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Abstract. The effects of warm sheds on the performance of ewes and their lambs in winter are poorly understood. The aim
of the present study was to examine the effects of traditional sheds (TS + grazing) and modified warm sheds (WS, no
grazing) on the reproductive performance of ewes (as well as their liveweight) and their lambs during the winter—spring
period. Cross-bred ewes (n=120) were randomly assigned to two treatments, either TS (+ grazing) or WS (no grazing),
during the winter—spring period of 2011, 2012 and 2013. This study was conducted on two adjacent farms with the two
treatments applied on each. The ewes in the TS treatment were grazed continuously on pasture in the day and housed in
traditional sheds each evening, whereas the ewes in the WS treatment were not grazed. The animals in each treatment were
fed the same amount of feed. Ewes housed in the WS group had a higher liveweight and lower weight loss than ewes in the
TS group (P=0.004 and 0.005 respectively); over the 3 years, the weight loss of the ewes in both groups was worst in the first
2 months (December—January) compared with the later 2 months, and was significantly alleviated after the first year (2011;
P<0.001). Lamb liveweight and gain were higher in the WS than TS treatment group (P < 0.001) and the growth rates of the
lambs increased continuously as shed temperatures increased. Lamb weight gain and birthweight increased significantly
with increasing years of the experiment (P<0.001). There were more lambs born in the WS than in the TS groups
(P=0.020), with higher survival and twinning rates (P <0.05). As shed temperatures increased, lambing, survival and
twinning rates increased continuously. Therefore, keeping livestock in warm sheds during the winter and spring period
will lift animal productivity, leading to improved household incomes. Elimination of winter grazing will reduce damage
to already degraded grasslands and will assist herders to develop more positive attitudes towards animal production

enterprises.
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Introduction

China’s 400 million ha of grasslands, 42% of China’s national
land area, have become seriously degraded as a result of long-
term overgrazing. The degradation of these grasslands creates
ecological and social problems through reduced grassland and
livestock productivity leading to decreased household incomes.
Across northern and western China, there are 16 million people
(Brown et al. 2008) directly dependent upon livestock for at
least three-quarters of their incomes. These herders are among
the poorest people in China, and another 30 million people
are closely dependent upon these grasslands (Kemp and
Michalk 2007). Grazing practices remain traditional, with long-
established systems of livestock herders that focus on animal
survival for much of the year with short periods of livestock
growth over summer. Changing the current management
strategy without reducing household incomes is an initial step
towards improving the productivity of pastoral livestock systems
and rehabilitating the grasslands.
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The grassland regions across northern and western China
have a short 3- to 4-month growing season over late spring and
summer, when two-thirds of the annual precipitation falls,
followed by dry and very cold periods from autumn through to
early spring; temperatures often decline to —30°C or lower in
winter (Zhao et al. 2010; Zheng et al. 20100). Taipusi Banner
(County) in Inner Mongolia is typical of this region and has a
temperate semi-arid continental climate with a mean annual
precipitation of 300-350 mm and a yearly average temperature
of 2°C. Daily air temperatures are often below —20°C in winter;
in the coldest period (January—February) in the middle of
lambing it can be —40°C at night (Wang 2000). Rainfall primarily
occurs between June and August, the main growth period of
the native vegetation. Late August to September rainfall is more
reliable but less important for plant growth. Seasonal droughts
occur in spring and autumn, and less frequently in summer.
The frost-free period is 115 days from May through September.
Grassland in good condition is dominated by Stipa krylovii
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Roshev. and Leymus chinensis (Trin.) Tzvel., but the native
vegetation has been seriously degraded. On overgrazed areas,
the undesirable species Stellera chamaejasme Linn. and
Convolvulus ammannii Desr. become dominant (Shan et al.
2008).

Short-tail cross-bred sheep are the major source of income
for local herders. These sheep typically produce 3—4 kg coarse
low-value wool, have a mature liveweight of 35-50kg and
generally produce one lamb per ewe each year. Lambing time
ranges from December through to April, and the lambs are
usually sold in September. In the region, sheep are traditionally
grazed all year, but grasslands can only maintain or increase
liveweights through summer (Zheng et al. 2011). Traditionally,
no feed supplementation is given in summer and only a small
quantity of maize and/or oats is provided during winter—spring,
typically at a sub-maintenance rate.

In winter, herders traditionally take livestock out to graze
daily and the livestock are housed in shelters or sheds each
evening. The pregnant ewes are exposed to cold stress that causes
body temperature to fall, with a consequent fall in fetal body
temperature (Laburn et al. 2002; Faurie et al. 2004). The sheds
used traditionally provide shelter from winds and storms, but
the temperatures inside are not greatly different to ambient
temperatures outside the sheds, rarely exceeding —5°C through
winter. New ‘glasshouse’ or ‘greenhouse’ sheds with minimal air
gaps, some including a heater, are able to maintain an inside
temperature in January of 5°C during the day and above 1°C at
night (Huang et al. 1995). This reduces the energy requitement
of animals, which reduces weight loss (Wang et al. 2012).
However, new sheds are expensive and herders cannot afford
them without significant government subsidies. An alternative
strategy is to modify the existing sheds by filling air gaps and
using heaters, in combination with no grazing and better
feeding strategies throughout the winter. Previous studies have
focused on animal liveweight changes, but little is known
about reproductive performance because lambing traditionally
occurs in mid-winter, when animals are often in a very poor
physiological state.

The aim of the present 3-year study was to investigate the
effects of traditional sheds (TS + grazing) and modified ‘warm’
sheds (WS, no grazing) on the reproduction performance of ewes
and the changes in liveweight of the ewes and their lambs during
winter—spring.

Materials and methods
Studly site

The experiment was conducted on two adjacent farms in Taipusi
Banner (115°50'E, 42°30’N), Inner Mongolia, in China, from
December to April in 2011, 2012 and 2013.

Animals and management

Local 2- to 5-year-old ewes from local herders, weighing, on
average, 43 kg, were used in the present study from 2011 to 2013.
The animals were randomly assigned to two treatment groups
(n=060 sheep in each), either TS + grazing or the WS and no
grazing, on each farm. Ewes remained in the same treatment
group over the years. A total of 5% replacements from the same
sources were needed due to losses. The 120 ewes were mated as
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one group over summer to three Ujumqin rams. In summer
and early autumn, all ewes were grazed on available grassland
during the day and returned to the traditional sheds in the
evening. During winter and spring, the ewes in the TS + grazing
groups were grazed continuously each day and housed in the
traditional sheds each evening, where the average daytime and
night temperatures were —3.6 and —4.8°C respectively over the
experiment period. The ewes in the WS group were housed in
the warm sheds each day and allowed access to a nearby walled
yard through the middle of the day (Fig. 1). Average daytime
and night temperatures inside the warm sheds were —1.4 and
0.8°C respectively.

All animals in each group were fed the same amount of
ground maize, naked oats, distillers’ grain and grass hay. Maize,
oats and distillers’ grain were fed twice daily at 0800 and
1830 hours, with pregnant ewes receiving 250, 0 and 0 g day ™"
respectively, compared with 250, 250, and 500g day
respectively for lactating ewes. Dried grass hay was fed at a rate
of 1.5kg ewe ' day™' throughout, with a refusal rate of 15%.
Commercial concentrate was offered to lambs (fed separately)
from 1 week of age (common practice) and was adjusted daily
on the basis of the previous day’s intake, up to a maximum of
200 g day '. The nutritive value of each supplement is given
in Table 1. Water and salt licks were available ad libitum
throughout the experimental period. All ewes were weighed
once a month at 0800 hours before feeding or grazing; the
bodyweight of lambs was measured at the same time.

Shed structure and condition

Sheep were housed separately in individual sheds for each
treatment. The traditional sheds (on the left of the yard in Fig. 1)
had walls all around, but with significant openings at the main
entrance and nearby sides. The rear roof was tiled and the front
was covered with hay. The floor area of this shed was 50 m? for
the 60 sheep that were penned at night. The warm shed (on the
right of the yard in Fig. 1) was a modified shed that had four side
walls and an inclined roof covered with tiles. Gaps were filled
to minimise airflow. The two windows on the front wall could
be opened when appropriate to improve airflow. The floor area
of this shed was 48 m”. A thermostat-controlled small electrical
heater was installed, attached to the centre of the roof beam
of the shed. This heater was operated manually when inside
temperatures fell below —5°C at night and was turned off when
night-time temperatures were above 0°C. Supplements were fed
in three iron troughs outside each shed.

Shed temperature recording

Temperatures in the traditional and warm sheds were recorded
hourly using a recorder (YBJL-890, Qingdao Jiagi Electronic
Equipment Co., Ltd., China). Each recorder was located in the
middle of each roof beam.

Data analyses

Monthly changes in animal growth performance in each
treatment during the period from December to April over the
3 years were analysed using repeated measures in the MIXED
procedure (SAS Institute 2000) with a model that included
fixed and interactive effects of treatment, month and year,
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Fig. 1. Traditional shed (on left) and warm shed (on right) used in the experiment in Taipusi
Banner, Inner Mongolia. A heater was hung in the centre of the warm shed to maintain a higher
temperature for the animals at night during the winter—spring period.

Table 1. Chemical composition of the feed offered to the animals in
the sheds
DM, dry matter; CP, crude protein; ME, metabolisable energy; NDF, neutral
detergent fibre; ADF, acid detergent fibre

DM CP ME NDF ADF

(gkg) (% DM) MIkg") (gkg ' DM) (gkg ' DM)
Concentrate™ 860 18.7 10.9 92 50
Ground maize 864 8.3 11.9 109 27
Naked oats 850 9.0 13.6 131 39
Distillers” grain 683 243 9.3 394 246
Grass hay 932 9.7 6.9 508 366

AThe concentrate consisted of 63% chopped maize, 10% wheat bran, 10%
soybean meal, 8% cottonseed meal, 8% rapeseed meal and 1% premix.
The premix contained (per 1 kg) 10 500 IU vitamin A, 2110 IU vitamin D5,
43 mg vitamin E, 40 mg Mn, 32 mg Fe, 95mg Zn and 16 mg Cu.

whereas the individual sheep were considered as random factors.
When this model was used to analyse the birthweight of lambs,
lambing month was considered as a random effect. When the
factors were significant (P <0.05), means were compared using
Tukey’s test. Animal reproductive performance over a year
was also analysed using the MIXED procedure; if the P-value
was significant, a two-sample #-test for means was performed
to examine the difference between treatments. Differences
were considered significant at two-tailed P <0.05. Thermal
time (degree-days) was calculated as the sum of average daily
temperature x days over a month; in effect, this is cooling
degree-days. Linear regression analysis was used to evaluate
the relationship between air temperature or thermal time and
liveweight loss or gain. The relationship between air temperature
or thermal time and reproductive performance of animals

was further evaluated by linear regression. Multiple stepwise
regression was used to investigate the correlation between
weight loss or gain and shed air temperature or thermal time in
the different years and months (December—April).

Results
Changes in the growth performance of ewes and lambs

The liveweight and weight loss of ewes were significantly
affected by treatment, year and month, and there were
interactive effects among them. Ewes kept in the warm sheds
had a higher liveweight and a lower weight loss than those kept
in the traditional sheds (+1.6kg head' (P=0.004) and 22¢g
head ™' day ' (P=0.006) respectively; Table 2); over the 3 years,
asthe season progressed from December to April, the liveweights
decreased continuously from 51 to 36 kg (P <0.001), and those
losses were worst in the first 2 months (December—January)
compared with the later 2 months. The liveweight of the ewes
was higher in both 2012 and 2013 than in 2011 (42.9 and 43.5 vs
40.3 kg respectively; P<0.001). Consequently, those losses in
the later 2 years were less (P < 0.001). Ewe weights decreased, on
average, by 9.9 g day ' for each 1°C decrease in air temperature,
or 45g day ' for each 100 degree-days decrease in (cooling)
thermal time (Fig. 2a, b). Lamb growth rates increased with
increased temperature and thermal time (Fig. 3¢, b). Fora 1°Crise
in air temperature, lamb growth rates increased by 6.3 g day ',
whereas for an increase of 100 degree-days, the increased lamb
growth rate was 26 g day . There was an interesting effect of
time, with much lower lamb growth rates in December. This
could reflect the fact that fewer and smaller lambs were born
that month, with bigger lambs born in later months. There was
a significant difference in terms of liveweight and weight gain
of lambs between treatments; both parameters were higher in
forlambs in the WS group (11.8 kghead ' and 182 ghead ' day !
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Table 2. Changes in liveweight and weight loss of ewes and the growth performance of their lambs over the period
December—April in 2011-13
Within columns (and within treatment, month and year groups), mean values followed by different letters differ significantly

(P<0.05). TS, traditional shed treatment; WS, warm shed treatment

Ewe Lamb
Liveweight Weight loss Liveweight Birthweight Weight gain
(kg head™) (g head™" day™) (kg head™) (kg head ™) (g head ' day™")
Treatment
TS 42.0b 137a 10.8b 3.9 163b
WS 43.6a 115b 11.8a 4.0 182a
Month
Dec. 51.0a 159a 4.0e 4.0 122b
Jan. 46.1b 156a 4.7d 3.8 143b
Feb. 41.3¢ 111b 8.5¢ 3.9 185a
Mar. 37.4d 76¢ 13.0b 3.6 199a
Apr. 35.9¢ - 19.3a 3.7 -
Year
2011 40.3b 153a 10.6b 3.6¢ 147¢
2012 42.9a 113b 11.6a 4.0b 176b
2013 43.5a 110b 11.9a 43a 200a
350 (a) ------- Dec. ====Jan. = - = Feb. Mar.
300 1 . 260 - (a)
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250 220 | i
200 200 | y=6.72 AT + 198.56 * *
R?=0.586, P < 0.001
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S 50} y2= —9.87 AT + 74.47 g 100 | e -9’"
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?‘5 ° 80 R®=0.795, P < 0.001
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Fig. 2. Relationships between the loss of liveweight in ewes and (a) air Fig. 3. Relationships between the weight gain of lambs and (a) air

temperature and (b) thermal time inside sheds in each month from December

to March

. The data used were monthly mean values of the two treatments in

the 3 years. AT, air temperature, TT, thermal time.

temperature and (b) thermal time inside sheds in each month from December
to March. The data used were monthly mean values of the two treatments in
the 3 years. AT, air temperature, TT, thermal time.
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respectively) than for those in the TS group (10.8 kg head ' and
163 g head ' day ' respectively; P=0.0001 and P=0.0005;
Tables 2, 3). The growth rate increased continuously as the
shed air temperature or thermal time increased (Fig. 3a, b).
Birthweight was unaffected by shed type, ranging from 3.9 to
4.0kg (Tables 2, 3), whereas it was affected by year (P <0.001;
Table 3). Birthweight, liveweight and the weight gain of lambs
were significantly heavier in the latter 2 years than in the
first year.

Changes in the reproductive performance of ewes

The number oflambs born in December—January over the 3 years
was greater in the WS than TS groups (P =0.050; Fig. 4a), with
the annual average number of lambs born in warm sheds
consistently greater than that born in traditional sheds (62 vs 60
head year '; P=0.020). In the first year, the ewes housed in the
warm sheds had a similar total number of lambs to ewes housed
in the traditional sheds, but in the last 2 years ewes in the WS
group had more lambs than those in the TS group (62 and 63 vs
59 and 60 head year ). Twinning rate for WS ewes increased
from 2% in 2011 to 5% in 2012 and to 7% in 2013 (P=0.018;
Fig. 4b, d, f). The WS ewes had a higher lamb survival rate in
2011, 2012 and 2013 (98%, 100% and 100%) and a higher
lambing rate (103%, 104% and 104%), compared with TS ewes
(survival rates 95%, 96% and 95%; P=0.004) and lambing
rates 98%, 98% and 98%; P=0.011), respectively). As the shed
air temperature or thermal time increased, lambing, survival and
twinning rates increased (Figs 5, 6).

Discussion
Effects of different sheds on sheep liveweight

Low winter temperatures have severe effects on the energy
requirements of livestock. For adult sheep, with reasonable
wool coverage (2 cm), the lower critical temperature is —3°C,
below which the energy requirements increase significantly
(Freer et al. 2007). Zhang et al. (2010) reported that the
daily heat loss for sheep has been estimated to be 9—17 MJ day '
during winter when the average temperature is below —5°C
(i.e. approaching twice the energy requirement of these animals
in mild conditions). In the case of Taipusi Banner, where

Table 3. Results (P-values) of repeated-measure analysis of variance

on the effects of treatment (T), month (M), year (Y) and their interactions

on changes in the liveweight of ewes and their lambs from December to
April in 2011-13

Ewe Lamb
Liveweight Weight Liveweight Birthweight Weight
loss gain
s.e.m. 0.21 4.1 0.20 0.05 2.7
P-value
T 0.004 0.005 0.0001 0.518 0.0005
M <0.001  <0.001 <0.001 - <0.001
Y <0.001  <0.001 0.225 <0.001  <0.001
TxM 0.039 0.443 0.098 - 0.509
TxY 0.007 0.271 0.370 0.614 0.873
TxMxY <0.001 <0.001 0.741 - 0.043
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winter temperatures and wind chill factors result in high energy
demands, the animals will lose weight. During the entire
experimental period, the average temperature outside in
winter—spring was —8.2°C, well below the range reported by
Freer et al. (2007). Such lower temperatures in winter mean
that considerable amounts of energy from high-quality
supplements would be needed by ewes to prevent any weight
loss and maintain pregnancy and lambing. However, as pointed
out by Wang et al. (2012), the metabolisable energy requirement
for maintenance of sheep kept in a warm shed was 2—4 MJ day '
head ™' lower than for those in a traditional shed during winter,
or grazed all year. In addition, ewes grazing low-quality forage
in winter temperatures consume insufficient energy to maintain
body temperature and liveweight in pregnancy, resulting in
significant weight loss over the protracted winter, even when
housed in traditional livestock sheds where the inside
temperature is often below —10°C (Huang et al. 1995). The
results reported by Zheng et al. (2010a) demonstrate that an
imbalance between energy supply and demand is the major
reason for the weight loss seen in animals between October and
May in Taipusi Banner. However housing animals in a modified
warm shed can reduce weight loss. In the present study, ewes
allocated to the warm sheds maintained significant higher
liveweight and reduced weight loss by 19% (22 g head ' day ")
compared with ewes kept in traditional sheds, whereas lamb
weight gains increased by 12% (19 ghead ' day '; Table 2). This
was due to the warm sheds retaining greater amounts of warmth
within and being more resistant to heat loss. It is important to note
that animals will still lose weight slowly even if kept under mild
conditions on poor-quality forage, typical of the conditions that
apply in the study environment (Zheng et al. 2010b; Gu et al.
2015). The benefits of the warm sheds would also be related to
the reduced walking and grazing activity of the sheep, as well as
reduced exposure to wind chill. These physical activities can
account for 25-50% of daily energy requirements by grazing
ruminants and the additional energy expenditure for these
activities can reduce productivity (Osuji 1974; Animut et al.
2005). This was likely to be the main reason for the difference
in liveweight of ewes after the first year feeding in warm sheds.
Considering this together with the results from linear regression
analysis, we can conclude that the reduction of cold sum and
extra energy expenditure through warm shed feeding during
winter—spring is an efficient way to minimise liveweight loss
caused by cold stress. Ewes that are managed traditionally graze
in winter and are exposed to cold temperatures and wind chill,
in addition to their energy requirements due to walking and
low forage quality (Zhang et al. 2014). Therefore, local herders
should focus more on housing sheep in a warm shed and feeding
animals rather than grazing during cold seasons, which could
decrease the weight loss of ewes by 19% and increase the weight
gain of lambs by 12%.

In addition, keeping ewes in a warm shed in winter,
particularly during the coldest parts of the year, will reduce
weight loss due to cold stress and supply better nutrition during
pregnancy for ewes, consequently resulting in higher growth
rates of their lambs. This can be further demonstrated through
the linear relationships between the weight gain of lambs and air
temperature and thermal time (Fig. 3). The higher growth rate of
WS lambs, in combination with increased feeding, will result
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Fig. 4. (a, ¢, e) Number of lambs born in December—April and (b, d, f) reproductive performance of ewes in 2011 (a, b), 2012 (¢, d) and

2013 (e, f). The data used in (a, ¢, e) are monthly mean values of each treatment in individual years; the data used in (b, d, f) are yearly mean
values for each treatment. TS, traditional shed + grazing; WS, warm shed and no grazing.

in higher initial weights when summer grazing begins. These
lambs can then be marketed earlier, meaning fewer animals
grazing before winter and also possibly higher-quality products.
As found by Tuo et al. (2016), yaks (68 years of age) fed in a
warm shed had a higher liveweight compared with yaks grazing
(+283 ghead ' day "), and the daily weight gain of the WS yaks
calves was higher by 189 g head ' day ' compared with calves

from grazing yaks. Similar findings were observed for WS yaks
by Chen (2012). Nevertheless, in the present study, the effect
of warm sheds on ewe liveweight was significant but limited, and
the growth rate of lambs (182 g head ™' day ') was below that
of well-fed lambs under mild conditions (200 g head " day ™ for
housed 0.5-year-old castrated Dorset lambs; Freer et al. 2007),
regardless of genetic differences. This implies that modifying
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existing sheds is not the best solution. It may be that some more
marked modifications are needed, such as building a glass roof
on the southern part of the shed, using better insulation, allowing
good airflow and establishing different procedures for when
animals are allowed outside the shed.
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Effects of different sheds on the reproductive performance
of ewes

Under natural grazing conditions, traditional simple shed and
whole-year grazing with a small supplementation in winter, the
weight of adult ewes ranged from 35 to 50 kg head ' and that of
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lambs or kids ranged from 15 to 20 kg head ™, with a survival
rate of young animals of 95-99% (Zheng et al. 2011); twins are
rare. Lambing rates can be 90%, because mating occurs when
animals are in peak condition at the end of summer. Survival
rates are typically high because the herders keep lambs in shelters
all day, provide some supplements from 7-10 days of age and
try to avoid stressing the lambs. In the present study, all rams
were better fed than normally applies and the same rams
were used with all the ewes to avoid any effect on fecundity.
These practices are probably why there was no effect of sheds
on lamb birthweight, although the few twin lambs born in the
warm sheds did have higher weights than may have been
expected and, as a consequence, better survival. The warm
sheds did result in lambing rates exceeding 100% (Fig. 4b, d, f)
and better reproductive performance of ewes. This is due
primarily to the warm sheds reducing heat loss around lambing
time. It is evident that there were significant positive
relationships between the reproductive performance of ewes
and annual average temperature in December—April. This
finding is consistent with the results reported by Gong et al.
(2011) and Deng et al. (2010) over a 2-year experimental
period. All the changes found herein suggest that warm sheds
could be used to improve the productivity of ewes. In addition,
feeding in warm sheds can be accommodated within the reduced
household workforce. Applied over a few years, this should be
sufficient to enable herders to increase their incomes from their
animals. From the above results, it is important for herders to
change their current grazing practices to feeding in standard
warm sheds or greenhouses during the winter—spring period.

Conclusions

Housing livestock in warm sheds, in combination with feeding
a moderate quantity of fodder, is a more efficient management
strategy that will enhance the reproductive performance of
ewes and the growth performance of lambs, leading to increased
household incomes. Most importantly, housing in warm
sheds will reduce the number of animals causing damage to the
degraded grasslands during the cold season. However, the
modifications made to sheds in the present study meant that
the gain in lambs (1.2 extra lambs at US$98 head ') was only
equal to the cost of electricity for the heater (US$113 year_l).
More efficient designs need to be sought that can achieve better
economic outcomes.
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