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ABSTRACT

A prospective 27-week study investigated the effect of age, ambient temperature,
humidity and photoperiod on egg weight and production in Lohmann Brown layers, and thus
the profitability of the egg-producing enterprise at a farm in central Namibia, designated
Farm A. Overall, age of birds, average temperature, humidity and photoperiod were strongly
correlated with mean egg weight (r=0.84, 0.7, -0.51 and 0.7, respectively; p<0.001) but there
was a weaker correlation of age, temperature, humidity and photoperiod to the number of
eggs/bird (r=0.49, 0.41, -0.43 and 0.34, respectively). Increase in the age of birds,
temperature and photoperiod resulted in a significant increase in mean egg weight. A
decrease in humidity, however, resulted in a significant increase in mean egg weight. Labour
and feed costs contributed 51% and 14%, respectively, to the overall costs of the enterprise.
Egg sales contributed the bulk of the income at 88%, which was followed by the sale of spent
layers at 12%.The study concluded that Lohmann Brown layers performed well in the semi-
arid conditions of central Namibia provided that extreme environmental conditions are
avoided. The high input costs, especially labour and feed, were the main constraints to
profitability and finding ways to reducing these costs is key to increasing profitability.
Increasing the size of the flock is one practical way of offsetting the high labour costs.

Keywords: Lohman Brown; layers; productivity; semi-arid environment

1. INTRODUCTION

Lohmann Brown is a crossbreed, brown-egg laying chicken (Gallus gallus domesticus) which
was selectively bred in Germany (Lohmann Tierzucht, 2018a), from New Hampshires and
other brown-egg-laying breeds. According to Lohmann Tierzucht, these birds lay an average
of 312-320 eggs per year; their optimal environmental temperature is 18-24 °C; high
temperatures can result in reduced feed intake, decreased egg weight, reduced egg
production, lower eggshell quality and increased mortality.

Studies from across the world and in recent times have reported that when layer hens
of appropriate genetics (Kicukyilmaz et al., 2012) are fed appropriate quantities and quality
of feed at the correct age and housed at optimum temperatures and humidity, and are allowed
appropriate photoperiod, they produce the highest quantity and best quality of eggs (Farghly
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etal., 2017; Guo et al., 2019; Idowu et al., 2019; John-Jaja et al., 2016; Sallam et al., 2019).
Unfavourable environmental conditions compromise the welfare of laying hens (Janczak and
Riber, 2015), and the modern consumer of products of animal origin is increasingly
preferring products from animals raised under ideal welfare conditions (Cao et al., 2017).
Therefore, eggs produced otherwise are at risk of losing markets.

According to some authors, the optimum ambient temperatures vary between 18-26°C
(Holik, 2010; Hulzebosch, 2019; Kumar et al., 2017; Travel et al., 2011). However
temperatures as low as 15 °C (Kocaman et al., 2006) and as high as 27°C (Talukder et al.,
2010) have been recommended. Temperatures above 27°C negatively affect feed
consumption, egg weight and egg quality, especially shell thickness (Oguntunji and Alabi,
2010; Talukder et al., 2010). Previous studies have demonstrated that high ambient
temperatures negatively affect growth rate, and the quantity and quality of eggs produced
(Oguntunji and Alabi, 2010). This negative influence occurs through a complex interplay of
low feed intake and homeostatic failure/malfunction of the cardiovascular, water balance,
endocrine, acid/base balance and immune regulatory systems of the bird thereby negatively
impacting in part or the whole of the oviposition process (Abbas et al., 2011; Kumar et al.,
2017; Oguntunji and Alabi, 2010).

The ideal relative humidity (RH) for layers has been variously mentioned; figures up
to 40% (Kumar et al., 2017), 50-70% (CocciForum, 2019), and 60-70%, (Kocaman et al.,
2006; Lohmann Tierzucht, 2011; Talukder et al., 2010) have been recommended. According
to Kocaman et al., (2006), high relative humidity and temperatures increase the levels of
ammonia and encourage the growth of pathogens in poultry houses, thereby predisposing the
layers to diseases and compromising egg production. However, low relative humidity may
increase water intake if it is coupled with high temperatures.

The influence of light on the physiology of birds through facilitating the ability to
easily locate feed (through rods and cones), stimulation of circadian rhythms and setting in
motion and regulating the release of reproductive (Johnston, 2004) and other hormones
(through photo-receptors in the hypothalamus) is well known (Han et al., 2017; Jacome et al.,
2014; Rubinoff, 2014). Layers are photo-stimulated by more than 12 hours of light,
regardless of the program of artificial lighting used (Jacome et al., 2014). According to one
study involving brown egg-laying breeds, interrupted lighting regimes totalling as low as 4hr
(Han et al., 2017) of total light per day or delivered as flash lights (Farghly et al., 2017)
were sufficient to maintain satisfactory egg production when compared to the traditional
14hr/day lighting regime (Skoglund and Whittaker, 1980). However, Lohmann Tierzucht
recommend that about 12-14 hours of lighting is sufficient for top egg production in
Lohmann Brown layers (Lohmann Tierzucht, 2018b).

A number of studies on laying hens have demonstrated a relationship between the
number of eggs, egg weight and the age as well as the weight of poultry (Bharali et al., 2020;
Udeh, 2010; Vickova et al., 2018; Yusuf et al., 2014; Zemkova et al., 2007). With few
exceptions, egg weights tend to be low at the beginning of the laying period and then increase
with age. Large and heavy hens tend to produce larger eggs than small chickens (Etches,
1996). These parameters, in turn, are affected by environmental factors like temperature,
relative humidity and photoperiod (Kshash, 2019; Petrus et al., 2019; Sallam et al., 2019).
Few articles have attempted to tie environmental factors together to provide the effect of their
exact interactions in a single review (Abbas et al., 2011; Jacome et al., 2014; Travel et al.,
2011).



The extent of interactions of environmental conditions and their effect on layer
chicken production parameters under extreme weather conditions, which are typical of semi-
arid central Namibia, has not been explored and reported. In addition, most small-to-medium
scale poultry producers lack the capacity to make use of environmentally controlled housing
systems for which commercial layers are best suited. This often leaves the birds exposed to
extreme weather variations because the poultry house environment in which they are often
housed mirror the outside environment.

Farm A is located in a dry (low humidity) region that is hot during the day (32.5°C)
and cold during the night (5.2°C) which is typical of semi-arid central Namibia. The farm has
kept about 1000 Lohmann brown layers for the past 5 years for agriculture and veterinary
student training. The eggs are sold to the university and farm staff. The layer enterprise has
so far also acted as a demonstration outpost to surrounding commercial farms as well as rural
communities. The production dynamics of this enterprise have never been evaluated in terms
of both physiological production parameters and economic viability.

The purpose of this study was to evaluate the suitability of the prevailing
environmental factors (temperature, relative humidity and photoperiod) and their interactions
with animal factors in so far as they affect productivity in Lohmann Brown layer chickens
under the unmitigated open housing conditions at Farm A. The results of this study are
expected to shed light on the suitability of open housing system to raise layers in central
Namibia, an idea that can be tantalizing for community development practitioners.

2. MATERIALS AND METHODS
2.1. Study area

Farm A is situated in the Khomas region, 40km east of Windhoek (22°31'0" S and 17°15'0"
E), in Namibia, Southern Africa. The farm covers over 10 187 hectares of land and is about 1
963m above sea level. The vegetation is predominantly savannah dominated by shrub-veld
(Mendelsohn et al., 2002). The climate is semi-arid with average annual rainfall figures
which range between 300-400mm (Kandiwa et al., 2018). During summer, the average
maximum temperatures reach around 30°C and minimum temperatures in winter can dip as
low as 7°C at night (Info-Namibia, 2018).

2.2. Study birds

The study subjects were 1000 Lohmann Brown layers sourced at point-of-lay (19 weeks of
age) from a South African breeder. The birds were housed in groups of five per cage in 200
standard battery cages. They were fed on 125¢g per bird of a layers’ ration from Feedmaster
Namibia (15% CP, 3.8% Ca and 0.46% P). Drinking water was supplied ad lib from a
reservoir through a nipple drinker system. The study was terminated when the birds were 45
weeks old. In this study the birds were kept well ventilated under natural lighting without
additional artificial lighting. The enterprise, however, kept the birds in production for up to
70 weeks of age at which point they were sold as off-layers. The ungraded eggs were sold
locally at a subsidized price to staff and students.

2.3. Study Design

The study was a 27-week observational prospective investigation of the effect of age,
temperature, humidity and photoperiod on production parameters (eggs/bird and egg weight)
of Lohmann Brown layers. Daily temperatures were measured by a maximum/minimum
thermometer suspended in the poultry house. A thermo-hygrometer suspended in the poultry
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house was used to measure relative humidity. The length of photoperiod was obtained daily
from the Namibia Meteorological Service website. Each week eight cages were randomly
selected using the simple random sampling procedure by generating eight random numbers
between 1 and 200 in Microsoft Excel 2013. Cages corresponding to the random numbers
generated were sampled for the study and all the 40 birds jointly housed were weighed on a
weekly basis for the duration of the study. A sample of eggs and birds was weighed weekly.
Sample size was determined using the standard formula for calculation (Putt et al., 1988):

n=22xS%/d?

Where:

n = sample size

Z= z value at the desired confidence level. (95%)

d = the maximum difference to be tolerated between the sample mean and the true mean
S% = variance

The study commenced with 1000 birds that were brought in at 18 weeks of age at a cost of
US$5.62 per bird. During the study period, a total of 91 mortalities occurred. A total of
152,138 eggs were produced during the 27-week study period. Each egg was sold at
US$0.078. Labourers worked for 56 hours per week payable at US$3.15 per man-hour. The
study birds received 875 kg of feed weekly at a cost of US$58.59 per tonne. The total costs
incurred in the enterprise were due to purchasing of birds, feed, mortalities and labour whilst
the sole income was due to sale of eggs.

2.4. Statistical analysis

The Shapiro Wilk test showed that egg weight data had a normal distribution with a strong
positive linear relationship between egg weight and Z scores (0.75). Likewise, there was a
strong positive linear relationship between number of eggs/bird and Z scores (0.85).
Pearson’s correlation was performed to validate the association of various categories of age,
ambient temperature, relative humidity and photoperiod with mean number of eggs and mean
weight of eggs. Single factor ANOVA whereby p <0.05 was considered significant. The
Statistical Package for Social Sciences (SPSS) software version 25 was used in this study.
The descriptions which were assigned to the ranges of the calculated values of correlation
coefficients (r) are shown in Table 1.

Table 1: Descriptions assigned to the ranges of the values of correlation coefficients (r)

R value Description

0t00.19 very weak

0.2100.39 weak

0.4 t0 0.59 moderate

0.6t0 0.79 strong

0.8t01.0 very strong
3. RESULTS



The findings of this study are reported in three sections. In the first part, the significance and
strength of the correlations of age of layers, ambient temperature, relative humidity,
photoperiod to mean number of eggs per bird and mean weight of eggs was examined. The
second part used single factor ANOVA and post hoc t-tests to further compare the categories
showing significant effects on egg production and egg weight. In the third part, the
profitability of this egg production enterprise under study was examined.

As shown in Table 2, only relative humidity showed a moderate negative correlation
to the mean number of eggs and mean weight of eggs. Age of birds showed a moderate
positive correlation with the mean number of eggs and a very strong positive correlation with
the mean weight of eggs. Maximum diurnal ambient temperatures showed a weak positive
correlation with the mean number of eggs and a strong positive correlation with the mean
weight of eggs. Minimum diurnal ambient temperatures showed a moderate positive
correlation with the mean number of eggs and a strong positive correlation with the mean
weight of eggs. Average diurnal ambient temperatures showed a moderate positive
correlation with the mean number of eggs and a strong positive correlation with the mean
weight of eggs. Photoperiod showed a weak positive correlation with the mean number of
eggs and a strong positive correlation with the mean weight of eggs. The results also showed
a moderate positive correlation between age and the mean number of eggs and a very strong
positive correlation with the mean weight of eggs.

Table 2: Strength and significance of the correlation between age, temperature, relative humidity, photoperiod
and mean number of eggs / mean weight of eggs

Factor Mean number of Eggs Mean weight of eggs
Age

R 0.49 0.84

p value <0.01 <0.001
Maximum temperature

R 0.33 0.67

p value >0.05 <0.001
Minimum temperature

R 0.48 0.69

p value <0.05 <0.001
Average temperature

R 0.41 0.7

p value <0.05 <0.001
Relative humidity

R -0.43 -0.51

p value <0.05 <0.01
Photoperiod

r 0.34 0.7

p value >0.05 <0.001

r = correlation coefficient

As shown in Table 3, there was insufficient evidence to suggest the dependence of
mean number of eggs per bird on age, temperature, humidity and photoperiod (p>0.05). The
mean egg weight, however, significantly increased as the birds advanced in age from 19 to 45
weeks (Table 4). Higher maximum diurnal temperatures ranging from 29 to 32.3°C were
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significantly associated with greater mean egg weight. Higher minimum diurnal temperatures
ranging from 13.4 to 17.5°C were significantly associated with greater mean egg weight.
Higher average diurnal temperatures ranging from 21.3 to 24.9°C were significantly
associated with greater mean egg weight. Lower relative humidity (<16%) was significantly
associated with greater mean egg weight. Photoperiods greater than 11.61 hrs were

significantly associated with greater mean egg weight.

Table 3: Effect of age of bird, temperature, humidity and photoperiod on the mean number of eggs/bird and

mean weight of eggs

Mean number of

Category eggs per bird Mean egg weight (g)
Age 19 to 27weeks 0.7340.11 51.28+1.85
28 to 36weeks 0.82+0.05 57.92+0.62
37 to 45weeks 0.92+0.01 60.51+0.01
Maximum temperature 22.4t0<25.7°C 0.75+0.08 52.7+1.56
25.7 10 <29.0°C 0.84+0.06 58.5+0.90
29.0t0 32.3°C 0.92+0.01 60.44+0.05
Minimum temperature 5.21t0<9.3 0.63+0.15 51.86+3.04
9.3t0<13.4 0.86+0.04 56.15+1.05
13.4t017.5 0.9+0.01 60.26+0.18
Average temperature 13.9to<17.6°C 0.71+0.11 52.43£2.10
17.6 to <21.3°C 0.86+0.04 57.51+0.94
21.3t024.9°C 0.91+0.01 60.42+0.06
Relative humidity <16% 0.91+0.01 60.11+0.22
>16% 0.79+0.06 55.08+1.25
Photoperiod 10.75 to <11.61hrs 0.74+0.07 53.15+1.37
11.61 to <12.47hrs 0.89+0.01 59.95+0.26
12.47 to <13.33hrs 0.9240.01 60.51+0.02

Table 4: Cross-tabulation of mean egg weight according to age, temperature, humidity and photoperiod

categories
Parameter Cross-tabulated mean egg weight (p value)
Age
19 to 27 weeks 28 to 36 weeks 37 to 45 weeks
19 to 27 weeks - <0.001 <0.001
28 to 36 weeks - - <0.001
37 to 45 weeks - - -
Maximum temperature
22.4 10 <25.7°C 25.7 t0 <29.0°C 29.0t0 32.3°C
22.4t0 <25.7°C - >0.05 <0.001
25.7 10 <29.0°C - - >0.05
29.0t0 32.3°C - - -
Minimum temperature
5.2t0 <9.3 9.3to <134 13.4t017.5
5.2t0<9.3 - <0.01 <0.01
9.3t0<134 - - >0.05
13.4t017.5 - - -
Average temperature
13.9t0 <17.6°C 17.6 to <21.3°C 21.31t024.9°C
13.9to <17.6°C - >0.05 <0.01
17.6 to <21.3°C - - >0.05



21.3t024.9°C - - -

Relative humidity

<16% >16%
<16% - <0.05
>16% - -
Photoperiod
10.75t0 <11.61hrs  11.61to <12.47hrs  12.47 to <13.33hrs
10.75to <11.61hrs - <0.001 <0.001
11.61 to <12.47hrs - - >0.05

12.47 to <13.33hrs - - -

As shown in Table 5, the projected costs incurred by the enterprise were due to
purchase of point-of-lay birds (31.3%), labour (51%) and feed (14.8%) about halfway
through the productive period. The total income from eggs was 88% of the total projected
income and the potential salvage value of off-layers was 12% of the total projected income
leaving the enterprise with a 42.3% profit. Mortalities accounted for 2.9% of the total costs.

Table 5: A summary of the financials of the enterprise under study 27 weeks into production

Profit
Costs (US$) Income (US$) (US$
1000 birds at point-of-lay @ US$5.62/bird 5,620.52 - -
Total feed cost by week 45weeks of age 1,384.16 - )
Total cost of 91 dead birds @ US$5.62/bird by 45weeks of age 512.38 - )
Total labour costs @ US$176.49/week 4,765.19 - )
Total egg sales @ US$0.078/egg - 11,866.76 -
Projected additional feed costs by 70weeks of age* 1,281.63 - )
Projected additional labour costs by 70weeks of age* 4,410.21 - -
Projected additional eggs sales by 70weeks of age* - 10,645.23 )
Projected income from sale of off-layers @ US$3.58/bird* - 3,070.70 )
Total 17,974.09 25,582.69 7,608.60

*Projections were based on the assumptions that no further mortalities occurred and that productivity remained
constant

4. DISCUSSION

The number of eggs showed weak correlation with almost every productivity parameter
measured in this study (Table 2 and 3). Regardless of the age of the layer, maximum diurnal
temperature, minimum diurnal temperature, average diurnal temperature and relative
humidity the number of eggs never increased beyond 0.75-0.85; and hence a weak
association of the number of eggs and these parameters. There was insufficient evidence to
suggest that the mean number of eggs/bird was dependent on age, temperature, humidity and
photoperiod (p > 0.05). The mean egg weight, however, significantly increased as the birds
advanced in age from 19 to 45weeks (p < 0.001) (Table 2).

The very strong positive correlation between age and mean egg weight as the birds
increased in age from 19 to 45 weeks, as observed in this study, is not a new phenomenon
and has been reported elsewhere (Padhi et al., 2013; Tamova et al., 2017), including the



developers of the breed which was used in the current study (Lohmann Tierzucht, 2018c). In
the current study, the dramatic increase in weight with advancing age occurred between 19

and 27 weeks rather than after the 30 weeks reported in another study (Yi et al., 2014). This
difference could be attributable to the different breeds which were used in the two studies.

The maximum diurnal ambient temperatures showed a weak positive correlation with
the mean number of eggs (r =0.33, p>0.05) and a strong positive correlation (r =0.67,
p<0.001) with the mean weight of eggs (Table 1). Higher maximum diurnal temperatures
ranging from 29 to 32.3°C were significantly associated with greater mean egg weight
(p<0.001) (Table 2). The strong positive correlation of egg weight with maximum
temperature begs an explanation. According to many authors (Abbas et al., 2011; Kumar et
al., 2017; Oguntunji and Alabi, 2010; Talukder et al., 2010), elevated ambient temperatures
of about 35°C have been found to significantly reduce egg weight, shell weight, shell
thickness, albumen and egg yolk (Freitas et al., 2017; Yahav, 2000). According to some
authors, ambient temperatures between 21°C and 26°C are ideal for egg production (Freitas et
al., 2017). Therefore, temperatures higher than 27°C should have resulted in reduced feed
intake and consequently reduced egg weights. It is paradoxical that such high ambient
temperatures should give higher average egg weights. Perhaps, the Lohmann Brown is
probably well adapted to the otherwise unfavourable maximum temperatures of central
Namibia. This however, can only be ascertained by further studies focusing on these aspects.

The minimum diurnal ambient temperatures showed a moderate positive correlation
with the mean number of eggs (r =0.48, p<0.05) and a strong positive correlation (r =0.69,
p<0.001) with the mean weight of eggs. Minimum diurnal temperatures ranging from 13.4 to
17.5°C were significantly associated with greater mean egg weight (p<.01). These
observations suggest that temperatures as low as 15°C could be ideal for layers (Kocaman et
al., 2006). However, the fact that minimum temperatures at Farm A dip to as low as 5.2°C is
a cause for concern.

Average diurnal ambient temperatures showed a strong positive correlation with the
mean weight of eggs (r =0.7, p<0.001). It can be observed that the Lohmann Brown layers’
productivity was more responsive to the lower temperatures than to higher temperatures. A
similar trend with temperatures was also reported in one study in which egg production was
unaffected by a change ambient temperature from 25°C to 35°C (Yahav, 2000).

The results suggest that the farm experienced wide variations in ambient temperatures
in its poultry house. The low temperatures which are normally experienced in winter nights
should be mitigated against by providing heating. On the other hand, there seems to be no
need to worry about higher maximum temperatures of up to 32.2°C since the findings of this
study suggested that this had no effect on egg production. Therefore, in situations where
resources are limited, top priority should be to protect the birds against low temperatures as
long as water is provided ad libitum.

The results showed that there was a moderate negative correlation between the
relative humidity and mean number of eggs (r = -0.43, p<0.05) and mean weight of eggs (r =
-0.51, p<0.01). The recorded relative humidity levels in the poultry house which ranged from
12% to 29% were nowhere near the generally accepted levels of between 40% and 80%
(Freitas et al., 2017). From the results, only relative humidity showed a moderate negative
correlation to the mean number of eggs (r = -0.43, p<0.05) and mean weight of eggs (r = -
0.51, p<0.01). However, lower relative humidity (<16%) was significantly associated with
greater mean egg weight (p<0.05). This suggests that decreasing humidity levels failed to
lower egg weights. These findings support those from another study where a negative



association between relative humidity and egg production was also observed (Kocaman et al.,
2006). This is of significance in a semi-arid country like Namibia where humidity levels are
generally low and it is desirable that this does not seem to reduce egg production or egg
weights. It is also possible that the low humidity in a high temperature environment is
advantageous to the birds as it favours evaporative cooling.

Photoperiod showed a weak positive correlation with the mean number of eggs (r
=0.34, p>0.05) and a strong positive correlation with the mean weight of eggs (r =0.7,
p<0.001). The recommended photoperiod for laying Lohmann Brown hens is 12 hours
(Lohmann Tierzucht, 2011). The photoperiod to which the birds in the current study were
exposed to gradually increased from 10 to 16.9 hours per day. It was evident that
photoperiods greater than 11.61hrs were significantly associated with greater mean egg
weight (p<0.001). Therefore lighting periods as low as 11.61 hours per day still sufficed for
Lohmann Brown layers in a semi-arid climate. Given that Namibia gets at least 10 hours of
sunlight per day throughout the year, this study suggests that there is therefore no need to
provide supplementary artificial lighting for Lohmann Brown layers under these conditions.
Moreover, other studies have shown that feed intake in the laying period is not significantly
affected by the rearing photoperiod for Lohmann Brown chickens (Lewis et al., 2010; Thiele,
2012).

The results of this study (Table 5) showed that the layer enterprise at Farm A
potentially realised a gross profit of 42.3%. This margin of profit is lower compared to other
studies in Nigeria where profits ranged from 53% to 58% for small scale producers with
similar flock sizes (Hamidu et al., 2015; Nalami et al., 2019). The lower profit margin in the
current study could be attributed to the high input costs, especially labour costs which
accounted for 51% of all input costs. In one study in Nigeria labour costs accounted for only
1% of the input costs (Nalami et al., 2019). Reducing the labour costs at Farm A should
therefore improve profitability.

Namibia also relies on importing most of the ingredients used for animal feed
processing, and this probably contributed to the high feed costs which were calculated at
14%, although this is much lower than the 53.6% which was calculated by Nalami et al.
(2019). However, this latter discrepancy could be due to the fact that the study by Nalami et
al. (2019) took into account the feed used in raising the layer chicks, which was not the case
in the current study because the birds were sourced at point-of-lay. The low prices at which
the eggs were sold at the institution compared to grocery outlets could also have contributed
to the lower profits. Since most of the income (88%) was from egg sales, the low prices
negatively impacted the profitability of the enterprise.

In spite of the lower margin of profit in this study compared to others, it is evident
that layer production is profitable. Anyone going into Lohmann Brown layer production with
minimum resources has a good chance of making a profit. Seeing that egg production
accounted for 88% of the income, any factors affecting egg production are prone to have a
profound effect on productivity. It is surprising to note that the Lohmann Brown layer is well
adapted to produce within the ambient environmental temperatures and prevailing humidity
in a semi-arid environment. The high maximum ambient temperatures during the day, the low
humidity and abundant sunlight (photoperiod) did not have a significant effect on the number
of eggs produced per bird. Moreover, if desired, the low minimum ambient temperature can
easily be mitigated by providing heat during winter nights. Even though the age of birds,
temperature, humidity and photoperiod had profound effects on egg weight, these factors did
not affect the enterprise as the farm does not grade their eggs with a view to improving
pricing.



The authors conclude that Lohmann Brown layers perform well in semi-arid
environmental conditions and perhaps in other areas of Namibia provided that extreme
environmental conditions are avoided. The profitability of this enterprise was chiefly
impacted by high input costs, especially labour and feed, and finding ways to reducing these
costs is key to increasing profitability. Increasing the size of the flock is one feasible way of
offsetting the high labour costs.
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