ksigzak,
Kus, 2005; Ksigzak, Kawalec, 2006).

Maize is a species that can be grown in the conven-
tional, integrated and organic system. Whole of its bio-
mass is used for the production of silage. Maize grain is
the basic ingredient of poultry feed mixtures, for instance
for chickens and turkeys. In mixtures for the first rearing
period, from 45 to 55% of maize grain is used, and in mix-
tures for the second rearing period, maize grain is used in
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the amount of 20-30% of the feed mixture (Smolikowska,
Rutkowski, 2005; Szczurek et al., 2013). The nutritional
value of maize grain in the full maturity phase depends on
the amino acid composition of protein, including essential
amino acids (lysine, methionine) and starch content.

For animals kept on farms, and especially according to
organic principles, the demand for fodder should be met
from the plant species grown on the farm. One of them
may be maize, which is used in the production of poultry
mixes.

This research aimed to determine the yield level of se-
lected maize varieties grown for grain with the organic and
integrated farming systems.

MATERIALS AND METHODS

The field experiment was conducted in 2017-2019 at
Kepa Agricultural Experimental Station on the soil of the
good wheat complex. In 2017-2019, the content of nutri-
ents in the soil (mg in 100 g of soil) was: P,O, - 8.2-8.9,
K,0 - 9.6-10.5, MgO — 8.7-9.3, humus — 1.4-1.6%, pH
in KCl — 5.7-5.9. The experiment was carried out using
method of crossed sub-block in 4 replications, The first-or-
der factor (A) was the maize variety (Table 1). The second-
order factor (B) was the production system: organic (maize
++, spring barley (Radek variety) + red clover sowing with
grass (2 years), winter wheat (Bamberka variety) + stubble
intercrop, a mixture of oats with spring vetch) and inte-
grated (maize ++, spring barley (Radek variety), legumes,
winter wheat (Bamberka variety) + straw + stubble inter-
crop) (Table 2).

In the experiment, the yield of maize grain, the weight
of one thousand grains, the structure of the plant, and the

Table 1. Maize varieties tested in experiment.

cob structure were determined. Before harvest, plant bio-
metric measurements were performed. Before harvesting,
the plant height was measured from the soil surface to the
top of the panicle, and the first cob height was measured
from the soil surface to the cob attachment. The length of
the cob was determined from the beginning to the end of
graining, and the diameter at the half of the cob length. The
number of cobs was determined on 10 consecutive plants.

Each variety of maize was grown on an area of 0.15 ha,
which made it possible to adopt a crop management simi-
lar to that used for commercial production. Sowing maize
with 9 seeds per 1 m? was performed in the third decade of
April or in the first decade of May and harvested at the turn
of the second and third decade of October. The significance
of the influence of the examined factors on the observed
features was assessed using the analysis of variance, deter-
mining the half-intervals of confidence using Tukey’s test
at the significance level of a = 0.05.

Weather conditions

In the first year of the experiment (2017), at the end of
the second decade of April and in the first days of May, there
were spells of very cool weather, and there were frosts at
night, which made it impossible to sow maize (Table 3). In
June and the first decade of July, a small amount of precipi-
tation was recorded compared to long-term average, which
had an unfavorable effect on the growth and development
of plants. Significant precipitation in the second decade of
July, August, and September had a positive effect on the
development of plants. On the other hand, in July 2018,
the precipitation exceeded the long-term average, as well
as the amount of precipitation in this month in 2019, which
contributed to a better yield of plants. However, in 2019,

Variety Breeder FAO grain/silage Grain type Variety type Stay-green
Ambrosid KWS. e 220/220 FD TIC. -
Sitvestre KWS . 220/230 FD TC. S
Smolitop _HR Smolice 220/230 FD TC. -
Ricardinio KWS 230/240 FD SC +
SC — simple hybrid, TC — triple-cross hybrid, FD — flint dent

Table 2. Crop management treatments in maize production.
Crop management treatments Organic system Integrated system
Seed dressing - +
Weed control Mechanical (3 x brush vx‘/eederf 1-2 leaves, Shedo 300 SC (1 1ha!) + Innovate 250 EC (0.2 1-ha!):
4-6 leaves, at a plant height of 25-30 cm) BBCh 14-16

Natural fertilization 40 t of composted manure®

30 t of manure

Mineral fertilization [kg ha™] -

N — 150 (urea)
P —39.2 (triple superphosphate)
K —49.8 (potassium salt)

"N-4.9,P,0

275

-3.1,K,0-6.2,Ca0 - 4.1, MgO — 1.1 kg t"
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Table 3. Average monthly sum of precipitation (mm) and daily temperature of air (° C) in vegetation periods (2017-2019) compared to

average multi-years period (1961-2017).

Parameter MAR APR MAY JUN JUL AUG SEP Sum
decade 2017
Rainfall [mm] I 10.7 10.7 28.4 52 7.3 3.1 41.6
1I 12.0 9.6 0.0 16.2 101.4 100.1 46.7
111 104 514 391 122 109 44 218
sum 33.1 71.7 67.5 33.6 119.6 107.6 110.1 543.2
Temperature [°C] I 5.8 10.8 10.0 16.7 17.3 22.9 15.4
I 4.1 5.5 14.4 17.5 18.0 19.8 14.4
I 7.8 6.2 16.9 20.0 20.4 16.5 12.3
mean 5.9 7.5 13.8 18.1 18.6 19.7 14.0
2018
Rainfall [mm] I 34 16.6 4.8 0.9 6.6 12.2 144
1I 14.8 7.7 354 39 64.0 7.1 3.5
111 130 55 192 333 519 84 301
sum 31.2 29.8 59.4 38.1 122.5 27.7 48.0 356.7
Temperature [°C] I -3.7 11.1 17.3 19.6 19.3 23.4 18.2
1I 1.5 14.7 15.0 20.1 19.5 21.2 17.4
111 26 150 9.1 16.8 230 178 14
mean 0.13 13.6 17.2 18.8 20.6 20.8 15.7
2019
Rainfall [mm] I 11.3 1.7 7.0 1.0 9.9 10.5 10.9
I 10.9 32 65.9 23.0 43 72.6 6.2
11 05 306 132 147 197 36 402
sum 22.7 35.5 86.1 38.7 33.9 86.7 57.3 360.9
Temperature [°C] I 5.5 8.2 9.5 20.2 17.1 19.4 17.8
I 4.7 7.1 13.7 229 17.1 19.8 12.8
111 64 134 155 220 217 213 129
mean 5.5 9.6 12.9 21.7 18.6 20.2 14.5
Average rainfall
over many years 34 50 67 79 87 71 58 446
[mm]
Average tempera-
ture over many 2.1 8.0 13.6 16.8 18.5 17.8 13.2

years [°C]

a small amount of precipitation was recorded in June and
July, which resulted in a much lower level of maize yield
compared to the two previous years.

RESULTS AND DISCUSSION

The performed synthesis of the obtained results showed
a significant influence of the weather conditions during the
growing season on the growth, development, and yields
of maize, therefore the data were presented separately for
each year. The grain yield of the assessed maize varieties
was significantly influenced by the production system used
and the weather conditions during the growing season (Ta-
ble 4). On average, in three years the maize cultivated in
the integrated system yielded better, and the yield increase

was on average about 12%. In the 2017 and 2019 growing
seasons, the maize gave better yields under the integrated
system while the 2018 season under the organic system.
In the 2017 season with a large amount of precipitation in
the period of July—September and in the season of 2019
with a large amount of precipitation in August, in the in-
tegrated system, natural fertilization in combination with
mineral fertilization and with a better field on which maize
was grown (wheat + straw + stubble catch crop) character-
ized by a higher content of organic matter increasing the
capacity of the sorption complex of the soil and the abil-
ity to retain more water. The results of the research ob-
tained by Machul and Ksi¢zak (2007) showed that at 4 °C
higher than the long-term average temperature in July and
low precipitation (by about 10 mm), maize plants formed
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cobs, some of which were partially or completely grain-
less, which adversely affected the yield. The comparison
of the yielding of the varieties included in the research
shows that in the organic system, the highest grain yield
was obtained by cultivating the cultivars Ambrosini and
Silvestre, Ambrosini and Ricardinio were the best yield-
ers in the integrated system, and Smolitop was the low-
est yielder, regardless of the system used. The analysis of
the literature shows that there is relatively little work on
comparing the productivity of maize varieties or other C4
species grown in different systems. According to Archer et
al. (2007), the productivity of maize grown in the organic
system, compared to conventional cultivation, was lower
by 34% in the transformation period, and the lower yield
was mainly due to the low nitrogen content in the soil. In
other studies (Coulter et al., 2013) conducted in Minne-
sota, the reduction of the yield in the organic system com-
pared to the conventional one (maize-soybean rotation)
was 24%. A study conducted in Maryland by Cavigelli et
al. (2008) showed that organic maize yielded 28% lower at
transition compared to that grown conventionally and 40%
lower after transition, mainly due to low nitrogen avail-
ability in the soil. Hossar et al. (2016) report that in the
organic system maize yields are usually about 25% lower
than those from the conventional system, while accord-
ing to Cox and Cherney (2018) and Kaffka et al. (2005)
the yields are lower by 32-35%. Revilla et al. (2015) did
not observe any yield differences in maize grown in these
systems but noted their significant impact on the quality
of the crop obtained. Moreover, a comprehensive study
by USDA ERS (2015) indicates that organically grown
maize, despite higher prices and subsidies, was character-
ized by lower yields and higher production costs per unit
area compared to conventionally grown maize. An analysis
by Seufert et al. (2012) showed that the yields of organic
farming are low in the first years of the conversion period
and are gradually increasing, mainly due to improvements
in soil fertility. Ksiezak et al. (2011) recorded a 32% higher
yield of maize grown for silage in the integrated system
than in the organic one. Research conducted by Kus et al.
(2011) with four spring wheat varieties gave, on average
over three years, a 34% lower productivity of this species
in the organic system than in integrated cultivation. The
lower grain yield in the ecological system was the result
of a smaller number of ears of grain by about 16% and a
similar reduction in the weight of 1000 grains. Whereas
Kus et al. (2007), in the period of ten years of research,
recorded lower wheat yields compared to those cited pre-
viously (Kus et al., 2011). Ku$ and Jonczyk (2009) found
the highest yields of winter wheat, potato, and spring cere-
als in the integrated production system, while the reported
yield reduction in the organic system for winter wheat and
potato compared to the integrated system was 30%, and for
spring wheat 20%.

In 2018 and 2019, the production system used did not
have a significant impact on the grain moisture content, in
2017 the grain of maize grown under the ecological system
had a higher moisture content (Table 5). In addition, the
average water content of the grains of the four varieties
over the period of 3 years was very similar. Significantly
larger grains were produced (in 2017 and 2019) by maize
grown in the integrated system than the organic one, and
the smallest grains were found in cv. Ambrosini (Table 6).
The cultivation system had no significant effect on the bulk
density of maize grain (Table 7), bulk density was slightly
higher in 2017. Higher weight (differences significant in
2018 and 2019) and the number of grains per cob were
produced by maize plants grown under the integrated vs.
organic system one (Table 8, 9). Regardless of the cultiva-
tion system used, Ricardinio was characterized by a large
number and weight of grains per cob (Table 8, 9). Silves-
tre had the highest proportion of grain in the cob and Am-
brosini had the highest proportion of corncob in the cob
(Fig. 1, 2). The cob diameter of the evaluated varieties was
similar in both production systems and the cob length was
slightly higher in the organic system (significant differenc-
es in 2017 and 2018) (Table 10, 11). In 2017 and 2018, the
cultivation system did not significantly affect the height of
cob attachment nor did it influence the height of the plants.
On the other hand, in 2019 both the plant height and the
height of cob attachment were lower in the ecological sys-
tem, which was mainly caused by low rainfall in June and
July (Table 12, 13). Regardless of the production system,
among the varieties evaluated, Ambrosini had the lowest
cobs, while the Ricardinio variety was characterized by the
highest plants. On the other hand, the number of cobs per
one maize plant on all treatments was similar and ranged
from 0.95 to 1.0 pcs.

CONCLUSIONS

1. The evaluated maize varieties grown in the inte-
grated system (after wheat and stubble intercrop in com-
bination with natural and mineral fertilization) yielded on
average 12.1% better than they did in the organic system.

2. Maize grown in the integrated system was char-
acterized by a 4.1% higher weight of a thousand grains,
a 3.6% higher weight of grain per cob, and a 2% greater
number of grains per cob than in the organic system. The
maize plants were about 6.5% higher and set the cob about
10% higher than in the ecological system. However, the
length and diameter of the cob as well as the proportion of
grain in the cob were similar in both production systems
compared.

3. In the organic system, Ambrosini and Silvestre
(FAO — grain 220, grain type — FD, type of variety — TC,
stay-green)(on average 9.4 t-ha') gave about 8% higher
yields compared to the average yields of Smolitop and
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Ricardinio. In the integrated system, Ambrosini and Ri-
cardinio yielded better (on average 10 t-ha-1), with yields
higher by 9.2% compared to the other two varieties. In both
production systems, Smolitop v had the lowest yield; infe-
rior by about 10% in the organic system vis-a-visAmbrosi-
ni, and the integrated system vis-a-vis Ricardinio.

4. Cultivar Ricardinio had the highest weight and
number of grains per cob and Smolitop the lowest, (5.1%
and 9.4% lower, respectively) averaged over the produc-
tion system. The grains of Smolitop were approximately
21 g heavier than those of Ambrosini, the cultivar with
the lightest grains (307 g on average). On average plants
of Ricardinio were the tallest and its cobs grew highest on
the stem regardless of the production system. However, the
length and diameter of the cob of the tested cultivars were
similar.
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