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ABSTRACT

The organic fertilization and ecological farming are becoming increasingly popular and required. The studies on
the organic farming of hemp (Cannabis sativa L.) were presented in this article. One of the options of organic
fertilizer is the mulberry silkworm (Bombyx mori L.) breeding waste. The breeding of this insect is a cheap source
of waste which gives very positive results on the plants yield. In this research, 3 repetition pots were tested: with
silkworm fertilizer 15 t/ha, 30 t/ha and pots without fertilization (control). The total length, technical length, pani-
cles length and diameter of hemp were measured. Moreover, the chemical composition of plants with and without
fertilization was compared. The mean total length and technical length were highest in 15t/ha of manure dose. In

turn, the panicles and the diameter of hemp were highest after 30 t/ha of manure dose.
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INTRODUCTION

Due to the growing interest of consumers in
the products from Cannabis sativa L. other than
fiber, the Institute of Natural Fibers and Medicinal
Plants (INF&MP) created a new hemp cultivar
Henola, which is an oil type and different from
the typical representatives of hemp grown for fi-
ber. Compared with a typical fiber hemp variety
Biatobrzeskie, the new cultivar is characterized
by a vegetation period shorter by about 3 weeks,
height lower by half, significantly larger inflo-
rescences and high yield of seeds over 40 dt/ha
[Burczyk and Oleszak 2016].

The hemp straw remaining after harvest-
ing seeds can be used in various branches of the
economy, including for the production of biocom-
posites [Sawpan et al. 2011]. In addition, it can
be employed for the energetic purposes [Rehman
et al. 2013]. The energy value of Henola’s straw
is comparable with the parameters characterizing
the typical fibrous hemp biomass grown both as a

main crop and a catch crop, and amounts even to
19 300 kJ/kg of DM [Burczyk 2012].

Henola can also be grown to obtain other sub-
stances. The analyses showed that its inflorescenc-
es contain on average 0.32% of essential oils and
0.07% of CBD, which are increasingly often used
in medicine [Gulluni et al. 2018, Mannucci et al.
2017]. Moreover, this cultivar is characterized by
a very low content of THC (0.013%), one of the
psychoactive substances typical in Cannabis L.
[Burczyk and Oleszak 2016, Colizzi and Murray
2018]. The cultivation of hemp for seeds or can-
nabinoids results in wasting the straw. Examining
the amount and quality of produced hemp straw
will help to determine its economic utilization.

Suitable agrotechnical methods to obtain
the highest yield have to be examined for the
Henola cultivar. An organic fertilization has not
been studied in hemp cultivation so far. One of
the options of cheap organic fertilizer involves
the mulberry silkworm (Bombyx mori L.) ex-
creta and breeding waste. Farmers may produce
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250-300 kg of waste from caterpillars breeding
each year [Lochynska and Frankowski 2018].
The silkworm excrement-derived organic fertil-
izer improves the yield and quality of crops and
significantly amends the acidity and fertility of
soil [Li et al. 2015, Chen et al. 2011]. Literature
also reports that the excrements of silkworms
increase the soil-available nutrients and organic
matter content, soil enzyme activities in much
greater quantities than the goat feces [Yang et
al. 2016]. Moreover, this manure does not con-
tain inhibitory compounds, detergents, antibiotics
or antiseptics [Dobre et al. 2014]. Therefore, the
studied material is an ecologically-friendly fertil-
izer which may be used in other bio-crops.

The aim of the present study was to test the
influence of organic fertilization on the hemp bio-
mass composition and yield with the use of silk-
worms breeding waste. The content of cellulose
in straw was analyzed. The statistical analyses
were used to determine the statistically signifi-
cant differences between the mean scores of the
unrelated groups.

MATERIAL AND METHODS

The Henola cultivar was obtained from the
seeds material of Institute of Natural Fibres and
Medicinal Plants (INF&MP), Poznan, Poland.
A pot experiment was conducted in three repe-
titions: in 2016 (R1), 2017 (R2) and 2018 (R3)
inside vegetation hall in Experimental Farm of
INF&MP in Petkowo, Poland. The studies were
prepared in May-September; thus, the conditions
of cultivation and the photoperiod were similar.
The manure of the mulberry silkworm was col-
lected during the larvae breeding season in 2016
from the Department of Silkworms Breeding and
Mulberry Cultivation INF&MP. The feces of
larvae were cylinder-shaped particles, 2—5 mm
long, 1.5-5 mm in diameter. Dried manure was
added and mixed with the soil from pots before
hemp sowing.

The presented research contained pots with
15 t/ha of silkworm fertilizer (18 g of manure/pot),
30 t/ha (36 g of manure/pot) and pots of hemp
without fertilization, three replications of each.
Every pot had a capacity 16 1, diameter 0.3 m,
height 0.5 m and were filled with 20 kg of soil
characterized by good water permeability and
which was well-drained and aerated.
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At the beginning of May, 10 seeds of hemp
were sown in each pot. The best 8 plants in all
pots were left after selection to next studies in
order to keep the optimal sowing density. In the
term between 25" June and 1 August, the plants
flowered and were harvested at the beginning of
September. The dried hemp (n=24 of each rep-
lication) was measured and total length, techni-
cal length, panicles length and diameter of hemp
stalks were calculated.

The analyses of the chemical composition of
the silkworm excreta were tested in the Chemical
and Agricultural Station in Poznan, according to
the following standards:

e PB.88 ed. 4/01.09.2010 for organic N,

PB.29 ed. 7/13.042016 for P,O,,

PB.30 ed. 7/13.04.2016 for K,O and CaO,
PB.31 ed 7/01.09.2010 for MgO,

PB.92 ed. 3/01.09.2010 for Cu, Mn, Zn, Pb,
Cd.

The analyses of the chemical composition
of the hemp biomass were performed at the Fac-
ulty of Wood Technology, the Poznan Univer-
sity of Life Sciences, Poland, according to the
PN-92/P-50092 standard for plant material. The
following parameters were determined:
e moisture content using the

(gravimetric) method,

e content of cellulose according to Seifert using
a mixture of acetylacetone and dioxane,

e content of lignin according to Tappi using con-
centrated sulfuric acid,

e content of holocellulose using sodium chlorite,

e pentosanes using the trihydroxybenzene
method,

e contents of minerals were determined accord-
ing to the DIN 51731 standards.

oven-dry

The experimental materials were ground in a
Pulverisette 15 laboratory mill, with the analytical
fraction of 0.4—-0.1 mm being separated on sieves.

The statistical analyses using the R soft-
ware were performed by Metodolog Company
in Gdynia, Poland. The one-way analysis of vari-
ance (ANOVA) was used to determine any statis-
tically significant differences between the means
of unrelated groups. The Pearson correlation test
was used in order to confirm the existence of cor-
relation between three different sets of cellulose
and crop variables. The number of observation
used for each analysis was identical N=9, and
only very strong relations were able to cross the
significance threshold.
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RESULTS AND DISCUSSION

The biomass yield calculation and chemical
composition analysis of the obtained material
constituted the basis of the presented studies. The
total length of hemp, technical length, panicles
length and diameter in technical length were
measured. The examination conducted in in three
repetitions showed that the yield increases along
with the level of fertilization (Tab. 1). Moreover,
the length of panicles increases with the dose of
fertilization.

The vegetation period in each year of the ex-
periment and temperature conditions was similar;
however, the longest period was recorded in the
second year of the study (Tab. 2).

The chemical composition of silkworms
manure showed that the material is compa-
rable with the tests available in the literature
(Tab. 3). It was shown that dry matter in excreta
was 88.66% and total ash 23.33% [Farhat et al.
2015]. The silkworm waste is rich in nitrogen
(36.2—46.8%), calcium (0.58-3,91%), phospho-
rus (0.22-0.82%), and contain trace elements,
such as Cu (8-12.5 mg/kg), Mn (87.17 mg/kg),
Fe (1962-2560 mg/kg), Zn (43.8 mg/kg) and Pb
(5.93 mg/kg) [Wang et al. 2016, Yaman 2016].

The chemical composition of hemp biomass
has been analyzed. The tests showed that the silk-
worm manure fertilization did not affect the ligno-
cellulosic structures content in Henola cultivar.
Small variation in the content of ligno-cellulose

after fertilization may prove that this cultivar is a
seed-type hemp (Tab. 4).

The ANOVA results showed that there was
significant difference in mean total length between
repetitions F = 134.72, p <0.001, Ay? = 0.62. In
order to verify between which particular pairs
of repetitions a significant difference has oc-
curred, post hoc tests with Bonferroni correction
were run. The analysis also showed that there
was significant difference in mean total length
between level of fertilization ' = 4.75, p <0.01,
An? = 0.05. For this effect, the post hoc tests
with Bonferroni correction were applied as well.
Repetition had a greater influence on mean total
length then level of fertilization, level of the for-
mer allowed to explain 62% of variance of mean
total length (Tab. 5).

The results of post hoc tests revealed that
there were significant differences in mean total
length in each compared repetitions (Tab. 6-8).
The highest mean total length was observed in
R2 (M =127.31; SD =16.23), moderate value
in R3 (M = 83.49, SD = 24.43) and the lowest
mean total length was observed in R1 (M =71.41,
SD = 8.40). In the case of fertilization, there was
significant difference between fertilizing with 15
tons (M = 95.15, SD = 30.96) and the non fertil-
ization variant (M = 85.71, SD = 25.30) (Fig. 1).

The ANOVA results showed that there was
significant difference in mean technical length
between repetitions F = 172.95, p <0.001,
An? = 0.68. In order to verify between which

Table 1. The medium values of hemp measures (n=24, in cm).

Repetition fe?t?l)iieatci);n Total length Technical length Panicles length Diameter
control 68.25 49.65 12.92 0.224
R1 15 t/hha 76.92 62.67 14.11 0.284
30 t/ha 68.30 53.34 14.96 0.315
control 120.80 99.80 21.00 0.353
R2 15 t/ha 134.13 111.46 22.66 0.410
30 t/ha 127.00 108.13 24.86 0.420
control 82.81 64.96 13.16 0.202
R3 15 t/hha 87.80 69.70 18.10 0.320
30 t/ha 86.98 61.11 24.95 0.402

Table 2. The periods of plants growth and development, including intensive life processes from sowing to

harvesting.
Sowing time | Emergence period | Flowering period Ripening period Harvesting time Time o(z\slgsq;atatlon
R1 15.05 23.05 27.06-2.08 1.08-30.08 30.08 107
R2 02.05 9-15.05 25.06-1.08 30.07-1.09 01.09 122
R3 13.05 20.05 25.06-1.08 28.07-2.09 02.09 112
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particular pairs of repetitions a significant differ-
ence has occurred,, the post hoc tests with Bon-
ferroni correction were run. The analysis also
showed that there was significant difference in
mean technical length between dose of fertiliza-
tion F = 6.37, p <0.01, Ay> = 0.07. For this ef-
fect, the post hoc tests with Bonferroni correction
were applied. Repetition had a greater influence
on mean technical length then dose of fertiliza-
tion, level of the former allowed to explain 68%
of variance of mean technical length (Tab. 9).
The results of post hoc tests revealed that
there were significant differences in mean tech-
nical length in each compared pair of repetitions

(Tab. 10—12). The highest mean technical length
was observed in R2 (M =106.47; SD =14.59),
moderate value in R3 (M = 65.34, SD = 18.80)
and the lowest mean total length was observed in
R1 (M =55.73,SD = 8.66). In the case of fertiliza-
tion, there was significant difference between fer-
tilizing with 15 t/ha (M =77.46, SD = 25.08) and
control variant (M =68.93, SD = 26.46) (Fig. 2).
The ANOVA results showed that there was
significant difference in mean length of panicle
between repetitions F = 4.21, p <0.05, Ay* = 0.05
(Tab. 13). In order to verify between which par-
ticular pairs of repetitions a significant differ-
ence has occurred, post hoc tests with Bonferroni

Table 3. The results of analyses pertaining to the chemical composition of excreta.

% FM mg/kg DM
pH DM% N P,O, K,0 CaO MgO Cu Mn Zn Cd Pb
7.25 86.82 2.56 1.0 2.7 3.24 0.56 8.64 67.4 15.6 <0.138 <1.20
Table 4. The results of analyses pertaining to the chemical composition of hemp biomass (in %).
Dose Extractables Cellulose Lignin Pentosans Holocellulose Hemicelulose Minerals
control 6.16 47.68 14.58 17.47 79.22 31.54 5.02
R1 |15 t/ha 5.40 47.64 14.18 19.78 79.54 31.90 5.01
30 t’/ha 5.60 46.43 14.79 19.31 79.04 32.61 4.38
control 3.97 48.48 14.50 19.22 77.78 29.30 4.68
R2 |15 t/ha 4.00 50.72 15.43 16.54 76.31 25.59 4.01
30 t/ha 3.51 49.10 15.40 17.11 77.41 28.31 3.96
control 5.59 47.42 13.85 18.50 76.44 29.02 517
R3 |15 t/ha 6.38 46.38 14.92 18.74 76.83 30.45 5.64
30 t/ha 8.59 46.37 15.34 18.17 76.24 29.87 5.23
Table 5. Results of ANOVA for effects of repetition and fertilization on mean total length.
Dependant Variable Effect F p An?
Repetitions 134.72 <0.001 0.62
Mean total length —
Fertilization 4.75 <0.01 0.05
140 127,31
120
95,15
100 8349 8571 $5:26

g0 71,41

R1 R2

Repetition

60
40
20

0

control 15t/ha 30t/ha

Dose of fertilization

Mean total length

Figure 1. Results of post hoc tests for influence of repetition and fertilization dose on mean total length (in cm).
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Table 6. Descriptive statistics for mean total length broken down into repetitions and fertilization.

Dependant Variables Effect Categories N M SD
R1 66 71.41 8.40
Repetition R2 45 127.31 16.23
R3 68 83.49 24.43
Mean total length
control 58 85.71 25.30
Fertilization 15t/ha 59 95.15 30.96
30 t/ha 62 89.26 28.56
Table 7. Results of post hoc test for influence of fertilization doses on mean total length.
Compared pair Mean Difference SE t p
R1 R2 -56.16 3.40 -16.52 < 0.001
R3 -12.58 3.05 -4.13 < 0.001
R2 R3 43.59 3.38 12.91 < 0.001
Table 8. Results of post hoc test for influence of repetition on mean total length.
Compared pair Mean Difference SE t p
15 t/ha -10.73 3.31 -3.25 <0.01
control
30 t/ha -4.80 3.27 -1.47 0.43
15 t/ha 30 t/ha 5.93 3.26 1.82 0.21
Table 9. Results of ANOVA for effects of repetition and fertilization on mean technical length.
Dependant Variable Effect F p An?
) Repetition 172.95 <0.001 0.68
Mean technical length —
Fertilization 6.37 <0.01 0.07

Table 10. Descriptive statistics for mean technical length broken down into repetitions and dose of fertilization.

Dependant Variables Effect Categories N M SD
R1 66 55.73 8.66
Repetition R2 45 106.47 14.59
. R3 68 65.34 18.80
Mean technical length
Control 58 68.90 23.00
Fertilization 15 t/ha 59 77.46 25.08
30 t/ha 62 70.10 26.46
Table 11. Results of post hoc test for the influence of repetitions on mean technical length.
Compared pair Mean Difference SE t p
R1 R2 -56.16 3.40 -16.52 <0.001
R3 -12.58 3.05 -4.13 <0.001
R2 R3 43.59 3.38 12.91 <0.001
Table 12. Results of post hoc test for the influence of fertilization dose on mean technical length.
Compared pair Mean Difference SE t p
control 15 t/ha -10.73 3.31 -3.25 <0.01
30 t/ha -4.80 3.27 -1.47 0.43
15 t/ha 30 t/ha 5.93 3.26 1.82 0.21
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120 106,47

R1

Repetition

100

80 65,34
55,73

60

40

20

0

R2

68,90 i 70,10

control 15 t/ha 30 t/ha

Dose of fertilization

Mean technical length

Figure 2. Results of post hoc tests for the influence of repetition and
fertilization dose on mean technical length (in cm).

Table 13. Results of ANOVA for effects of repetition and dose of fertilization on mean length of panicle.

Dependant Variable Effect F p An?
. Repetition 4.21 <0.05 0.05

Mean length of panicle —
Fertilization 0.49 0.61 0.01

correction were run. The analysis also showed
that there was no significant difference in mean
length of panicle between dose of fertilization
F=0.49, p <0.61, An? = 0.01. Repetition allowed
to explain 5% of variance of mean length of pan-
icle (Fig. 3).

The results of the post hoc tests revealed that
there were significant differences in mean panicle
length between R1 and R2. Mean length of pan-
icle was greater in the latter period of time (M
=20.84, SD =8.31) then in the former (M = 15.68,
SD =5.09) (Tab. 14-16).

The ANOVA results showed that there was
significant difference in mean diameter of techni-
cal length between repetitions /' =8,46, p <0.001,

= 0.09 (Tab. 17). In order to verify between
which particular pairs of repetition a signifi-
cant difference has occurred, post hoc tests with

25
20,84

(€3]

o

(€3]

Repetition

20 18,15
15,68
1
| I
0
R1 R2

Bonferroni correction were run. The analysis also
showed that there was a significant difference in
mean diameter of technical length between dose
of fertilization F = 5.07, p <0.01, Ap? = 0.06. For
this effect, post hoc tests with Bonferroni correc-
tion were applied as well. Repetition had a greater
influence on mean diameter of technical length,
including level of the former allowed to explain
9% of variance of overall crop (Fig. 4).

The results of post hoc tests revealed that
there were significant differences in mean diame-
ter of technical length between R2 and other repe-
titions. In R2, the value of mean diameter of tech-
nical length was significantly higher (M = 4.50,
SD =3.93) then in others periods of time (R1:
M =290, SD =0.48; R3: M =3.07, SD = 1.55)
(Tab. 18-20). In the case of fertilization, there
was significant difference between control and

19,16

control 15t/ha 30 t/ha

Dose of fertilization

Mean length of panicle

Figure 3. Results of post hoc tests for influence of repetition and
fertilization dose on mean panicle length (in cm).
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Table 14. Descriptive statistics for mean length of panicle broken down into repetitions and dose of fertilization.

Dependant Variables Effect Categories N M SD
R1 66 15.68 5.09
Repetition R2 45 20.84 8.31
Mean length of R3 68 18.15 11.90
panicle control 58 16.81 7.12
Fertilization 15 t/ha 59 17.69 8.86
30 t’/ha 62 19.16 10.95
Table 15. Results of post hoc test for influence of repetition on mean length of panicle.
Compared pair Mean Difference SE t p
R1 R2 -4.99 1.67 -2.99 <0.05
R3 -2.29 1.49 -1.53 0.38
R2 R3 2.70 1.66 1.63 0.32
Table 16. Results of post hoc test for influence of fertilization dose on mean panicle length.
Compared pair Mean Difference SE t p
control 15 t/ha -0.90 1.62 -0.55 1.00
30 t/ha -1.62 1.61 -1.01 0.94
15 ttha 30 t/ha -0.73 1.60 -0.46 1.00

Table 17. Results of ANOVA for effects of repetition and dose of fertilization on mean diameter of technical

length.
Dependant Variable Effect F p An?
. . Repetition 8.46 <0.001 0.09
Mean diameter of technical length —
Fertilization 5.07 <0.01 0.06

hemp fertilized. Higher mean diameter of tech-
nical length was observed in the latter situation
(30 t/ha: M =3.71, SD = 1.04; 15 t/ha: M =3.73,
SD = 3.67) then in former (M = 2.61, SD = 0.89).

Numerous studies referred to the mineral fer-
tilization of hemp plantations. It has been proven
that hemp responds well to additional N fertilizer

4,50
2,90 I 3,07
R1 R2 R3

Repetition

OFRP P NNWWDK™DULOU

resulting in increased plant biomass and seed pro-
duction [Vera et al. 2010]. The most popular oil-
type cultivar Finola gave 27% higher seed yield
after an additional unit of N fertilizer (198 kg/ha
of N) than the optimal rate [Aubin et al. 2015].
The effect of sowing density (20, 40 and
60 kg/ha) on the height and quality of the Henola

3,73 3,71
2'61 I I

control 15 t/ha 30 t/ha

Dose of fertilization

Mean diameter of technical length

Figure 4. Results of post hoc tests for influence of repetition and fertilization
dose on mean diameter of technical length (in mm).
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Table 18. Descriptive statistics for mean diameter of technical length broken down into repetition and

fertilization dose.

Dependant Variables Effect Categories N M SD

R1 61 2.90 0.48

Repetition R2 45 4.50 3.93

Mean diameter of technical R3 68 3.07 1.55
length control 53 2.61 0.89
Fertilization 15 t/ha 59 3.73 3.67

30 t/ha 62 3.71 1.04

Table 19. Results of post hoc test for influence of repetition on mean diameter of technical length.

Compared pair Mean Difference SE t p

R2 -1.64 0.43 -3.84 <0.001

R R3 -0.22 0.39 -0.57 1.00

R2 R3 1.42 0.41 3.43 <0.01

Table 20. Results of post hoc test for influence of fertilization on mean diameter of technical length.

Compared pair Mean Difference SE t p
control 15 t/ha -1.25 0.42 -3.01 <0.05
30 t/ha -1.03 0.41 -2.50 <0.05
15 t/hha 30 t/ha 0.22 0.40 0.55 1.00

seed yield as well as the impact of mineral fer-
tilization (in kg/ha): 40 N, 30 P, O, and 80 K,
O were investigated. The air dry matter biomass
yield of Henola ranged from 145 dt/ha with N fer-
tilization of 20 kg/ha to 180 dt/ha with 60 kg/ha
of nitrogen [Burczyk and Oleszak 2016].

The present study also recorded the higher
biomass yield after fertilization with silkworm
manure. The mean total length increased by 111%
and the mean technical length improved by 112%
in 15t/ha of manure dose, in comparison with the
control. The highest length of hemp was recorded
in R2 and it is believed that this is a result of a
vegetation period in the second year of study that
was 10 days longer. On the other hand, the pani-
cles were longer by 114% after 30 t/ha of manure
dose, in comparison with the control. Moreover,
the mean diameter of hemp was higher by 142%
after 30 t/ha dose of breeding waste, in compari-
son with the control.

CONCLUSION

The application of silkworm manure to hemp
crop increases the growth and yield of plants. The
fertilization in dose 15 t/ha of breeding waste may
increase the biomass yield by producing higher
plants. In turn, 30 t/ha dose of silkworm manure
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may improve the seed production from larger
panicles. It is also recorded that longer vegetation
period plays an important role in yield improv-
ing. Furthermore, effective utilization of sericul-
ture waste minimizes the environmental pollution
and is a good alternative helping to restrict the
use of inorganic fertilizers. Hence, the present in-
vestigation was carried out with the objective of
assessing the effect of silkworm manure on yields
of Cannabis L.
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