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Abstract

The objective of this research was to evaluate the effect of two organic fertilizers used before planting and in 
top dressing in the production of parsley. Seven treatments were evaluated, resulted from the factorial 2 x 3 + 
1: two organic fertilizers (castor bean cake, and hoof and horn powder) x 3 modes of application (100% before 
planting; 100% in top dressing; 50% before planting and 50% in top dressing) + 1 control. The experimental design 
was in randomized blocks, with five replications and plots of 1 m2. Two harvests were done and in both the 
following characteristics were evaluated: the relative chlorophyll index (“Spad’’), plant height, fresh (FW) and 
dry (DW) matter weight of shoot and macronutrients accumulation. There was no significant difference for the 
‘’Spad” index in both harvests. For the other characteristics, the control was inferior to the other treatments. In 
the comparison among application modes, the treatment with castor bean cake, 100% before planting, was 
inferior to the other applications modes of this fertilizer for FW and DW. For hoof and horn powder, the 100% in 
top dressing application mode was superior to other applications. In the comparison between fertilizers, the 
hoof and horn powder was superior to castor bean cake in both harvests when application was done 100% 
before planting. The descending order of macronutrients accumulation was: K > N > Ca > P > Mg. Therefore, it 
is recommended to apply hoof and horn powder, 100% in top dressing application
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Introduction
Parsley (Petroselinum crispum) is a leafy vegetable 

whose aromatic potential is well known. It has stood out 
as an important spice vegetable, for its wide application 
in the gastronomic and herbal market and for its social 
importance, because it is produced mainly by small 
producers (Heredia Z et al., 2003), often in organic system.

Due to the high extraction and export of nutrients 
by vegetable plants, it is necessary to replace them via 
organic or inorganic fertilization. Organic fertilization can 
provide destination for urban, industrial waste and the 
large volume of animal excrement produced on various 
properties, transforming them into fertilizers.

Aiming to achieve high productivity of 
vegetables and sustainability in crops, the interest of 
producers in organic fertilization is growing (Magro et al., 
2015). With the use of organic fertilizers, the availability 
of nutrients occurs throughout the cycle, not being 

readily leachable; improves the structure of the soil and, 
consequently, protects it from erosion; provides macro 
and micronutrients and improves physical, chemical and 
physicochemical soil conditions (Monsalve et al., 2017).

Due to the different requirements of nutrients 
amounts during the growth phases of plants and due to 
the rapid loss of nitrogen, mainly by leaching, it is important 
to split its application, to obtain greater production, using 
less fertilizer, making it possible to reduce costs (Colombari 
et al., 2018; Lanna et al., 2020).

Among the options of organic fertilizers used 
by vegetable producers in top dressing application are 
castor bean cake and hoof and horn powder (Silva et 
al., 2016; Cardoso et al., 2020; Lanna et al., 2020; Almeida 
et al., 2021; Hounmenou et al., 2021). Castor bean cake is 
an organic fertilizer, widely used as a source of nitrogen, 
which is a nutrient that plants need in large quantities 
(Silva et al., 2016; Lanna et al., 2020), including parsley 
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(Heredia Z et al., 2003). There are also other nutrients in 
the castor bean cake, such as phosphorus, potassium 
and micronutrients, but in smaller amounts.

Organic residues from the processing and 
slaughter of cattle, sold in the form of hoof and horn 
powder are alternative sources of nitrogen (about 14% N) 
and phosphorus (about 27% P2O5), respectively. Hoof and 
horn powder, although less known, has an affordable 
price, arousing the interest of producers, as it is a cheap 
source of organic nitrogen (Almeida et al., 2021).

Although these products are used by producers 
in the organic system, there is little scientific information 
about them. Therefore, the objective of this research was 
to evaluate the effect of these organic fertilizers used 
before planting and in top dressing on the production 
and extraction of nutrients in parsley.

Material and Methods
The experiment was carried out under field 

conditions, at São Manuel Experimental Farm, located 
in the municipality of São Manuel-SP (22°46’28’’S, 
48°34’37’’W, 750 m altitude), at São Paulo State University 
(UNESP), campus Botucatu-SP. The climate of the region, 
according to Köppen's classification, is mesothermal of 
the Cwa type, humid subtropical, with a rainy summer 
and a dry winter. The average monthly rainfall during the 
experiment was 113.4 mm, while the average maximum 
temperature was 25.8°C and the minimum temperature 
was 13.3°C.

The soil of the experimental area is classified as 
typic distrophic Red Latosol, sandy texture. The main 
chemical characteristics of the soil (0-20 cm) were 
determined by collecting a sample in the area before 
the implementation of the experiment. The results found 
presented the following values: pH (CaCl2) = 5.4; organic 
matter = 38 g dm-3; Presin= 17 mg dm-3; H+Al= 23 mmolc dm-

3; K= 5.0 mmolc dm-3; Ca= 50 mmolc dm-3; Mg= 23 mmolc 

dm-3; sum of bases (SB)= 78 mmolc dm-3, CEC= 101 mmolc 

dm-3 and base saturation (V%)= 77.
On 06/19/2020, base fertilization (3.2 kg of organic 

compost per m²) was carried out before planting in total 
area. The organic compost used contained, in % of dry 
matter, 0.7% of N, 1.70% of P2O5, 1.78% of K2O, 1.3% of Ca, 
0.8% of Mg and 0.7 % S and 17.95% humidity. 

Seven treatments were evaluated, resulting from 
a 2 x 3 + 1 factorial scheme: two organic fertilizers (castor 
bean cake, and hoof and horn powder) x 3 modes of 
application (100% before planting; 100% in top dressing; 
50% before planting and 50% in top dressing) + 1 control 
treatment (without these organic fertilizers, only with the 
base fertilization). A randomized complete block design 

with five replications was used. The amount of each 
fertilizer was calculated in order to provide the same 
total N dose (90 kg ha-1), recommended for the State of 
São Paulo (Raij et al., 1997), according to the modes of 
application, in addition to that provided in the total area 
with the organic compost.

The results of chemical analysis of castor bean 
cake are: pH= 5.7; humidity=0.0; organic matter=35.3%; 
total N=4.8%; P2O5 = 1.87%; K2O= 1.22%; Ca=2.59%; 
Mg=0.71%; S=0.22%; B=14.5 mg kg-1; Cu=330 mg kg-1; 
Mn=230 mg kg-1; Zn=33 mg kg-1; Fe = 4194 mg kg-1; C/N 
ratio = 4.3. The results of the chemical analysis of the hoof 
and horn fertilizer are: pH= 5.87; humidity=7.2%; organic 
matter= 12.5%; Total N=14.59%; P2O5= 0.08%; K2O= 0.11%; 
Ca=0.25%; Mg= 0.04%; S=1.33%; B=5.2 mg kg-1; Cu=66 mg 
kg-1; Mn=30 mg kg-1; Zn=585 mg kg-1; Fe=90 mg kg-1; C/N 
ratio = 0.5. All values are expressed for dry matter. The 
chemical analyzes of the soil and organic fertilizers were 
carried out by the Laboratories of the Department of Soils 
and Environmental Resources at FCA/UNESP.

The seedlings of cultivar Lisa were produced 
in trays with 200 cells, with Carolina Soil substrate. The 
transplant was carried out on 06/29/2020 in beds 25.0 m 
long, 1.0m wide and 0.2 m high, with a spacing of 25 cm 
between rows and 10 cm between holes, with 40 holes 
per plot (four rows with ten holes each). The control of 
weeds was done manually. It was not necessary to 
control pests and diseases and a sprinkler irrigation system 
was used, applying, in the absence of rain, about 4 mm 
of water per day.

For evaluation, only the plants of the six holes in 
the center of the plots were used. The first harvest was 
carried out on 08/13/2020, cutting the aerial part of the 
plants close to the ground. The plants regrowth and a 
second harvest were carried out on 10/08/2020. In both 
harvests, the following characteristics were evaluated: a) 
relative chlorophyll index (“Spad”): it was evaluated by 
taking three measurements per plant, and the average 
was calculated. The Minolta SPAD-502 (Soil Plant Analysis 
Development) equipment was used; b) plant height: with 
the aid of a ruler, the height from the soil surface to the 
tip of the highest leaf of the plants was measured; c) fresh 
matter weight: all harvested plants were weighed on a 
Bel Engineering scale with a precision of 0.2 g, and the 
value per 1 m2 was estimated; d) dry matter weight: the 
plants were placed in a forced air circulation oven at 
65oC and after three days removed for weighing. Then, 
the value per 1 m2 was estimated; e) accumulation of 
macronutrients: to determine the nutrient content (except 
sulphur), samples were collected from all plots and were 
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sent to the FCA/UNESP plant chemical analysis laboratory 
to determine the macronutrient content in the plants. 
The chemical analysis methodology was sulfur digestion 
to determine nitrogen, and nitric-perchloric digestion for 
the other macronutrients, according to the methodology 
described by (Malavolta et al., 1997). The accumulation 
of nutrients was obtained by the proportionality of the 
content with the dry weight of the sample.

Analysis of variance was performed and means 
were compared using the Tukey test (5%). Data were 
processed by Sisvar software (Ferreira, 2014).

Results and Discussion
For the relative chlorophyll index ("Spad" index), 

no differences were observed between treatments both 
in the first (Table 1) and in the second (Table 2) harvests, 
regardless of the fertilizer and the mode of application, 
with averages of 37.20 and 37.18, respectively.

The “Spad” index can be indicative of N 
deficiency and helps in the management of nitrogen 
fertilization of some vegetables (Mógor et al., 2013; 
Nasser et al., 2020). Studies with increasing applications of 

nitrogen and organic fertilizers in zucchini (Ferreira et al., 
2006) and tomatoes (Porto et al., 2011) found increases 
in chlorophyll contents and “Spad” index values, which 
was not observed in the present study when comparing 
the control with the treatments that received castor 
bean cake or hoof and horn powder. When comparing 
only the factorial treatments, the absence of difference 
can be explained by the fact that the same amount 
of N was applied. In the case of the control, the dose 
was not zero, it was just lower, as organic compost was 
applied before planting in all plots. The treatments only 
reflect the application of the N recommended for the 
“conventional” system for the State of São Paulo (Raij et 
al., 1997) in the form of organic fertilizer.

In the organic system, the supply of adequate 
amounts of N to plants is more difficult than in the 
conventional system (Castro et al., 2005). The equipment 
used provides an instantaneous and non-destructive 
reading to the leaf, being an alternative to evaluate 
the plant's nitrogen in real time due to the fact that 
there is a significant correlation between the intensity 
of the green color with the chlorophyll content and the 
N concentration in the leaf (Porto et al., 2011, 2014), 
since 70% of this nutrient contained in the leaves is in 
chloroplasts, participating in the synthesis and structure of 
chlorophyll molecules (Ferreira et al., 2006 ). Chlorophyll 
is the pigment that is involved in photosynthesis and is 
present in all plants, being one of the factors related to the 
photosynthetic efficiency of plants and, consequently, to 
their growth.

For plant height, it is observed that the control 
was inferior to the other treatments in both harvests. In 
the first harvest, the value for the control was 25.26 cm 
(Table 1) and in the second, 19.47 cm (Table 2), while the 
factorial treatments had a mean of 31.05 and 25.37 cm, in 
first (Table 1) and second (Table 2) harvests, respectively. 
Height is a characteristic widely evaluated in studies in 
many species, as it can be easily obtained, without the 
destruction of the plant, presenting direct responses to 
the application of fertilizers, especially nitrogen (Porto et 
al., 2014), as observed in the present study.

In the comparison between the application 
modes, it is observed that with the use of castor bean cake 
the height of the plants with the 100% application in top 
dressing (33.36 cm) was higher than the 100% application 
before planting (28.57 cm) in the first harvest, while for the 
hoof and horn powder there was no difference between 
the application modes in this first harvest (Table 1). There 
were no differences between the fertilizers in the three 
application methods.

Table 1. Average values of the "Spad" index, plant height, fresh 
and dry weight of parsley plants, depending on the application 
modes of castor bean cake and hoof and horn powder in the 
first harvest (08/13/2020). FCA/UNESP, São Manuel-SP, 2020

Treatments 
100% before 100% 

in top 
dressing

50% before 
planting and 

50% in top 
dressing

 Planting

                                         “Spad” index

Castor bean cake 34.20 aA 37.92 aA 39.56 aA
Hoof and horn 

powder
37.82 aA 37.42 aA 38.56 aA

Control 35.20
CV% 9.34

                                        Plant height (cm)
Castor bean cake 28.57 aB 33.36 aA 31.40 aAB

Hoof and horn 
poder

31.79 aA 31.47 aA 29.73 aA

Control 25.26*
CV% 8.73

                                        Fresh matter weight (kg m-2)
Castor bean cake 2.010 bB 2.671 aA 2.592 aA

Hoof and horn 
powder

2.564 aA 2.651 aA 2.370 aA

Control 1.780*
CV% 14.60
                                       Dry matter weight (kg m-2)

Castor bean cake 0.272 bB 0.319 aA 0.303 aA
Hoof and horn 

powder
0.302 aA 0.301 aA 0.280 bA

Control 0.24*
CV% 15.32

CV%= coefficient of variation.
Means followed by same letter, lower case in colunms and upper case in lines, do not 
differ by Tukey`s test at 5% of probability.
* Average of control differ from the average of factorial treatments 
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In the second harvest, no differences were 
observed for plant height, neither among the fertilizers, 
nor in the application modes (Table 2), only the control 
treatment was inferior to the factorial treatments.

The values observed in the first harvest (25.26 to 
33.36 cm) are similar to those reported by (Heredia Z et 
al., 2003) (mean 28.41 cm) with the same cultivar Lisa 
and higher than those reported by (Nascimento et al., 
2017) (16.40 to 19.52 cm) for 'Graúda Portuguesa' parsley 
produced with different N rates (0 to 160 kg ha-1 of N) in 
the form of urea.

For fresh matter weight, it was also observed 
that the control treatment presented inferior results than 
the factorial treatments, in both harvests, with averages 
of 1.78 kg m-2 in the first (Table 1) and 1.11 kg m-2 in the 
second (Table 2) harvest. In the comparison between the 
application modes, it is observed that for castor bean 
cake the applications 100% in top dressing (2.671 kg m-2) 
and the application 50% before planting and 50% in top 
dressing (2.592 kg m-2) the values were higher than in the 

application 100% before planting (2.010 kg m-2) in the first 
harvest (Table 1). In the second harvest, only the 100% 
top dressing application (2.179 kg m-2) was superior to the 
100% application before planting (1.493 kg m-2) (Table 2). 
On the other hand, for hoof and horn powder, there was 
no difference between the application methods both in 
the first (Table 1) and in the second (Table 2) harvests. 

In the comparison between the fertilizers, in 
both harvests, hoof and horn powder resulted in greater 
fresh matter weight than the treatment with castor bean 
cake only when 100% was applied before planting, with 
no difference between the fertilizers in the other two 
application modes (Tables 1 and 2).

The control treatment presented lower dry 
matter weight compared to the factorial treatments 
both in the first (Table 1) and in the second (Table 2) 
harvest. For castor bean cake in the first harvest (Table 
1), the treatment 100% before planting (0.272 kg m-2) was 
inferior to the application 100% in top dressing and 50% 
before planting and 50% in top dressing, which presented 
averages of 0.319 kg m-2 and 0.303 kg m-2, respectively. 
For the second harvest (Table 2), only the treatment with 
application of castor bean cake 100% in top dressing 
(0.218 kg m-2) was superior to that with 100% application 
before planting (0.149 kg m-2). When the hoof and horn 
powder was used, there was no difference between the 
application modes, both in the first (Table 1) and in the 
second (Table 2) harvest.

In the comparison between the fertilizers, the 
plants in the treatments with hoof and horn powder had 
higher dry matter weight than those of castor bean cake 
when applied 100% before planting both in the first (Table 
1) and in the second harvest (Table 2).

In the sum of the two harvests, the results were 
similar to those of each individual harvest, that is, the 
control treatment resulted in lower fresh and dry matter 
weight compared to the factorial treatments (Table 3), 
while the hoof and horn powder was superior to castor 
bean cake only when applied 100% before planting and 
in the comparison between the application modes, there 
was difference only for castor bean cake, with lower 
values with 100% application before planting.

The values obtained for fresh matter weight in the 
first harvest (1.78 to 2.67 kg m-2) were higher than those 
reported by (Heredia Z. et al.,2003): 0.58 kg m-2; and by 
(Nascimento et al., 2017): 0.28 to 0.36 kg m-2.

When castor bean cake or hoof and horn 
powder were applied, plants with greater heights, fresh 
and dry matter weight were obtained compared to the 
control treatment without the use of these fertilizers, only 

Table 2. Average values of the "Spad" index, plant height, fresh 
and dry weight of parsley plants, depending on the application 
modes of castor bean cake and hoof and horn powder in the 
second harvest (10/08/2020). FCA/UNESP, São Manuel-SP, 2020

Treatments 

100% 
before 100% in top 

dressing

50% before 
planting and 

50% in top 
dressing

 Planting

 “Spad” index
C a s t o r  b e a n 

cake 38.20 aA 38.86 aA 36.94 aA
Hoof and horn 

powder 36.04 aA 40.24 aA 36.80 aA

Control 33.20
CV% 9.73*

Plant height (cm)
Castor bean 

cake
22.60 aA 26.87 aA 25.03 aA

Hoof and horn 
powder 24.78 aA 28.53 aA 24.41 aA

Control 19.47*
CV% 13.55
                                     Fresh matter weight (kg m-2)

C a s t o r  b e a n 
cake 1.493 bB 2.179 aA 1.820 aAB

Hoof and horn 
powder 1.998 aA 2.436 aA 2.070 aA

Control 1.110*
CV% 15.09

                                 Dry matter weight (kg m-2)
C a s t o r  b e a n 

cake 0.149 bB 0.218 aA 0.182 aAB
Hoof and horn 

powder 0.199 aA 0.244 aA 0.207 aA

Control 0.111*
CV% 15.07

CV% = coefficient of variation 
Means followed by same letter, lower case in colunms and upper case in lines, do not 
differ by Tukey`s test at 5% of probability.
* Average of control differ from the average of factorial treatments.
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with base fertilization with organic compost. Therefore, 
it can be concluded that these fertilizers are efficient 
in increasing the production of parsley in the organic 
system. (Silva et al., 2016), (Cardoso et al., 2020), (Lanna 
et al., 2020) and (Cruz et al., 2021) reported increased 
productivity with the use of castor bean cake in beets, 
cabbage, zucchini and rocket, respectively. However, 
(Nascimento et al., 2017) did not observe differences in 
plant height or in fresh and dry matter weight of 'Graúda 
Portuguesa' parsley when studying nitrogen doses (0 to 
160 kg ha-1, in the form of urea) in top dressing, this is, even 
at doses higher than those used in this research.

In addition to releasing nutrients, organic fertilizers 
also improve the physical, biological and chemical 
structures of the soil, and this, for some species, is closely 
linked to biomass production, especially in tropical 
environments, where the degradation of organic matter 
is more intense and faster (Primavesi, 2016).

Besides the control, the treatment which 
presented, on average, the worst results were with the 
application of castor bean cake 100% before planting, 
resulting in lower values of fresh and dry matter weight in 
both harvests (Tables 1 and 2). According to (Severino et 
al., 2004), castor bean cake is one of the organic fertilizers 
with the fastest nitrogen release. Therefore, when placing 
100% before planting, there was probably a large release 
at the beginning of the cycle and may have resulted in 
lower availability of this nutrient to plants throughout the 
cycle.

On the other hand, when 50% or 100% was applied 
in top dressing, it provided greater nitrogen release in 

the second half of the cycle, the stage of greatest plant 
development, resulting in greater accumulation of both 
fresh and dry matter. In arugula, (Cruz et al., 2021) found 
no difference with the application of castor bean cake 
before planting or in top dressing. However, it should be 
noted that the arugula cycle was approximately half of 
that observed in the first harvest of parsley in this research, 
that is, probably the castor bean cake applied by these 
authors before planting must have provided nutrient 
release throughout the entire period of arugula cycle.

When 100% was applied before planting, the 
treatment with hoof and horn powder was superior to that 
with castor bean cake, but it did not differ in the other 
modes of application. (Nordi, 2021) reported that the 
hoof and horn powder applied in top dressing resulted 
in higher production of fresh and dry matter in “jambu” 
plants compared to other organic fertilizers tested (castor 
bean cake, Bokashi, Ferticel® and Provaso®). According 
to (Cavalaro Junior et al., 2009), hoof and horn powder 
can be considered as one of the most efficient organic 
fertilizers for the release of nutrients, especially nitrogen. 
(Almeida et al., 2021) reported that this fertilizer is more 
efficient in releasing nitrogen in the biofertilizer compared 
to other organic fertilizers, such as bone flour, blood flour 
and castor bean cake.

It is observed that the control treatment showed 
lower accumulation of all macronutrients (in the sum of 
the two harvests) compared to the factorial treatments, 
with means (g m-2) of 7.54; 1.10; 17.28; 2.30 and 0.82 for N, 
P, K, Ca and Mg, respectively (Table 4).

In the comparison between the fertilizers, a 
greater accumulation of N, P and K was obtained with 
the use of hoof and horn powder compared to castor 
bean cake only when these fertilizers were applied 100% 
before planting, while in the other two application modes 
(100% in top dressing and 50% before planting + 50% in 
top dressing) there was no difference for accumulation 
between the fertilizers for these three nutrients (Table 4). 
This result follows what was observed for the dry matter 
weight, in which only in this mode of application (100% 
before planting) there was difference between the 
fertilizers in the two harvests, that is, with higher values 
of dry matter weight with the hoof and horn powder 
compared to castor bean cake, both in the first (Table 
1) and in the second (Table 2) harvests and in the sum 
of these (Table 3). Considering that the accumulation 
estimation is made from the content obtained in the 
analysis of the leaves multiplied by the dry matter weight 
of the sample, this is an expected result (Cardoso et al., 
2017).

Table 3. Average values of the total (first plus second harvest) 
fresh and dry weight of parsley plants, depending on the 
application modes of castor bean cake and hoof and horn 
powder. FCA/UNESP, São Manuel-SP, 2020

Treatments 

100% 
before 100% in top 

dressing

50% before 
planting and 

50% in top 
dressing

 planting

                                        Fresh matter weight (kg m-2)
Castor bean 

cake 3.504 bB 4.850 aA 4.413 aA
Hoof and horn 

powder 4.562 aA 5.087 aA 4.450 aA

Control 2.90
CV% 12.08
                                       Dry matter weight (kg m-2)

Castor bean 
cake 0.421 bB 0.537 Aa

0.484 
aAB

Hoof and horn 
powder 0.503 aA 0.545 Aa 0.489 aA

Control 0.36
CV% 12.51

CV% = coefficient of variation 
Means followed by same letter, lower case in colunms and upper case in lines, do not differ by Tukey`s 
test at 5% of probability.
* Average of control differ from the average of factorial treatments.
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Also, for these three nutrients (N, P and K) it is 
observed that for castor bean cake the accumulation 
values were lower when 100% was applied before 
planting compared to the other two modes (100% in top 
dressing and 50% before planting + 50% in top dressing) 
(Table 4), that is, also following the accumulation of total 
dry matter weight (Table 3) without, however, differing 
statistically.

For Ca and Mg accumulation there was no 
difference between the fertilizers or between the modes 
of application, only the mean of the control treatment 
was lower than the others (Table 4).

The descending order of macronutrient 
accumulations in the leaves of the parsley plants was K 
> N > Ca > P > Mg (Table 4). No researches were found 
describing the accumulation of nutrients in parsley, 
which prevents comparison with other authors. However, 
it is observed that K is the most accumulated nutrient, 
followed by N, what is also observed in different leaf 

vegetables, such as endive (Lanna et al., 2017), kale 
(Nasser et al., 2020) and cabbage (Corrêa et al., 2013), 
as well as in roots such as carrots (Colombari et al., 2018) 
and beets (Cardoso et al., 2017), and in fruit vegetables 
such as zucchini (Araújo et al., 2015) and watermelon 
(Grangeiro & Cecílio Filho, 2005).

In general, the descending order for 
macronutrients requirements of vegetable plants is K > N 
> Ca > Mg > P=S (Faquin & Andrade, 2004), that is, an 
order similar to that observed in parsley, except for the 
greater accumulation of P in this research in relation 
to Mg. Differences in the ordering of macronutrient 
accumulation in different studies can be attributed to 
the specificities of each species, the environmental 
conditions in which the plants were grown, soil fertility and 
plant nutrition, in addition to growing season (Araújo et 
al., 2015). However, the results observed in this research 
are not so out of line, showing that K and N really are the 
nutrients most removed by horticultural plants, including 
parsley.

Conclusions
Both fertilizers resulted in higher parsley 

productivity and it is recommended their utilization by 
organic producers. However, the best treatment was with 
the application of hoof and horn powder with 100% in top 
dressing.
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