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In Peru, large volumes of chicken manure are produced, whose compost applied at normal
levels improves the ryegrass yield and protein intake, to obtain organic products and
contribute to animal, environmental and human health. To evaluate the biofortifying effect
of Chicken Manure Compost (CMC) incorporated in (T1): 0, (T2): 10 and (T3): 20 t ha!
levels, on Green Forage (GF) yield, Dry Matter (DM), Total Protein (TP) and Plant Height
(PH) of Italian ryegrass, in pasture located in Huancayo, Peru (3250 altitude), two cuts
were made, the first one was 42 days after the first fertilization and the second was 42 days
after the first cut and second fertilization. In second cut, GF yield, in T1, T2 and T3 was
70.05; 61.50 and 97.20 t ha' (P <0.05); the DM yield was 10.39; 8.44 and 23.34 t ha’’,
respectively (P <0.05); TP yield was 1.76,; 1.74 and 2.80 t ha”!, respectively (P <0.05) and
the PH was 97.0; 93.8 and 99.63 cm, respectively (P <0.05). The application of 10 t ha!
had no greater effect in front of the control. The use of 20 t ha' of CMC allows to obtain
organic forage with higher yield of dry matter and protein and therefore it is possible to
obtain organic livestock products, with the advantage of reducing the negative impact of
bird manure to public health, when is traditionally eliminated to environment.

1. Introduction

Generally, the improvement of forage production seeks to
increase biomass yield and productivity, mainly evaluating the

The livestock sector is the world's largest consumer of
agricultural land, through grazing and use of forage crops;
however, about 20% of pastures have deteriorated due to
overgrazing and compaction [1].

Among the most used pastures, ryegrass, in association with
alfalfa and clover, are important for feeding cattle and other
herbivorous species; in the inter-Andean valleys of Peru they have
a useful life of 3 to 5 years, with a biomass production of high
nutritional quality [2].

In the Junin region, the area of natural pastures is 1,104 300.04
ha. [3]; 29,649.30 ha are corresponding to cultivated pastures, of
which 27,633.20 ha are in the Junin mountain range [3]. The
production of ryegrass in 2018 was 196,384 tons and the harvested
area was 6,656 ha, with a yield of 29.5ton ha™! [4].
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yield of green forage, dry matter and in some cases the plant
height; however, it is important to evaluate the nutritional
composition, especially the yield and quality of protein. To
improve the nutritional contribution, different technological
strategies can be used, including agronomic biofortification of
basic foods, a process that improves the concentration of one or
more nutrients in the edible part of the crop, by applying nutrient-
rich fertilizers to the soil or foliage to improve the concentration of
micronutrients in the edible part of the crop [5, 6]. Biofortification
of ryegrass, through the application of Chicken Manure Compost
has enormous potential, as has been reported in the improvement
of the contribution of selenium in rice [7, 8].

Italian Ryegrass (Lolium multiflorum L.), is a grass of high
productive potential, yields more than 10 t ha™! of dry matter of
high taste and digestibility, producing up to 6 crops per year, which
can be used as green, dehydrated forage or preserved as silage, for
which it requires a soil rich in organic matter, especially nitrogen
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[9]; increasing the yield from 4.37 t ha! to 9.81 t ha! (5.44 t ha'!
more) with application of Nago than with No [10].

Traditional fertilization, based on the contribution of nitrogen,
phosphorus and potassium, in addition to having a short-term
effect [11], affects the physicochemical and microbiological
characteristics of the soil; its unbalanced use increases the
degradation processes by reducing the organic fraction, causing
adverse effects on the flora and fauna of the soil [12]; in addition,
its use is increasingly expensive [13] and is not ecologically
sustainable, and must be complemented or replaced by organic
fertilizers, which improve the nutritional quality of biomass, soil
quality and reduce waste contamination chemists [13, 14].

The meat chickens manure constituted by feces, urine, food
waste and the material used as a bed, is eliminated causing a
negative environmental impact on the air, soil and surface water
bodies [15], as an alternative it can be used as compost in soil
biofortification, having a series of beneficial effects, the first is the
supply of nutrients to plants, improving yield and nutritional
quality [16]. The aerobic stabilization of chicken manure, through
composting, allows obtaining a quality fertilizer and at the same
time contributes to the reduction of environmental pollution [17].

In Peru, the chicken meat production is an important industry;
which production is above 150 thousand tons per year, has allowed
increasing the per capita consumption of chicken meat from 20 to
more than 40 kg per person per year between 2000-2016 [18]. In
2018, the average annual consumption of chicken meat was 47 kg
and for 2019 it is expected to be 49 kg [19]; and manure generated
by this industry can be used as a nitrogen source and organic matter
in agricultural production.

Chicken manure is made up of excretes, food waste, feathers
and other bed materials; its N content results from the approximate
combination of 70% uric acid and 30% undigested protein [20, 21].
The percentage of nitrogen potentially available in manure from
meat chicken, after 7 days of incubation, is 66%, being a very good
source of N [22].

The Chicken Manure Compost (CMC), called soil improver, is
being used in the fertilization of parks, gardens and ornamental
plants; it is obtained from the controlled decomposition of manure
from broiler chickens, and can be used for the production of
organic forage, improving its quality and soil [23].

Composting is done in aerobic conditions, avoiding the
emission of CO,, ammonia and other volatile compounds into the
atmosphere. It has between 20 to 30 % of humidity; 7.0 to 8.5 of
pH; 23.8% organic matter; 1.1 % of nitrogen; 1.9% of P,Os; 3.4 %
of K»0; 5.1% of CaO; 1.5% of MgO; 0.6 % of Na; 61ppm of
boron; 48ppm of Cu; 285ppm of Zn; 565 ppm of Mn y 13 005 ppm
of Fe; it is free of pseudomonas, Salmonella and fecal bacteria.

Based on the above and the limited information on the behavior
of CMC in the yield and nutritional quality of ryegrass, the
objective of this research was to determine the yield of biomass,
dry matter and total protein, and the height of Italian ryegrass plant,
by incorporating 0, 10 and 20 t ha' of CMC, to obtain organic and
biofortified protein forage, which contributes to obtaining safe
animal products that promote animal, environmental and human
health.
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2. Materials and methods
2.1. Research site and observations

The research was carried out in a six-month-old Italian ryegrass
pasture, located in the Yauris experimental farm of the
Universidad Nacional del Centro del Perd (UNCP), Huancayo-
Junin province (3250 altitude). The experiment lasted 12 weeks,
making a first fertilization at the beginning of the experiment and
a second fertilization at the sixth week, date on which the second
cut of the ryegrass pasture was made, an approximate extension of
1250 m?, there were located three plots of ryegrass, 160m? each.

The first plot was considered as a Control treatment (T1):
without fertilization or insemination, the second plot was fertilized
with CMC (T2): 10t ha™! and the third one was fertilized with CMC
(T3): 20 t ha'l. Two fertilizations were made, the first at the
beginning of the experiment, with a first forage cut 42 days after
the first fertilization. The second fertilization was made after the
first cut and 42 days were expected to make the second cut for the
final evaluation of the study parameters. These cutting periods
answer to recommendations made for the Mantaro Valley (Junin,
Peru), the range of the optimal rest period being 22 to 46 days for
cultivated pastures [24].

Figure 1 shown the sequence of the investigation process.

Finished the first
evaluation cut

42 days after second fertilization,
and Parameter measurements

Sowing of - Previous - Homogenization
ryegrass Cuts cut
(First 6 months) (At 6 months old)
Pre-experimental period
First First fertilization Parcel
evaluation cut with CMC distribution
42 days after first fertilization, For each treatment For the 3 treatments
and day zero)
Second - Second Statistical Data
fertilization evaluation cut Analysis

Analysis of variance,

Duncan test

Figure 1: Research procedure secuence

2.2. Sampling and proximal analysis

The study was planned as randomized design with four
repetitions, no difference of planting area. To evaluate the yield of
green fodder, dry matter and protein in kg m?, and of the plant
height (cm), in each cut, four samples of 1 m? parcela’!, were taken,
being a cutting intensity of 5 cm [25]. Possible weeds were
separated, and the weight of the ryegrass was recorded;
subsequently, 100 g samples (fresh weight) were taken on an
analytical balance and dried in an oven at 65 ° C for 72 hours. The
dry matter (DM) and total protein (TP) content of the ryegrass
samples was determined in the Animal Nutrition Laboratory of the
Faculty of Zootechnics of the UNCP, following the protocols
described by the AOAC [26].

2.3 Plant Height (PH)

The PH, before each cut, was measured with a flexometer, for
which 10 plants were taken at random per sample per plot. The
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cutting intensity was 5 cm from the ground to the last leaf of the
stem.

2.4 Statistical analysis

Variance analyzes were performed to determine the statistical
differences between the studied variables, under a completely
randomized design with three treatments and four repetitions per
treatment. The differences between averages per variable were
analyzed with Duncan significance tests with a P <0.05. Statistical
processing was performed in SPSS v23.

3. Results

The use of 10 and 20 t ha! of Chicken Manure Compost
(CMC) significantly affected the productive parameters of the
ryegrass, being the first cut at 42 days after the first fertilization
(Table 1 and Figure 2) and the second cut, at 42 days after the
second fertilization (Table 2 and Figure 3).

Table 1. Production parameters of Italian ryegrass after 42 days of the first

fertilization
95% of the IC for
aVerage
Parameters Treatments Average Stagd;rd
Deviation
Lower  Upper
Limit Limit
TI:CMCOtha'  7.600a 1,105 5842 9358
T2CMCI0tha 5 405, 0785 6226 8,724
GF yield,
kg/m? . -
TCMC20tha 5050 1417 5320 9,830
Total 7,550 1,026 6898 8202
TI:CMCOtha! 12236 0177 0940 1,505
DM yield T2CMCI0tha ey 0125 0984 1,381
kg/m?
T3CMC20tha 5 153, o401 1,515 2,790
Total 1,519 0525 1,18 1853
TI:CMCOtha'  0191a 0028 0,147 0235
TP yield T2CMCI0tha o500 0022 0177 0247
kg/m?
T3CMC20tha 519, 0041 0153 0284
Total 0207 0031 0188 0227
TI:CMCOtha! 76456 2460 72,536 80,364
Plant T2CMCI0the o350 0780 82267 84,758
Height, cm
T3:CMC20tha gy h00 2207 80731 87,819
Total 81,41 4088 78815 84010

Means per parameter with different letters are statistically different
(Duncan, P <0.05)
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4. Discussion
4.1 Green Forage (GF) yield

The yield of GF after 42 days of the first fertilization with
CMC, does not register significant differences (P >0.05), and
sufficient time must pass so that the organic matter and all the
nutrients of the fertilizer are progressively processed by the
microorganisms of the soil to have a soil improvement effect, as
shown in the results obtained after a second application of the
CMC in the second cut. The organic phosphorus has to be released
by mineralization for plants to absorb it; similarly, the nitrogen
that is generally in organic form (> 95%), must evolve to nitrates,
to provide nitrogen available for plants in the short term [27, 28].

CMC20Ton/ha W 0.219

CMC10Ton/ha W 0.212

yield - First
cut, kg / m2

Control W 0.191

Total protein

CMC 20 Ton/ha 2.153
CMC 10 Ton/ha 1.183

Control 1.223

Dry matter
yield, first cut,
kg / m2

CMC20 Ton/ha I 7.575
CMC 10 Ton/ha I 7.475

yield - First
cut, kg/m2

Control I 7600

Green forage

Figure 2: Productive parameters at the first cut, after 42 days of the first
fertilization with chicken manure compost (CMC)

Table 2. Production parameters of the Italian ryegrass after 42 days of the
second fertilization

95% of the IC for
Standard

Parameters Treatments Average o average
Deviation —Lowcr Upper
Limit Limit
T1: CMC 0 t ha'! 7,005b 0,695 5,899 8,111
GFyield, T2:CMC10tha'  6,150b 0,628 5,150 7,150
kg/m? T3:CMC20tha!  9,720a 1,054 8,042 11,397
Total 7,625 1,752 6,512 8,738
T1: CMC 0 t ha'! 1,039b 0,103 0,876 1,203
DMyield  T2:CMC 10tha!  0,844b 0,086 0,706 0,981
kg/m? T3: CMC 20 t ha™! 2,334a 0,253 1,931 2,737
Total 1,406 0,707 0,957 1,855
T1: CMC 0 t ha'! 0,176b 0,017 0,149 0,203
TPyield, T2:CMC10tha'  0,174b 0,018 0,146 0,203
kg/m? T3:CMC20tha'  0,280a 0,030 0233 0328
Total 0,210 0,555 0,175 0,245
Plant T1: CMC 0 t ha'! 97,05ab 2,093 93,718 100,381
height, cm T2: CMC 10tha'  93,82b 3,897 87,622 100,027
T3:CMC20tha!  99.63a 3,901 93,422 105,838
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Total 86.83 3.954 94,322 99,348

Means per parameter with different letters are statistically different
(Duncan, p<0.05)

£ 2 S CMC20Ton/ha W 0.234
RS
5% » CMC10Ton/ha I 0145
-t
Qg 3 Control 1 0.147
2 o CMC20Ton/ha 1.945
8 o E
® O
g€ » ¥ CMC10Ton/ha 0.703
>3 o
0g3 Control 0.866
o ©
I 8.

%n § fé‘ CMC 20 Ton/ha 8.100
o ~
£ & % CMC10Ton/ha G S.125
=y
523 Control NN 5.838

=

Figure 3: Productive parameters at the second cut, after 42 days of the second
fertilization with CMC

The yield of GF m?, by treatment, after 42 days after the first
cut (lapsed 84 days), shows significant differences (P<0.05) due to
the use of 20 t ha'! of CMC, increasing from 7.00 kg m2 in plots
without fertilization at 8.72 kg m? in which they received 20
t ha! CMC. This result shows that CMC, due to its content of
organic matter, nitrogen and other nutrients, fertilizes the soil,
improves the growth rate; result that agrees with reports where the
green forage yield was improved by the use of compost based on
municipal solid waste [29], bovine manure [30], organic and
inorganic fertilizer [27]; the content of organic matter is increased
[30], with greater phosphorus mineralization [31]. Yield 0 9.9 and
10.9 tha! are reported in treatments with high compost application
rates of 33.6 and 44.8 t ha'!, respectively [32], increasing the yield
from 4.37 t ha! to 9.81 t ha! by the application of Nag compared
to the control without fertilization [10].

4.2 Dry Matter Yield

The percentage of dry matter of ryegrass, 42 days after starting
the experiment (first cut), was between 15.41 and 16.06%, values
that differ from other similar investigations [33], which report
37.5% dry matter in ryegrass. Probably due to the agroecological
conditions of permanent soil moisture of the Yauris Experimental
Farm, which allows the grass to have a higher water content. The
DM yield was increased by 1.76 times by the use of 20 t ha™' of
CMC in front of the control (P<0.05), result of practical and
economic importance, since it allows to increase the animal load
and obtain greater productivity of grass.

At the second cut, the dry matter content of ryegrass was
between 13.30 and 14.84%, slightly lower values than the one
recorded in the first cut. The yield of DM in kg m™ was 2.25 times
more when incorporating 20 t ha™! of CMC compared to the control
without fertilization. These positive results using compost are
reported by applying compost and residual effluents treated in an
integrated manner, improving the production of DM from ryegrass
[34]. Applying wastewater and olive pomace compost as soil
amendments on the growth of the ryegrass, growth parameters
were improved by 18.2 and 41.1% at the first and second year of
production. A significant increase in total organic carbon,
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extracted and humidified, and in the humidification, parameters
was determined. Ryegrass efficiently used the N content of the
amendment and as a result significantly improved dry matter yield
[35]. This proper handling of ryegrass fertilization allows
obtaining 20 t ha™! of DM [36], similar production obtained here
by the use of 20 t ha! of CMC.

The increase in the yield of DM of ryegrass by CMC effect is
of a lot of practical impact, because the contribution of nutrients
(organic matter, protein, micronutrients) improves not only the
consumption of food, but its digestibility and consequently the
animal response; improves soil structure and better soil moisture
retention [37]. Broiler chicken manure having a high content of
nitrogen product, from high protein diets, between 22.5 to 19.5%
[33] not only greatly improve the organic nitrogen content of the
soil but also the contribution of P, K, Ca, Mg, Na, B, Cu, Zn, Mn,
Fe, among other nutrients, increasing their availability for plants.
Organic fertilizers provide between 2 and 4 g of phosphorus per
kilogram, enough quantity for forage cultivation [38].

4.3 Total Protein (TP) Yield

The TP content, on a dry basis, at the first cut was between 15.6
to 18.4%; equivalent to fresh content from 2.51 to 2.88%. At the
second cut, the percentage of PT on dry basis was between 16.6
and 20.4%, equivalent to fresh values of 2.46 to 2.71%; lower
values reported in other experiments [30]; who report that ryegrass
has an average of 3.11% of PT on a fresh basis. With these values
the protein yield in kg m™ was determined.

At 42 days (first cut), the TP yield was increased by 28 g m™
(P> 0.05) when incorporating the CMC in 20 t ha™!, in relation to
the plot that did not receive fertilization. At the second cut, made
42 days after the first cut and second fertilization, when
incorporating 20 t ha'! of CMC, the TP yield was increased by 104
g m? (P< 0.05), with no effect for use of 10 t ha! of CMC. The
increase in the yield of TP due to the use of 20 t ha™! of CMC is of
great nutritional and economic importance, because if we scale the
results to one hectare, the ryegrass without fertilization, which
would produce 1760 kg of PT ha’!, would rise to 2800 kg of PT
ha'! per cut, by incorporating 20 t ha™! of CMC; it would have 1040
kg more of TP, which would allow greater supportability of the
meadow and animal production.

These results demonstrate that the CMC would have a high
potential for nitrogen available for crop uptake [39], being a good
alternative for organic forage production and consequently for
healthy livestock production, replacing the use of inorganic
chemical fertilizers, contributing to the reduction of the negative
environmental impact that it would have if the chicken manure is
eliminated as garbage [17].

An additional aspect to consider is that in addition to the
increase in the content and yield of TP of the ryegrass by the use
0f20 tha! of CMC, the content of organic matter is also improved,
which rises up to 3% by use of bovine manure [30, 27] satisfying
the nitrogen requirement (N) of the crops and providing other
nutrients, such as phosphorus (P), potassium (K), calcium (Ca) and
magnesium (Mg), reported in amendments made with animal
waste [28, 40], improves the physical, chemical and biological
characteristics of the soil, giving greater stability to the system
[41].
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4.4 Plant Height (PH)

At 42 days after the first application of the CMC, the PH was
significantly improved by the use of 10 and 20 t ha! compost
(P<0.05). The PH increased by 7.06 and 7.82 cm due to increased
use of the CMC. At the second cut, 42 days after the second
fertilization, the PH was improved only in the treatment that
considered the incorporation of 20 t ha™! of CMC (P <0.05), with
no effect by the use of 10 t ha'! of CMC; but the nutritional value
was improved. The PH has a certain relationship with the dry
matter yield [42].

The Plant Height registered in the present study was similar
when different levels of N P K (kg ha'!) were used [43], the values
were between 86 and 99 cm in fertilized pastures; while in the
control treatment, without fertilization, the PH was only 62 cm; at
the Santa Ana-Huancayo Experimental Station (3316 altitude).

These results are of practical importance in animal feeding,
since the PH is an indirect indicator of the condition of the
pastures; the vigor of a grass can be evaluated by the PH and in the
leaves, there is the highest digestible protein content for cattle.

The positive effect about the yield of biomass and protein of
ryegrass by the amendment with CMC, is a good alternative for
livestock producers, contributing additionally with the recycling of
chicken manure and with the carbon capture of the soil [44, 45],
eliminating the use of nitrogen fertilizer and reducing the
ecological impacts that endanger soil and air pollution [46, 47];
ryegrass cultivation being a good forage option, due to its high
yield, nutritional quality and ability to grow in a great diversity of
soils [17].

5. Conclusion

The yield of green forage, dry matter, total protein and ryegrass
height were significantly improved (P <0.05) when using 20 t ha’!
of chicken manure compost, being possible to replace inorganic
fertilizers and obtain an organic forages production, reducing the
negative impact by traditionally eliminating bird manure, in
addition to improving soil condition.
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