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Abstract: Conventional agriculture created ecological and sociological problems worldwide.
Practicing organic agriculture need profitable crop such as lucerne, no tillage to destroy the
soil structure, usage of natural symbiotic N2 fixation to support nutrition and reduce damages
from climatic changes such as droughts and also to supply animals for food. The efficiency of
manure fertilization for the production of forage, seeds and root mass after four years of
lucerne cultivation was examined in the field experiment,in addition their effect on the
following crop such as oat. The trial was performed in the Institute of Forage Crops, Pleven,
Bulgaria on leached chernozem soil subtype without irrigation. The well matured cattle
manure in the following doses was used: dose 1 - 20.7 t.ha corresponding to 70 kg N. ha*
(active substance); dose 2 - 41.5 t. ha® corresponding to 140 kg N. ha™ and dose 3 - 62.1 t.ha™
corresponding to 210 kg N ha. It was found that, the highest organic fertilizer use efficiency
(153.16) was found in lucerne for forage at a dose of 20.7 t. ha™. The largest differences in
fertilization efficiency depending on the dose were reported in lucerne for forage (1.9 and 2.8
times). The highest efficiency of manure fertilization for root mass accumulation was reported
at a dose of 20.7 t. ha. The results showed that lower doses of manure can contribute to
obtain a high yield of forage, straw, roots and seeds from lucerne. This has a positive effect on
grain and straw and also to the following crop such as oat. Organic farming clearly indicated
the advantages for both yields and environmentally friendly agriculture and reduction of
environmental stresses.
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Introduction

Recently humans are facing many
agricultural, environmental and climatic
challenges. Conservation of soil fertility under
agricultural usage depends on many factors
such as maintaining of organic matter of soil,
biological, chemical and physical properties
of soil, symbiotic and non-symbiotic nitrogen
fixation, reduction of soil erosion, avoiding
environmental stress factors such as droughts
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and flooding’s, the stability of soil and
unsustainability of yields. These depend on
climatic conditions, type of agriculture, type
of plant, microbiological processes in soil
with special attention to natural symbiotic and
non-symbiotic N-fixation (Yadav et al.,
2018; Kostov & lordanov, 2019). Also
Vasileva et al. (2011) and Vasileva & Kostov
(2015, 2018) pointed out the importance of
water deficiency on development and yield of
lucerne. National Sustainable Agriculture
Coalition (2019) and Magdoff (2001, 2004)
recommended urgently to help farmers to
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meet challenges with historical

droughts.

Severe

National Sustainable Agriculture Coalition
(2019) also pointed out that there is an urgent
need to help producers to meet challenges
with droughts. Many of the practices that
contribute to the overall strategies to solve
these problems are well known as intensive
use of cover crops, reduce tillage and widely
develop ecological agriculture.

Lucerne is important for agriculture and
environment because of its ability to fix
atmospheric N2, stop soil erosion, deliver food
for animals, maintain soil organic matter, thus
have a great contribution for sustainable
agriculture and supplying food for animals
(Kertikova, 2008; Yadav et al., 2018; Kosev
& Kertikova, 2019). The soil used in this
experiment have the active natural population
for symbiotic Nz fixation bacteria thus can
minimize mineral nitrogen application by
using organic fertilizers and support yield
formation of the following crop (Vasileva &
Kostov, 2015). One of the core philosophies
of organic production systems is the
development of healthy and productive soil
that provides essential nutrients for plant
growth, supports diverse and active soil biotic
communities and balances the entire farm
ecosystem (Mader et al., 2002; Goss et al.,
2013).

The most used characteristic in agronomy
are the quantity and quality of yield. There is
a lack of knowledge to use more sensitive
indicators for assessing fully efficiency of
organic fertilization such as application of
manure to support mitigation of climatic
changes and emerging bio based economy.

Yensen et al. (2012) experimentally found
that total N20O fluxes from legumes and N-
fertilized system vary enormously from 0.03-
7.09 and 0.09-18.16 kg N20 N ha?,
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respectively. Many studies showed significant
lose from denitrification when working with
mineral nitrogen (Kostov & Van Cleemput,
2019). Life cycle energy balance of legume
based rotation also can assist to lower
agrochemicals for crop protection, reducing
pathogens and pests and assist for weed
control and wind water erosion. Organic
fertilization of legumes such as lucerne can
contribute to reduce the emission of carbon
dioxide (COz2), nitrous oxide (N20), methane
(CH4) and ozone (Os) depending on soil
quality, presence of other species and climatic
conditions. Crop response to applied nutrients
is a global phenomenon.

The purpose of this study was to assess the
efficiency of manure fertilization on the
production of forage, seeds and root mass
after four years of lucerne cultivation and
their effect on the following crop production
such as oat.

Materials & Methods

The experiment was carried out in the
experimental field of the Institute of Forage
Crops, Pleven, Bulgarian  Agricultural
Academy by using the leached chernozem
soil subtype. The trial was without any
irrigation. Lucerne variety Victoria was sown
at sowing rate of 30 kg.ha. Plots size was 10
m2. The experiment was carried out using 4
replications. The well matured cattle manure
in the following doses was used: a) 20.7 t.hal;
b) 41.5 t.hal; c¢) 62.1 t.ha'. Phosphorous was
applied as triple super phosphate at doses of
300 kg ha* for all treatments. Potassium was
applied as potassium chloride at dose of 150
kg hal for all treatments. The soil had the
following agrochemical characteristics (Table
1). The used manure had the following
agrochemical characteristic on dry matter
basis (Table 2).
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For manure we accepted mineralization
percentages based on the total N. It was 46%
for five years from the initial N in the manure
(www.compostingcouncil.org;www.ohioline.
osu.edu;wwwe.agriculture.pordue.edu.).

Efficiency coefficients were calculated as
follows: forage yield/manure amount applied;
seeds yield/manure amount applied; roots
yield/manure amount applied and straw
yield/manure amount applied and grain
yield/manure amount applied (Bowen &
Zapata, 1991). The obtained data were
statistically processed by using the SPSS 13.0
software program.

Climatological and meteorological
characteristic of the area where two field
experiments were carried out as follow:
Climate expressed with strong continental
character.  Winter is cold with minimal
raining, summer is hot with very often and
sometimes very long lasting droughts, very
hot during summer months and with strongly
expressed colds during winters. Temperature
sum for the period for air is over 10°C, it is
3200-3400°C but for a period of over 5°C is
about 400°C. The lowest winter temperatures
during the winter with snow cover, usually
achieved up to 20-25°C but it can be seen late
winter worming in February thus stimulating
weak growth of grasses-forage mixtures.
Duration of without freezing/chilly weather is
about 200 days. The mean data for the
beginning of hot (over 10°C) weather is in
April. As a result area have relatively cool

spring. During summertime have been
registered for many years (6-7 years) typical
summer  temperatures  but  sometimes

temperatures can be very high and over 40°C.
Autumn is coming in September with slow
reduction of temperatures with the lowest
values in mornings and evenings. Usually
dominating are west windiness (1.9 m.s?)
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which is typical for months March and April
thus they dry surface layers of the soils. As a
result it can be established lower germination

rate especially for perennial leguminous
grasses.
Rainfall was not regularly distributed

which increase the harmful effect of yields to
agricultural crops from droughts. Droughts
start from the beginning of May to beginning
of September.

Results & Discussion

The obtained results for forage showed a
slight increase of the yield from the increasing
amount of applied manure, i.e. 3.97% at a
dose of 41.5 t.ha™* compare to the first dose of
20.7 thal, to 5.95% at the experimented
highest dose of 62.1 tha?. Efficiency
coefficients demonstrated significant
reduction of the values from 153.16 to
54.09% (Table 3). This reduction of
efficiency means that this amount of manure
is too high and cannot stimulate the efficiency
of applied manure and natural N2-fixation in
these field conditions of low soil water
content (Lodeiro et al., 2000; Vasileva &
Kostov, 2010). The next experimented dose of
41.5 t.ha! showed an even higher reduction of
the coefficient for forage. It can be concluded
that higher doses of applied manure very
slightly (5.95%) increase the vyield but
significant decrease efficiency of applied
organic fertilization. The reason for this
decrease in efficiency is the long lasting dry
conditions during the early spring and
summer and weak raining in this area. It can
be expected that natural symbiotic N2-fixing
Rhizobium bacteria cannot deliver enough N
to plant. Nodulation was poor (data are not
shown). During drought condition manure is
having stronger water holding capacity as
compared to the soil and cannot deliver water
to lucerne due to the drought. The
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experimented second and third doses slightly
increased the yield.

When building organic farming and
maintaining high and sustainable yields, the
prevailing concept in the literature is that in
order to increase the level of organic matter in
the soil, especially high (30-130 t. ha*) doses
of organic fertilizer should be applied (Raviv
et al. 2004). Imported nitrogen with organic
fertilizers is in organic form and does not
cause soil toxicity, and does not reduce the
amount of biological nitrogen fixation of free-
living soil nitrogen-fixing microorganisms
also, because it slowly and in sync with plant
development releases mineral nitrogen. In this
way it permanently increases, both, the
fertility and quality of the soil.

Regarding of the other parameters of yield
such as seeds showed the tendency to
decrease the coefficient of efficacy with the
increase of doses of manure. Roots and
nodules are very important for legumes
because they supply naturally fixed nitrogen
from the air. Data showed an increase of at
dose of 41.5 t.ha! with 12.6%. The highest
experimented dose of manure (62.1 t.ha?)
demonstrated that decrease of root biomass
coefficients is very high. It can be concluded
that increasing of the dosages of applied
manure is not efficient and significant
decrease efficiency. Very high level of nitrate
nitrogen in matured manure, which can
reduce natural Na-fixation of nodules was
considered as a possible reasons for that. Also
manure had very low total N of 0.72%,
despite of very good C/N ratio of 20.8.

Results from the following crop oat
assessed for grain yield and straw yield are
shown in table (4). The reduction of
efficiency coefficients in grain from oats is
49.87% after lucerne for forage and 51.18%
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after lucerne for seeds at a dose of 41.5 t.ha™.
At dose of 62.1 t.ha? the reduction of grain
yield of oat after lucerne for forage was
66.75% but after lucerne for seeds was
68.05%. The efficiency coefficients for straw
after lucerne for forage also showed reduction
of 49.78% for a dose of 41.5 t.ha™* and 48.3%
reduction after lucerne for seeds. At a dose of
62.1 t.ha manure the reduction was much
higher: after lucerne for forage was 64.83%
and after lucerne for seeds was 66.80%.

In the case of lucerne for forage with
increasing fertilization doses, the efficiency of
using the fertilizer for oat straw production
decreased by 49.78% units per dose of 140 kg
N ha? and by 64.83 units per dose of 210 kg
N. ha'.

Regarding the vyield of oats after the
predecessor of lucerne for forage, the
coefficient of efficiency of fertilizer use was
found very high (from 93.49 to 281.16). After
lucerne for seeds, the coefficient varies
greatly. It is highest at the lowest dose of
fertilizer. Al-Freeh et al. (2019) reported the
increasing of yield grain after treatment of oat
with biofertilizers.

Increasing straw yields after lucerne for
fodder is small, the coefficient of efficiency of
fertilizer use decreases with increasing doses
of fertilizer. In the case of grain, the increase
in vyield is also insignificant, but the
coefficient of efficiency is high and also
decreases with increasing doses of fertilizer,
especially at the highest dose.

Also manure during the maturation process
accumulated a high amount of nitrate nitrogen
which reduces natural symbiotic nitrogen
fixation of this soil. The regular droughts (late
spring and summer) inhibited natural No2-
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Table (1): Agrochemical characteristics of the soil.

Total C,% Total N, % P.0s mg. 100g? K20 mg. 100 g pH NHs-N, mg N. kg?  NOs-N, mg N. kg
soil soil (H20) soil soil
Soil 2.8 0.23 5.3 48.4 7.05 11.2 18.8

Table (2): Agrochemical characteristics of the manure.

Total C, Total N, C:N ratio Ashes, NH4-N, 42.8 NOs-N, mg K20, mg 100 pH Humic acid, Fulvic acid
% % 20.8 % mg N. kg*dry N.kg'dry  gdry manure (H.0) dry matter ’
manure manure matter
Manure 15 0.72 20.8 25.0 42.8 541.4 78.3 6.7 8.55 0.01

Table (3): Forage yield for four years: forage, seeds and roots and efficiency coefficients of lucerne (Meanz SE).

Manure: 20.7 t.ha’, Manure: 41.5 t.ha', Manure: 62.1 t.ha
corresponding to 70 kg N corresponding to 140 kg N ‘corresponding to 210 kg N

Yield kg ha™ forage 31.704a +1.30 32.964b £1.61 33.592 ab +1.93
Coefficient of efficacy: kg yield. kg™ manure, % forage 153.16 79.43 54.09
Yield kg ha™ seeds 444ab +16.9 555 b +15.1 600 b +17.3
Coefficient of efficacy: kg yield. kg™ manure, % 2.14 1.34 0.97
seeds
Yield kg ha* roots 5328 ¢ +100.2 6027bc +96.9 5550 ¢ +113.0
Coefficient of efficacy: kg yield. kg. *manure, % 25.74 14.5 8.94
roots
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Table (4): Effect of predecessor lucerne on development of the following oat crop: Straw and grain (Meanz SE).

Manure:  20.7  tha?, Manure: 41.5 that, Manure: 62.1 t.ha"
corresponding to 70 kg corresponding to 140 kg Icorresponding to 210 kg
N.ha' N.ha' N.ha'

Straw after lucerne for forage, kg. ha’ 1390a £20.4 1398a £19.3 1468ab +20.1

Istraw

Coefficient of efficacy, kg yield. kg 67.1 33.7 23.6

manure-*,%

Straw after lucerne 1239b +17.6 1282b £15.8 1235b £18.3

for seeds, kg ha* straw

Coefficient of efficacy, kg yield. kg 59.9 30.9 19.9

manure,%

Grain after lucerne for forage, kg. ha™ 5820c £11.0 5850c £11.4 5806c £12.4

grain

Coefficient of efficacy, kg. ha* grain,% 281.2 141.0 935

Grain after lucerne for seeds, kg. ha 4956d +£32.6 4850cd £36.4 4750cd £34.1

grain

Coefficient of efficacy, kg. ha™* grain,% 239.4 116.9 76.5
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fixation and reduce the yield in this area It can
be concluded that efficiency coefficients are
much more sensitive indicators as compared
with yield and can be used as indicators to
find the lowest and enough suitable dose of
manure for application thus to result in higher
yields.

Conclusion

The results clearly showed that, there is a
need for more studies on efficient use of
organic fertilizers in nitrogen-fixing plants.
Organic agriculture is a very promising way
for getting higher vyields as well for the
reducing the adverse effects of mineral
fertilizers on climate change. The data also
show the advantages of the nitrogen-fixing
plants and the need for restructuring of the
agriculture in the direction of obtaining
nitrogen by the natural way through its
fixation from the air and by combining
organic with microbiological fertilizer._lIt is
necessary to intensify research in details on
the development of basic and advanced
knowledge to ecological, low impute
agriculture, agroecology, soil management,
climatic changes, organic fertilization and
methods and practices to be introduced in
ecological agriculture. The used methods to
use of efficiency coefficients for manure
fertilization are reliable indicators to show the
efficiency of applied organic agriculture.
Organic agriculture in drought conditions
cannot have good presentation and drought
condition also suppress natural symbiotic N2-
fixation. The manure produced by animals
and lucerne as food to animals is useful and
strongly connected in ecological agriculture.
Lucerne is good predecessor for the
cultivation of oat as the following crop.
Healthy plants, healthy soil, healthy air,
healthy humans have to be always in our
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mind to protect environment and people from
any pollutions and the environmental stresses.
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