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MAIZE GRAIN YIELD IN ANIMAL-POWERED FARMING AS
AFFECTED BY SOIL FERTILIZATION VARIANT: RESULTS
FROM THE 2023 SEASON IN NORTH-EAST CROATIA

Ranko Gantner!, Igor DelVechio®, Zvonimir Steiner’, Bishal K. Sitaula’,
Kresimir BoSnjak’, Vesna Gantner®

Abstract

The objective of this study was to investigate maize grain productivity in a
low-input farming system as affected by the variant of soil fertilization. All the
agrotechnical operations in this field research were powered solely by draft
horses and by the use of traditional horse-drawn implements (plow, tine-har-
row, seeding machine and inter-row cultivator), except the modern horse-drawn
roller-cutter made for green-manures and cover crops management prior to
establishment of cash crops, and a small reconstructed (halved) disc-harrow
(initally made for a small tractor). Tested soil fertilization variants were: Zero
fertilization, horse farmyard manure application (FYM), green manuring with
crimson clover (Trifolium incarnatum L.) (GMC), FYM + GMC, and full dose
mineral NPK fertilization. Maize grain yields in this research were lower than
in previous field trials in the north-east Croatia, most likely because of later
seeding term, but not due to source of powering. The highest yielding was NPK
variant (7.60 t/ha) which was significantly higher than the lowest Zero variant
(2.01 t/ha). FYM (6.67 t/ha), FYM+GMC (6.24 t/ha) and GMC (4.60 t/ha)
were intermedium but not significantly different from the NPK.
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Introduction

Modern crop farming is characterized by using powerful diesel-powered trac-
tors with implements that have raised the human work efficiency to the levels
never seen before. Slow but continuous growth of crops yields is achieved
thanks to the broad use of agrochemicals (mineral fertilizers and pesticides).
Though, the sustainability of current intensive practices is questionable due to
several major issues: excessive soil compaction induced by heavy machinery
(Hamza and Anderson, 2005), soil structure and microbiome degradation due
to excessive use of mineral fertilizers and lack of organic fertilizers (Singh
et al., 2020), reliance on exhaustive fossil energy resources for powering the
farm operations (Gantner et al., 2014) and fertilizers production (Lal, 2004)
associated with adverse effect to climate, and excessive emissions of toxic
compounds from the pesticides applications and consequential loss of bio-
diversity (Demeneix, 2020) in broad areas of arable countryside, as well as
negative impacts to human health. With aim to mitigate these negative conse-
quences of modern intensive farming there advented some more sustainable
options in last few decades, like ecological farming, organic farming, inte-
grated farming, conservation farming, precision farming, regenerative farm-
ing and low-input farming. Currently the low-input farming option appears to
receives the least attention and is mainly unknown to the general public and
even to the majority of farmers. According to Poux (2007), low input farming
systems should be considered as a core option for Europe. Low input farming
systems seek to optimize the management and use of on-farm resources and
to minimize the use of production inputs as off-farm resources, such as pur-
chased fossil fuels, chemical fertilizers, and pesticides (Parr et al., 1990; cit.
Poux, 2007). Thereafter low-input farming systems have the potential to fit
into organic farming regulations. The main advantages of low input farming
systems over the high input ones are the potentially higher efficiency at the
farm level, reduction of pollution risks and beneficial effects to biodiversity
and landscape (Poux, 2007). According to Garré (2022), the inclusion of work
horses in sustainable transitions, can help increase the farm autonomy and
sustainability of European smallholdings. Since the animal-drawn agronomy
relies on the on-farm produced fodder as a source of clean and carbon-neutral
bioenergy (Gantner et al., 2014), it perfectly fits into concepts of low-input
farming and circular economy as well.

Aim of this research is to test the maize grain productivity in a low-input
farming system as affected by the variant of soil fertilization. Maize crop is
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chosen for the study since maize is the most important crop in Croatia (about
third of Croatian arable area is occupied by it).

Material and Methods

The field trial was set up near Pozega town in the Slavonia province, the
north-east part of Croatia. At the trial site the terrain was slightly sloped and
generally well drained. Forecrop was spring oats harvested in July 2022. Af-
ter the oats harvest, the soil was plowed shallowly (about 10 cm in depth) by
traditional single-bottom horse plow with bottom width of 0.25 m. Before
commencing the operations for the trial, the soil was levelled by tine harrow-
ing with a traditional horse-drawn tine-harrow.

Basic parcel area was 42 m?* (= 4.2 m x 10 m) and consisted of 6 maize rows
with interrow distance of 0.7 m and length of 10 m. In the trial there were test-
ed 5 variants of soil fertilization, each with specific sequence of agrotechnical
operations (Table 1). All variants were repeated in two replications (in two
basic parcels), spatially randomized in a complete random block arrangement.

Table 1. Tested variants of soil fertilization with specific sequences of agro-
technical measures

Tr1a.11 Soil fertilization Agrotechnical operations
variant
No fertilization Auturpn plowmg (2022),.spr1r'1g plowing (2923), disc-
#1 ing, tine-harrowing, seeding, inter-row cultivation,
(ZERO) .
hand harvesting
Farmvard manure Everything like in #1, but horse farmyard manure was
#2 (FYI\Z) added by broadcasting before autumn plowing, 24 t’ha
(170 kg/ha of N, 53 kg/ha PO, 119 kg/ha K. O)
Green manurin Crimson clover wass hand-seeded in August 26" 2022
. . & (20 kg/ha), covered by soil by tine-harrowing, and
#3 with crimson clover . . .
plowed-under in spring 2023. Than followed operations
(GMO) o
like in #1
Everything like in #2, but after plowing-under the
Farmyard manure + [FYM, the soil was harrowed and crimson clover seeded
#4 crimson-clover cover |in September 24" 2022 (20 kg/ha), and covered with
crop (FYM+GMC) soil by tine-harrowing. Than followed operations like
in #1
Mineral fertilization Everything like in #1, but 567 kg/ha of PK 20:39 + ‘369
#5 (NPK) kg/ha of urea 46%N were spread before spring discing
(170 kg/ha of N, 113 kg/ha P,O,, 170 kg/ha K, 0)
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Soil quality (texture and chemical properties) was analysed upon sampling
the layer of top 30 cm before commencing the trial. Soil was appraised as a
silty loam (Table 2), whilst the chemical traits indicated medium acidic soil
with good levels of plant available P and K, and medium humus content.

Table 2. Soil texture and chemical parameters of soil fertility at the trial site
before commencing the trial (average sample of the top 30 cm layer)

G| Comesnd | B oo | oo | O
- 210 0. . 0 .02 to
sion) (2t00.2mm) | =) 0.02mm) | 0.002 mm) | 0002 mm)
Fraction
(weight %) 1.82 7.37 43.96 30.18 16.67
Soil texture appraisal based on weight fractions of particle classes is silty loam.
Chemical ALPO; | ALK,0

pH (H,0) pH (KCI) Humus (%) | (mg/100 g of | (mg/100 g of
parameter 2 . .

soil) soil)

Value 5.30 4.15 2.48 21.21 22.12

Nitrogen fertilization was limited to 170 kg/ha of N, according to the Nitrate
directive by the Croatian authority. In the NPK variant, nitrogen was given in
the form of granulated urea (369 kg/ha of urea 46 %), together with 113 kg/
ha of P,O, plus 170 kg of K,O in the form of granulated PK 20:30 (567 kg/ha
PK 20:30). Mineral fertilizers were hand-spread before discing operation. In
the variants with FYM there were added 24 t/ha (2.4 kg/m?) of FYM, also to
adhere to the Nitrate directive. FYM was about 6 months old and content of
plant nutrition minerals (Table 3) was analysed at the agrochemical laborato-
ry of the Faculty of agrobiotechnical sciences Osijek. Nutrients content was
similar to average of Croatian farming operations (Cvjetkovi¢ et al., 2014).
FYM was broadcasted by hand fork prior to the autumnal plowing with tra-
ditional front-wheeled single-bottom horse-drawn plow with furrow width of
25 cm. Plowing depth in autumn was about 15 cm.

Table 2. Characteristics of the farmyard manure (FYM) collected from horses
and used after about 6 months of deposition (fermentation)
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Dry matter thal carbon TOtE'll nitro- (;O(l? l) ?n (Etgl)lfn
pH (1:5 v/v) o in fresh- gen in fresh- 275, 27
content (%) weight (%) | weight (%) freshweight | freshweight
(%) (%)
8.39 48.5 8.821 0.721 0.221 0.497
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Despite the seeding term was intended for the beginning of May 2023, seed-
bed preparation and seeding were postponed to mid of June due to extraordi-
nary excessive and frequent rains during the spring 2023. Previous winter was
extraordinary mild so the volunteering spring oats survived the winter and
produced a considerable oats herbage growth, thus acting as a cover crop on
every trial variant. In order to enable the required operations, the oats herbage
was chopped by a modern horse-drawn roller-cutter (“Rolcut V”’ of the Italian
manufacturer Equi Idea of Verona) few days before plowing. Plowing with
traditional front-wheeled single-bottom horse-drawn plow to depth of about
10 cm was done on June 14% 2023. Subsequent discing was done the next
day by using small disc-harrow containing two gangs, each with five discs,
of total working width of 1.5 m. Tine-harrowing was done immediately af-
ter disc-harrowing with the traditional tine-harrow composed of three wings,
with total working width of 1.8 m. Seeding was done also on June 15"2023,
with traditional mechanical two-row seeding machine at the interrow distance
of 0.7 m. The established crop stand was denser than recommended for the
seeded maize hybrid (8/m?) because there was no feature to adjust the seeding
machine. Seeded hybrid was Bc-344 (FAO 300 of the Be-Institute, Croatian
plant breeding and seed company). When maize plants were about 20 cm tall
inter-row cultivation was performed with a traditional horse-drawn single-row
inter-row cultivator. There was no additional weeding done. Harvest was done
on October 16™ 2023 by hand-picking of maize ears from the two inner rows
of each basic parcel, and solely from the mid two meters, thus the harvested
area per each plot was 2 m x 1.4 m =2.8 m?. Ears were weighed and separated
into kernels and cobs which were weighed again to get the freshweights. Sub-
samples of harvested kernels and cobs were air-dried for two weeks and then
oven-dried at 70°C for 4 hours in order to get the dry-weights. Based on the
ratio of dryweight/freshweight there were calculated dry matter content and
moisture at harvest for each variant and replication. Dry kernel yields were
recalculated to yields of standard quality kernel (14 % of moisture) in tons per
hectare (t/ha). Statistics were calculated by using MS-Excel (arithmetic aver-
ages, analysis of variance and LSD for comparison of means).

All the draft power for doing the agrotechnical operations in this research was
from two mares of the Croatian heavy draft horse breed. They were harnessed
with traditional leather harnesses and hitched to the traditional implements
(plow, disc-harrow, tine-harrow, seeding machine and inter-row cultivator).
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Results and discussion

Considering the weather during the maize vegetation in north-east Croatia
(DHMZ, 2023), it was about 3°C warmer than in the reference 30-year period
(1961-1990) recorded at the nearest meteorological station in Slavonski Brod
(Figure 1), with excessive precipitation in April and May and lack of rainfall
from July till the September indicating droughty conditions.

Figure 1. Weather conditions during the spring and summer 2023, period that
was critical for maize crop development, along with the 30-year reference
period average.

45.0 140.0
o& mm/month
40. B 120.0

35.0
100.0
30.0
25.0 o 80.0
15.0 <
" 40.0
10.0 B
5.0 20.0
0.0 | | Ll L L1 L 0.0
Apr. May Jun July Aug. Sep.
== Monthly precipitation mm/month 1961-1990 mm/month
— Average monthly temperature °C 1961-1990 °C

Results of the field experiment showed that only NPK variant significant-
ly (@=0.95) outyielded the Zero control variant (Figure 2). However, grain
yields of organic fertilization variants didn’t differ significantly from the
NPK variant which was the highest yielding. Average yields of tested vari-
ants varied between 2.01 (Zero fertilization) and 7.60 t/ha (NPK fertilization),
and were much lower than yields in the previous research of Ambrusec et
al. (2021) in north-east Croatia, who also obtained the lowest yield in zero
fertilization (about 5 t/ha) and highest yields in NPK fertilization (11 and 14
t/ha on lower- and higher-quality soil). Generally lower yields in this trial
can be attributed to the much later seeding term in this research (mid-June
2023) than in Ambrusec et al. (2021) research (May 2019). Among the organ-
ic fertilization variants in this trial, green manuring (GMC) appeared inferior
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to NPK as well as to the farmyard manure (FYM) variant. Similarly, in the
previous research in north-east Croatia (Ambrusec et al., 2021), maize grain
yield on lower-quality soil was significantly lower upon green manuring with
crimson clover than upon full NPK variant (8 vs. 11 t/ha), but only slightly
lower at higher-quality soil (13 vs. 14 t/ha). Yields in this research were also
lower than in previous Markovi¢ et al. (2017) research in north-east Croatia,
probably also because of late seeding term in this trial. Poor performance of
GMC variant in this trial was the consequence of poor overwintering of crim-
son clover. Namely, crimson clover plants were overdeveloped (too tall and
too lush) due to unusually long, warm and moist autumn, and they come to
rotting at arrival of cooler winter temperatures. Better overwintering was at
the FYM + GMC variant due to later seeding term of crimson clover.

Figure 2. Average grain yields of each tested variant (columns), recalculated
to the standard moisture content of 14 %. LSD(0=0.95) is presented as verti-
cal bar, and equals to 5.58 t/ha.

Mean grain yield (t/ha) at standard 14 % moisture

10.00

8.00 7.60
6.67

6.24

6.00
4.60

4.00

2.01
2.00

0.00

Zdro FYM GMC FYM+GMC NPK
-2.00

-4.00
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Average maize grain moisture varied among tested variants (Table 3) and the
respective cob yield associated to the grain yield. Cob/grain ratio of about
0.16 was similar to the ration in previous research of Markovi¢ et al. (2017)
near Osijek in their Zero fertilization variant where they obtained average
maize grain yield of only 5.7 t/ha despite the maize was seeded much earlier,
in beginning of May 2010 and 2013. Cob/grain ratio in their NPK variants
was about 0.11 thus indicating the high share of grain in the total ears yield.

Table 3. Average maize grain moisture content (%) and ratio of cobb/grain
dry matter yield

Fertilization variant Zero FYM GMC FYM+GMC NPK
Grain moisture con-

tent (%) 32.9 24.3 22.8 31.2 25.7
Ratio cob/grain 0.18 0.16 0.19 0.16 0.16
yield

Obtained maize grain yields in this solely animal-powered agronomy were
quite satisfactory (NPK variant 7.6 t’/ha) when the very late seeding term
(mid-June) is regarded, thus supporting the thesis that considering the yield,
this way of powering the farming operations is not inferior to tractorized one.
Completely low-input farming variants FYM and FYM + GMC (with no
chemical inputs) have shown about 16 % lower yields (6.67 and 6.24 t/ha)
than the NPK variant thus indicating either slight inferiority of organic soil
fertilization when compared to NPK, or the need for greater doses of FYM,
or the need for application of FYM timely closer to the maize crop establish-
ment (prior to the spring plowing). However, expected losses of plant nutri-
ents from autumn applied FYM are minimal due to very quick establishment
of volunteering oats that acted as a winter cover/catch crop. There might be
beneficially to rethink the annual nitrogen limit of 170 kg/ha from the farm-
yard manures since not all nutrients comprised in FYM are readily available,
i.e. there is always a fraction of organically-bound nutrients that require time
to be released for plant nutrition (Eghball et al., 2002), unless the FYM is
applied every year in the rate of 170 kg/ha, thus forming the stock of organic
nitrogen in soil for the sufficient crop nutrition in a long run. The inter-row
cultivation, efficiently controlled the weeds in the inter-row space in this trial
since there was no perennial weeds in the field and almost no weed emer-
gence after the operation. The most abundant weed was annual grass Setaria
viridis L. which virtually did no harm to the maize crop.
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Animal-powered and human-handled operations in this trial required a lot of
physical effort. Human operators were much more tyred than when driving a
tractor. Work efficiency was much smaller than it would be if the operations
were done by tractor with implements. These realizations could lead to the re-
luctance of completely animal-powered farming despite the many advantages
it offers (as mentioned in the Introduction chapter). If the low-input farming
is to be a significant contributor to the sustainable development of agriculture
and societies, along with other more sustainable farming options, there would
be needed personal inner transformation of farmers and potential new farmers
to accept such labor-intensive farming (Gantner et al., 2023). In line with this
are the findings of Woiwode et al. (2021) who stated that, besides the techno-
logical solutions, inner transformation would be required for system change
towards sustainability. In this context, the inner transformation relates to con-
sciousness, mindsets, values, worldviews, beliefs, spirituality and human—na-
ture connectedness. Research should be continued with addition of tractorized
agronomy as a control variant, and the economics should be investigated too.

Conclusion

Maize grain yields in this research were lower than in previous field trials in
the north-east Croatia, most likely because of later seeding term, but not due
to source of powering. There sims that completely animal-powered agronomy
can give maize grain yields competitive to the fully tractorized agronomy.
However, FYM and FYM + GMC organic soil fertilization variants have giv-
en slightly (insignificantly) lower yields than the NPK variant thus indicating
the need for improvement of their application (either application of FYM
timely closer to the maize crop establishment or increase of FYM rate since
not all nutrients from the FYM are readily available, i.e. there is always a
fraction of organically-bound nutrients). Solely animal-powered operations
were associated with extraordinary physical efforts of human operators and
low work efficiency, which could cause the reluctance to this way of farming.
Personal inner transformation might improve the acceptance of such the way.

Acknowledgements: Research and dissemination were supported by the
Fund for Bilateral Relations within the Financial Mechanism of the European
Economic Area and Norwegian Financial Mechanism for the period 2014-
2021 (Grant number: 04-UBS-U-0031/23-14).

349

) o ) Downloaded from https://cabidigitallibrary.org by 161.53.194.20, on 06/30/24.
Subject to the CABI Digital Library Terms & Conditions, available at https://cabidigitallibrary.org/terms-and-conditions



Literature

Ambrusec, LJ., Gantner, R., Herman, G., Gantner, V., Bosnjak, K.,
Bukvi¢, G. (2021.): Green manuring with crimson clover as an alter-
native to mineral fertilization in maize production: one season results
from northeast Croatia. Hollistic Approach to Environment 11(2021)4:
102-108.

Cyvjetkovi¢, S., Gantner, R., Spaji¢, R., Kundih, K., Bukvi¢, G., Stanis-
avljevi¢, A. (2014): Sadrzaj biljnih hraniva u govedem stajskom gnoju
i svinjskoj gnojovci. Proceedings of the 49th Croatian and 1 9th Interna-
tional Symposium on Agriculture. Editors: Mari¢, S., Loncari¢, Z. Pub-
lisher: Faculty of Agriculture in Osijek, Josip Juraj Strossmayer Univ-
erisity of Osijek, Osijek, Croatia. Pages:347-351.

DHMZ (2023): Mjesecni agrometeoroloski bilten. Isto¢na Hrvatska.
Travanj — rujan 2023. https://meteo.hr/podaci.php?section=podaci_
agro&param=mjesecni_agro_bilten&Mjesec=02&Godina=2023

Eghball, B., Wienhold, B. J., Gilley, J. E., Eigenberg, R. A. (2002):
“Mineralization of Manure Nutrients” (2002). Biological Systems Engi-
neering: Papers and Publications. 139

Gantner, R., Steiner, Z., Gantner, V. (2023): Low-input farming for ag-
ricultural sustainability. Book of proceedings of the XII international
symposium on agricultural sciences AgroReS 2023, Trebinje, Bosnia
and Herzegovinia. Univeristy of Banja Luka, Faculty of Agriculture.
Pages:27-36.

Gantner, R.; Baban, M.; glava§, H.; Ivanovi¢, M.; Schlechter, P.;
Sumanovac, L. (2014.): Indices of sustainability of horse traction in agri-
culture. 3rd International Scientific Symposium on Economy of Eastern
Croatia - Vision and Growth. Editor Anka Masek Tonkovi¢. Pages 616-
626. Osijek: University J. J. Strossmayer in Osijek, Faculty of Economy.
Place of the conference: Osijek, 22nd-24rd May 2014.

Hamza, M. A., Anderson, W. K. (2005): Soil compaction in cropping
systems: A review of the nature, causes and possible solutions. Soil &
Tillage Research 82:121-145.

Lal, R. (2004): Carbon emission from farm operations. Environment In-
ternational 30(2004), 981-990.

350

) o ) Downloaded from https://cabidigitallibrary.org by 161.53.194.20, on 06/30/24.
Subject to the CABI Digital Library Terms & Conditions, available at https://cabidigitallibrary.org/terms-and-conditions



10.

11.

12.

13.

Markovi¢, M., Josipovi¢, M., Sostari¢, J., Jambrovi¢, A., Brki¢, A.
(2017): Reponse of Maize (Zea mays L.) Grain Yield and Yield Compo-
nents t Irrigation and Nitrogen Fertilization. Journal of Central European
Agriculture 18(1):55-72.

Parr, J. F., Papendick, R. L., Youngberg, 1. G., Meyer, R. E. (1990): Sus-
tainable Agriculture in the United States. In Sustainable Agricultural
Systems, ed. by Clive A., Edwards, et al. Soil and Water Conservation
Society, Ankeny, lowa.

Poux, X. (2007): Low input farming systems in Europe: What is at stake?
In: Low Input Farming Systems: an Opportunity to Develop Sustainable
Agriculture. Proceedings of the JRC Summer University. Ranco, 2-5 July
2007. Editors: Katarzyna Biala, Jean-Michel Terres Philippe Pointereau,
Maria Luisa Paracchini. European Commission Joint Research Centre,
Institute for Environment and Sustainability. Luxembourg. Pages: 1-11.

Singh, T. B., Ali, A., Prasad, M., Yadav, A., Shrivastav, P., Goyal, D.,
Dantu, P. K. (2020): Role of Organic Fertilizers in Improving Soil Fer-
tility. In: Naeem, M., Ansari, A., Gill, S. (eds) Contaminants in Agricul-
ture. Springer, Cham. https://doi.org/10.1007/978-3-030-41552-5 3

Woiwode, C., Schipke, N., Bina, O., Veciana, S., Kunze, I., Parodi, O.,
Schweizer-Ries, P. Wamsler, C. (2021): Inner transformation to sustain-
ability as a deep leverage point: fostering new avenues for change through
dialogue and reflection. Sustainability Science (2021) 16:841-858

351

) o ) Downloaded from https://cabidigitallibrary.org by 161.53.194.20, on 06/30/24.
Subject to the CABI Digita Library Terms & Conditions, available at https://cabidigit

ibrary.org/terms-and-conditions



