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Abstract

The aim of the study was the assessment of productivity of maize and sorghum in depend on cultivation method and fertilizer dose cropped
in ecological system. The study was conducted at the Institute of Soil Science and Plant Cultivation - Agricultural Experimental Station Grabow
[Poland]. The first order factor was cultivation method and the second factor were composted manure dose. The study showed that the use of
mechanical weed control in the cultivation of maize and sorghum resulted in a significant increase in the fresh matter yield compared to the
control treatment. Increasing composted manure dose positively affected the yield of both plant species. The yield of fresh matter of maize
fertilized with a dose of 20t ha-1 in the treatment without weed control, was by about 15% lower than yield of maize fertilized with a twice
higher manure dose. Maize plants that were not cultivated by mechanical methods contained less dry matter, regardless of the composted
manure dose, compared to mechanically treated plants. The dry matter content in cobs was much higher than in whole maize plants. Much less
dry matter content in the cobs of maize not mechanically cultivated than in the cobs of mechanically cultivated plants. The share of seeds in the
maize cob in the control treatment, was about 15% lower than in the mechanically-treated plants. An increase in organic fertilization dose, had
no effect on the share of cob in maize plant structure, while the cultivation method had significant influence of this feature.
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Introduction

An important element of organic farms is animal production.
Most often these are ruminants for which roughage should be
produced from plant species grown on the farm. Protein feed
may be produced from legumes, mixtures of legumes with
grasses and mixtures of legumes with cereals. However, in
order to ensure an adequate amount of energy feed, which is
very important in dairy cattle feeding, there is often a need to
grow maize or sorghum [1]. Green fodder can be fed, but they
are most often used for the production of silage, which provides
good quality fodder.

Sorghum isnotavery popular species in conditions in Poland.
In the past, attempts were made to cultivate this species as a
secondary crop (harvested in one or two cuts), after winter rye
[2-4]. This species is more resistant to drought than maize [5].
According to Meeske & Basson [6], lower drought resistance is
results from the much higher efficiency of soil water absorption
compared to cereals. It is characterized by low transpiration
coefficient and deep root system, collecting water from deeper
soil layers [7,8]. In addition, it has ability to yielding better than
maize [9,10].

Sorghum and maize are characterized by high dynamics of
nutrient uptake and accumulation. At the beginning of the grow-
ing season, both species produce stems and leaves, and maize
also cob cores, in which almost all the fibre is accumulated. In
the second growing season, occurs an intensive accumulation of
easily assailable carbohydrates, mainly starch in the grains. The
feed value of these plant species increases with their develop-
ment. The most valuable part of maize is the cob. Due to the large
amount of soluble sugars, maize and sorghum are an excellent
silage raw material, the value of which is determined primarily
by the starch content of the grains.

Due to the sowing in wide rows and their slow initial growth,
sorghum and maize are easily wedded, and the weeds occur-
ring from the emergence to 8-10 leaf stage, limit their growth
the strongest [11-14]. According to Rola & Rola [15], yield re-
ductions caused by weed infestation of maize can be as much
as 70%, and according to Skrzypczak [16], under a high weed
occurrence, as much as 90%. Literature on the mechanical weed
control of maize and sorghum [17], is insufficient. According
to Waligoéra et al. [18], in the cultivation of sugar corn, the me-
chanical weed control efficiency was significantly lower than the
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chemical method, strongly limiting only the occurrence of Echi-
nochloa crus-galli. However, Wilson [19] reports that mechani-
cal weed control can destroy about 87% of the weeds occurring
in maize crops. It is also important to apply the proper fertilizer
to obtain high yields with good quality silage raw material.

The aim of the study was the assessment of productivity
of maize and sorghum in depend on cultivation method and
fertilizer dose cropped in ecological system.

Materials and Method

The study was conducted at the Institute of Soil Science and
Plant Cultivation - Agricultural Experimental Station Grabow
(Mazowieckie voivodeship, Poland; 51°23’N; 21°38’E) in crossed
subblock method, in four replications. The first order factor was:
cultivation method:

a) Control object (without weed control);

b) Brush weeder, three times during the vegetation sea-
son: after emergence of maize or sorghum (1-2 leaves), 4-6
leaves of maize or sorghum and at a plant height of 25-30cm;

c¢) Weeding hoe, three times during the season: after
emergence of maize or sorghum (1-2 leaves), 4-6 leaves of
maize or sorghum and at a plant height of 25-30cm;

d) Brush weeder and hiller, two times during the season:
after emergence of maize or sorghum (1-2 leaves) and 4-6
leaves of maize or sorghum.

The second factor included dose of natural fertilization: 20
and 40 t composted manure per 1 ha.

The experiment was conducted on the good rye soil complex,
class III a. The concentration of available forms of nutrients in
the soil amounted to (in mg per 100g of the soil): P-11.5-13.5,
K-12.6-13.1, Mg - 4.1-4.8. The content of humus amounted to
1.30-1.42%. Soil pH determined in 1n KCl was 6.0-6.3 (in depend
on the year of the study).

Table 1: Course of weather conditions during the vegetation periods.

Mineral fertilization was not used. Sowing of maize was
carried out from 27 to 30 April, sorghum from 10 to 18 of
May. Maize harvest was carried out in the second decade of
September, and sorghum in the third decade of October. Before
harvesting, the plant height was determined on 10 randomly
chosen plants from each plot. The dry matter content of the
whole plant, the structure of the maize plant (share of stem,
seeds, corncob and covering leaf) and the height of the maize
cob were determined. After harvesting, the yield of fresh and dry
matter was determined.

The impact ofthe tested experimental factors on the observed
characteristics were assessed using the analysis of variance,
setting Tukey’s confidence half-intervals at significance level of
a=0.05.

Results and Discussion

The yields of fresh and dry matter of maize and sorghum
were significantly influenced by the applied doses of organic
fertilizers, weed control methods, and by the course of weather
conditions during the growing season (Table 1). In 2011, in the
period from April to September, a higher air temperature was
recorded compared to the than the average temperature from the
multi-years. The total precipitation from March to June was much
lower than the multi-years average, but very high precipitation
in July created favorable conditions for the growth of both
species. In 2012, a slightly higher air temperature was recorded
compared to the average of the multi-years. Total precipitation
from March to September was like the precipitation from the
multi-years average, only a small amount of precipitation being
recorded in the third decade of June and the first decade of July.
On the other hand, in 2013 a small amount of precipitation
occurred in July and August, caused to reducing the availability
of nutrients contained in natural fertilizers. As a result, the
yields of both assessed species were significantly lower in 2013
than in the year with more precipitation.

Month
Specification Year Sum (IV-IX)
1A% \'% VI VIl VIII IX

2011 35.9 74.5 52.4 298.8 35.6 3.6 500.8

Rainfalls (mm) 2012 37.8 36.5 54.3 81.6 64.2 21.8 296.2

2013 29.9 112 116.3 20.8 11.8 63.9 354,7

Rainfalls mean from multi-years (mm) 39 57 71 84 75 50 376

2011 10.3 13.9 18.5 18.4 18.8 14.7 15.8

Temperature (°C) 2012 9.6 15.3 17.7 209 18.8 14.5 16.1

2013 8.3 15.3 18.6 19.7 19.2 11.8 92,9

Temperature mean from multi-years (°C) 7.7 13.4 16.7 18.3 17.3 13.2 14.4

Source: Bulletin of State Hydrological and Meteorological Service IMGW-PIB.

* Average from years 1871-2000.
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In the years of the study, fresh and dry matter yields of
sorghum was higher than yields of maize (Table 2). The yield of
fresh matter in the control treatment (with no weed control) was
higher by about 67%, while in the treatments where mechanical
weed control was applied, by about 35%. The difference in dry
matter yield was lower than in the case of fresh matter yield and
amounted to 54% in the control treatment, and on average about
14% for the 3 methods limiting weed infestation. The results
obtained by Camargo & Hubbard [10], Krieg & Lascano [9] also
indicate that sorghum has a higher yield potential than maize.
The use of mechanical weed control measures in the cultivation
of both species resulted in a significant increase in yields
compared to the control treatment (Table 2). The increase in the
fresh matter yield of maize, regardless of the organic fertilizer

dose, was about 92%, while of sorghum at about 54%. In
addition, the increase in the yield of maize fertilized with a dose
of 20t ha! was higher than in the treatments with dose 40t ha’,
while in the case of sorghum, the differences were very similar.
Drzewiecki & Pietryga [20], in the conventional system after
the application of herbicides, obtained a statistically significant
increase in maize grain yield in relation to the control treatment.
Gotebiowska [21-23], under such conditions, demonstrated
that the use of herbicides allowed obtaining significantly higher
grain yields compared to the treatments without weed control.
According to Waligéra et al. [18], sugar corn yielded better after
mechanical and chemical weed control than after the mechanical
one.

Table 2: Fresh and dry matter yields of maize and sorghum depending on cultivation method and doses of organic fertilization (ton ha*').

Fresh Matter Yields Dry Matter Yields
S Maize Sorghum Maize Sorghum
Doses of Composted Manure (t-ha)
20 40 20 40 20 40 20 40
Control 16 18.4 28 29.7 5.3 6.1 8.5 9.2
Brush weeder 324 34.5 40.8 43.3 11.4 12.5 10.7 13.1
Weeding hoe 31.6 33 43.9 45.1 11.4 12 15.6 13.8
Brush weeder + hiller 32.3 33.8 46.1 48.2 12.1 12.3 12.9 14.9
LSD (a = 0.05) for:
Doses of composted manure (A) n.s n.s. 0.635 n.s
Cultivation method (B) 6.543 2.807 1.336 2.445
B/A n.s n.s n.s n.s
A/B n.s n.s n.s n.s

Source: own study.

The yields of fresh matter (average of 3-years of the study)
of maize fertilized with a dose of 20t ha! in the treatment with
no weed control, were about 15 % lower than in the treatments
fertilized with a dose of 40t ha! (Table 2). On the other hand,
in the treatments, where mechanical weed control was applied,
these differences were much smaller and amounted to about
5.6%. The yields of fresh matter of sorghum fertilized the same
doses, in the treatment in which weeds were not controlled,
were lower by about 6%, while on those where mechanical weed
controls was applied, they were lower by 4.3%. In the previous
studies Ksiezak et al. [24], found that in a year with limited
precipitation in July, the yield of dry matter of sorghum and maize
fertilized with a dose of 20t ha™ were similar to those fertilized
with a higher dose - 40t ha. Ksiezak & Machul [25] reported
that increasing the nitrogen dose from 120 to 160kg per ha in
sorghum cropped in conventional system, causes a significant
increase in the yield of fresh matter. According to these authors,
the dry matter yield was slightly different, and the development
stage of sorghum, which did not reach the recommended milk-
dough stage (tasseling stage), had a significant influence on the
development stage of sorghum. According to Gourley and Luska
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after Mucha & Brzoéska [26], the achievement of this stage by
plants is possible to replace maize cultivation for silage. In their
own studies, the yield of dry matter sorghum was lower than
the maximum recorded in their experiments of Mucha & Brzéska
[26]. Sowinski & Podkowa-Liszka [27], found that increasing in
nitrogen doses caused a slight tendency of yield increase only.
Similarly, Geng et al. [28] did not obtain an increase in the
sorghum yield after increasing the nitrogen rate above 100kg
ha. In other studies of Ksiezak et al. [29] found that increasing
nitrogen dose from 80 to 160kg N ha' caused significant
increase in sorghum yields and was recorded only in the year
of less favorable weather conditions during the growing season.

During the experiment, sorghum plants contained less dry
matter than maize plants. The content of dry matter in the
whole maize plants was not very diversified by the dose of
organic fertilizer, as well as by the cultivation method (Table
3). A smaller amount of this component, not depending on
the dose of composted manure, was recorded in maize plants,
cultivated without mechanical weed control, as compared to
plants mechanically cultivated. The cultivation method had a

How to cite this article: Jerzy K, Jolanta B. The Productivity of Maize and Sorghum Cultivated in Organic System. Int J Environ Sci Nat Res. 2019; 18(3):


http://dx.doi.org/10.19080/IJESNR.2019.18.555986

International Journal of Environmental Sciences & Natural Resources

slight effect on the dry matter content in sorghum plants (no
significant differences) (Table 3). The dry matter content in
maize cobs was much higher than in the whole plants. Moreover,

cobs of maize without mechanical weed control contented much
less dry matter than those of plants cultivated mechanically
(Table 3).

Table 3: Dry matter content in plants and cob of maize and dry matter content in sorghum plants depending on cultivation method and doses

of organic fertilization (%).

Dry Matter Content in Plants Dry Matter Content in Cob Dry Matter Content in Plants
Maize Maize Sorghum
Cultivation Method Doses of Composted Manure (t ha')
20 40 20 40 20 40
Control 34.4 34.5 41.8 41.8 29.5 29.6
Brush weeder 35.6 36.2 49.4 49 29.2 29.2
Weeding hoe 36.1 36.6 49.2 50 28.6 29.6
Brush weeder + hiller 37.2 36.5 50.5 49.8 29.7 30.2
LSD (a = 0.05) for:
Doses of composted manure (A) n.s n.s n.s
Cultivation method (B) n.s 0.583 n.s
B/A n.s n.s n.s
A/B n.s n.s n.s

Source: own study.

Plants of both evaluated species characterized the lowest
height in the control treatment, where no weed control was
applied, regardless of the dose of composted manure (Table 4).
As maize as sorghum fertilized with 40t ha-1 of manure were
higher than plants fertilized with a 50% lower dose of composted
manure, regardless of the method of weed control. In addition,
sorghum plants were higher than maize plants, not depending
on the dose of organic fertilizer and weed control. Maize formed

the cobs the lowest in the control treatment, where no weed
control was applied (Table 4). The cultivation method had effect
on height of maize cob set on the plant and height of maize plant
(significance differences). The increase in the dose of organic
fertilization had no significant impact on this feature. As dose
of composted manure as cultivation method affected on height
of sorghum plant

Table 4: The height of maize and sorghum plants and height of cob set depending on cultivation method and doses of organic fertilization (cm).

Height of Maize Plant Height of Maize Cob Set Height of Sorghum Plant
Cultivation Method Doses of Composted Manure (t ha')
20 40 20 40 20 40
Control 146 152 65 69 201 210
Brush weeder 215 214 85 85 244 260
Weeding hoe 210 217 87 90 250 266
Brush weeder + hiller 222 218 89 90 256 268
LSD (a = 0.05) for:
Doses of composted manure (A) n.s n.s 12.707
Cultivation method (B) 6.46 17.034 10.046
B/A n.s n.s n.s
A/B n.s n.s n.s

Source: own study.

Maize plant structure was depending on cultivation method.
In treatments with mechanical weed control, stems, leaves,
and tassel constituted a smaller percentage in the maize plant
structure than in the control treatment (Table 5). The increase in
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organic fertilization from 20 to 40t ha™ did not affect the share
of the cob in the plant structure, regardless of the applied weed
control method.
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Table 5: Structure of maize plant depending on cultivation method and doses of organic fertilization (%).

Stem + Leaves Cob
Cultivation Method Doses of Composted Manure (t ha)
20 40 20 40
Control 69 68 31 32
Brush weeder 54 53 46 47
Weeding hoe 53 52 47 48
Brush weeder + hiller 53 53 47 47
LSD (a = 0.05) for:
Doses of composted s s
manure (A)
Cultivation method (B) 10.19 3.413
B/A n.s n.s
A/B n.s n.s

Source: own study.

The cob, especially the seeds, are the most valuable part
of the maize plant, which have a fundamental influence on the
quality of the silage raw material. The share of seeds in the cob
structure in the treatment without weed control, was about 15%
lower than in those mechanically-treated (Table 6). A small effect
of increasing the dose of organic fertilizer on the share of seeds

in the cob, was noted. Moreover, various mechanical cultivation
method limiting the occurrence of weeds had a relatively small
influence on the structure of the cob (statistically significant
differences). The share of corncob in the cob was about 2 times
higher than covering leaves. The dose of organic fertilization had
no effect on the share of corncob and covering leaf.

Table 6: Cob structure of maize depending on cultivation method and doses of organic fertilization (mean for 2011-2013) (%).

Specification
S Seeds Corncob Covering Leaf
Doses of Composted Manure (t ha-1)
20 40 20 40 20 40
Control 58.6 59.6 25.4 25.3 16 15.1
Brush weeder 73.9 73.9 17.4 15.7 8.7 10.4
Weeding hoe 74.9 73.9 16.3 16.9 8.8 9.2
Brush weeder + hiller 74.6 75.7 16.7 15.3 8.7 9
LSD (a = 0.05) for:
Doses of composted manure (A) n.s n.s n.s
Cultivation method (B) 0.98 1.318 4.07
B/A n.s n.s n.s
A/B n.s n.s n.s

Source: own study.

Conclusion

a) The yield of sorghum was higher than yield of maize,
regardless the weed control method. The use of mechanical
weed control in the cultivation of maize and sorghum
resulted in a significant increase in the fresh matter yield
compared to the control treatment. Increasing the dose from
20 to 40t ha! positively affected the yield of both assessed
species.

b)
of 20t ha-1 in the treatment without weed control, was by

The yield of fresh matter of maize fertilized with a dose

about 15% lower than yield of maize fertilized with a twice

555986. DOI: 10.19080/IJESNR.2019.18.555986

higher dose - 40t ha. In the treatments with mechanical
weed control, the differences were much smaller and
amounted to about 5.6%. The yields of sorghum fertilized
with 40t ha? in the control treatment was lower by about
6%.

<)

characterized less dry matter content, (regardless of the

Maize plants that were not mechanically cultivated

composted manure dose), compared to mechanically treated
plants. The use of weed control treatments in sorghum
had only a slight positive effect on the accumulation of this
component.

How to cite this article: Jerzy K, Jolanta B. The Productivity of Maize and Sorghum Cultivated in Organic System. Int J Environ Sci Nat Res. 2019; 18(3):


http://dx.doi.org/10.19080/IJESNR.2019.18.555986

International Journal of Environmental Sciences & Natural Resources

d) The dry matter content in cobs was much higher than
in whole maize plants. Much less dry matter accumulated
in the cobs of maize not mechanically cultivated than in the
cobs of mechanically cultivated plants.

e) In the structure of the plant, the share of cob maize
cultivated in the control treatment was much smaller than in
the treatments with mechanical weed control. The increase
in organic fertilization from 20 to 40t ha-1 had no effect on
the share of the cob in the plant structure, regardless of the
applied weed control method.

f) The share of seeds in the maize cob in the treatments,
where weeds were not controlled, was about 15% lower than
in the mechanically-treated plants. An increase in organic
fertilization dose, had no effect on the share of corncob in
maize plant structure, while the cultivation method had
significant influence of this feature.
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