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Prevalence of hemorrhagic septicemia in cattle and
buffaloes in Tandojam, Sindh, Pakistan.
Habib F, Jabbar A, Shahnawaz R, Memon A, Yousaf A, Bilal
M, Jamil T, Khalil R and Sharif A.
Online J. Anim. Feed Res., 9(5): 187-190, 2019; pii:
S222877011900026-9
Abstract
The current study was performed to evaluate the prevalence of
hemorrhagic septicemia (HS) in cattle and buffaloes in Tandojam Pakistan. The average geometric mean titers (GMT)
recorded against HS in diseased buffaloes and cattle were 5.7 and 6.1, respectively. The morbidity, mortality and case
fatality rates were 57.58, 52.30 and 90.83% in young buffalo calves; and 3.17, 1.92 and 60.65% in adult buffaloes,
respectively. In case of young cattle calves, morbidity, mortality and case fatality rates were 8.63, 5.27 and 61.11%,
respectively, while in adult cattle, these values were 4.83, 2.18 and 45.23%, respectively. The present study revealed
that the mortality, morbidity and case fatality rates due to HS were greater in young calves than the adults both in
buffaloes and cattle. Furthermore, buffaloes were found to be more susceptible to the disease than the cattle.
Keywords: Buffaloes, Cattle, Hemorrhagic septicemia, Prevalence, Tandojam
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Research Paper
Using khat (Catha edulis) leftover meal as feed for
sheep: its implication on feed intake, digestibility
and growth.
Brhanu A and Gebremariam T.
Online J. Anim. Feed Res., 9(5): 191-197, 2019; pii:
S222877011900027-9
Abstract
Ninety days feeding trial was conducted with the aim to evaluate the impact of replacing concentrate mix with dried khat
(Catha edulis) leftover meal on feed intake, body weight change and digestibility of Tigray Highland sheep fed a basal diet
of mixed grass hay. The trial was carried out using 24 lambs (17.8±1.08 kg) with six blocks and four treatments in a
randomized complete block design (RCBD). Concentrates mix was substituted with khat leftover meal at a ratio of 0%
(T1), 15% (T2), 30% (T3) and 45% (T4) on DM basis. The dietary rations were formulated in iso-nitrogenous to meet the
nutrient requirements of lambs. Data was analyzed by analyses of variance (ANOVA) using the General Linear Model
(GLM) procedures of SAS (2008). Treatment means comparison was done using Tukey’s HSD test at P< 0.05. Dried khat
leftover meal had moderate crude protein (12.3%) and less NDF value (31.9%). Substituted concentrates mix with 15%
khat leftover meal had better impact (P< 0.001) on lamb’s total DM, OM, ME, ADL and ADF intake compared to the lambs
dietary T3 and T4. Daily weight gain and feed conversion efficiency were significant (P< 0.001) till substituted
concentrates mix with 30% khat leftover meal. Diet digestibility showed reducing as inclusion level of khat meal increased
across treatment. It is concluded that khat leftover meal can be utilized up to 30% without deleterious effect on animal
performance and health.
Keywords: Body Weight, Digestibility, Feed Intake, Khat Leftover.
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Research Paper
Prevalence of parasitic honeybee diseases, pests
and predators in North Gondar zone.
Nega T, Yayeh M, Mitiku T, Birhan M, Bogale B, Chanie M,
and Kinubeh A.
Online J. Anim. Feed Res., 9(5): 198-205, 2019; pii:
S2228770119000208-9
Abstract
A cross-sectional study was conducted on parasitic honeybee diseases, pests and predators Lay armachiho and Tach
armachiho districts of North Gondar zone from October 2017 to May 2018. The objectives of this study were to assess the
different parasitic honeybee diseases, pests and predators. The study mainly involves with the collection of adult
honeybee abdominal suspension of wet mount for nosema and amoeba diseases and direct observation of varroa mite
and bee louse from adult honey bee and brood cells. Questioner survey was used to know different honeybee pests,
predators and agrochemicals in the study area. The SPSS version 20 was used for chi-square test and p-value < 0.05 was
taken as statistical significant. During the study period a total of 384 honey bee sample in traditional, modern and
transitional hives were examined. The overall prevalence 24.47% (94/384) of hives were found positive for Nosema apis,
17.2% (66/384) foramoeba (malphighamoeba mellificae), 30.5% (117/384) for varroa destructor and 37.5% (144/384)
for bee louse (braula cocae). Bee louse was the predominant external parasitic disease in adult honeybees followed by
varroa destructor. There was statistically significant variation between Nosema Apis and bee louse observed among the
two selected districts and hive types (x2= 23.5, p-value= 0.0001) for bee louse and (x2= 5.3, p-value= 0.071) for
Nosema Apis. About the 100 respondents are 46%, 42%, 39%, 35%, 28%, small hive beetle 26% and spider 24% were
complaining on the impact of wax moth, chemical spray, skunk, birds, small hive beetle and spiders respectively. They
have also responded that pests play a major role on the production loss, damaging of honey bee colony and absconding
of the colony. In conclusion, the highest prevalence parasitic honeybee diseases and pests were recorded in the study
areas that signify the occurrence of the parasitic burden has to be carried out and immediate intervention was
implemented.
Keywords: Honeybees, Parasites, Pests, Traditional And Modern
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Research Paper
The effects of different litter material on broiler
performance and feet health.
Kuleile N, Metsing I, Tjala C Jobo T. and Phororo M.
Online J. Anim. Feed Res., 9(5): 206-211, 2019; pii:
S222877011800029-9
Abstract
A The study was implemented at the National University of Lesotho with
the aim to find a potential litter material for use in broiler production. The
study followed a completely randomized design with four litter treatments
replicated three times. A well ventilated house divided into 12 pans was
used where each pan or a replicate contain 15 birds with a total of (n=180) birds. Feeding and watering were done on ad
libitum basis while the normal routine for broiler production was followed. Litter treatments were made up of control
represented by wood shaving and it was compared to dried pine leaves, decomposed kraal manure and sand. All litter
materials were applied at the depth of 10 cm. Data was collected on the following parameters broiler production, feet
health and chemical and physical properties. Litter material treatment had no significant influence on feed intake, body
weight, body weight gain, and feed conversion ratio and mortality rate. Regarding broiler feet health litter treatment had
significant influence on foot pad dermatitis while hock burns and broiler temperature were not statistically different
amongst litter treatments. Litter evaluation results revealed that different litter sources were differing significantly in
terms ammonia emissions, water holding capacity. pH and bulk density while litter temperature did not differ significantly
between litter treatments. It was concluded that both dried pine leave and decomposed kraal manure are potential
sources that could replace wood shavings in broiler production. Dried pine leaves ideal for improved production while
decomposed kraal manure deemed fit for ensure good feet health. It is therefore recommended that farmers in Lesotho
can use both decomposed kraal manure and dried pine leaves to replace wood shavings.
Keywords: Feet health, Kraal manure, Lesotho, Litter material, Wood shaving.
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ABSTRACT: The current study was performed to evaluate the prevalence of hemorrhagic septicemia (HS) in
cattle and buffaloes in Tandojam Pakistan. The average geometric mean titers (GMT) recorded against HS in
diseased buffaloes and cattle were 5.7 and 6.1, respectively. The morbidity, mortality and case fatality rates
were 57.58, 52.30 and 90.83% in young buffalo calves; and 3.17, 1.92 and 60.65% in adult buffaloes,
respectively. In case of young cattle calves, morbidity, mortality and case fatality rates were 8.63, 5.27 and
61.11%, respectively, while in adult cattle, these values were 4.83, 2.18 and 45.23%, respectively. The present
study revealed that the mortality, morbidity and case fatality rates due to HS were greater in young calves than
the adults both in buffaloes and cattle. Furthermore, buffaloes were found to be more susceptible to the disease
than the cattle.

INTRODUCTION
Hemorrhagic septicemia (HS) has a wide distribution particularly in tropical countries. In Asia, HS epidemics may occur as an
alarming and devastating disease in cattle and buffaloes, jeopardizing the economic return of the animal to a dangerous extent
(Benkirane and De Alwis, 2012). Buffaloes are considered to be more susceptible than the cattle. It is an acute pasteurellosis
manifested by a highly fatal septicemia with the causative agent being Pasteurella multocida serotype B: 2 (Wijewardana,
2014). Radical changes in weather, including the advent of monsoon, debility caused by seasonal level of low nutrition and work
pressure are some of the predisposing factors which ignite the occurrence of the disease in Pakistan (Farooq et al., 2007).
Clinical manifestations include high rise in body temperature (104-108°F), respiratory distress, nasal discharge, salivation,
tongue protrusion, reluctance to move, development of hot painful swelling and edema on throat, brisket or occasionally
forelegs.
Studies on the prevalence of HS have been carried out in other regions of the world extensively (Zyambo et al., 2015; Dutta
et al., 2016; Molina et al., 2014). However, keeping in view scanty work documented from Pakistan (Sheikh et al., 2016; Khan et
al., 2006; Khan et al., 2011), the present study was executed to know prevalence of HS in buffaloes and cattle in Tandojam,
Pakistan.
MATERIALS AND METHODS
Ethical approval
This experiment was performed considering to all animal rights (Society for Protection and Care of Animals. Sindh
Agriculture University Tandojam, Pakistan)
Selection of site
An active surveillance was undertaken to understand the prevalence of HS in 10 villages of Tandojam, Pakistan The overall
climate of the town is dry with scanty rain fall. The winter is not very cold and the climate is hot during the remaining part of the
year, but it is very hot in summer. The temperature during summer is usually about 470C while during winter season the mercury
goes down as far as 10°C. The summer season of the town usually touches the one of the highest point of temperature in
Pakistan.
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Experimental animals
Ten villages with the infection/outbreak of HS in Tandojam were randomly selected to study surveillance in order to
estimate the prevalence. A total of n=4248 animals (2963 buffaloes and 1285 cattle) from these villages were further divided
into young (below 1 year) and adult (above 1 year) animals both for buffalo and cattle. Each homestead was visited from door to
door in all villages and the relevant information regarding the affected animals (morbidity, mortality and case fatality rates) was
recorded on a questionnaire. For comparison purposes, 10 villages (control) free of infection in the same district were also
surveyed.

Table 1 - Comparative GMT values against HS in buffaloes and cattle
Species

Buffaloes

Cattle

Group

Distribution of animals on basis of HS titer
2-0

2-1

2-2

2-3

2-4

2-5

2-6

2-7

2-8

2-9

GMT

Affected

11

15

19

31

17

5

2

0

0

0

5.7

Healthy

0

0

0

9

23

28

32

5

3

0

34.3

Affected

8

11

24

22

25

7

3

0

0

0

6.1

Healthy

0

0

2

11

19

31

29

8

0

0

32.0

Blood collection and serological analysis
Blood samples (6 ml) without anticoagulant were collected from HS affected 100 buffaloes and cattle each. Matched
samples from 100 healthy buffaloes and cattle each were also collected which served as control. Serum from each sample was
decanted and stored at -20°C until analysis. Antibodies against Pasteurella multocida were measured by indirect
haemagglutination test (IHA) using human blood group ‘O’ (Bain et al., 2002). Briefly, two fold dilutions of the test sera starting
from 1:5 to 1:640 were made in normal saline using micro titer plates (96 wells) and added 25 μl amounts to all the wells of
plate except those of column 11 and 12 which served as control. First four wells (A-D) of column 11 were added with known
negative serum and last four wells (E-H) with the known positive serum. Sensitized RBC’s (1%) were added in equal amounts (25
μl) to all the wells of the plate, so that column 12 served as control for the RBC’s.
The plates were incubated at room temperature for two hours and the observations were recorded. Thereafter, the plates
were kept re-incubated under refrigeration for overnight, shaken vigorously, allowed to resettle and were read again. Results
were interpreted as positive (no bead formation) or negative (bead formation with sharp clear margins). The IHA antibody titers
against HS were converted into geometric mean titers (GMT) for each group (Burgh, 2008).
Statistical analysis
All data were analyzed by using Statistical Analysis System package software (SAS version 9.2, SAS Institute Inc., Cary, NC,
USA). The animals (buffalo and cattle) were divided into two age groups i.e. young and adult. Data thus collected regarding
mortality, morbidity and case fatality were subjected to Chi square analysis.
RESULTS AND DISCUSSION
Hemorrhagic septicemia is a disease of utmost economic importance particularly in Asia where the susceptible animal
population consists of 432 million cattle and 146 million buffaloes, which constitutes 30 and 95% of the world’s cattle and
buffalo population, respectively (FAO, 2016). In India, during the past four decades, HS is documented to be responsible for 4555% of all bovine deaths. During the 18 years period from1998 to 2016, it accounted for 58.7% of the aggregate of deaths due
to five endemic diseases, viz. foot-and-mouth disease (FMD), rinderpest, black quarter, anthrax and HS (Dutta et al., 2016). In an
active surveillance study in Sri Lanka, it was shown that in the 1990’s, around 15% buffaloes and 8% cattle died of HS annually
(Alwis and Vipulasiri, 2001). Similarly, 34.4% of all deaths in susceptible stock (Sheikh et al., 2016) and 31.48% mortality have
been reported in buffalo calves (Khan et al., 2011) in Pakistan. The results of this study also clearly indicate that HS is a vital
hurdle in the economic uplift of the livestock sector with high incidence rates and alarming morbidity, mortality and case fatality
rates. In the present study, the comparative values of GMT against HS, deducted through IHA test, both for buffaloes and cattle
are presented in table 1. It was noticed that the GMT value was 5.7 for affected buffaloes in comparison to 34.3 in healthy ones.
Similarly, it was 6.1 in affected cattle in contrast to 32.0 in healthy ones. Hence, in diseased buffaloes, the titer was lesser as
compared to diseased cattle making them more susceptible to the disease. These results are in line with the findings of Alwis et
al. (2001) who have reported a higher GMT values for cattle as compared to those for buffaloes.
Similarly, the mean GMT values of 4.12 and 64.41 for affected and recovered animals have been reported by Khan et al.
(2006). In the total population of 4248 animals from 10 infected/outbreak villages, the overall morbidity, mortality and case
fatality rates were 17.39, 14.66 and 84.30%, respectively with buffaloes having significantly higher values as compared to cattle
(Table 2). In buffalo population, the morbidity, mortality and case fatality rates were 22.30, 19.64 and 88.04%, respectively;
however, for the cattle population, these values were 6.07, 3.19 and 52.56%, respectively. These results are in accordance with
those of Alwis (2001), who documented overall mortality rate of 45.2 and 15.8% for buffaloes and cattle, respectively. Similarly,
Sheikh et al. (2016) have also documented 9% mortality and 78% case fatality rates of HS in buffaloes, whereas these values
were 2.5 and 62% in cattle. A mortality rate of 31% has been reported in buffaloes by Suhail et al. (2003) in North Waziristan
Agency, Pakistan. Radostits et al. (2005) have reported that the overall mean case fatality for buffaloes is nearly three times as
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high as in cattle. Buffalo has been considered the most susceptible animal to HS throughout the world with highest incidence,
morbidity, mortality and case fatality rates. Perhaps, the genetic makeup of the buffalo makes it an ideal host for the causative
parasite hence increasing its susceptibility to the disease. Young stock of both buffaloes and cattle was more affected as
compared to the adult ones (Table 3). The morbidity, mortality and case fatality rates were significantly higher in young stock. In
buffaloes, these values were 57.58, 52.30 and 90.83% for calves; and 3.17, 1.92 and 60.65%, for adult buffaloes, respectively.
Similarly, in case of cattle, the calves had the morbidity, mortality and case fatality rates of 8.63, 5.27 and 61.11%,
respectively in comparison to the values of 4.83, 2.18 and 45.23% for adult cattle. These findings coincide with those of Khan et
al. (2006), who have also reported that the young stock of both buffaloes and cattle have higher morbidity, mortality and case
fatality rates as compared to the older ones. The exhaustion of the maternal immunity against HS after the 60th day of life and
delayed vaccination might be attributed to the higher susceptibility of the young calves (Mahmood et al., 2007).

Table 2 - Overall morbidity, mortality and case fatality in buffaloes and cattle affected with HS
Species

Population (n)

Buffalo

2963

Cattle

1285

Total

4248

Morbidity
661
(22.30%)
78
(6.07%)
739
(17.39%)
0.05

P Value

Mortality
582
(19.64%)
41
(3.19%)
623
(14.66%)
0.05

Case fatality
79
(88.04%)
37
(52.56%)
116
(84.30%)
0.001

Table 3 - Morbidity, mortality and case fatality in buffaloes and cattle affected with HS according to their age
Species
Buffalo
Cattle

Age

Population (n)

Morbidity

Mortality

Case Fatality

Young

1042

600 (57.58%)

545 (52.30%)

55 (90.83%)

Adult

1921

61 (3.17%)

37 (1.92%)

24 (60.65%)

Young

417

36 (8.63%)

22 (5.27%)

14 (61.11%)

Adult

868

42 (4.83%)
0.20

19 (2.18%)
0.70

23 (45.23%)
0.50

P Value

CONCLUSIONS
It can be concluded that HS is endemically occurring in cattle and buffaloes. Buffaloes are more susceptible to the disease as
compared to the cattle. However, the young stock of both is highly affected in terms of morbidity, mortality and case fatality of
HS as compared to the adult ones. It is highly recommended that department of livestock should give attention toward such
disease in this area to control such huge economical loss.
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ABSTRACT: Ninety days feeding trial was conducted with the aim to evaluate the impact of replacing
concentrate mix with dried khat (Catha edulis) leftover meal on feed intake, body weight change and digestibility
of Tigray Highland sheep fed a basal diet of mixed grass hay. The trial was carried out using 24 lambs
(17.8±1.08 kg) with six blocks and four treatments in a randomized complete block design (RCBD).
Concentrates mix was substituted with khat leftover meal at a ratio of 0% (T1), 15% (T2), 30% (T3) and 45%
(T4) on DM basis. The dietary rations were formulated in iso-nitrogenous to meet the nutrient
requirements of lambs. Data was analyzed by analyses of variance (ANOVA) using the General Linear Model
(GLM) procedures of SAS (2008). Treatment means comparison was done using Tukey’s HSD test at P<0.05.
Dried khat leftover meal had moderate crude protein (12.3%) and less NDF value (31.9%). Substituted
concentrates mix with 15% khat leftover meal had better impact (P<0.001) on lamb’s total DM, OM, ME, ADL
and ADF intake compared to the lambs dietary T3 and T4. Daily weight gain and feed conversion efficiency were
significant (P<0.001) till substituted concentrates mix with 30% khat leftover meal. Diet digestibility showed
reducing as inclusion level of khat meal increased across treatment. It is concluded that khat leftover meal
can be utilized up to 30% without deleterious effect on animal performance and health.
Keywords: Body Weight, Digestibility, Feed Intake, Khat Leftover.
Abbreviations: ADF: Acid detergent fiber; ADL: Acid detergent lignin; ANOVA: Analyses of variance; AOAC: Association of Official
Analytical Chemists; ATVET: Agricultural Technical Vocational Education and Training; CP: Crude protein; CSA: Central Statistical
Agency; DC: Digestibility Coefficient; DM: Dry matter; FCE: Feed conversion efficiency; GLM: General Linear Model; HSD: Honest
Significant Difference; m.a.s.l: Meter above sea level; ME: Metabolizable energy; MR: Mixed ration; MSE: Mean standard error;
NDF: Neutral detergent fiber; NFE: Nitrogen free extract; NRC: National Research Council; OM: Organic matter; RCBD:
Randomized complete block design; SAS: Statistical Analysis System; SL: Level of significance; TDMI: Total dry matter intake.

INTRODUCTION

The plant Khat (Catha edulis) is an evergreen perennial shrub plant that belongs to the Celastraceae family and is
believed to be originated in Ethiopia (Lemessa, 2001). The plant is widely grown in different parts of Ethiopian including
southern zone of Tigray. The total area of land under khat cultivation is estimated at 249, 358.02 hectare in Ethiopia
where it has got the status of cash crop (CSA, 2015). A survey done in Raya-Azebo district reported that a household, on
average, holds about 0.47 hectare lands covered by khat plantation as source of cash crop (Desalegn, 2017). Khat
leftovers include the unused parts of the khat crop: hard leaves, branches and twigs that disposed by the producers,
traders and consumers. The leftovers are largely utilized as non-conventional feed resources for livestock especially goats
and sheep.
Many research evidences showed the importance of khat as animal feed source (Mekasha et al., 2008; Getinet and
Yoseph, 2014; Woldu et al., 2015). The khat leftover leaves have high levels of ash, and nitrogen free extract (NFE) with
fiber content expressed as neutral detergent fiber and acid detergent fiber and moderate crude protein (CP) content
(Getinet and Yoseph, 2014). Furthermore, khat leftovers contain higher Ca and Mg but lower K and Mn levels than did
other feeds (Mekasha et al., 2008). This implies the potential use of khat leftover as alternative feed source for livestock
in replacing the expensive commercial feeds and thereby reducing production costs. Despite of its wide availability,
however, little research efforts are so far done to see its impact on ruminant feed intake, digestibility and growth
performance especially in its meal form. The objective of this study was to evaluate the impact of replacing concentrate
mix with dried khat leave meal on feed intake, body weight change and digestibility of Tigray Highland sheep fed a basal
diet of mixed grass hay.
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MATERIALS AND METHODS
Descriptions of the study area
The experiment was conducted at Maichew Agricultural Technical Vocational Education and Training (ATVET)
College, located at 12º 47' N latitude and 39º 32' East longitude with altitude of 2432 m.a.s.l in southern zone of Tigray,
northern Ethiopia. The mean annual rainfall ranges 600 to 800 mm and the average annual minimum and maximum
temperature is 12º C and 24º C, respectively. Mixed crop-livestock farming system is the main feature of the study area
(Moges, 2015).
Experimental animal managements
Twenty-four uncastrated Tigray Highland lambs (17.8±1.08 kg) were bought from local market. The experimental
lambs w e r e quarantined for two weeks to adapt them to the new environment and to observe their health
condition before conducting the experiment. During this period, the lambs were drenched with broad spectrum
Anthelmintic of 300 mg per lambs against internal parasites, sprayed with 12.5% diazinone against external parasites
and were vaccinated against common infectious disease, with 1 ml anthrax vaccine and 1 ml PPR per lambs. The
experimental animals were adapted to the feeds, feeding schedule and pen environment for about 14 days.
Feeds and feeding managements
The experimental feeds consisted of mixed grass hay, air dried khat leftover meal and concentrate mixture. The
mixed grass hay was chopped, weighed and offered to the lamb’s ad libitum allowing 20% refusal. Concentrate
ingredients (noug seed cake, wheat short, maize grain and sesame seed cake) and salt were purchased from local
market. Khat leftovers were collected from khat traders and producers and were air dried for five to six days under
shade by spreading on plastic sheets. Further, to make easy for formulation, air dried khat leftovers were crushed and
woody parts were removed at Bokra union feed processing. The supplement feeds were offered in two equal portions
twice a day (08:00 and 16:00 hours) after the animals well fed hay and clean water. The management practices of all
the animals irrespective of groups were similar. The feed supply to the sheep was adjusted every ten days on the
basis of their body weight changes.
Experimental design and treatments
The feeding trial was undertaken using RCBD with four treatments and six replications. The lambs were allocated to
blocks based on their initial basis of live body weight which was determined by two consecutive weighing after overnight
fasting. Each treatment was randomly allocated to the lambs of a given block independently for each block. Dietary feed
treatments were arranged in such a way that concentrates mix substituted with khat leftover meal at a ratio of 0% (T1),
15% (T2), 30% (T3), and 45% (T4) on DM basis (Table 1). The experimental treatment diets were offered as
gram/sheep/day on DM basis. The dietary rations were formulated to be iso-nitrogenous to meet the nutrient
requirements of lambs based on the recommendation of NRC (1984). The trial lasted 90 days with additional 14 days of
adaptation periods.

Table 1 - Proportion of ingredients (%) used in formulating the experimental rations
Feed ingredients
Mixed grass hay
Khat leftover
Wheat
short meal
Maize grain
Noug seed cake
Sesame seed cake
Mineral salt
Total

Treatments
T1
Ad libitum
0
30

T2
Ad libitum
15
13

T3
Ad libitum
30
10

17
28
22
3
100

20
11
38
3
100

10
17
30
3
100

T4
Ad libitum
45
5
2
13
32
3
100

T1= 100% concentrate mix+mixed grass hay; T2 = mixed grass hay + 85 % concentrate mix + 15 % khat leftover meal;T3=mixed grass hay
70% concentrate mix + 30% kh at leftover meal; T4 = mixed grass hay + 55% concentrate mix + 45% khat leftover meal

Data measurements and observations ,Feed intake and feed conversion efficiency
The amount of feed offered and refused for each sheep was measured every day for the whole experimental
period. The feed intake was calculated by subtracting the refusal from the offered feed. Nutrient intake was calculated
as the difference between nutrients offered and refused. Feed conversion efficiency was calculated as the body weight
gain divided by feed intake. Representative feed samples (hay, khat leftover and concentrates mix) were taken and kept
for chemical analysis.
Live body weight change
Each sheep was weighed at the beginning of the experimental period and every 10 days throughout the trial. Body
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weight gain was calculated as the difference between final and initial body weight. Average daily gain (g/day) was
calculated as the difference between final and initial body weights divided by feeding time.
Diet apparent digestibility measurement
The digestibility trial was conducted following the feeding trial using the same animals, dietary treatments and
feeding schedule. The animals were adapted to the carrying fecal bags for three days followed by fecal collection for
seven consecutive days. Feces voided was collected daily per animal and weighed every morning before feed offer. Out
of the daily fecal excretion, 20% was sampled and pooled to make a composite sample for each animal over the
collection period. The fecal samples were stored at -200 in between collections. Fecal samples were dried in an oven
at 65C for 48 hours and ground to pass 1 mm screen sieve. The ground samples were stored in an airtight
plastic bags pending chemical analysis. Feed intake was recorded daily. A weekly composite sample of each feed and
refusal for each animal was taken during digestibility trial. Refusal samples were then pooled per treatment. Body
weights at the beginning and end of the digestibility trial was taken for each animal. Apparent digestibility coefficient
(DC) of each nutrient (OM, CP, NDF, ADF and ADL) was calculated using the general formula as below (McDonald et al.,
2002).
Digestibility coefficient (DC) (%) = DM/nutrient consumed – DM/nutrients excreted in feces x100/DM/nutrients consumed

Chemical analysis of samples
Representative samples of feed offered, refusals and feces were ground to pass a 1 mm sieve mesh after drying the
samples at 65C for 48 hours. The DM, ash and nitrogen contents of feces were analyzed using the procedure of AOAC
(2005) and crude protein (CP) was calculated as N*6.25. Organic matter (OM) was calculated as the difference
between 100 and ash content. Neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin
(ADL) were determined through the procedures of Van Soest et al. (1994).
Statistical analysis
Data was analyzed by analyses of variance (ANOVA) using the General Linear Model (GLM) procedures of SAS
(2008). Treatment means comparison was done using Tukey’s HSD (Honest Significant Difference) test at P<0.001.
RESULTS
Chemical composition of ingredients and experimental rations
The chemical composition of feed ingredients and experimental rations is presented in Table 2. The nutrient content
of experimental feeds varied as they came from different sources. The CP content of mixed grass hay (8.99%) was
sufficient to meet the maintenance requirement, but it was relatively low to meet the growth demands of experimental
animals. Khat leftover meal had medium CP content (12.3%) when measured in view of rumen microbial requirement but
it was lower when compared to the commercial feeds: noug seed cake (33.1%), sesame seed cake (31.8%) and wheat
short (18.8%). The result also showed that khat leftover meal had lowest NDF content (31.9%) as compared to hay
(66.8%), noug seed cake (62.7%), sesame cake (62.8%) and wheat short (42.3%) but higher than that of maize grain
(29.1%). The metabolizable energy content of khat leftover meal (7.18 MJ/kg DM) was higher compared to that of
sesame seed cake (6.21 MJ/kg DM) but far lower than that of maize grain (13.52 MJ/kg DM) and wheat short (12.32
MJ/kg DM). The ash content of khat leftover was 7.36% which is lower than noug seed cake (11.4%) but higher than
wheat short (4.16%).
The CP of the experimental rations was almost similar (21 to 24%) and this was due to the fact that the dietary
treatments were made deliberately to have similar protein contents. The NDF content of dietary T1 (0% khat meal) was
higher than dietary T2 (15% khat meal), T3 (30% khat meal) and T4 (45% khat meal) in that order showing decrements
trend with increase of khat leftover meal along treatments. On the contrary, the ADF and ADL values showed increment
with increasing inclusion level of khat meal. The ash amount (7.36% for T1 and 9.26% for T4) showed increment with
level of khat meal. The energy concentration was decreased with khat meal level with the highest in T1 (9.45 ME MJ/kg
DM) and the lowest in T4 (6.55 ME MJ/kg DM).
Dry matter and nutrient intake
The mean daily DM and nutrient intake of Tigray Highland sheep across the dietary treatments are presented in
Table 3. The mixed grass hay DM intake expressed as gram per day was significantly different among the treatments
(P<0.001). Sheep with dietary T1 (0% khat meal) and T2 (15% khat meal) had the highest (P<0.001) basal mixed grass
hay DM intake than those sheep with T3 (30%) and T4 (45%). However, no significant differences were observed among
the sheep in T1 and T2 (P>0.05). The highest total DM, OM and ME intake was recorded for sheep placed under T1 and T2
followed by sheep in T3 and T4 in descending order. But no significant difference was observed in sheep groups fed on T1
and T2 in this regard (P>0.05). The CP and NDF intake showed decreasing across treatments (P<0.001) with increasing
inclusion level of khat.
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Body weight change
There was no initial body weight differences (P>0.05) among the experimental sheep. The dietary treatments had no
significant effects (P>0.05) on the final live weight and body weight change of the experimental sheep among the T1 (0%
Khat leftover meal), T2 (15% Khat leftover meal) and T3 (30% Khat leftover meal) but significantly (P<0.001) lower final
weight was recorded in animals fed on T4 (45% Khat leftover meal). Similarly, daily body weight gain did not show
significant difference (P>0.05) up to 30% khat meal inclusion level but it was lower in 45% (T1) (P<0.001). Feed
conversion efficiency was not significantly different amongst T1, T2 and T3 (P>0.05) but it was lower for T4 (P<0.05).
Apparent nutrient digestibility
Dry matter and nutrient digestibility coefficients of the experimental diets are presented in Table 5. There was
significant difference among the treatments in DM and nutrient digestibility (P<0.05). Sheep with dietary T1 and T2 had
higher (P<0.001) DM, OM and CP digestibility coefficients than dietary T3 and T4. Likewise, sheep fed on dietary T1 and
T2 had higher NDF and ADF apparent digestibility coefficient than T3 and T4. However, there was no significant difference
among dietary T1 and T2 in DM, OM, CP, NDF and ADF apparent digestibility coefficient (P>0.05).

Table 1 - Chemical composition of feed ingredients and experimental diets
Feed type
Feed ingredients
Mixed grass hay
Sesame cake
Maize grain
Noug seed cake
Wheat short
Khat leftover meal
Treatment rations
MR-T1
MR-T2
MR-T3
MR-T4

DM%
94.67
96.82
94.86
95.84
94.35
88.91

OM
90.67
90.09
96.49
88.26
95.84
92.64

Ash
9.33
9.91
3.51
11.4
4.16
7.36

CP
8.99
31.8
7.09
33.1
18.8
12.3

NDF
66.8
62.8
29.1
62.7
42.3
31.9

ADF
40.5
29.6
4.71
29.5
6.57
26.1

ADL
5.38
8.25
2.70
9.23
1.19
10.19

ME(MJ/kg)
8.16
6.21
13.52
7.03
12.32
7.18

94.00
94.00
94.00
94.00

92.53
91.72
90.76
90.74

7.47
8.28
9.24
9.26

24.5
21.2
20.8
21.6

54.6
52.0
46.5
48.8

18.5
23.7
27.7
28.4

5.31
7.36
9.59
10.10

9.45
8.48
7.01
6.55

DM= dry matter; OM= organic matter; CP= crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber; ADL = acid detergent
lignin; MR-T1= mixed ration treatment one; MR-T2= mixed ration treatment two; MR-T3= mixed ration treatment three; MR-T4= mixed ration
treatment four.

Table 2 :Dry matter and nutrient intake of Tigray Highland sheep consumed mixed grass hay and supplemented
with concentrate, khat leftover meal or their mixtures
Intake (g/day)
Hay DM
Supplement DM
Total DM
Ash
OM
CP
NDF
ADF
ADL
ME(MJ/Kg)

T1
495.99a
303.70a
799.77a
68.97b
730.77a
117.97a
497.18a
257.08b
42.8d
69.18a

Treatments
T3
467.50b
303.70a
771.28b
71.68a
699.57b
103.96c
453.55c
273.48a
54.28a
59.45c

T2
479.27ba
303.70a
783.04ba
69.87ba
713.15ba
108.77b
478.12b
266.1a
48.14c
64.88ba

T4
365.81c
303.70a
650.09c
60.44b
589.63c
95.7d
379.58d
226.53c
49.31b
48.17d

MSE
12
0
12
1
11
1
8
5
0.6
1

SL
**
ns
**
**
**
**
**
**
**
**

abcdmeans

within a row with different superscript letters are significantly different at ** p<0.001; ns= non-significant; DM= dry matter; OM=
organic matter; CP= crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber; ADL = acid detergent lignin; MSE= mean standard
error; SL= level of significance; T1= 100% concentrate mix + mixed grass hay; T2 = mixed grass hay + 85% concentrate mix + 15% Khat
leftover meal; T3 = mixed grass hay+ 70% concentrate mix + 30% Khat leftover meal; T4 = mixed grass hay + 55% concentrate mix + 45%
Khat leftover meal.

Table 3 - Body weight change and feed conversion efficiency of Tigary Highland sheep consumed mixed grass hay
and supplemented with concentrate mixture, Khat leftover meal or their mixture
Treatments
Parameters
Initial body weight (kg)
Final body weight (kg)
Total body weight change (kg)
Average daily gain (g/day/head)
FCE (ADG/TDMI)

T1

T2

T3

T4

MSE

SL

17.66a
22.25a
4.60a
56.6a
0.07a

17.92a
22.33a
4.42a
54.5a
0.069a

17.83a
22.16a
4.33a
53.5a
0.069a

17.83a
20.9b
3.083b
38.06b
0.058b

0.33
0.51
0.67
4.5
0.06

ns
**
**
**
*

abmeans

within a row with different superscript letters are significantly different at **p<0.001; *p<0.05; ns= non-significant; ADG= Average
daily weight gain; FCE= Feed conversion efficiency; TDMI= total dry matter intake MSE= mean standard error; SL= level of significance; T1=
100% concentrate mix + mixed grass hay; T2= mixed grass hay + 85% concentrate mix + 15% Khat leftover meal; T3= mixed grass hay + 70%
concentrate mix + 30% Khat leftover meal; T4= mixed grass hay + 55% concentrate mix + 45% Khat leftover meal.
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Table 4 - Dry matter and nutrient apparent digestibility coefficient (%) of Tigray Highland sheep fed rations
containing different levels of Khat leftover meal.
Treatments
Digestibility
DM
OM
CP
NDF
ADF

T1

T2

T3

T4

MSE

SL

62.59a
69.65a
87.22a
63.72b
39.15b

59.04ba
69.57a
84.98b
69.59a
47.67a

55.74c
66.44b
83.28c
50.62c
39.15b

50.89c
64.34b
81.95c
44.88d
27.44c

2.5
1.8
0.92
2.5
3.5

**
**
**
**
**

Abcdmeans

within a row with different superscript letters are significantly different at **p<0.001; DM= dry matter; OM= organic matter; CP=
crude protein; NDF= neutral detergent fiber; ADF= acid detergent fiber; MSE= mean standard error; SL= level of significance.

DISCUSSIONS
The dry matter (DM), organic matter (OM), neutral detergent fiber (NDF), acid detergent fiber (ADF) and ash content of
mixed grass hay used in the present experiment was almost similar with other authors (Alemu et al., 2014; Gebru and
Tesfay, 2017). The DM, CP and ash contents of the commercial feeds: noug seed cake, sesame cake and wheat short
were comparable with previous studies (Gebru and Tesfay, 2017; Mekasha et al., 2008).
The DM, OM and ADF contents of khat leftover meal seen in this study was comparable with other research work
(Getinet and Yoseph, 2014). However; the CP content was higher than the value reported by the same authors (Getinet
and Yoseph, 2014). Khat leftover meal has moderate crude protein content (12.3%) indicating its potential use as protein
supplementation for the roughage-based ruminant animals. The medium CP value of khat meal is believed to be
sufficient for rumen function (McDonald et al., 2002). The lower fiber value of khat meal as compared to the basal feed
(hay) and commercial concentrate can enhance diet digestibility (McDonald et al., 2002). The NDF, ADL and ash content
were less than the value reported by Getinet and Yoseph (2014) for khat meal and Gebru and Tesfay (2017) for Acacia
saligna pod meal. This variation could be raised from maturity and species of the khat plant, soil fertility where the khat
plant grown and the season of the leaf harvest. The energy value of khat meal (7.18 ME MJ/kg DM) was slightly higher
than sesame cake (6.21 ME MJ/kg DM) but lower than maize grain (13.52 ME MJ/kg DM).
All the dietary treatments had almost similar CP value which was made intentionally to create iso-nitrogenous
rations. The fiber content (NDF) showed reducing across treatments (T1 to T4) with increasing inclusion level of khat meal.
This is attributed to the lower fiber content of khat meal when compared to commercial feeds. Similarly, the increased
ash amount across treatment is attributed to the higher ash content of khat meal. On the other hand, the reducing trend
of energy value (9.45 to 6.55 ME MJ/kg DM) along treatments is apparently related to the lower energy content of khat
meal as compared to commercial feeds.
Basal mixed hay DM intake in this study was higher than the value reported by Getinet and Yoseph (2014). All
experimental sheep consumed the dietary supplement without any refusal across the experiment. The higher feed and
nutrient intake in sheep groups in T1 (0% khat meal) and T2 (15% khat meal) could be attributed to the lower ADF and
higher energy contents. Similarly, by increasing the total amount of concentrate offered, cows had higher DM and energy
intake, which resulted in increased milk production and reduced negative energy balance and body condition score loss
(Lawrence et al., 2015). Jung and Allen (1995) also insisted that cell-wall concentration and digestibility limit the intake
potential and energy availability of forage crops in ruminant production. The indifference in DM intake between T1 and T2
might be explained by their similar apparent digestibility. The study showed decrease in dry matter intake with increasing
level of khat leftover meal across the treatments. This could be explained by the higher ADF and ADL content of khat
meal. Likewise, decreased DM intake was reported by Getinet and Yoseph (2014) in goats fed on 100% khat leftover
meal. Conversely, increased feed intake and digestibility was seen in Somali goats when sorghum stover was replaced by
khat leftover meal up to 60% on DM base (Tamir and Ismail, 2006).
Sheep placed in dietary T1, T2 and T3 had heavier total body weight change and average daily weight gain than
sheep in dietary T4 and the difference might be most likely due to the reflection dense nutrient content (energy
concentration) and higher feed intake. Mahgoub et al. (2000) reported that sheep fed high energy diet had heavier body
weight than sheep fed medium and low energy diets. In support of this finding, Wallie et al. (2012) obtained that mixtures
of different proportions of dried khat leftover meal and concentrate supplementation resulted in differences in daily body
weight gain in goat. The same authors added that feeding leftover khat to goats consuming low to moderate quality
forage-based diets can increase growth performance. Supplementation of dried khat leftover meal up to 45 % of the diet
DM has no deleterious effects on the performance and health of sheep. The daily body weight gain (53 to 56 g/day) was
comparable to 63.89 g/day gain of Tigray Highland ram fed on mixed grass hay ad libitum and supplemented with 200 g
of air dried Acacia saligna leaves and 200 g wheat bran (Gebru and Tesfay, 2017) and value reported by Getinet and
Yoseph (2014).
The apparent digestibility coefficient of dry matter and nutrients showed decrements trend with increase of khat
leftover meal level across dietary treatments. Nutrient apparent digestibility decline was observed when moving from
dietary T1 and T2 to dietary T3 and T4 fed groups. This might be related to the higher cell wall fraction contents of dietary
T3 and T4 as well as negative association effect of lower nutrient intake. McDonald et al. (2002) noted that the fiber
fraction of a food has the greatest influence on its digestibility. However, there was no significant difference among
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dietary T1 and T2 in DM, OM and CP apparent digestibility coefficient and this was mainly due to positive association
effect and similarity in their total DM and nutrient intake. It has long been recognized that in ruminants there is a positive
relationship between the digestibility of foods and their intake (McDonald et al.,, 2002).

CONCLUSIONS
The study showed that khat leftover meal has moderate crude protein content indicating its potential use as protein
supplementation for the roughage-based ruminant animals. No significant change was observed in feed intake and
growth performance with increasing levels of khat meal substitution till 30% to concentrate mixture. This implies that
khat leftover meal can be utilized as alternative option in the animal feeding system. Hence, it can be concluded
that khat leftover meal can be included up to 30% in the animal ration without negatively affecting performance and
health of ruminant animals.
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ABSTRACT: A cross-sectional study was conducted on parasitic honeybee diseases, pests and predators Lay
armachiho and Tach armachiho districts of North Gondar zone from October 2017 to May 2018. The objectives
of this study were to assess the different parasitic honeybee diseases, pests and predators. The study mainly
involves with the collection of adult honeybee abdominal suspension of wet mount for nosema and amoeba
diseases and direct observation of varroa mite and bee louse from adult honey bee and brood cells. Questioner
survey was used to know different honeybee pests, predators and agrochemicals in the study area. The SPSS
version 20 was used for chi-square test and p-value < 0.05 was taken as statistical significant. During the study
period a total of 384 honey bee sample in traditional, modern and transitional hives were examined. The overall
prevalence 24.47% (94/384) of hives were found positive for Nosema apis, 17.2% (66/384) foramoeba
(malphighamoeba mellificae), 30.5% (117/384) for varroa destructor and 37.5% (144/384) for bee louse
(braula cocae). Bee louse was the predominant external parasitic disease in adult honeybees followed by varroa
destructor. There was statistically significant variation between Nosema Apis and bee louse observed among the
two selected districts and hive types (x2=23.5, p-value=0.0001) for bee louse and (x2=5.3, p-value=0.071) for
Nosema Apis. About the 100 respondents are 46%, 42%, 39%, 35%, 28%, small hive beetle 26% and spider
24% were complaining on the impact of wax moth, chemical spray, skunk, birds, small hive beetle and spiders
respectively. They have also responded that pests play a major role on the production loss, damaging of honey
bee colony and absconding of the colony. In conclusion, the highest prevalence parasitic honeybee diseases and
pests were recorded in the study areas that signify the occurrence of the parasitic burden has to be carried out
and immediate intervention was implemented.
Keywords: Honeybees, Parasites, Pests, Traditional And Modern

INTRODUCTION
The essential and valuable contributions of honeybees depend upon the healthy population of honeybees (FAO, 2012).
The health of honeybees has been one of the most important topics in apiculture research in recent years (Genersch,
2010). This is mainly associated with the recent emergence of high honeybee colony losses in many parts of the world
and the vulnerability of honeybees to parasitic mites, fungi, viruses and bacteria (Bradbear, 2009). These pathogens and
parasites can have harmful effects on honeybee health and the services they offer, which in turn can lead to severe
economic losses (Genersch, 2010).
Moreover, modern agriculture increasingly depends on the use of chemical substances to control weeds, fungi and
arthropod pests to ensure high yields. Honey bees may frequently become exposed to environmental chemicals as a
consequence of their foraging activities (Vanengelsdorp and Meixner, 2010). It has been reported that several biological
and environmental factors acting alone or in combination have the potential to cause premature colony mortality. In
United States the average honeybee loss per beekeeping operation was 25.4% (Spleen et al., 2013). Similarly, 16 %
honeybee colony reduction has been reported in Europe (Hendrikx et al. 2010; Potts et al., 2010).
The ectoparasitic mite Varroa destructor as well as the bee pathogenic viruses have been identified as a marker of
dramatic colony losses termed colony collapse disorder in the USA, the Microsporidium nosema species and bacterial
diseases are causing economic losses to beekeepers worldwide (Genersch, 2008). Even though, the majority of pathogens
and parasites affecting honeybees have an almost worldwide distribution (Ellis and Munn, 2005).
The most commonly known honeybee diseases reported to exist in Ethiopia are Nosema Apis and Melpighamoeba
mellificae (Amssalu Bezabeh and Desalegn Begna, 2005).To this effect, honeybee diseases are report to be among the
major constraints in beekeeping (Workneh Abebe and Puskur, 2011). The identification and severity of each economically
important honeybee disease have not been well documented in amhara region, despite little information is available. To
fully exploit the opportunities in beekeeping sector, addressing the constraint and detecting the occurrence and
distributions of honeybee’s health problems is key step to prevent their harmful effects. Therefore, the objectives of this
study were: A) to determine the occurrence and prevalence of parasitic honeybee diseases and pests; B) To determine the
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effect of honeybee disease on honey bee colonies and their products; C) To assess the different risk factors associated
with honeybee parasitic disease, pest and predators of the honeybees.

MATERIALS AND METHODS
Description of Study area
The study was conducted in the selected district of north Gondar zone, north east of Ethiopia, (lay armachiho and
tach armachiho) from October 2017 to May 2018. These areas are located 763, 810 kms from Addis Ababa respectively.
The climatic condition of the study areas are highland and kola and its annual temperature range from 10 oc-40oc
respectively. The study areas are located at 13oN latitude and 37o 10, E longitude. The elevation of in lay armachiho 1730
and tach armachiho 950-1100 m.a.s.l and its annual rain fall in tach armachiho and lay armachiho is 300-750mm with
slight rain in April and May and heavy rain in July and august.
Study design
A cross-sectional study was conducted on honeybee colonies to assess the prevalence of common parasitic
honeybee disease, pest and predator by using microscopic examination for protozoa parasite and macroscopic
examination for Varroa mite and bee louse from adult worker honey bee. Semi structured questionnaire was administered
from each apiarist to assess honeybee parasitic disease, pest and predator in the study area.
Study population
The study districts have traditional, modern and transitional types of hive in the north Gondar zone and most of bee
hives are managed under traditional system. The study was conducted in all types of honeybee hives to estimate the
prevalence of parasitic honeybee diseases, predators and pest. The honeybee colonies were selected randomly and
collection of these adult bees were at the entrance of honeybee hives for Varroa mites. The colonies were randomly
selected from the study areas 10-20 bees were taken from the top frames and hive entrances of each of these colonies
and placed in separate transparent sample bottle. The collected bees were immediately immersed in to 10% formalin or
70% ethanol during sample transportation. Sample size determination and sampling method
The required sample size for this study was estimated by assuming expected prevalence of 50%, and study on
parasitic honey bee disease and pest in the study area. Thus the sample size collected according to Thrusfield (2005)
using 95% confidence interval at 0.05% absolute precision and calculated by the following formula.
n= (Za) 2 X Pexp X (1-Pexp)
d2
Where, n = required sample size, Pexp= Expected prevalence (50 %), d= Desired absolute
Precision (5 %), Za=confidence level, 95%=1.96
By using 50% expected prevalence with 95% confidence interval at 5% absolute precision (Thrusfield, 2005). The
number of hives required estimating the prevalence of honeybee disease and pest was calculated to be 384. A total of
384 bee colonies were selected by randomly and collected honey bees from sampling sites. The sample was collected
during at night time to reduce disturbance of bees in the environment. After wearing of protective cloth and beekeeper
glove samples were collected from the selected hive in a jar by using bee brush and preserve70% ethyl alcohol or 10%
formalin and labeled immediately.

Study methodology
Microscopically examination for nosema and amoeba
For quick qualitative examination of nosema spores and amoeba cysts, the abdomen from at least 10 sample bees
were remove, place in pistle and crush using mortar and pistle by adding distle water (1 ml/ abdomen) and homogenize.
A wet mount was prepared from the resulting suspension and the existence or non-existence of nosema spore was
examined by 100x and used oil immersion for magnification of the field.
Macroscopic examination procedure for varroa mite and bee louse
Varroa mite is dislodging by shaking the sample bees in liquid such as water, 70% alcohol, detergent solution and
10% formalin. Hand shaking bees in alcohol for 1 minute dislodge about 90% of the mite. The mite was directly observed
by the naked eye from the transparent sample bottle or beaker, the parasite settle at bottom of beaker and the sample
adult bees were float above liquid.
In bee louse the sample were examined using shaking method, bees sample preserved were taken and detergent
solution (10 ml of detergent is used to 1000ml of detergent-water solution) was poured into each of jar containing bees
up to half of the jar get full. Then shaking for one minute until the lice dislodged from adult honeybees. Straining the
solution through a ladle (8-12 mesh) to remove the bees and then sieving the solution through tea strainer to collect bee
lice. The tea strainer was examined for presence of bee lice either by necked eye or by using hand lens and count bee lice
(Cramp, 2008).
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Questioner survey and regular visits
The questioner was conducted to acquire information on observing clinical sign of honey bee disease, pest,
management (feeding, watering, cleaning), types of hives, absconding, and related problem. These questioner surveys
were collected from apiarists and extension workers of the districts using structured interview, observations and personal
interviews.
Data management and analysis
All data was entered in to Ms- Excel spread sheets after the completion of data collection work from the study areas.
Then, the analysis was done by using SPSS version 20, while the result was summarized by using descriptive statistics
(means, standard errors and percentages).
RESULTS
Laboratory finding
A total of 384 honey bee colonies were examined and 24.47% (94/384) were positive for Nosema APIs, 17.2 %
(66/384) for amoeba disease (Malphighamoeba mellificae), 30.5% (117/384) for varroa mite (varroa destructor or varroa
jacobsoni) and 37.5% (144/384) for bee louse (braula coeca). Bee louse was the highest external parasitic disease in
adult honey bees and followed by varroa mite in the current study. Both protozoan parasitic honey bee disease (Nosema
APIs and Malphighamoeba mellificae) were found in the abdominal contents of the adult honey bee colonies. The
prevalence of all bee hives examined for parasitic honey bee disease and pests contributed from two selected districts in
north Gondar zone (tach armachiho and lay armachiho).
Risk factors
The assessment of the risk factors by using questionnaire and regular visits in two districts showed that hive type in
the apiarists used and the study districts were the major predisposing factor. But these risk factors were not found
affecting the prevalence of parasitic honey bee diseases statistically except bee louse.
Districts
During the study period the prevalence of nosema, amoeba, varroa mite and bee louse of parasitic honey bee
disease in tach armachiho and lay armachiho were presented in (Table 1). The prevalence of Nosema apis in these two
selected districts are 22.8% and 26.1% respectively, however there was no statistically significance difference (P>0.05)
between the study area.
Hive type
Among 201 traditional bee hives, 123 modern bee hive and 60 transitional bee hives examined 27.9%, 18.7% and
16.7% were positive for nosema apis respectively. Even though the higher prevalence of Nosema Apis was observed in
traditional bee hives, it was not significantly difference (P>0.05) (Figure 1).
Prevalence of Malpighamoeba mellificae was 15.2% and 19% in tach armachiho and lay armachiho respectively
(Table 1). The prevalence of Malpighamoeba mellificae almost similar in two districts and there was no statistical
significance difference (P>0.05) between two districts. Of 201 traditional hives, 123 modern and 60 transitional hives
examined 16.9%, 11.4% and 13.3%were positive for Malpighamoeba mellificae respectively as seen from (Figure 2). Even
if higher prevalence of Malpighamoeba mellificae was observed in traditional bee hives the association between hive type
and the occurrence of Malpighamoeba mellificae was not significance difference (P>0.05). During the study period, the
prevalence of varroa mite and bee louse in two districts was recorded in the result. The result revealed that the prevalence
of bee louse was 35% and 40.2% respectively (Table 1). Relatively highest prevalence of bee louse was observed in tach
armachiho than lay armachiho. However, the association between the districts and causative agent were statistical
significance (P<0.05). The prevalence of varroa destructor in these two districts was 28.8% and 32% respectively (Table
1). However, the association was not statistical significance (P>0.05). Origin and hive type were the two most important
risk factors for the occurrence of honey bee mite. From 201 traditional hive, 123 modern hives and 60 transitional hive
examined 26.4%, 17.8% and 18.3% varroa destructor positive colonies and 37.3%, 32.5% and 33.3% bee louse positive
colony were found respectively (Table 2) and the higher prevalence of bee louse and varroa mite was observed in
traditional hive and the association result in the case of bee louse.
Prevalence of honeybee pests, predators and pesticides
Based on this, the existence of pests was the major challenge to the honeybees and beekeepers. After identifying
the major pest facing the beekeeping activities, the prevalence of major bee enemies in two selected districts of north
Gondar were listed according to farmer perception (Table 3). From the lists of pests and predators in the study area wax
moth and honey badger were found significantly affecting the honey bee hives but the other pests and predators was not
significant.
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Table 1 - Prevalence of Nosema APIs, M. Mellificae, varroa mite and bee louse in two districts of north Gondar
Districts
Honey bee parasite

Tach armachiho

Lay armachiho

Total

Negative
Positive
Negative
Positive
Negative
Positive
Nosema a
136(73.9%)
42(22.8%)
154(77%)
50(26%)
290(75.5%)
94(24.47%)
Amoeba b
156(85%)
28(15.2%)
162(81%)
38(19%)
318(83%)
66(17.2%)
Varroa mite c
131(71.2%)
53(28.8%)
136(68%)
64(32%)
267(69.5%)
117(30.5%)
Bee louse d
110(60%)
74(40.2%)
130(70.6%)
70(35%)
240(62.5%)
144(37.5%)
aX2=0.494, df =1, p-value=0.482; bx2=0.401, df =1, p-value=0.527; cx2 =0.462, df = 1, p-value=0.467 and dx2=23.5, df=1, p-value=0.000
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Figure 1 - Nosema Apis is showed more prevalent in
traditional hives than modern; hiveX2=5.3, df =2, and pvalue=0.071

Figure 2 - Prevalence of amoeba in traditional hives is
higher than modern hives; X2=1.96, df=2, and pvalue=0.374

Table 2 - Prevalence of varroa mite (varroa destructor) and bee louse (braula coeca) in three types of honeybee hives
from two selected districts of north Gondar zone.
Hive type
Causative agent
Varroa destructor a
Bee louse b
ax2=11.98,

Positive
Negative
Positive
Negative

Traditional

Modern

Transitional

Total

53(26.4%)
148(73.6%)
75(37.3%)
126(62.7%)

22(17.8%)
101(82%)
40(32.5%)
83(67.5%)

11(18.3%)
49(81.6%)
20(33%)
40(66.7%)

96(25%)
355(92.4%)
135(35.2%)
249(64.8%)

df=2 and p-value=0.003; bx2=0.21, df =2 and p-value=0.98

Table 3 - Farmer perception on the Prevalence of honeybee pests, predators and use of chemicals
Major pests and predators
Wax moth
Spider
Small beetles
Ant
Birds
Lizard
Chemical spray
Honey badger
Qunchichr
Skunk

Total sample
(n=100)
100
100
100
100
100
100
100
100
100
100

Positive

Chi-square(X2)

df

p-value

46(46%)
24%
26%
28%
35%
16%
42%
19%
23%
39%

7.8
0.16
1.46
0.12
1.99
0.04
0.65
5.26
0.17
0.04

1
1
1
1
1
1
1
1
1
1

0.005
0.68
0.22
0.81
0.15
0.84
0.41
0.02
0.68
0.82

DISCUSSIONS
The prevalence of nosema apis reported in the present study was relatively lower than previous reports in Ethiopia was
reported from different regions with varying prevalence ranges such as 58% in Oromia, 60% Benishangul-Gumuz and 47%
in Amhara regions by Aster Yohannes et al. (2010) and other countries such as Nigeria (64.29%) by Akinwande et al.
(2013), Kenya 83.3% by Fazier et al. (2010) and Turkey 65.25% by Aydin et al. (2001) and Diagnosis made on honey bees
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in field and laboratory at Addis Ababa reported a prevalence rate of 73% of amoeba prevalence. The diseases was also
reported with high prevalence rate in different regional state of Ethiopia such as; Oromia region with prevalence rate
(88%), Amhara region (95%) and 60 % in Benishangul- Gumuz by Aster Yohannes et al. (2010).
The prevalence of parasitic honey bee disease in the selected districts is relatively higher in traditional bee hive than
modern and transitional hive type. The result of this study indicated that either origin or hive type not significance
influence in prevalence of parasitic honey bee disease in the study area except bee louse which was strong statistical
significance in the origin (P=0.00) with 35.5% prevalence. The difference prevalence of the study area of the disease may
be colony management of the beekeepers during swarming, extraction of honey and stress condition. Tach armachiho
districts have relatively less prevalence in Nosema Apis (23%) and 28.8% of varroa destructor as compared to lay
armachiho districts, which have high prevalence. This is due to dry climatic condition which crates less favorable
condition. In lay armachiho districts the honeybee beekeepers were contamination of colonies with honey extracting
equipment was observed that aggravates the spread of protozoan parasitic disease. In addition to this less awareness
about beekeepers for honey bee colony and less practice of modern hive type was the cause of increasing parasitic
infection rate in the study area. The observed overall prevalence of Varroa mite and bee louse in the study area was lower
than in the reported in some African countries such as Tanzania and Uganda 84.6% by Fazier et al. (2010), Nigeria 78.6%
by Akinwande et al. (2013), and 100% in Jordan by Alattal et al. (2006) and the overall prevalence of bee lice observed in
the current study was much greater than the previous reports in Wukro woreda 5.5% by Adedy Gidey et al. (2012), the
current finding was also much lower than the report in and around holeta 42% by Gizachew et al. (2013), Jordan 64.3% by
Al-Ghzawi et al. (2009), South Africa 92% by Strauss, et al. (2013). The variation of the prevalence due to ecological and
climatic difference, types of hive and improper hive management, seasonal difference and the high density of honey bee
colonies in one apiary are the major challenges of honey bee. In Ethiopia, as one of the subtropical countries the land is
suitable to honeybee and different types of pest and predators that are interacting with the honeybee (Keralem et al.
2009). Based on the respondents complain the wax moth, honey badger, birds ant, spider, small hive beetles and others
has higher prevalence rates (16-46%) and they were the most harmful pests and predators. They are also decreasing
honey production, causes of swarming, causes of absconding and damaging of different types of hive. Some pests simply
use the hive for living and shelter their own nest but some pests caused harmful by feeding on pollen, honey and beeswax
(Tessega, 2009) in Burie district north west Ethiopia.
According to the survey, most honey bee hives were damaged by pests and parasitic disease but the severity of pests
and parasitic disease varied from hive to hive and apiary to apiary. The traditional hive where found heavily attacked by
pests because of the materials and difficult to control the pests and predators due to limited accessibility to the hives,
different types of size and shapes. The modern hives were less damaged by pests and parasitic honeybee disease due to
the beekeeper can easily inspect the hives and control the pests (Kajobe et al., 2009) reported from Uganda. The
occurrence of honey bee pests were 46% for wax moth, 28% for ant, 35% for birds, 19% for honey badger and 26% for
small hive beetles. From the total respondents 42% had observed agrochemical poisoning and attack their colonies using
herbicide for cereals and crops. This reported by Tessega (2009) that performed many beekeepers lost their honey bee by
every year because the farmer used agrochemicals for crop and cereals.
Most honeybee keepers used traditional protection method to control different types of honeybee pest and predators
in the study area such as clean the hive, removal of the old comb, place fresh ash, hot water for ants and application of
dirty engine oil. These control method for honeybee pests and predators were practice in different regions of Ethiopia
reported by Gidey et al. (2011) in northern parts of Ethiopia.
CONCLUSION AND RECOMMENDATIONS
Alarmingly increasing honeybee colony losses have been reported from researches over the last few years. From recent
survey of honeybee losses in Ethiopia it became evident that pests and parasitic diseases could be identified as the most
important cause of these colony losses. Several colony losses honeybee diseases which are thought to be involved in such
honey bee colony losses. Therefore, in Ethiopia diverse pathogens are involved in the presumed inexplicable colony losses.
Although the decline in managed honeybee equally seems to be problems in North Gondar despite great differences in
beekeeping practices, the factors responsible for colony losses differ from region to region and from site to site. It should
be prepared that it does not find a globally valid solution to honeybee decline but that will have a panel of possible
factors, all of them asking for a specific solution to address the problem. If we are to explain unusual colony losses and if
we are to find the cause for these losses, then we need to move from the mere detection of bee parasitic diseases in
individuals and colonies to molecular bee disease focusing on host and vector interaction of parasitic disease with equal
emphasis on the disease or vector and host. To understand the parasitic disease of honeybees this in turn will enable us
to develop adequate control measures. In order to reduce a disease to the best advantage, it is clear that its cause must
be known as well as the means by which the infection is transmitted and the environmental condition which are favorable
for the breaking out of the disease.
Based on the above conclusion the following recommendation forwarded:
 Further study should be under taken on parasitic honeybee disease with more diagnostic tests to generate more
reliable data.
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 The study survey should be carried out during different season of the year to know adequate data on the
distribution of different parasitic honeybee disease in different seasons.
 Special attention should be given for bee louse and varroa mite infestation in honeybee
 Any apiarists and farmers should be intensively encountered to change the traditional bee hive into modern type
and give advice to manage properly by cleaning their apiary and bee hives.
 Government, researchers and beekeepers should be focused on the effects of agrochemical application on
honeybees and to minimize their effects as well as on the development of non-chemical methods of herbicide,
insecticides and pesticides control measures.
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ABSTRACT: The study was implemented at the National University of Lesotho with the aim to find a potential
litter material for use in broiler production. The study followed a completely randomized design with four litter
treatments replicated three times. A well ventilated house divided into 12 pans was used where each pan or a
replicate contain 15 birds with a total of (n=180) birds. Feeding and watering were done on ad libitum basis
while the normal routine for broiler production was followed. Litter treatments were made up of control
represented by wood shaving and it was compared to dried pine leaves, decomposed kraal manure and sand. All
litter materials were applied at the depth of 10 cm. Data was collected on the following parameters broiler
production, feet health and chemical and physical properties. Litter material treatment had no significant
influence on feed intake, body weight, body weight gain, and feed conversion ratio and mortality rate. Regarding
broiler feet health litter treatment had significant influence on foot pad dermatitis while hock burns and broiler
temperature were not statistically different amongst litter treatments. Litter evaluation results revealed that
different litter sources were differing significantly in terms ammonia emissions, water holding capacity. pH and
bulk density while litter temperature did not differ significantly between litter treatments. It was concluded that
both dried pine leave and decomposed kraal manure are potential sources that could replace wood shavings in
broiler production. Dried pine leaves ideal for improved production while decomposed kraal manure deemed fit
for ensure good feet health. It is therefore recommended that farmers in Lesotho can use both decomposed
kraal manure and dried pine leaves to replace wood shavings.
Keywords: Feet health, Kraal manure, Lesotho, Litter material, Wood shaving.

INTRODUCTION
Litter quality is of great importance to the welfare of broiler chicken, as they generally spend their entire life in contact
with litter (Lonkar, et al., 2018 and Kryeziu et al., 2018). Litter serves several functions that include thermal insulation,
moisture absorption, protective barrier from the ground, and it also allows for natural scratching behavior. The quality of
the in-house environment is highly dependent upon litter quality (Rizt et al., 2017). An effective bedding material must be
readily available, absorbent, lightweight, inexpensive and non-toxic (Rizt et al., 2009; Waziri, Kaltungo, 2017 and Munir et
al., 2019). The litter environment is ideal for bacterial proliferation and ammonia production. The two factors that
influence litter conditions most are manure and moisture. The ideal litter material should have a moisture content of 2025%, a pH of 8-10, and ammonia content should not exceed 25 ppm (Dunlop et al., 2016 and Gençoğlan and Gençoğlan,
2017). Excess moisture in the litter increases the incidence of breast blisters, skin bums, scabby areas, bruising,
condemnations and downgrades (Hossain et al., 2018). Wet litter is the primary cause of ammonia emissions, one of the
most serious performance and environmental factors affecting broiler production today (Rizt et al., 2017). Controlling
litter moisture is the most important step in avoiding ammonia problems.
Pine shavings and saw dust have been the most preferred litter source for broilers in Lesotho but because of the
high demands, their prices and availability is now a big problem for farmers. In turn farmers are forced to use alternative
bedding materials such as dry grass, undecomposed kraal manure and shredded paper characterized by low moisture
holding capacity and this results in fungal growth which causes many diseases, increased mortality and welfare concerns
in the form of foot pad dermatitis (FPD). Contact dermatitis affects skin surfaces that have prolonged contact with wet
litter or other wet flooring surfaces. The condition is manifested as blackened skin progressing to erosions and fibrosis on
the lower surface of the footpad, at the back of the hocks, and sometimes in the breast area (World Organization for
Animal Health, 2018). If severe, the foot and hock lesions may contribute to lameness and lead to secondary infections
(Shepherd et al., 2017). Animal welfare audits in Europe often use foot, hock, and breast burn-lesions as an indicator of
housing conditions and the general welfare of the birds (Haslam et al., 2007). Therefore, the aim of this study is to
evaluate alternative bedding materials that are inexpensive but had the potential to give comparable results to those of
wood shavings under Lesotho condition.
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MATERIALS AND METHODS
Ethical approval
The scientific and ethics committee of the Faculty of Agriculture, National University of Lesotho approved the study
protocol.
Study area
The study was carried out at the National University of Lesotho, Faculty of Agriculture farm in Roma some 34
kilometers southeast of Maseru, the capital of Lesotho. The Roma valley is broad and is surrounded by a barrier of rugged
mountains which provide magnificent scenery. The university enjoys a temperate climate with four distinct seasons.
Experimental Design
Completely randomized design was used whereby four different sources of litter materials were used as treatments
and replicated three times. Wood shavings was considered as the control, while, decomposed kraal manure, sand and dry
pine tree leaves were considered as treatments 1, 2 and 3 respectively. Bedding material was laid at the depth of 10 cm.
On daily basis, patches of bedding that were too wet as a result of spills from the drinkers were removed from the pans
and at end of every week bedding was raked to reduce the caking effect and also to allow air circulation.
Birds and Management
One hundred and eighty (n=180) Ross 308 broiler chickens were reared under deep litter system. Before the arrival
of chicks, the house was cleaned thoroughly and disinfected to kill the micro-organisms that might harm the chicks. All
the birds were brooded together using a standard bedding material which is wood shavings for the first two weeks and
then at the start of growing period, they were randomly distributed into four bedding material treatments, each treatment
replicated 3 times with 15 birds per replicate. Birds were provided with continuous light for 24 hours. The three phase
feeding was used and the birds were each phase lasted for two weeks. Feeds and water were given ad libitum.
Data collection
Data was collected on daily basis on health related parameters and on weekly basis for production performance and
physical and chemical assessment of different litter sources.
Production
Feed intake was determined as the difference between total feed supplied and leftovers on weekly basis. Feed
conversion ratio was calculated as, feed intake (kg)/lives weight (kg). The body weight was measured using a measuring
spring balance scale. Growth rate was measured as the final weight minus initial weight divided by number of days.
Feed intake = total feed supplied- total feed left
Feed conversion ratio (FCR) = feed intake (kg)/live weight gained (kg)
Growth rate= final weight-initial weight/ number of days
Average body weight=total body weight/number of birds
Feet health parameters
Data was collected on the following parameters: mortality rate, signs of illness due to litter material emissions, body
temperatures, hock burns and footpad dermatitis. Body temperature was measured using the digital thermometer at the
end of each week. The hock burn were scored in six birds per replicate at six weeks of age using a 3 point scoring system
(0= no burns; 1 = mild burns and 2= severe burns). The hock burns were assigned to one of three score. The mean score
of hock was calculated as the cumulative total of the lesion scores divided by the total number of birds examined.
(Thomas et al., 2004) Footpad lesions were assessed by eye and scored according to the protocol of Berg (1998) at the
end of every week as follows;
 Class 0 = lesions absent or minor
 Class 1 = medium or mild lesions
 Class 2= severe lesions.
Litter material assessment
A number of laboratory tests were done to assess the quality of litter materials and they included dry matter
content, pH, Bulk density, water holding capacity, water releasing capacity and ammonia emitted by litter material. Litter
samples were collected at the beginning and at the end of every feeding phase from five locations within each pen and
thoroughly mixed. Subsamples were submitted to the Animal Science Laboratory for chemical analysis. Chemical analysis
was performed according to Brake et al. (1992) and AOAC International (1995) guidelines. Bulk density was expressed as
the weight of 1 litre of as-is litter material. Litter moisture was measured after drying for 24h at 105°C. The pH was
recorded using an electronic meter after 30grams of macerated litter were added to 250 milliliter of deionised water,
agitated for 5 minutes, and suspended for 30 minutes.
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Water-holding capacity was determined as follows: Litter samples were dried until constant weight and 50grams of
litter was placed in a 500 milliliter beaker, the beaker was filled with water and left to stand for 30 minutes, excess water
was then drained for 3 minutes and the sample was weighed again; the percentage of water absorbed was calculated on
a DM basis.
To determine the water-releasing capacity, each litter sample was placed in a 3-cm-deep pan; the pan was filled with
water and allowed to stand for 30 minutes; after draining the excess water for 3 minutes, the litter sample was weighed,
the pan was then weighed 5 and 24 hours after draining, moisture loss at each time point was expressed as a percentage
of the initial wet weight of the sample.
Determination of NH3 emissions was based on the micro-diffusion method as follows: 100 g of fresh litter was
weighed, placed in a 500-millilitre cylindrical flask, and leveled. A 50-millitre beaker containing 10 millilitre of 2% (m/v)
boric acid was placed on top of the litter; the flask was closed and incubated for 20 h at 30°C; the boric acid solution was
then titrated against sulphuric acid 0.1 N with metal orange and bromocresol green; volatilized NH3 (in milligrams per
100 grams of litter) was calculated by multiplying the amount of sulphuric acid used (A) by its normality and the
molecular weight of ammonia: NH3 = A × 0.1 × 17.
Data analysis
Data was analyzed using IBM SPSS version 20 (2011) package and data was subjected to Analysis of Variance
(ANOVA) to determine the differences among different litter materials.
Statistical model used is as follows; Yij=µ + Bj + Єij
Where;
Yij =ith observation of jth bedding material
µ=Overall mean (mean effect)
Bj=Effect due to bedding material
Єij=Experimental or random error

RESULTS AND DISCUSSIONS
Production parameters
The litter material treatments had no significant (P ≥0.05) influence in all broiler production parameters such asfeed intake, feed conversion ratio, body weight, growth rate and mortality. However, with the comparison to the control,
broilers that were reared on dry pine leaves had closest performance in terms of feed intake, feed conversion ratio, body
weight, and growth rate. In terms of mortality decomposed kraal manure gave similar results to control.
The results of the current study are in agreement with the findings of Hafeez et al. (2009); Davis et al. (2010);
Mendes et al. (2011); Villagra et al. (2011); van Harn et al. (2012); Bjedov et al. (2013); Taherparvar et al. (2016) and
Shepherd et al. (2017) who reported that different litter material sources had no effect on feed intake, weight gain,
efficiency of feed conversion and growth rate. On the other hand these results are in contrast with the results of
Anonymous (1992); Asaniyan et al. (2007); Toghyani et al. (2010), and Lonkar et al. (2018) who reported that the litter
material had a significant (P≤0.05) influence on body weight, body weight gain and feed conversion ratio. Based on feed
intake and growth rate dried pine leaves were found to be the closest potential litter to wood shavings in terms of
production performance.
Table 1 - The effects of litter material on broiler production
Parameters
Feed intake (g/week)
FCR3
Live weight (grams)
Mortality
Growth rate (grams)

Control
580
1.6
2380
0.000
87

Litter treatments
T1 (DPL)
T2 (DKM)
581
637
1.7
1.84
2340
2420
0.333
0.000
89
81

T3 (SAND)
633
1.77
2470
0.333
80

Significance
P1
CV2
0.975
27.8
0.946
15.9
0.997
40.9
0.588
27.3
0.401
51.9

Probability level at 0.05 percent; 2 Coefficient of Variation; 3 Feed Conversion Ratio (gram feed/gram weight gain), Control = Wood shavings;
T1 = Dried Pine Leaves; T2 = Decomposed kraal manure; T3 = Sand
1

Feet health
The influence of litter material on broiler feet health results are shown in Table 2. Litter material treatments had a
significant influence (P≤0.05) on footpad dermatitis while hock burn and broiler body temperature were not statistically
(P≥0.05) different amongst the litter treatments. The highest incidences of footpad dermatitis were found in sand,
followed by dry pine tree leaves while decomposed kraal manure had the lowest incidences. Hock burns results on the
other hand were highest in pine tree leaves and sand while decomposed kraal manure had no incidences of hockburns.
The findings of the current study are in agreement with the findings of Mendes et al. (2013) who compared wood shaving
and saw dust litter materials and observed significant differences between two sources whereby wood shavings had
208
Citation: Kuleile N, Metsing I, Tjala C, Jobo T and Phororo M (2019). The effects of different litter material on broiler performance and feet health. Online J. Anim. Feed
Res., 9(5): 206-211. DOI: https://dx.doi.org/10.36380/scil.2019.ojafr29

higher incidences than saw dust. Garcia et al. (2012) also reported that birds raised on litter made of 100% wood shaving
had no incidences of footpad dermatitis. Hock burn results are in line with the results of Varol Avcilar et al. (2018) that
compared wood shavings and rice hulls and reported that were no significant difference in hock burns between two litter
sources.
On the other hand, Bilgili et al. (2009), observed highest incidences of footpad dermatitis in wood shavings and dry
pine tree leaves, while mortar sand was ranked as the bedding material with the lowest severity. Lacy et al. (2002)
discovered that a problem with dry pine tree leaves is breast blisters and greater incidence of hock burns during the first
two weeks. Bilgili et al. (2000) and Chuppava et al. (2018) reported contrasting results and indicated that broilers raised
on sand performed as well as or better than those raised on pine shavings and it had the lowest incidences and severity of
hock burns and other skin lesions. Body temperatures of birds reared in wood shavings, which was the control, were
increasing gradually across the weeks while those reared in sand showed the least body temperatures of all litter
materials. These findings are in agreement with the report of Gernat (2009) stating that sand had the lowest
temperatures resulting in low body temperatures of the birds but that did not have a negative impact on productivity.
Decomposed kraal manure in terms of feet health gave similar performance to wood shavings and could be a potential
litter that can be used to improve broiler feet health.
Table 2 - The effects of litter material on birds feet health
Parameters
Incidence of FPD3 (%)
Body temperature (0C)
Hock burns

Control
0.00a
40.75
2.50

Litter treatments
T1 (DPL)
T2 (DKM)
16.25b
9.85a
40.93
40.76
8.25
0.00

T3 (SAND)
64.25c
40.46
4.00

Significance
P1
CV2
0.01
13.73
0.46
0.33
0.12
15.5

a,b,c Means

within a row with different superscripts differ significantly (P≤ 0.05), 1 Probability level at 0.05 percent; 2 Coefficient of Variation; 3
Foot Pad Dermatitis. Control = Wood shavings; T1 = Dried Pine Leaves; T2 = Decomposed kraal manure; T3 = Sand

Physical and chemical evaluation
The comparison of physical and chemical properties of different litter materials results are shown in table 3.
According to these results there were significant differences among different litter treatments in physical and chemical
properties with the exception of litter temperature. According to mean comparison test there was no significant difference
between control, dry pine leaves and sand in terms of ammonia emission. In terms of water holding capacity, there was
no significant difference between the control and dry pine leaves. With regard to litter pH, there was no significant
difference between control, dry pine leaves and decomposed kraal manure. Lastly mean comparison test result shows
that there was no significant difference between wood shavings and decomposed kraal manure in terms of bulk density.
These results are in agreement with the findings of Brake et al. (1993) and Kuczynski and Slobodzian (2002) who
noticed that there were no a significant difference (P≥0.005) in physical and chemical properties between different litter
sources while comparing wood shavings with wheat straw, rice straw and sand. Farhadi (2014) used both wood shavings
and saw dust as control in the study that seeks to find a potential litter material for broiler and compared them to wheat
straw, sugarcane bagasse, sugarcane peat; rice hulls and the researcher found no significant difference between control
and the tested litter materials in terms of moisture content, pH, water holding and water releasing capacity and bulk
density. Ammonia emission results pointed out the use of kraal manure as litter material should be handled with extra
care especially if the substrate is not fully decomposed. Ammonia emissions in this study were higher than the
recommended threshold value of 25 ppm for broiler house. The higher values could be associated with poor level of litter
decomposition prior to its use as litter material. The higher bulk density also could have contributed significantly because
lower bulk density of a material shows high porosity and moisture absorbing capacity, air circulating and moisture
releasing capacity than high bulk density (Ataputta and Wickramasinghe, 2007). Litter pH was similar between dried pine
leaves and decomposed kraal but they were significantly higher than the control. It was reported that the low pH level of
litter material has an advantage because in acidic pH of litter, the conversion of uric acid to ammonia will be reduced
(Moore et al., 1996). The lower litter temperature observed under sand could be a contributing factor for higher feed
intake for birds under this treatment in an effort to maintain high metabolic activities to keep warm.
Table 3 - Physical and chemical properties of different litter materials
Parameters
Ammonia emissions (mg/L)
Water holding (%)
Litter temperature
pH
Bulk density (g/cm3)

Control
6.93a
114.95a

Litter treatments
T1 (DPL)
T2 (DKM)
19.50a
27.29b
105.81a
92.20b

T3 (SAND)
17.25a
56.94c

Significance
P1
CV2
0.001
42.00
0.001
25.00

17.35

17.96

17.84

16.90

0.681

7.36

6.18a
300.14a

6.73b
205.06b

6.75b
370.50a

7.36c

0.001
0.001

10.00
101.00

1788.75c

Means within a row with different superscripts differ significantly (P≤ 0.05), 1 Probability level at 0.05 percent; 2 Coefficient of Variation;
Foot Pad Dermatitis. Control = Wood shavings; T1 = Dried Pine Leaves; T2 = Decomposed kraal manure; T3 = Sand
a,b,c
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CONCLUSION AND REECOMMENDATION
In accordance with the findings of the current study, separated into production, feet health and chemical and physical
assessment, it can be concluded that both dried pine leaves and decomposed kraal manure can be used as broiler litter
material. Kraal manure had been found to be a good source that can support proper feed health with the lowest incidence
of feet pad dermatitis and hock burns. Dried pine tree leaves proved to be a good source that can maintain production in
the similar manner to wood shavings. The use of kraal manure needs full decomposition in order to reduce the incidences
of ammonia emissions. The two litter sources are therefore recommended for farmers who want to use them because
they are readily available in Lesotho.
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