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Abstract
Composting of dead sheep is a new venture in Kuwait targeted at 
effective disposal of the carcasses and utilizing it as nutrient for 
soil to enhance agricultural crop productivity. There are two phases 
of mortality composting (a. production of compost material and b. 
utilization of compost material enhancing Kuwait soils). Mortality 
composting has proven more viable and cost-effective solution for 
proper recycling and utilization of dead sheep. Attempts were taken 
to exploit the compost generated from dead sheep as substrate for 
two major leafy vegetable (Chinese Kale (Brassica oleracea cv. 
Blue star) and leaf lettuce (Lactuca sativa cv. Romaine-ROUGE 
d’HIVER). Mortality sheep compost was prepared with fine, medium 
and coarse saw dust as substrate as well as using a rotary ecodrum 
composter and used along with Peatmoss: Perilite: Sawdust in the 
ratio 1:1:1. Commercially available compost was used as standard 
for comparison and soilless medium without compost served as the 
control. The results revealed that plants grown in compost prepared 
by Ecodrum provided better results in terms of plant characteristics 
in crops viz., Chinese Kale and leaf lettuce. Ecodrum provided a 
solution for increasing the yield of crop plants grown in container 
pots. However, further chemical analysis is required for improving 
soil quality and enhanced soil productivity in large-scale.

Introduction
Diverse kinds of substrates are being used to grow vegetable crops 
and ornamental plants. Selection of the suitable substrate is the 
foremost criteria in crop production as it contributes significantly to 
success and economic viability of any crop. Composting has been 
considerably recognized as a viable management method for solid 
organic wastes aimed at recycling of its end-product as a potting 
substrate for ornamental plants and vegetable crop. Compost 
improved soil biological characteristics, and can simultaneously 
increase the growth, yield, and quality of crops [1,2]. Compost, 
as substrate, has produced successful results in soilless culture 
of horticultural crops [3,4]. As composts vary in their chemical 
constituents, it is obligatory to test each crop with selected type of 
compost to determine the potential benefit of adding this material 
to a crop production system.

Lettuce (Lactuca sativa L.) is one of the popular green leafy 
vegetables and incredible sources of essential nutrients that 
benefit health by lowering cholesterol levels, controlling cancer, 
protecting neurons, inducing sleep, controlling anxiety, lowering 
inflammation, and providing a supply of antioxidants. It is among 
the most sought-after greens and is the subject of increased demand 
of consumers, and is mostly preferred for mixed salads, both as 
a fresh market product and as a ready-to-use vegetable [5]. Kale 
(Brassica oleracea) is one of the most nutritious leafy vegetable 
and is a member of the Brassica family. Lettuce and Kale are rich 
in zinc and iron which are important micronutrients for reducing 
oxidative stress decreases chronic diseases [6]. In addition, zinc 
help to increase plant tolerance to adverse environments [7]. 
Based on the type of fertilizer applied to the plant, it responds to 
accumulation of such micronutrients such and iron and zinc, and 
in specific increased nitrogen rates can lead to increased iron and 
zinc concentration in leaf tissues [8]. Hence, choosing the best 
compost which contains high levels of nitrogen to increase the 
health benefits of such leafy vegetable is the prime concern.

A huge amount of peat moss and potting soil mix are used 
as substrate by the farming industry in Kuwait for growing 
horticultural crops annually. These inputs are imported from other 
countries and peat moss is not a renewable resource. By utilizing 
locally available resources the composts of high nutritional 
content and superior quality can be formulated in much less 
cost. The waste organic matter from disposed dead sheep can be 
transformed into useful resources by generating compost, which 
can serve as a valuable constituent for soilless media to grow 
plants. Composting is nothing new, but mortality composting has 
only recently been examined from a scientific perspective. The rate 
and success of the composting process is dependent on reaching a 
balance between carbon and nitrogen sources, water and oxygen. 
Mortality composting involves layering the dead animals within 
a medium that is high in carbon such as sawdust, chopped straw, 
chopped corn stover or mixtures of manure, straw and sawdust. A 
controlled amount of water is then added and the pile heats due to 
the activity of aerobic bacteria. Considering the effective recycling 
of dead sheep in Kuwait, the main objective of the study was to 
evaluate the effect of different compost (obtained from dead sheep 
disposal material) on the growth of leafy vegetables and compare 
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it with the commercially available compost in the local market. 
No research has been attempted with the use of compost generated 
from dead sheep matter for growing vegetables or horticultural 
crops.

Materials and Methods
Compost Material
Four different types of compost material obtained from the 
dead sheep were evaluated in the study. Saw dust was used as 
the layering material to layer with dead sheep meat in compost 
preparation. Treatment details includes three different types of 
saw dust being used for layering compost viz., Fine, Medium 
and Coarse. Compost prepared by using a rotary drum composter 
viz., Ecodrum served as the fourth treatment. Compost material 
obtained from the market was used for comparative studies. 
Soilless medium without any compost material served as the 
control.

Potting Mix
Peatmoss and perilite was mixed in the ratio 1:1 and served as 
the potting mix base for soilless medium. The respective compost 
material was also added as Peatmoss: Perilite: Compost in the 
ratio 1:1:1.

Soilless Medium
Based on the raw substrate (i.e., saw dust) used for generation of 
compost, using dead sheep animals, they were classified as Fine 
(A), Medium (B), Coarse (C), and Ecodrum (E). The compost 
obtained from commercial market was designated as Market (M). 
Potting medium without any addition of compost served as the 
control (CONTROL).

Plant Material and Growth
Two types of leafy vegetables were evaluated in this study. They 
were LEAF LETTUCE (Lactuca sativa cv. Romaine-ROUGE 
d’HIVER) and CHINESE KALE (Brassica oleracea cv. Blue star). 
Seeds were sown in plug seedling trays containing commercial 
potting soil mix, and then irrigated with fresh water. Seedlings 
were grown for 10 days and then transferred to 1 gallon plastic 
pots containing the respective soilless experimental mix. All the 
pots were maintained in grow benches in a separate chamber 
of the glass greenhouse [Plate 1] under the same environmental 
conditions (24°C; 65% relative humidity) and were given 350 
ml of fresh water per pot every day in the morning. No chemical 
fertilization was applied, and best agricultural growth management 
practices were followed for pest and disease control.

Plant Measurements and Sampling
Growth characteristics such as Plant height, Number of leaves, 
Length of the longest leaf, Breadth of the longest leaf, Chlorophyll 
content (SPAD value), Plant fresh weight, and Chlorophyll 
fluorescence, were measured 32 days of culture after transplanting, 
and plant fresh weight was recorded immediately after harvest. 
Chlorophyll fluorescence was measured with PAM-2100 
Portable chlorophyll fluoremeter (Walz Co. Eichering, Effeltrich, 
Germany). Data on plant parameters were recorded from three 
plants per treatment.

Statistical Analysis
The study was carried out with a completely randomized design 
with six treatments and three replicates. Each pot served as the 
experimental unit for a total of 18 units. Data collected were 
analyzed for statistical significance by the SAS (Statistical Analysis 
System, V. 9.1, Cary, NC, USA) program. The experimental results 
were subjected to an analysis of variance (ANOVA) and Duncan’s 
multiple range test. Graphing was performed with Sigma Plot 10.0 
(Systat Software, Inc., San Jose, CA, USA).

Results
The results of plant growth parameters of Chinese Kale and lettuce 
raised in different compost material were presented in (Table 1 
and 2). The experimental setup under green house condition is 
visualized in (Plate 1).

Chinese Kale
Representative samples of the compost materials evaluated for the 
different growth parameters revealed that compost prepared by 
Ecodrum provided better results (Table 1). Photographic evidence 
demonstrated a visible difference amongst the different treatments 
with the control plants showing stunted growth while the compost 
media amended treatment plants exhibited better growth with 
Ecodrum and Market compost grown plants showing superior 
growth quality (Plate 2, 3).

Plate 1: Chinese Kale (Left) and Lettuce Plants (Right) being 
grown inside the greenhouse

Table 1: Growth characteristics of Chinese Kale under different soilless compost media
Treatment Plant Height 

(cm)
No. of 
Leaves

Length of 
Longest Leaf 

(cm)

Breadth of 
Longest Leaf 

(cm)

Chlorophyll 
Content SPAD 

Value

Plant Fresh 
Weight (gms)

Chlorophyll 
Fluorescence Fv/

Fm
Fine 39.33 e 10.33 c 18.83 e 17.66 c 64.73 c 0.206 d 0.676 b

Medium 40.16 d 10.00 c 20.66 d 20.00 a 69.03 b 0.251 c 0.793 a
Coarse 41.00 c 11.66 b 21.66 c 18.66 b 65.83 c 0.265 b 0.796 a

Ecodrum 44.00 a 13.66 a 23.16 b 18.33 bc 69.43 b 0.271 ab 0.836 a
Market 42.83 b 9.66 c 25.16 a 20.33 a 72.90 a 0.276 a 0.813 a
Control 31.16 f 8.66 d 16.16 f 11.66 d 65.20 c 0.133 e 0.656 b

Results marked with different letters among the same growth quality parameter shows significant difference (P < 0.05) between treatments.
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Plate 2: Sampled Chinese Kale Plants under different 
treatments

(L to R: A-Fine; B-Medium; C-Coarse; E-Ecodrum; 
M-Market & Control)

Plant Height 
Plant height was found to be significantly different (P < 0.05) 
amongst all treatments, and plants grown in Ecodrum compost 
recorded the highest value (44 cm) with the control plants 
displaying the lowest value (31.16 cm) (Figure 1) Plant height 
from commercially available market compost raised plants reached 
near to Ecodrum compost raised plants, but was still statistically 
significant.

Plate 3: Close-up view of Chinese Kale plants under different 
treatments

(L to R: (Top) A-Fine; B-Medium; C-Coarse and (Bottom) 
E-Ecodrum; M-Market & Control)

Figure 1: Plant height of Kale at six different soilless  
media treatments

Bars represent the standard error of the mean for each sample 
group. Values with different letters show statistically significant 
difference (P < 0.05) amongst treatments

Number of Leaves 
The number of leaves recorded was far higher in Ecodrum 
compost amended pot media as against other treatments (Figure 
2). Interestingly there was no statistical difference in the number 
of leaves amongst the fine, medium, and market compost amended 
treatments, whereas the control with no compost amendment 
exhibited the lowest values.

Figure 2: Number of leaves recorded in Kale plants at six 
different soilless media

Bars represent the standard error of the mean for each sample 
group. Values with different letters show statistically significant 
difference (P < 0.05) amongst treatments

Length of the Longest Leaf 
There was a statistically significant difference amongst all six 
treatments for the length of the longest leaf, but the highest value 
was recorded for Market compost followed by Ecodrum compost 
[Figure 3]. The probable reason could be the higher concentration 
of specific nutrients in the Market compost as against the Ecodrum 
compost.

Figure 3: Length of the longest leaf recorded in Kale plants at 
six different soilless media

Bars represent the standard error of the mean for each sample 
group. Values with different letters show statistically significant 
difference (P < 0.05) amongst treatments

Breadth of the Longest Leaf 
Market compost showed the highest value followed by Medium, 
Coarse and Ecodrum compost values respectively in the 
descending order [Figure 4]. The value recorded for control plant 
seemed to be very low when compared to the other four compost 
amended media treatments. There was a statistically significant 
difference observed between treatments except the Market and 
Medium compost had no values statistical significant difference. 
The results will be analysed by chemical nutrient analysis to 
elucidate the reasons for the differences found amongst various 
treatments.



www.opastonline.com Volume 3 | Issue 2 | 34J Agri Horti Res, 2020

Figure 4: Breadth of the longest leaf recorded in Kale plants at 
six different soilless media

Bars represent the standard error of the mean for each sample group. 
Values with different letters show statistically significant difference (P 
< 0.05) amongst treatments

The chlorophyll content (SPAD value): The chlorophyll content 
(SPAD value) showed maximum for Market compost (a) grown 
plants and was statistically significant with all other treatments. 
Plants grown in Ecodrum Course and Medium compost showed 
no significant difference (Figure 5). 

Figure 5: Leaf chlorophyll content (SPAD value) recorded in 
Kale plants at six different soilless media 

Bars represent the standard error of the mean for each sample 
group. Values with different letters show statistically significant 
difference (P < 0.05) amongst treatments

Plant Fresh Weight
Fresh plant weight exhibited statistically significant difference 
(P < 0.05) amongst all treatments, while the highest weight was 
recorded in Market compost grown plants followed by Ecodrum, 
Coarse, Medium, and Fine compost grown plants in the descending 
order respectively (Figure 6). Control plants weighed far less than 
the compost amended medium grown kale plants and showed 
more than 50% decrease in plant fresh weight values. This might 
be attributed to the fact of the non-availability of plant nutrients 
in the control treatment media that the compost material had 
provided for the other five treatments.

Figure 6: Plant fresh weight recorded in Kale plants at six different media

Bars represent the standard error of the mean for each sample 
group. Values with different letters show statistically significant 
difference (P < 0.05) amongst treatments

Chlorophyll Fluorescence Values (Fv/Fm)
Chlorophyll fluorescence values (Fv/Fm) are a direct measurement 
of plant stress and the values obtained showed that the Medium, 
Coarse, Ecodrum, and Market compost treatments showed no 
sign of stress in the plants whereas the control and fine compost 
treatment plants had a very high level of stress (Figure 7).

Figure 7: Chlorophyll fluorescence value (Fv/Fm) recorded in 
kale plants at six different soilless media 

Bars represent the standard error of the mean for each sample 
group. Values with different letters show statistically significant 
difference (P < 0.05) amongst treatments

There are certain other growth quality parameters like the length, 
breadth of the longest leaf, and chlorophyll content (SPAD value) 
which show a similar trend displaying lower values in both 
control and Fine compost treatments. Amongst the four generated 
compost treatments (Fine, Medium, Coarse, and Ecodrum), the 
highest values for all the growth quality measurements recorded 
were found in Ecodrum compost amended treatments. The three 
treatments showed inferior values to Ecodrum could be attributed 
to the improper mixing of base material used to generate the 
compost from dead sheep disposal material. 

The overall results clearly depict the superiority of the compost 
generated from Ecodrum in providing the essential nutrients for 
the enhanced growth of kale. 

Leaf Lettuce
The observations on different growth parameters tested amongst 
the six different treatments revealed that Coarse compost treated 
plants displayed similar results to Ecodrum compost. The different 
quality parameters on lettuce growth are presented in Table 2. 
Analogous results were obtained for green lettuce as Chinese Kale 
which clearly displays less leafy growth in the control lettuce 
plants as well as Fine compost treated lettuce plants (Plate 4). 
The other four compost conditions showed better growth; Coarse, 
Ecodrum and Market compost treatment showing equal and 
excellent growth (Plate 5).

Table 2: Growth characteristics of Leaf Lettuce under different soilless media treatments
Treatment Plant Height 

(cm)
No. of Leaves Length of 

Longest Leaf 
(cm)

Breadth of 
Longest Leaf 

(cm)

Chlorophyll 
Content SPAD 

Value

Plant Fresh 
Weight (gms)

Chlorophyll 
Fluorescence Fv/Fm

Fine 32.900 b 32.333 d 19.533 e 15.633 b 24.333 d 0.395 b 0.780 a
Medium 31.967 c 40.666 c 27.866 c 15.933 b 28.133 c 0.488 a 0.813 a
Coarse 32.233 c 44.333 a 30.500 b 18.066 a 29.266 b 0.505 a 0.810 a
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Ecodrum 32.133 c 42.666 b 30.700 b 15.966 b 30.266 a 0.496 a 0.816 a
Market 29.933 d 40.666 c 25.100 d 15.000 b 23.233 e 0.305 c 0.780 a
Control 33.933 a 23.333 e 31.833 a 15.166 b 20.500 f 0.302 c 0.670 b

Results marked with different letters among the same growth quality parameter shows significant difference (P < 0.05) between treatments

Plate 4: Sampled Lettuce Plants under different treatments

(L to R: A-Fine; B-Medium; C-Coarse; E-Ecodrum; 
M-Market & Control)

Plate 5: Close-up view of Lettuce plants under different 
treatments

(L to R: (Top) A-Fine; B-Medium; C-Coarse and (Bottom) 
E-Ecodrum; M-Market & Control)

Plant Height
The plant height was found to be significantly different (P < 0.05) 
amongst specific treatments, and interestingly the highest value 
was observed in the control plants (33.933 cm), and the compost 
treated plants displayed lower values. The value from commercially 
available market compost showed a statistically significant 
difference with that of the other four compost treatments. There 
was no significant difference between the three generated compost 
treatments (Medium, Coarse and Ecodrum) observed in the plant 
height of leaf lettuce plants.

Number of Leaves
The number of leaves recorded was far higher in coarse compost 
amended pot media as compared to all other treatments. There 

was no statistical difference in the number of leaves amongst 
the medium, and market compost amended treatments, whereas 
the control with no compost amendment exhibited the lowest 
value followed by Fine compost amended treatment. The values 
recorded for Medium compost and Market compost treatment 
plants were exactly the same with Ecodrum compost treatment 
showing a slightly higher value.

Length of the Longest Leaf
When considering the results obtained for the length of the 
longest leaf, they correlated with that of the plant height where 
control plants exhibited the highest value followed by Ecodrum 
and Coarse compost treatments. This correlates with the fact that 
plant height and length of the longest leaf are greater in the control 
plants but there was very minimal foliage with the least number 
of leaves observed in control plants. This aspect again needs to 
be studied further as to understand the probable reason for less 
number of leaves, whereas the plant height was greater in the 
control leaf lettuce plants which did not have any type of compost 
being amended in the container pots.

Breadth of the Longest Leaf
There was no significant difference observed between treatments 
except for that the Coarse compost treatment plants showing an 
increasingly higher value. They were significantly different from 
all other five treatments irrespective of compost amended leaf 
lettuce plants or control plants. This surprisingly different result 
obtained for Coarse compost treated plants will be explored in-
depth in further studies.

Chlorophyll Content (SPAD value)
The chlorophyll content (SPAD value) amongst different 
treatments displayed a statistically significant difference (P < 0.05) 
amongst all treatments wherein the highest weight was recorded 
in Ecodrum compost grown plants followed by Coarse, Medium, 
Fine, and Market compost grown plants in the descending order 
respectively. Very high values were recorded in the four-compost 
treatment (Ecodrum, Coarse, Medium, and Fine) grown plants and 
the values recorded for the Market compost treatment and control 
plants were found to be comparatively very low. This aspect 
may be due to the deficiency of certain specific chemical plant 
nutrients involved in the chlorophyll biosynthesis pathway that are 
responsible for imparting the color for the leaf lettuce which may 
be present in fewer quantities in the market compost and higher in 
the other four compost treatment media.

Plant Fresh Weight
Corresponding to the results observed for number of leaves and 
the abundance of foliage present in leaf lettuce plants the plant 
fresh weight values showed similar results. The lettuce plants from 
the Ecodrum, Coarse, and Medium compost treatment showed 
significantly increased plant fresh weight values as compared to 
the rest of the other three treatments (Fine, Market and Control).
The Ecodrum, Coarse, and Medium compost treatment plants had 
no significant difference in plant fresh weight values between 
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themselves. The Market compost treatment plants and Control 
plants showed nearly 40% decrease in plant fresh weight values 
when compared to the other Ecodrum, Coarse, and Medium 
compost treatment lettuce plants. This again might be correlated 
to the fact of poor plant growth due to the non-availability of plant 
nutrients in the control and Market compost treatment media.

Chlorophyll Fluorescence Values (Fv/Fm)
Chlorophyll fluorescence values (Fv/Fm) were similar in all the 
five different types of compost treatment lettuce plants with no 
significant difference amongst any of these five treatments whereas 
the control plants showed very low Fv/Fm values indicating a very 
high stress level.

The results obtained for the different growth quality parameters 
of leaf lettuce plants also show an interesting aspect that the plant 
height and length of the longest leaf was maximum in control 
plants without any treatment. It is to be noted that the number 
of leaves were far less when compared to the compost amended 
media treatments. Also, a sharp decline in the chlorophyll content 
is noted in the control lettuce plants and chlorophyll fluorescence 
measurements reveal that these control plant were stressed a lot. 
Lettuce plants subjected to different compost treatments proved 
that Coarse, Ecodrum, and Medium compost treatments gave far 
better results when compared to the lettuce plants grown in Fine 
or Market compost. Control plants, had a significantly decreased 
foliage and leaf growth.

Discussion
The use of inorganic fertilizers in agriculture has been proved to be a 
non-sustainable way to increase yields in crop plants, and excessive 
use of nitrogenous fertilizers is posing a serious threat to environment 
and human health [9,10]. The over use of mineral fertilizers has led to 
increased soil acidification resulting in an increase of environmental 
risk and change in soil biota [11]. The use of compost obtained from 
organic matter in comparison to inorganic minerals has proved to 
enhance soil fertility to a huge extent and improves yield of lettuce 
production [12]. To the best of our knowledge this is the first report 
on the use of compost generated from dead sheep disposal, and its 
use as an amendment in soilless media for growing vegetable crop 
plants under protected environment agriculture. As observed in the 
results, the plant height of Kale was highest in Ecodrum compost 
substituted media, and this could be due to the increased presence 
of phytohormones that stimulate growth specifically in this type of 
media as suggested by Richardson and Hardgrave (1992). Most of 
the growth parameters recorded in Kale plants was significantly 
higher in all the types of compost amended media in comparison to 
control Kale plants grown in normal media. This is in accordance 
with various other studies which also proved that growth of specific 
leafy vegetables was far better in yield and quality when compost 
amended media was used in comparison to other treatments [13-
15]. Plant fresh weight of Kale plants were similar in the ecodrum 
generated compost media grown plants, as well as the local market 
compost media grown plants. Ecodrum plants had a far superior 
weight when compared to the control plants grown. This clearly 
depicts that the compost media had provided sufficient amounts of 
nutrients to the soil and the Kale plants which resulted in better plant 
quality and yield [16]. In lettuce, it was observed that the plant height 
was highest in the control plants when compared to all types of the 
compost treated media. This could be due to the non-availability of 

specific nutrients to the crop from the compost in readily available 
form [17]. Furthermore, all the other parameters recorded in lettuce 
plants grown in compost amended media were significantly higher. 

Various other studies have also shown that compost generated 
from domestic waste was found to enhance growth of lettuce, and 
improve the yield of vegetable crops [18-20]. Some studies have 
also shown that higher amounts of compost have to be added to 
soilless media to satisfy the mineral nutrient demands of plants, 
and these levels should be equal to the nutrient levels provided by 
enhanced fertilizers [21,22].

Conclusion
To summarize, studies using lettuce and Kale in short-term potting 
experiment has clearly revealed that the addition of compost generated 
from the dead sheep disposed animal using Ecodrum has proved and 
also provided a solution for increasing the yield of crop plants grown 
in container pots. Container pots with the sheep compost also showed 
slightly higher values with regard to plant growth and biomass yield 
in comparison to the use of compost available in the local market. 
Further to be analysed is the improvement in soil fertility and crop 
productivity in large-scale, experiments have been planned to be held 
in the future using various other type of vegetable crop plants like 
pepper and tomato [1-24].
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