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Abstract

In Kenya, kale (Brassica oleracea L.) is one of the most commonly consumed vegetable crops, however, their
yield has been decreasing due to poor soils. An experiment was conducted to investigate the growth
performance, yield, chlorophyll content and nutritional quality of kales when planted using decomposed
desert locust frass, chicken manure and NPK fertilizers under open field conditions. The experimental design
was a randomized complete block design with six treatments namely; A: Plain soil that had no fertilizer
(negative control), B: Soil + NPK (10g per planting), C: Soil + chicken manure (2:1), D: Soil +50 g of frass, E:
Soil +100 g of frass and F: Soil +150g of frass. Chemical characteristics of organic manures showed that
decomposed locust frass had significantly high levels of Phosphorus, Nitrogen, Calcium, Carbon, potassium,
sodium, and Magnesium compared to decomposed chicken manure. Data were analyzed in STATGRAPHICS
centurion XVI and one-way ANOVA was used to analyze for significant differences in means. Results of the
growth performance of kales showed that soil treated with 100 g decomposed frass produced kale plants
with a significantly (p< 0.05) higher number of leaves than kale plants grown using other fertilizer treatments
in the experiment. Kales planted with chicken manure were significantly taller than kales from other fertilizer
treatments. Kale leaf chlorophyll content from soil treated with 100 g decomposed frass registered the
highest chlorophyll content which was significantly different (p<0.05) from chlorophyll content on kales
grown using chicken manure, NPK fertilizer, and 50g and 150 g decomposed frass manure. The proximate
composition analysis on harvested kale leaves showed that kales planted using 50 g decomposed locust
frass had higher nitrogen, phosphorous, and crude fats concentrations compared to kales from other
fertilizer treatments. These results shows that decomposed desert locusts frass has the potential to be used
as an organic fertilizer in cropping system.
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Introduction

Most soils in Kenya are of poor quality having low
organic matter in addition to very high concentrations

of acid, excessive aluminum, and calcium deficiency
(Agustiyani et al. 2021). The depleted soils can
therefore be solved through composted organic
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manure, which will significantly improve the soil
quality and over time increase the soil nutrient levels,
thus increasing crop performance and yield (Quilliam
et al.,, 2019). In addition, organic manures/fertilizers
have also been found to supply crops with secondary
nutrients such as magnesium, sodium, and calcium
together with other micronutrients that play an
essential role in the utilization and uptake of
macronutrients by plants (Anyega et al., 2021). The
most commonly used organic manures in crop
production around the world include poultry manure
(Soremi et al., 2017), and manure from livestock
(Rayne & Aula, 2020), which is however not easily
accessible by many crop producers due to many not
being able to domesticate these animals. Insect frass
has also the potential to be used as alternative organic
manure in crop production.

Small-scale insect farming for food and feed
leads to the production of huge amounts of frass
which is collected as a waste product (Poveda et al.,
2019). Therefore, to contribute to a circular economy
and to look at zero wastage, it is important to
capitalize on all components of insects including their
frass as an organic fertilizer. Frass is a solid insect
waste material that has been converted to a
microbially rich substance through insect food
digestion that results in a higher product in organic
matter (Chavez & Uchanski, 2020). Insect frass
contains a combination of uneaten feeds, faeces, and
exuviae or exoskeleton produced during the molting
period and when these substrates are decomposed,
they can be used as organic fertilizer in crop
production, thereby leading to improved crop
productivity (Anyega et al., 2021).

There is however insufficient information on
insect frass as organic fertilizer despite intensive
research in exploiting insects as food and feed.
However, some research has been carried out using
black soldier fly frass as organic fertilizer in various
crops and cropping systems (Quillam et al, 2019;
Beesigamukama et al, 2020; Anyega et al., 2021;
Agustiyani et al,, 2021). Some experiment has also
been conducted on the Basil plant using mealworm
frass (Tenebrio molitor) (Poveda et al., 2019). The
desert locust’s frass can also be explored as organic
fertilizer in vegetable crops since the frass is rich in
nitrogen as a result of the insect-consuming
vegetation (Kietza et al, 2021). The locust frass
fertilizer can be used in the growth of vegetables such
as Brassica oleracea (kales) which is a popular leafy
vegetable crop grown in many parts of Kenya mainly
for the domestic market (Anyega et al., 2021). Kale is
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a highly valued vegetable since it is a very healthy food
source that contains high levels of vitamins, prebiotic
carbohydrates, carotenoids, and minerals (Migliozzi et
al., 2015). However, the poor soil quality in Kenya
(Agustiyani et al. 2021) may lead to low production of
kales for consumption. To increase kale production, an
improvement in soil fertility is therefore required.

The use of desert locust frass as an organic
fertilizer is a relatively new concept and information
on its performance on the growth of vegetables such
as kales is largely unknown. The adoption of a new
product like fertilizer in any farming system requires
information on its performance in terms of influence
on the growth of crops, and yield in comparison to
existing fertilizers. The performance of decomposed
desert locust frass for kales in comparison to chicken
manure and existing artificial fertilizers has not been
studied. Therefore, the current study aimed to
determine the effects of decomposed desert locust
frass on the growth performance, nutritional quality,
and chlorophyll content of kales in comparison with
chicken manure and artificial fertilizer.

Materials and methods

Study area

This experiment was carried out at the University of
Eldoret (0°32” 51.3972” N, 35°12’16"' 11.2044" E) at an
altitude of 2,140 m above sea level. The University of
Eldoret area receives a mean annual rainfall of 1124
mm with temperatures ranging between 17°C and
26°C (Chebetetal., 2017). The experiment was carried
out between January to March 2022.

Preparation of chicken manure, locust frass manure,
and soil for the experiment

Chicken manure collected from a chicken
house near Eldoret University was moistened with
water and allowed to decompose naturally for 28 days
before being used in the experiment. Desert locust
frass collected throughout the rearing period of the
insect was moistened with water and allowed to
decompose naturally for 28 days before the
commencement of the experiment. Commercial
fertilizer NPK was used as a positive control in the
experiment while non-amended soil was used as a
negative control.

Soil that had not been used for any plant
growth for at least a year was excavated from a farm
near the University of Eldoret and was used as a
growth medium in the experiment. The soil was air-
dried and sieved through a 2mm mesh before the
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experiment. Four kilograms (4 kg) of soil each was
then filled in (15 x 30cm) 36 gunny bags respectively
ready for planting.

Certified Brassica oleracea L (kale) seeds
were sourced from an agrovet in Eldoret town, Uasin
Gishu county, seedlings were raised in a nursery and
were ready for transplanting 21 days after
germination.

Experimental setup of several soil organic fertilizers
treatments on kales

The experiment was carried out in an open
field in a randomized complete block design (RCBD).
There were six treatments of different organic manure
and NPK fertilizer (growth medium) which were
replicated six times. The six growth medium
treatments included;

e A: Plain soil that had no fertilizer (negative
control)

e  B:Soil + NPK (10g per planting)

e  C:Soil + chicken manure (2:1)

e D:Soil +50 g of frass

e  E:Soil +100 g of frass

e  F:Soil +150g of frass.

The growth medium treatments described
above were added randomly to each of the 36 gunny
bags and seedlings from the nursery bed were then
transferred to each treated gunny bag.

Measurement of kale leaf chlorophyll content: In vivo
assay

The relative chlorophyll content was determined using
the atLEAF CHL PLUS meter. Each leaf was marked in
three representative points and the average was
calculated. This method was intended to overcome
the influence of the non-uniform distribution of
chlorophyll in the leaf, hence producing more
representative data. The chlorophyll was measured
between 10 am and 11 am every week from week
three after transplanting the kales up to week seven
for all the treatments (Limantara et al., 2015).

Proximate analysis of Brassica oleracea leaves, locust
frass, and chicken manure

Chemical analysis of the manures before and
after decomposition was analyzed using the standard
methods of (AOAC 1999). At week seven of growth,
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kale leaves were randomly selected and harvested,
from each plant of the six treatments. They were then
cleaned in running tap water and taken to the
chemistry laboratory at the University of Eldoret and
proximate analysis for fat, crude fiber, and minerals;
that is, nitrogen, potassium, and phosphorus
determined using the standard methods of (AOAC
1999).

Data collection

The plant growth of kales was determined by
collecting data on the following parameters; plant
height and the number of leaves were recorded
weekly from the time of transplanting (week one) to
week seven. Chlorophyll content in the leaves of kales
was also measured every week from week three of
transplanting to week seven. At week seven, the kale
leaves grown using different manure treatments were
randomly selected and their nutritional composition
analysis was determined.

Statistical analysis

Data from the field experiment on a
cumulative number of leaves of kale, their height, and
chlorophyll content measured were entered in Excel
software and analyzed in STATGRAPHICS centurion
XVI. One-way ANOVA was used to analyze for
significant differences in mean. Means with a
significant difference were separated using Fisher's
least significant difference (LSD). All statistical
analyses were considered significant when the P value
was less than 0.05 (p < 0.05).

RESULTS

Characteristics of organic fertilizers used to grow
Brassica oleracea (kales)

The amounts of nutrients in chicken manure
and locust frass were evaluated before and after 28
days of decomposition. Fresh and decomposed locust
Frass had high amounts of macro and micronutrients
compared to chicken manure. Decomposed desert
locust frass had significantly high levels of Phosphorus,
Nitrogen, Calcium, Carbon, potassium, sodium, and
Magnesium compared to decomposed chicken
manure (Table 1).
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Table 1: Chemical characteristics of the experimental organic manures

Minerals Frass manure Chicken manure

Fresh decomposed Fresh decomposed F-Ratio p-Value
P (%) 2.53+0.01° 2.30+0.09° 1.63+0.01° 1.2040.02¢ 528.86 0.0000
N (%) 9.76%0.14° 7.56£0.17¢ 9.36+0.10°  7.12+0.08¢ 303.42 0.0000
Ca (Mg/100g) 1.47+0.08? 1.06+0.05¢ 1.31+0.01°  0.92+0.08¢ 46.84 0.0000
C (%) 24.16+0.45° 20.88+0.24¢ 23.08+0.30° 19.40+0.39¢ 109.43 0.0000
K (%) 2.41+0.45° 1.91+0.48% 1.60+0.27°  1.44+0.48° 3.04 0.0930
Na (%) 3.93+0.14° 3.48+0.08¢ 3.70+0.03>  2.77+0.04¢ 104.11 0.0000
Mg (Mg/100g) 14.0310.74° 10.35+0.18° 8.04+0.58°  5.99+0.25¢ 144.90 0.0000

abcd Mean values (S. E) in the same row having the same superscripts are not significantly different at p < 0.05, as

assessed by Fisher’s least significant difference, N =3
(Source: Author, 2021)

Effect of decomposed locust frass, chicken manure,
and NPK fertilizer on the growth of kales

The number of kale leaves increased
throughout the experiment. From week one to week
four after transplanting, the number of kale leaves did
not vary significantly (p< 0.05) due to different organic
manures and NPK fertilizers used (Table 2). However,
a significant difference in the number of leaves was
observed from week five to week seven of
transplanting the kales. Soil treated with 100 g
decomposed frass produced kale plants with a
significantly (p< 0.05) higher number of leaves than
kale plants grown using NPK fertilizer, soil + chicken

manure, soil + 50 g frass, soil+150g frass, and
untreated soil (negative control) (Table 2).

The plant height of kales grown using
decomposed locust frass, chicken manure and NPK
(fertilizers) followed an increasing trend throughout
the experiment (Table 3). From week one to week four
after transplanting, there was no significant difference
in the plant height due to different fertilizer
treatments in the soil at p< 0.05. However, a height
difference was seen from week five to week seven of
the growth of kales, where the application of soil +
chicken manure produced significantly taller kale
plants than where locust frass, NPK fertilizer, and plain
soil were applied (Table 3)

Table 2: Effect of decomposed locust frass, chicken manure, and NPK fertilizer on growth of Brassica oleracea leaves

We  Soil (-ve Soil + NPK Soil + chicken  Soil+50g Soil+100g Soil+150g Fratio P
ek control) (10g per manure (2:1)  frass frass frass value

pot)
Wk1 2.8310.41 3.17+0.75 3.33+0.52 3.50+0.84 3.33+0.52 3.00+0.63 0.92 0.4843
Wk2 5.00+0.58 5.33+0.82 5.17£0.75 5.50+1.38 5.83+£1.72 4.83+0.75 0.70 0.6307
Wk3 6.67£1.03 7.17£1.47 7.67£0.82 7.67£1.97 8.17+1.83 6.83+£1.33 0.91 0.4864
Wk4 8.33£1.00 9.17+1.60 9.33£1.03 9.50+£1.87 8.50+1.38 11.00+2.68 2.00 0.107
Wk5 9.50+0.762 11.00+1.41° 11.33+1.51b¢  11.33+1.51b¢ 12.67+£1.97¢ 10.67+1.863> 2.92 0.0282
Wk6 10.17+0.982 12.50+1.87 13.00+2.10°c  12.83+1.47bc 14.83+1.83¢ 11.67+1.863> 4.81 0.0024
Wk7 11.00+0.632 14.1741.83k¢  15.0042.10¢  14.50+1.38bc 16.67+1.634 12.83+1.473b  9.06 <0.0001

abcd Mean values (+S. E) in the same row having the same superscripts are not significantly different at p < 0.05, as

assessed by Fisher’s least significant difference, N =3
(Source: Author, 2021).

Table 3: Effect of decomposed locust frass, chicken manure, and NPK fertilizer on growth of Brassica oleracea height

Wee  Soil Soil + NPK (10g Soil+ chicken Soil+50g frass  Soil+100g Soil+150g F- p-Value
k per pot) manure frass frass ratio

Wk1 6.33+1.63 5.17+1.13 6.50+1.38 5.75+0.99 5.92+1.36 6.08+0.66 0.89 0.5013
Wk2 8.08+1.66 6.50+1.48 8.25+1.81 7.08+0.86 7.42+1.91 6.83+0.41 136 0.267

Wk3 9.42+1.74 8.42+1.72 10.42+1.83 8.58+1.11 9.42+2.58 8.50+0.77 122 0.3228
Wk4 10.92+1.56 10.00%£2.45 13.25+2.51 11.33+1.63 11.33+2.56 10.83+1.69 1.57 0.198

Wk5 13.25+0.82 12.25+2.882 17.1742.320 14.33+2.802b 14.00+£3.08% 13.25+2.73% 2.63 0.0439
Wk6 14.73£0.99 14.08+3.11 18.08+£1.99 16.17+£2.48 15.674£2.99 14.67+2.75 2.01 0.1057
Wk7 16.50+£1.22 16.1743.79 19.83+2.14 17.924£2.04 17.674£2.75 16.50+2.55 1.75 0.1536
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% Mean values (+S.E) in the same row having the same superscripts are not significantly different at p < 0.05, as

assessed by Fisher’s least significant difference, N =3
(Source: Author, 2021).

Leaf chlorophyll content of Brassica oleracea leaves
from kales grown using decomposed locust frass,
chicken manure, and NPK fertilizer

Leaves chlorophyll content of kales grown
using decomposed locust frass, chicken manure, and
NPK fertilizer was significantly different for all
treatments (p<0.05) throughout the experiment.

frass registered the highest chlorophyll content which
was significantly different (p<0.05) from chlorophyll
content on kales grown using chicken manure, NPK
fertilizer, and 50g and 150 g decomposed frass
manure. However, kale leaves from untreated soil
(negative control) had the lowest amount of
chlorophyll content compared to kale from other soil

Throughout the experiment, kale leaf chlorophyll treatments throughout the experiment period (Table
content from soil treated with 100 g decomposed 4)

Table 4: Leaf chlorophyll content of Brassica oleracea leaves grown using different organic fertilizers
Week Soil(-ve Soil+NPK Soil + chicken Soil+ Soil+100g Soil+ F- P-
control) (10g per pot) manure (2:1) 50g frass frass 150g frass Ratio  Value

Wk 3  45.48+2.01°  49.03+4.07°¢  47.47+3.17%b 49.9041.72b¢ 51.57+1.71¢ 49.93+1.35b¢ 431 0.0045
Wk4  47.05+1.97°  52.33+3.81° 51.43+1.63° 51.95+1.32° 53.88+0.47° 51.68+1.80° 7.21 0.0002
Wk5  49.57+1.65%  54.274+3.90°¢  54.03+1.60 54.17+1.89b¢ 56.20+1.00¢ 53.52+2.04°>  5.90 0.0007
Wk 6  51.50+1.37%  56.57+4.14° 56.83+2.05° 57.55+2.56° 57.93+2.05° 56.48+1.87°  5.29 0.0013
Wk7 53.83t1.67%  59.95+5.68° 60.95+2.85° 61.9242.08° 61.6843.235 58.45+2.17° 531 0.0013

a¢ Mean values (S. E) in the same row having the same superscripts are not significantly different at p < 0.05, as
assessed by Fisher’s least significant difference, N =3
(Source: Author, 2021)

Nutritional quality of kales grown using different 12)=282.31, p <0.0001). Kale leaves harvested from
fertilizers soil that was not treated with fertilizer (negative

The highest percentage of ash was recorded control) had high amounts of fat content
in kales harvested from soil that was treated with (7.47+0.40%), however, there was no significant
chicken manure while ash content from kales leaves difference in the amount of fats in kale leaves grown
harvested from soil treated with NPK recorded the in the soil treated with NPK, chicken manure, soil + 50g
lowest amount with a significant difference (F 0.05 (5, of frass and soil +150g of frass at p<0.05.

Table 5: Nutritional composition of Brassica oleracea leaves grown from different organic fertilizers

Components Soil Soil+NPK Soil+chicken  Soil+50g Soil+100g Soil+150g F-ratio p-
manure frass frass frass Value

Ash (%) 12.80+0.262 11.60+0.20° 18.33+£0.50¢ 17.93+0.25¢ 14.60+0.20¢ 13.77+0.12¢ 282.31 0.0000
Fat (%) 7.47%0.40¢ 7.05+0.18b¢ 6.90+0.18P 6.87+0.29° 6.4310.10° 6.97+0.08° 6.02 0.0052
Crude fiber 6.20+0.102 6.10+£0.56° 6.17+0.352 5.83+1.10° 4.37+0.55° 6.00£0.10° 4.53 0.0150
(%)

N (%) 4.65+0.052 5.07+0.03° 4.94+0.02¢ 4.77+0.03¢ 3.77+0.09¢ 2.34+0.06f 1232.69  0.0000
K (%) 8.20+0.38¢ 7.50+1.46bcd 7.02+0.552b¢ 8.61+0.48¢ 6.06+0.732 6.70+0.4820 4.56 0.0146
P (%) 0.54+0.002 0.53+0.01¢ 0.48+0.00° 0.48+0.00¢ 0.52+0.01¢ 0.32+0.002 876.17 0.0000

abede \ean values (£S. E) in the same row having the same superscripts are not significantly different at p < 0.05, as
assessed by Fisher’s least significant difference, N = 3
(Source: Author, 2021).

The crude fiber content of kale leaves from were however not significantly different at p<0.05.

soil treated with 100g decomposed locust frass
recorded the lowest amount of fiber, while crude fiber
of kale leaves from soil treated with the remaining
fertilizers recorded high amounts of crude fiber which

Original Article

Nitrogen content of kale leaves planted with soil +NPK
fertilizer had the highest percent (5.07+0.03%) while
kale leaves from soil treated with 150g decomposed
frass recorded the lowest percentage of nitrogen with
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a significant difference (F o0s (5 12) =1232.69,
p<0.0001). Kale leaves from Soil treated with 50 g of
decomposed frass resulted in leaves with the highest
percent of Potassium (K) while kale leaves from soil
treated with 100 g frass had the lowest percent among
all kale leaves from other treatments. A high
percentage of phosphorus in kale leaves was recorded
in plants that were planted in untreated soil (negative
control) while kale leaves from soil treated with 150 g
frass resulted in plants with significantly low levels of
Phosphorus (Table 5).

Discussion

There is limited information on insect frass especially
locust frass as organic fertilizer even though there has
been intensive research in exploiting insects as food
and feed. The chemical characteristics of desert locust
frass in the present study revealed that it had
concentrations of minerals that were comparable to
those found in chicken manure, and this confirms its
high fertilizer potential. The current study, therefore,
provides evidence of the possibility of incorporating
decomposed desert locust frass as an organic fertilizer
for improving the growth, yield, and nutritional quality
of  vegetables. Subsequently, incorporating
decomposed desert locust frass into the kitchen
gardens to improve crop production could provide an
additional source of income through the production of
edible insects for both food and feed, while at the
same time producing locust frass organic fertilizer as a
viable placement, or complement for expensive
synthetic fertilizers.

Kales planted using the composted locust
frass of 100g performed better than other fertilizer
treatments in terms of increasing the number of
leaves, chlorophyll content, and nutritional quality of
kales. The high growth rate and yield associated with
kale grown using 100g of decomposed locust frass
may be due to the better availability and supply of
nutrients from the newly introduced frass manure
(Beesigamukama et al., 2020). The increased yield
could also be attributed to the complementary and
synergistic effects of frass fertilizer on the growth of
crops and yield. The low growth of kales planted in
plain soil (untreated) indicates high levels of nutrient
depletion in the soil that was used for the experiment
in this study as well as it could be due to phytotoxicity
that is found in the soil (Anyega et al., 2021). The high
chlorophyll content in kales planted with 100 g
decomposed locust frass signifies higher amounts of
green pigments responsible for the production of food
for plants.
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The higher nitrogen, phosphorous, and crude
fats concentrations achieved in kales using
decomposed 50 g locust frass as an organic fertilizer
indicate that besides enhancing better growth in crops
and increasing the chlorophyll content of crops,
decomposed desert locust frass has also the potential
to improve the nutritional quality of vegetable grown.
The higher concentrations of nitrogen, phosphorous,
and crude fats achieved using 50 g locust frass can be
linked to the high nitrogen uptake and other nutrients
by kale grown utilizing this organic manure (Anyega et
al., 2021).

There are however no studies done yet using
decomposed desert locust frass as organic fertilizer in
crop production, nonetheless, a few studies have been
done using black soldier fly frass (BSFF) fertilizer. A
study done by Anyega et al, (2021) using BSFF
fertilizer on the growth of kales among other crops
investigated, indicated that the use of BSFF fertilizer in
the growth of kales had a positive influence on the
growth as the number of leaves and height of kales
increased with weeks of growth compared to the
other fertilizers used in the same experiment. Studies
have also been done on the growth of pakchoi
(Brassica rapa L) using BSFF fertilizer, and the results
showed a maximum increase in the number of leaves
and plant height of pakchoi when BSFF was used in
planting compared to control and NPK treatment that
was used in the study (Agustiyani et al., 2020). Other
studies were done on growing maize using BSFF
fertilizer and the results also showed an increase in the
height of maize plants when compared to other
artificial fertilizers that were used in the experiment
(Beesigamukana et al.,, 2020). Chlorophyll content
was observed to be higher in Pakchoi (Brassica rapa L)
leaves whose plants were grown using 15% BSSF
fertilizer (Agustiyani et al., 2020). These observations
indicate that insect frass has the potential to increase
chlorophyll content in crops.

The performance of kales, when planted
using 100 g decomposed desert locust frass, resulted
in better performance of kales with a high number of
leaves (yield), high chlorophyll content, and high
nutritional quality kale leaves. Therefore, the present
research provides proof that soil treated with
decomposed desert locusts as organic manure can
create favourable soil conditions for the cultivation of
kale leading to increased crop vyields.

Conclusion
This study shows the high efficiency of desert locust
decomposed frass as a fertilizer to increase the growth
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and nutrition of kales, so it has the potential to be used
as an organic fertilizer similar to chicken manure.
However, information on the growth performance
and nutritional quality of plants grown with
decomposed desert locust frass is still very scarce.
Therefore, the current study is the foundation for
future research work.

Recommendations

Due to its mineral composition, the utilization of locust
frass as an organic fertilizer has shown potential for
use in cropping systems and thus may assist in
reducing the utilization of artificial/synthetic fertilizers
and thus assist in the improvement of feasible
agriculture. However, more research on cropping
systems is needed to understand whether locust frass
can be used as a replacement for synthetic fertilizers
or not. This study was hence used as a benchmark
since no study has been carried out yet using
decomposed desert locust frass as an organic
fertilizer.
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