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Traditional compost and BSF-biodigested compost in
the organic fertilization of ryegrass

Abstract

The present study is a contribution to evaluate the agronomic potential of two different
organic products (cattle effluents, either composted or digested by Black Soldier Fly larvae)
as organic fertilizers, through the measurement of production and the photosynthetic
activity of ryegrass (Lolium multiflorum L.), growing in a sandy soil, treated with different
doses of those products. Within this aim, an experiment was conducted in a semi-controlled
greenhouse with ryegrass plants cultivated in pots, with ten treatments: four different
treatments of traditionally composted material, four different treatments of biodigested
material, a mineral control (using the recommended rate of mineral fertilizer for ryegrass),
and a zero control (without any type of fertilization). Under the experimental conditions, the
results showed a significant effect of both organic composts over mineral fertilization, with
a better performance of the biodigested by black soldier fly larvae. As for the informative
capacity of photosynthetic activity data, in assessing the vegetative development of crops,
“net assimilation rate” and “water use efficiency” proved to be the most suitable parameters.
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Introduction

The promise of the so-called “green revolution” (of the 1960s),
based on the ability to create new highly productive varieties at the
expense of high chemical inputs (fertilizers, phytopharmaceuticals,
and fuels), was then praised for the resounding success in several
countries where it was implemented, but it has been progressively
revealing its perverse side, namely: in the exhaustion of fertility and
in the pollution of soils and groundwater, in the reduction of water
resources (by the proliferation of irrigated areas); and in climate
change due to the intensive use of agricultural machinery burning
fossil fuels.

In order to counteract all these inconveniences, various alternatives
have been tested, either at the general level of the entire production
philosophy, or at the specific level of the various factors that contribute
to saving production and protecting the environment, without losing a
scale of production compatible with the planet’s needs.

The resurgence of organic fertilizers, which are more robust than
mineral fertilizers, in improving soil fertility and reduce groundwater
contamination, has been successfully tested in several situations.
Among these, livestock manure, which is one of the traditional
organic fertilizers discarded by the intensivist option that informed
the “green revolution”, is undoubtedly one of the obvious candidates.

Moreover, the progressive high concentration of intensive livestock
farming in some regions, and the limited area for the disposal of the
slurry produced, is a reality, causing difficult issues that need to be

urgently solved. The direct disposal brings a sanitary problem, if not
adequately managed, and one of the ways to overcome it is to submit
the slurry to a composting process to use in crop fertilization. The
organic products generated through these processes have to be used
cautiously, because their composition is not standard and has to be
adequate to each culture, in terms of quality and quantity. However,
these organic composts are usually rich in plant nutrients, especially
nitrogen (N), which is one of the most important nutrients for plant
growth.

The problem with the organic “fertilizers” is that the N content
is mainly in organic form and it needs to be mineralized for plant
absorption. Nevertheless, this mineralization process does not
always go along with the plant needs and, so, the fertilising potential
of different types of composts depends, to a large extent, on the
reconciliation of these processes in the relationship of the different
plant genotypes with the different composts.

The photosynthetic activity reflects the response of the plants
to changes in the environment, being a sensitive physiological
parameter of plant metabolism and development' and is closely linked
to N availability, since N is a major constituent of light-harvesting
complexes and reaction center systems, in which chlorophyll and
other pigments are associated with proteins to form chlorophyll
proteins, and there is a positive correlation between these pigments
and leaf N concentration.

In the present study, the effect of traditional bovine slurry compost
and a compost of the same origin biodigested by Black Soldier Fly
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larvae (BSFL) are evaluated on ryegrass plants, through production
and photosynthetic rate, between each other and with a mineral
fertilization, all with equal N endowments.

Materials and methods

The trial was conducted in a greenhouse, located in Oeiras
(Portugal), belonging to the National Institute for Agrarian and
Veterinarian Research (INIAV 1.P.).

The soil used for the experiment was classified as a Gleyic Podzol.?
A sample of the soil was analysed for selected physicochemical
properties, according to the methods used routinely in INIAV
laboratories. The results for soil surface layer (0-25 cm) analysis
revealed a coarse texture (96% sand), a pH around 6, a cation
exchange capacity of 3.8 cmol.kg™!, poor in nutrients and with 5.1 g of
organic matter per kg.

The soil collected to be used for the pot trial was air-dried, at room
temperature, and sieved to pass a 2mm mesh, using a total weight of
3 Kg per pot.

The organic composts used in the experiment were analyzed for
N content, by the Kjeldahl method,* and the results obtained for the
bovine slurry composted (designated by the C letter — for Composted)
was 12.3 g N kg, and for the Black Soldier Fly larvaec (BSFL)
biodigested bovine slurry (designated by the F letter — for Frass) the
result was 14g N kg'.

A greenhouse pot experiment, using ryegrass (Lolium multiflorum
Lam.), was set up in order to evaluate the agronomic potential of a
composted bovine slurry (C) and a BSFL biodigested slurry (F) of the
same origin, and was carried out in cylindrical plastic pots (with 15
cm height, 12.5 cm in diameter at the bottom, and 17 cm in diameter
at the top) with a surface area of 226.9 cm?, filled with 3 Kg of sandy
soil.

During the plant growth cycle, the greenhouse temperature was
kept between 18 and 25 °C, and the pots were daily watered, with
deionized water, to maintain the soil moisture near to 80% of water
holding capacity, estimated by weight difference. The pots were
disposed in different places every day, in a randomized way, after
watering, to eliminate any influence of the day light.

The experiment, in a randomized plot design, consisted of
10 treatments (1 control, 1 mineral, 4 C and 4 F, these last 8 with
a complement of 10% nitro ammoniacal N) with five replicates,
totalizing fifty cylindrical plastic pots. The rates of compost were
calculated based on the N demand by the crop (estimated in 140 kg N
per hectare), considering a mineralization rate of 50%, and a ryegrass
N use efficiency of 50%. Based on these assumptions, the treatments
were the following: TO, corresponding to the negative control, without
fertilization; TM, with 1.2 g of mineral fertilizer per pot (equivalent to
140 kg N per hectare); TC1, TC2, TC3, and TC4, using, respectively,
83 g, 166 g, 248 g, and 331 g of compost, per pot; TF1, TF2, TF3,
and TF4, using, respectively, 22.7 g, 45.4 g, 90.8 g, and 113.5 g, of
biodigested compost per pot.

Before sowing, the material to be tested was mixed with soil. The
seeds were surface sown in each pot, using a seed density equivalent
to 40 kg per hectare.

Gas exchanges were measured in adult expanded leaves of 6 weeks
old plants, prior to the first plant cut. Net photosynthesis rate (P ),
stomatal conductance (g ) and transpiration rate (E) were determined
using a portable infra-red gas analyzer (L16400, LI-COR, Lincoln,
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U.S.A.), under 20-25 °C, with a light supply of 700 umol m? s, as
described in Semedo et al. (2021) Water use efficiency (WUE) was
calculated as P /E.

After measurements of leaf exchange evaluation, the plants were
harvested, at about 2 cm above the soil surface, for yield evaluation
(for fresh and dry weight). After weighted, the samples of fresh
material were washed with deionized water, dried at 60°C, till constant
weight, and, after dry weighted, grounded for N chemical analyses, by
the Kjeldahl method.*

The data were analyzed statistically using a one-way AOV with a
significance level of P < 0.05, which was applied to test for differences
between treatments in respect to weight, N tissues concentration, and
gas exchange parameters. Tukey HSD test for mean comparison was
performed (for a 95% confidence level). Results were statistically
analyzed by Statistics 9.0, Analytical Software.

Results and discussion

The results obtained for ryegrass production and N concentration
in leaf tissues are presented in Table 1. From the data, and as registered
both for fresh and dry weight, it is possible to observe that the higher
yield was obtained in the treatment TF4, by a significant difference
compared to all the other treatments and the second highest yield was
observed for treatments TC4 and TF3, by a significant margin over
the remaining treatments, which means that the biodigested was more
efficient than the traditional compost and the biological fertilisers
gave a higher yield than the mineral fertiliser treatment. In fact,
the TM treatment only led to a higher yield than that recorded for
organic fertilizers for treatments TC1 and TF1, which proves that the
allocation to these treatments is insufficient.

Table I Mean values (n=5) for ryegrass production, expressed as fresh and
dry weight (g) per pot, and total N concentration in plant tissues, in each
treatment

Treatment  Fresh weight (g) Dry weight (g) Total N (g kg')
TO 9f 1.7¢g 102 g
™ 42d 5.3 de 342a
TCI 28e 4.7 ef I1.1fg
TC2 6l c 84c 15.7 de
TC3 64c 8.6 bc 16.2 de
TC4 76 b 9.7b 17.6 cd
TFI 26 e 42f 12.5f
TF2 41 d 6.2d 148 e
TF3 76 b 95b 19.0 be
TF4 89a 109 a 20.5b

Means in the same column with the same small letter do not differ significantly
(p=<0.05), as assessed by the Tukey test

As expected for a sandy soil, the lowest production was recorded
for treatment TO, by a significant difference compared to the others.

Compared to the results obtained by Menino et al.,’ also working
in similar conditions (but in a different soil, with another organic
compost and no mineral fertilizer complement) the yield values
obtained in the present experiment are much higher, maybe due to
the higher rates of the composts but undoubtedly also due to the
complementary mineral fertilizer for the start of the ryegrass crop, as
it was hypothesised in the referred work.

With regard to the concentration of N in the plant tissue, the
highest values, and significantly different from the other treatments,
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were recorded for TM, since the directly assimilable formulation of
N is here much more adapted to the needs of the plant. On the other
hand, again as expected for a sandy soil, the lowest N concentration
was recorded for treatment TO, by a significant difference compared to
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the others. The remaining data for N concentration followed the same
pattern recorded for the production of biomass.

The results obtained for the gas exchange measurements are
presented in Table 2, and suggest the following comments:

Table 2 Mean values (n=9) for net assimilation rate (P ), stomatal conductance (g), transpiration (E), and water use efficiency (WUE), calculated as Pn/E, for

ryegrass grown under different fertilization treatments

Treatment Pn (mmol ms') gs (mmol ms') E (mmol ms™') WUE [mmol (CO,) mol' (H,0O]
TO 30f 106 b 23c 1.3 ¢
™ 10.3 be 332a 56a 1.9 be
TClI 54e 196 b 3.5 bc 1.5 be
TC2 6.4 de 33l a 4.7 ab l4c
TC3 83 cd 239 ab 42ab 2.0 bc
TC4 10.4 abc 244 ab 4.0 abc 2.8ab
TFI 59e 194 b 3.3 bc 1.8 bc
TF2 82d 318a 4.4 ab 2.1 bc
TF3 1.1 ab 312a 4.6 ab 29ab
TF4 1252 291 a 4.1 ab 40a

Means in the same column with the same small letter do not differ significantly (p<0.05), as assessed by the Tukey test

The pattern of the values recorded for P, and WUE is consistent
with that observed for biomass production, confirming their
informative value with respect to the vegetative state of the plants.
However here, the higher net assimilation rate recorded for the TF4
treatment, relative to TF3 and TC4, although by a wide margin did not
reveal statistical significance. On the other hand, regarding g_and E,
the values registered do not suggest relevant conclusions regarding
their relationship with the production.

The results from a work developed by Jia et al.,® on physiological
characteristics of ryegrass, found values of P_ varying between 10.8
and 16.5 pmol m?s’!, respectively with low and high atmospheric
CO,, which are higher than the values obtained in the present
experiment, except for the treatments TM, TC4, TF3 and TF4, that
were within the low values obtained in that experiment. Given the
systematically increasing pattern of results for both organic fertilizers,
we can therefore assume that the maximum amounts tested were sub-
optimal.’

Conclusion

The main hypothesis that informed the present study is confirmed
in the results that show, in a statistically demonstrated manner, the
better performance, in ryegrass production, of cattle slurry biodigested
by the black soldier fly larvae, in comparison with traditional compost
with the same raw material (both with a complement of readily
available N). Both organic fertilizers gave a higher yield than the
mineral fertilizer treatment, very clearly, due to the addition of directly
available N, which again proved to be paramount to accelerate initial
plant growth under any organic fertilization.

As for the informative capacity of photosynthetic activity data,
in assessing the vegetative development of crops, “net assimilation
rate” and “water use efficiency” proved to be suitable parameters.
As a matter of fact, significant effect of both organic composts was
also perceived through overall photosynthetic activity of ryegrass
plants and biomass production, showing the potential of these organic
products as fertilizers.

The pattern of the values recorded for P, and WUE is consistent
with that observed for biomass production, confirming their
informative value with respect to the vegetative state of the plants.

With regard to the concentration of N in the plant tissue, the highest
values, and significantly different from the other treatments, were
recorded for TM, which suggests the possibility that the additional
10% N added to the organic fertilizer may have been insufficient.

Given the systematically increasing pattern of results for both
organic fertilizers, we can therefore assume that the maximum
amounts tested were sub-optimal.
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