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Abstract: Winter grazing in northwestern China is exacerbating the grassland condition and counterproductive to 
animal production, as energy gained from the practice is less than that lost to the cold and exercise requirements. To 
demonstrate this, 40 ewes from two farms in Taipusi County, Inner Mongolia were kept throughout a winter inside 
makeshift greenhouse sheds while another 40 ewes were left grazing in the traditional manner. Results show that the 
average temperature inside the greenhouse was 10°C, 14°C and 4°C warmer than outside at 9 am, 12 noon and 9 pm, 
respectively (all P < 0.001) while ewes inside the greenhouse lost 3 kg less bodyweight than those outside (P < 0.001). 
A modelling analysis using the authors' decision support system suggests that the proposed method can save 
metabolisable energy up to 2 MJ day–1 head–1 and, at the gross economic benefit of RMB 1,191 per year, the initial cost 
can be paid off within three seasons. 
 
Introduction 
Grassland degradation is a serious production and environmental problem in northwest China, with off-site impacts of 
soil erosion and wind storms affecting wider communities (Long et al. 2005). In Taipusi County (41° 35′ – 42° 10′ N, 
114° 51′ – 115° 49′ E) of Inner Mongolia Autonomous Region, traditional winter grazing on pastures with virtually no 
herbage mass is thought to be exacerbating the grassland condition and counterproductive to animal production, as the 
energy gained from the practice is far less than that lost to the cold and exercise requirements (Zheng et al. 2010). At 
the same time, the total number of livestock animals in the county increased from 174,100 in 1950 to 514,000 in 2007, 
with the stocking rate tripling from 0.9 sheep ha–1 to 2.7 sheep ha–1 (Taipusi County official statistics). Establishment of 
an alternative farming system is urgently needed. 
 
Materials and methods 
Forty Mongolian Mutton Cross ewes (Wuzhumuqin) from two farms (Group 
A) were kept inside makeshift greenhouse sheds throughout the winter of 
2008/09 (from 28 Nov to 20 May) while another 40 ewes of the same breed 
(Group B) were left grazing in the traditional method. The greenhouses were 
made by removing the roof of the existing brick-walled, brick-roofed sheds 
(Figure 1) and putting a new roof made of single layer plastic films (Figure 2). 
For each greenhouse capable of carrying up to 20 adult ewes, the whole 
process of renovation took 80 man hours and cost RMB 3,000 net of labour 
cost, the latter of which was provided for free by the family members of the 
two farms. 
 Group A were not let out of the sheds except for 2 hrs day–1 set aside for 
water and exercises. Group B were grazing daily on the village's communal 
grassland between 8 am and 5 pm and put back to the conventional brick-
roofed sheds at night. Both groups were fed with the same ration of 
supplements as per their traditional farming strategy: hay, maize silage and 
maize seed three times per day. 
 Temperatures were recorded at 9 am, 12 noon and 9 pm at three locations 
within each of the two farms: (a) inside the greenhouse, (b) inside the brick-
roofed shed where Group B spent the night, and (c) at communal grassland 
outside the farm where Group B were grazing during the day. Bodyweight of 
all 80 ewes were measured before and after the experiment as well as the 
18th day of each month during the experiment. In addition, the number of 
lambs born off these ewes was recorded at the lambing time in January. 
 Finally, these experiments were replicated on the StageONE decision 
support system (Takahashi et al. 2011) in order to evaluate the energy 
balance of the ewes in both groups. 

Figure 1. Conventional shed 
 
 

Figure 2. Greenhouse shed 
 
 
 
 
 

 



Results 
The average temperature inside the greenhouse was 4°C and 10°C warmer, respectively, than those inside the brick-
roofed shed and outside at grassland (both P < 0.001; Table 1). The observation was similar at 12 noon. However, the 
night temperature recorded inside the greenhouse was occasionally lower than that recorded inside the brick-roofed 
shed, suggesting an insulation issue with the greenhouse design. 
 Group A ewes lost on average 3 kg less bodyweight than Group B ewes during the winter (P < 0.001, Table 2). The 
difference in bodyweight persisted well into the end of the summer grazing season (September), when Group A ewes 
still weighed 2.6 kg more on average than Group B ewes. Hence, there seems to be a carryover effect of the proposed 
farming method on animal health beyond the winter period. In addition, nine extra lambs (twins and triplets) were born 
off Group A ewes, compared to five off Group B ewes, bringing a considerable economic gain. 
 Across two farms, there was no difference in bodyweight loss suffered by Group A ewes (–15.3 kg and –15.0 kg), 
while the difference in bodyweight loss suffered by Groups B ewes was statistically significant (–19.1 kg and –17.8 kg). 
This result reconfirms the importance of village-wide farming strategies, without which animal health depends critically 
on individual herders' personal knowledge, skills and habits. 
 The modelling analysis using the StageONE decision support system showed that the maintenance requirement for 
Group A ewes was lower than that for Groups B ewes by up to 2 MJ day–1 head–1. This is equivalent to 0.3 kg of maize 
hay with 50% digestibility typical of the study area in winter. 
 
 

Table 1. Temperature at 9 am 

 Greenhouse Convention
l

Outside 

Dec –3.6 –9.9 –16.1 
Jan –5.7 –12.2 –18.8 

Feb –2.6 –5.0 –12.0 

Mar 2.2 1.0 –2.7 

Apr 13.4 11.1 5.4 

Average 0.7 –3.0 –8.9 

 
 
 
 

Table 2. Average bodyweight 

 Greenhouse
(n = 40) 

Grazing 
(n = 40) 

Significance

Nov 53.1 53.3 No 
Dec 50.7 49.2 No 

Jan 48.2 44.7 P < 0.001 

Feb 43.8 40.4 P < 0.001 

Mar 40.0 37.2 P < 0.002 

Apr 37.9 34.8 P < 0.001 

Overall lost –15.2 –18.5 P < 0.001 

 

Discussion 
An economic analysis suggests that each greenhouse has a gross economic benefit of RMB 1,191 per year. This 
includes benefits from (a) an improved lamb weight at sales thanks to healthier mothers (45 lambs, each sold 1.5 kg 
heavier, lamb price evaluated at RMB 12 kg–1), (b) an increased rate of twins and triplets (4 lambs, each sold at 26.5 kg, 
lamb price evaluated at RMB 12 kg–1), and (c) increased termination values for ewes (10 ewes annually replaced, each 
sold 3kg heavier, ewe price evaluated at RMB 10 kg–1). The calculation does not include the cumulative effect of even 
healthier ewes from the second year on. 
 With this rate of economic benefit, the building cost of RMB 3,000 can be paid off within three seasons. Therefore, 
the proposed strategy has a potential to simultaneously achieve better grassland conditions and higher animal 
productivity, especially once the insulation during night hours has been improved. Options such as glass walls and in-
room heating are currently being investigated. 
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