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Abstract.

Leymus chinensis (Trin.) Tzvelev grassland is the most widely distributed native steppe vegetation type suitable

for haymaking in the semiarid pastoral regions of north-east Asia. The long-term effects of four mowing regimes (mowing
once a year, twice a year, once every 2 years and twice every 3 years), and climatic variability on the hay production from
L. chinensis grassland were investigated using permanent plots over 27 years. The results showed that (i) the overall
cumulative annual herbage production over the 27 years was the highest under ‘mowing once a year’, and ‘mowing twice
ayear’ did notproduce any significant change in the amount of harvested herbage; (ii) mowing induced a reduction in herbage
production mostly in the first couple of years, and the reduction was larger under frequent than less frequent mowing. The
annual herbage production in harvest years was higher under less frequent mowing (once every 2 years, or twice every
3 years) than that under annual mowing, but the higher herbage production in harvest years under less frequent mowing could
not compensate for the herbage not made into hay in the years without harvest; (iii) annual herbage production generally
increased with annual precipitation, but the response of annual herbage production to precipitation was best described by
quadratic (instead of linear or logarithmic) equations, which suggested a decline in annual herbage production under the
highest annual precipitation in the region, and the relationships stood under different mowing regimes; and (iv) an analysis of
hay yield and quality, and costs of the mowing operation, showed that the haymaking from L. chinensis grassland was
financially viable as long as the herbage production was not extremely low under drought. It is concluded that the best practice
for haymaking from L. chinensis grassland should be based on the rule of ‘mowing once a year’ in high-production years and
grazing in low-production years; and a light grazing early in the season may increase hay quality mowed in the autumn if the
grassland grows well early in the season in high-production years.
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Introduction

Haymaking from natural steppe grassland is an important practice
for preparing winter feed for livestock production in the semiarid
region in north-east Asia, including northern China, Mongolia
and East Russia (Suttie 2000). Leymus chinensis (Trin.) Tzvelev
grassland is one of the most widely distributed steppe vegetation
types in northern China, and has been traditionally used as
rangeland for both livestock grazing and haymaking (Wu 1980).
As a consequence of the shift in social regimes from nomadic to
sedentary during the past several decades (Thwaites et al. 1998)
and a recent change in the ‘land-use right’ from common to
household in northern China (Li and Huntsinger 2011), it is
becoming increasingly critical for pastoral farmers to prepare
sufficient winter feed for stable livestock production. Leymus
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chinensis grassland is recognised as one of the best types of
vegetation for haymaking (Wu 1980).

The L. chinensis grassland occurs on a range of soils along a
gradient of climatic aridity, on the eastern Mongolian plateau and
north-east China plain. The L. chinensis grassland communities,
although dominated primarily by L. chinensis, vary significantly
in species composition, and are categorised into two vegetation
types, i.e. the ‘typical steppe’ grassland in the typical dry steppe
environments, with Stipa grandis P. Smirn., Agropyron michnoi
Roshev. and Cleistogenes squarrosa (Trin.) Keng as other major
species, and the ‘meadow steppe’ grassland, which contain quite
different other major species, such as Filifolium sibiricum (L.)
Kitam., Stipa baicalensis Roshev. and Carex pediformis
C. A. Meyer on relatively humid soils, or Suaeda glauca

www.publish.csiro.au/journals/trj


mailto:lifyhong@126.com

594 The Rangeland Journal

(Bunge) Bunge on alkaline or saline soils (Wu 1980; Wang and
Ba 2008).

Mowing grassland from year to year without any fertiliser
application is the normal practice in the semiarid region in
northern China. A reduction in forage production as a result of
mowing of native grasslands has been increasingly reported since
the 1980s (Zhong and Piao 1988; Zhong 1991). To develop an
appropriate mowing regime for the sustainable use of this
important natural resource, a long-term experiment was
conducted, starting in 1982, to investigate the effects of four
mowing regimes (frequency) on the forage production and
species composition of a L. chinensis ‘typical steppe’ grassland
using permanent plots (Zhong 1991). The early results from this
experiment have been documented and analysed in several
papers. However, these early reports used only a part of the long-
term dataset, either the data from the first several years (Zhong and
Piao 1988; Zhong 1991) or used the data for a longer period
(1982—97) but examined only the effects of one or two mowing
regimes (Bao et al. 2004, 20054, 2005b). In addition, these
early reports focussed on the effects of mowing on species
composition, diversity and herbage production. The net forage
accumulation under different mowing regimes has not yet been
fully analysed. Meanwhile, the effects of highly variable climate
(especially precipitation) on forage production have also not yet
been analysed in combination with the mowing regimes.

The effects of climate on the herbage production from
ungrazed L. chinensis grasslands have been reported in several
papers (Jiang 1988; Xiao et al. 1996; Bai et al. 2004; Wang and
Zhou 2004; Wang et al. 2005) as well as under livestock grazing
(Li et al. 2008; Wan et al. 2011), but not under mowing except
for the early reports from this study (Zhong and Piao 1988; Bao
et al. 2005a). All of these production studies (Jiang 1988;
Xiao et al. 1996; Bai et al. 2004; Wang et al. 2005; Li et al. 2008;
Wan et al. 2011) focussed on herbage production, which was
always greater than the harvestable herbage from haymaking.
The average residual height after mowing in the L. chinensis
grassland was 6 cm in the region (Zhong 1991).

The objective of the present study was to use the full dataset
(1982-2008) to extract the long-term effects of different mowing
regimes and climatic variation on forage production from the
L. chinensis grassland, and to recommend the best management
practices for haymaking that are adapted to the highly variable
semiarid climate. To use the long-term observations was
necessary to capture the mowing-induced soil changes and its
feedback on grassland production, and to capture the interactions
between mowing and the large inter-annual variation in climate.

Materials and methods
Experimental site and grassland

The mowing experiment was established in a permanent 24-ha
exclosure of natural L. chinensis grassland. The exclosure was
established in 1978 by the Inner Mongolia Grassland Ecosystem
Research Station of the Chinese Academy of Sciences, located
in the Xilingol region of Inner Mongolia (latitude 43°269'N—
44°089'N and longitude 116°049'E-117°059'E) (Jiang 1988).
The region experiences a temperate semiarid climate, with an
annual mean temperature of ~0.5°C and annual average
precipitation of ~350 mm, 60-80% of which falls during the
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summer season from June to August. The precipitation has a
large inter-annual variation, ranging from 180 to 550 mm. The
L. chinensis steppe grassland is the major vegetation and is on a
sandy-loam dark chestnut soil (or Calcic-orthic Aridisol in the
US soil taxonomy classification system). The soil has a humus
layer of 20-30 cm and a calcic layer at ~50 cm in depth (Jiang
1988; Wang and Cai 1988). Prior to exclosure, the grassland had
been used as mowing land for haymaking but had also been
subjected to grazing by sheep and cattle at a low stocking rate
(Jiang 1988). Leymus chinensis is the dominant grass comprising
55+ 15% (mean =+ standard deviation of mean) of total forage
production over the years. Other major species include tall
bunchgrasses (mostly Stipa grandis and Agropyron michnoi)
comprising 25+ 12%, short bunchgrasses [Cleistogenes
squarrosa and Koeleria cristata (L.) Schrad] and sedge (Carex
korshingski Kom.) comprising 5+4%, forbs comprising
11+ 6% and legumes comprising 5 £ 4%.

Mowing experiment and measurements

An area of 24 x 20 m was chosen and marked using permanent
plots for the mowing experiment (Fig. 1). The area is on a gentle
slope (~3°) in the 24-ha permanent exclosure and livestock
grazing was excluded. The six replicates of each of the four
mowing treatments (mowing frequencies) were randomly
assigned to six plots. The four treatments in the order of increasing
cutting frequency were: (i) ‘1/2-cut’ — herbage harvested once
every second year; (ii) ‘2/3-cut’ —herbage harvested twice every
3 years (one harvest per year for 2 successive years and no harvest
for the third year); (iii) ‘l-cut’ — herbage harvested once
every year; and (iv) ‘2-cut’ —herbage harvested twice every year.
Each plot was 2 x 2 m, and 24 plots were used. The grasses were
cut to 6 cm aboveground level over the whole plot at each harvest
time, but only the herbage from the 1 X 1 m in the centre of each
plot was collected and sorted to determine the dry matter (DM)
weight and species composition. In addition, the control plots
(six quadrats of 1 x 1 m) were harvested randomly around the
permanent plots within a distance of 2—4 m to the boundary (once
a year at the same time of harvesting as the ‘1-cut’ treatment),
trying to avoid the previously harvested areas, to represent
the grassland under no mowing (without effects of previous
mowing) (Zhong 1991). The original design included more than
24 plots to investigate the effects of different cutting heights
on grassland (the unlabelled plots in Fig. 1). These cutting
height treatments ceased after the initial stage of the experiment.
These unused plots were also cut to a height of 6 cm when the
adjacent experimental plots were cut.

Alllive and standing dead herbage harvested fromthe 1 x 1-m
quadrat in the centre of each plot was separated by species, oven-
dried at 60°C and weighed. The herbage mass included the
standing dead from the current year’s plant growth but not the
standing dead from the previous year’s growth; this standing dead
was easily identified (grey and partly rotten) and was excluded.
The other 3 m? surrounding the 1 x 1-m quadrat in each plot was
also cut to the same residual height at the same time. The herbage
production was harvested each year on 16 August (this might be
1-3 days later if the weather did not allow the harvest), except for
the ‘2-cut’ treatment, which was harvested on both 15 June and
15 September. Mid August is the time when the herbage mass of
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Fig.1. Layout of mowing experimental plots on Leymus chinensis grassland. The six replicate plots for each of the
four mowing frequencies (cuts per year) are labelled as: 2/3-cut twice every 3 years, 1/2-cut every second year, 1-cut
once every year, 2-cut twice every year. Each plotis 2 x 2 m. The control plots were harvested randomly outside and
within ~2—4 m of the perimeter of the permanent plots, trying to avoid previously cut areas, representing a grassland
under no effects of previous mowing. The treatments in white plots were originally designed to test the effects of the
cutting residual heights, but ceased after the initial stage of the experiment; these plots were cut when harvesting from
the adjacent plots.

grassland reaches its peak value (Xiao et al. 1996;Maet al. 2010),
and when the farmers start to mow grassland for hay in the region
(Zhong and Piao 1988).

Data analysis

First, we examined the effects of mowing frequency on annual
herbage production (AHP) and net herbage accumulation under
the four mowing treatments over the 27-year period. There were
12, 16, 24, 24 and 24 harvest years, respectively, for treatment 1/
2-cut, 2/3-cut, 1-cut, 2-cut and control. For AHP, the difference
under any two treatments was tested using a paired #-test based on
the AHP pairs in the years when both treatments have a harvest,
with P <0.05 indicting a significant difference. The trends in AHP
across years over the whole experimental period were also
examined. To separate the effects of mowing on the AHP from
that of climate, the relative AHP under different mowing regimes
compared with that of the no-mowing control was calculated
[relative AHP =100 x AHP under mowing/AHP under control
(%)] and analysed.

Second, we explored the relationship between the variation
in AHP and climatic factors, to see if the relationship was affected
by the different mowing regimes. This was done by fitting
different curve types to describe the AHP response to climatic
variables (precipitation and temperature). Three curve types
were tested: (i) linear — indicating a linear response of AHP to
changes in climatic factors, (ii) logarithmic — indicating the
change of AHP with a changing climatic factor being towards a

maximum/minimum; and (iii) quadratic — indicating the highest
AHP occurred at neither the low nor the high end of a climatic
gradient. All analyses were conducted using SigmaPlot version
12.5 from Systat Software, Inc. (San Jose, CA, USA, SigmaPlot
2014). The goodness of the curve fit was judged by the
coefficients of determination > (after adjusting the observations
by subtracting their mean) and the significant levels P (ANOVA).
A greater 7> and smaller P means a better fit, and a curve fit is
significant when P <0.05.

Results
Variation and trends in climate

The annual mean temperature (mean of the daily mean
temperature within a year, and the daily mean temperature is the
mean of the eight observations 3 h apart within each 24-h period)
was 0.8°C and had a significant increase (+*=0.51, P<0.001) of
2.3°Coverthe 27-year period. The mean daily temperature during
the plant growing season (1 April-20 August) was 14.5°C, and
also showed a significant increase (+*=0.35, P=0.001) of 1.8°C
over the whole 27-year period (Fig. 2a). Annual precipitation
averaged 332 mm during the 27-year period, 69% which fell
during the growing season. Precipitation showed a large inter-
annual variation, and was higher in the middle than in the early
and late stages of the study. Precipitation in the growing season
fitted a significant quadratic curve (#*=0.36 and P=0.004) over
the whole experimental period, though the annual precipitation
showed only a similar trend (#*=0.19 and P=0.095) (Fig. 2b).
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Fig. 2. Weather conditions in the experimental area during the study:
(a) annual average daily temperature (A) and average daily temperature
during plant growing season (O: 1 April-20 August); and (b) annual
precipitation (A) and precipitation during plant growing season (O:
1 April-20 August). Solid lines are 5-year running averages, and dashed
lines the overall averages during observation period (redrawn with more data
from Baoyin and Li 2009).

Effects of mowing frequency on herbage production

The total net herbage accumulation over the 27-year period was
very similar between two treatments that harvested herbage
every year (treatments 1-cut and 2-cut), and was higher under
more frequent harvests, i.e. the total net herbage accumulation
was in the order (2-cut= 1-cut) >2/3-cut >1/2-cut (Fig. 3a).
The AHP in a harvest year was higher under the low than the
high cutting frequency. That is, the order of AHP averaged over
the harvest years was 1/2-cut >2/3-cut > (2-cut= 1-cut) (Fig. 3b).
The AHP in the control treatment was much higher (P <0.001,
paired #-test) than under any of the cutting treatments (Fig. 35),
and reflected an increasing difference between the herbage
produced each yearin the control plots compared with all the other
treatments (Fig. 3a). However, since the AHP under the control
was harvested from different areas in different years, the average
AHP under the control over the experimental period does not
represent a realisable herbage production from the grassland.
The AHP in harvest years showed a significant decline
(P<0.05) overthe 27 years under treatment 1-cut and 2-cut (2-cut
data not shown), but the decline was not significant under the
other two mowing treatments or the control (P> 0.05) (Fig. 4a).
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Fig. 3. Effects of mowing frequency on herbage production from a Leymus
chinensis grassland: (a) net herbage accumulation harvested over the
27-year period (the broken points represent missing data); and (b) annual
herbage production averaged over the 27-year period (black columns) or
over the number of harvest years (white columns with the error bars); the
different letters above the white columns indicate significant difference
(P<0.05, paired t-test). There are 12, 16, 24, 24 and 24 harvest years for
1/2-cut (@), 2/3-cut ([]), 1-cut (+), 2-cut (x) and control (Q) treatments,
respectively.

The relative AHP under mowing against the control treatment
showed no significant decline (P> 0.10) under all the mowing
treatments (Fig. 4b), although a marked reduction in relative AHP
appeared to have occurred in the first 1 or 2 years of the
experimental period under all the mowing treatments.

Effects of climatic variation on herbage production

The AHP of the L. chinensis grassland showed a significant
positive linear correlation with the precipitation accumulated over
a l-year period before harvest (annual » = precipitation from mid
August to mid August) under all except the ‘1/2—cut’ treatment
(Table 1). The increase of the AHP with annual precipitation was
fitted with linear, logarithmic or quadratic equations, with the best
fit from using quadratic equations, i.e. with the greatest
coefficients of determination (+*) and significance levels (P)
(Table 1 and Fig. 5). The shape of the response curves was similar
for all treatments, with the maximum AHP being reached between
380 and 420 mm of precipitation (Fig. 5) The correlation of the
AHP with precipitation (R) changed little between using the
annual R and using the plant-growing-season R (accumulated
from 1 April to harvest in mid August).

The AHP also showed a significant negative correlation with
annual mean temperature under the 1-cut treatment (*=0.241,
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Fig. 4. Changes in annual herbage production (AHP) under different
mowing treatments: () measured AHP under 1-cut (black dots) and control
(white dots), with the error bars (s.e.m., n="6); the trend line is significant
(P=0.009) under the 1-cut treatment, but not under the control treatment
(P=0.086); and (b) relative AHP against control under 1-cut (black dots) and
1/2-cut (white squares) treatments; the trend lines are not significant
(P>0.05); the values for the 1-cut and the 1/2-cut treatments are the same for
1982, 1984 and 2006, which are shown by black squares.

Table 1. Response of annual herbage production (AHP) of Leymus
chinensis grassland to precipitation (R) over a 1-year period before
harvest (mid August to mid August)

The equation for a linear response is: AHP =a + bR, for a quadratic response
is: AHP=a+ bR +cR? and fora logarithmic responseis: AHP=a+LnR. The
goodness of fit using these three curve types are assessed by the coefficients
of determination (%) and the significant levels (P) (ANOVA). The quadratic
response curves, that have the best fit, are with greater > and smaller P than
the other two curve types. n.s., not significant

Treatment Coefficient of determination
and level of significance of curve types
Linear Quadratic Logarithmic
”? P ” P ” P
Control 0.297 0.007 0.439 0.003 0.343  0.003
1/2-cut - n.s. - n.s. - n.s.
2/3-cut 0.237 ns. 0.538 0.010 0.296 0.036
1-cut 0.307 0.006 0.515 0.001 0.359 0.003
2-cut 0.190 0.037 0.381 0.036 0.234 0.019

P=0.017), and a negative trend under 2/3-cut treatment
(*=0.326, P=0061). No other significant relationships (linear,
quadratic or logarithmic) were found between AHP and the
annual or plant-growing-season mean temperature.
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Fig.5. Quadratic response curves of annual herbage production (AHP) from
Leymus chinensis grassland to the precipitation accumulated over a 1-year
period before harvest (mid August to mid August) under control (no mowing;
O, dotted line) and 1-cut (mowing once a year; @, solid line) treatments. The
response curves under 2/3-cut (mowing twice every 3 years) and 2-cut
(mowing twice a year) treatments show the similar shape (not shown for
clarity). The AHP reaches the maximum when precipitation is between 380
and 420 mm under all the four treatments.

Discussion
Herbage production and mowing frequency

Our results show that harvesting more than once per year does not
significantly increase the AHP from the L. chinensis grassland
(Fig. 3a), and it also increases the operation cost of haymaking.
This result is different from that obtained in temperate grasslands
under more humid environments, where more herbage production
is normally expected under multiple than single harvests in
eachyear (Turneretal. 1993). Theresult in the present experiment
probably means that the rate of growth of the herbage after
mowing in mid June is similar to that of the plots that had not been
harvested at this time. Plant canopy is still expanding in mid June
(Xiao et al. 1996); removal of the herbage at this time does not
lead to improved light and soil temperature conditions, or less
plant senescence and littering, which stimulate plant growth and
herbage accumulation. Our long-term observations do not
support the results obtained in a 1-year cutting experiment on the
typical steppe grassland in the same region by Schiborra et al.
(2006) who found that multiple cuts lead to a higher herbage
yield. A 1-year experiment cannot capture the feedback of the
mowing-induced plant and soil changes (e.g. in root : shoot ratio
and soil organic matter) to grassland production.

Our results also show that harvesting less than once a year (i.e.
no harvest in some years) will inevitably result in a significant
reduction in overall herbage production. That is, the greater
herbage production in a harvest year from less frequently mowed
grassland (e.g. 1/2-cut and 2/3-cut treatments) cannot compensate
for the herbage not made into hay in the years without harvest.

The harvestable AHP across the experimental period showed
a significant decrease (P <0.05) under frequent mowing (1-cut
and 2-cut treatments), and showed a non-significant decline under
less frequent mowing (1/2-cut and 2/3-cut treatments) or no-
mowing control (P> 0.05) (Fig. 4a). These declines are not only
the consequences of long-term mowing but are also related to
the increasing aridity during the experimental period across
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the years. The continuous drought during the last 8 years (less
precipitation and high temperature during 2001-08, Fig. 2) might
partly contribute to the general trend of a decline in grassland
production over the experimental period. When the effects of
inter-annual variation in climatic factors are removed, i.e. when
the relative AHP under a mowing against control is considered,
the relative AHP over the experimental period showed no
significant decline under all the four mowing treatments
(P>0.10) (Fig. 4b). The marked reduction in relative AHP in the
first 1 or 2 years (e.g. by 20 and 30% under the 1/2-cut and 1-cut
treatments in Fig. 4b) suggests an immediate effect of mowing
on grassland production. Mowing in 1 year will directly affect the
herbage production in the following year. In other words, the
grassland may reach a new equilibrium under a certain mowing
regime within couple of years. This change in herbage production
after mowing is most likely attributable to mowing resulting in
lower nutrient and energy storage in belowground biomass
(Turner et al. 1993) and to the changes in microclimate;
significant higher soil temperature and lower soil moisture levels,
which have been observed in mown compared with unmown
grasslands (Shao et al. 2012). The nutrient removal by haymaking
over the long-term period is another major factor attributable to
the reduction in herbage production under mowing. Zhong et al.
(2012) reported a significant decline in soil organic matter and
mineral nitrogen content under mowing when compared with
the control (measured in 1992, after mowing for 11 years). The
decline is more pronounced in the 20—40-cm than the 0-20-cm
soil layers, possibly reflecting the return of plant litter in
upper soil layers while plant nutrient uptake may be from deeper
in the soil profile.

Response in herbage production to variation in climate

In semiarid grasslands, precipitation plays a critical role in
grassland production (Le Houerou ez al. 1988; Knapp et al. 2006;
Sala et al. 2012). That the best fit of the grassland production
(AHP) to annual precipitation was a quadratic rather than a
linear or logarithmic relationship (Table 1) indicates that plant
production generally increases with the annual precipitation
when the precipitation does not cover the high end of its variation
range in the region. Plant water-use efficiency (DM production
per mm precipitation) decreases as the precipitation increases.
The result is a decline in plant production when the annual
precipitation approaches the high end of its variation range in the
region. While most of the previous research has examined the
plant production-to-precipitation response using linear
correlations in semiarid grasslands (Xiao et al. 1996; Wang
et al. 2005; Knapp et al. 2006; Bai et al. 2008; Sala et al. 2012),
our results, using the permanent plots, suggest that the
relationship can be better described using quadratic instead of
linear relationships. This non-linear relationship is supported by
another independent dataset on the aboveground production of
L. chinensis monitored in the same exclosure (Wang and Zhou
2004). This decline in herbage production under the highest
precipitation in the region might be attributed to the lower solar
radiation and temperature associated with high precipitation.
The precipitation and mean daily temperature during the
growing season (1 April-20 August) were negatively correlated
(**=0.183, P=0.026) over the experimental period. It may also
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be due to an acceleration of plant tissue turnover with more-than-
usual water supply (Ren ef al. 2011), which may lead to a less
herbage mass at harvest.

The relationship between AHP and precipitation at one site
across years is different from their spatial relationship along the
precipitation gradient. While our results suggest a non-linear
temporal relationship between AHP and precipitation at the one
site, it does not imply that a similar relationship exists for different
parts of the steppe grassland with different total annual rainfall.
The relationship between rainfall and herbage production across
different parts of the grassland steppe has been reported as being
linear (Liet al. 1994; Bai et al. 2008). Changes in the composition
of plant species along such spatial gradients occurred (Li et al.
1994; Bai et al. 2008), whereas it was relatively stable in the
studied permanent plots. No shift in species was observed in the
studied grassland though the proportion of species in the herbage
varied during the 27 years (Bao et al. 2004). The effects of
precipitation on grassland production are not only determined by
the amount of annual precipitation or precipitation in the growing
season, but to a large extent also by the seasonal pattern (Knapp
et al. 2006) and by the legacy of the precipitation and plant
community structure from previous years (Sala ef al. 2012). The
extremely high precipitation found in 1990, 1992 and 1998
(Fig. 2), all had high rainfall events occurring in July and early
August, before the harvest of herbage. The relationships between
grassland herbage production and precipitation warrant further
detailed studies.

The AHP shows a significant negative correlation with
annual mean temperature under the 1-cut treatment (P=0.017),
and a non-significant negative trend under the 2/3-cut treatment
(P=0.061), which is most likely related with the negative
correlation between temperature and precipitation in the region;
a high temperature means less precipitation and more
evaporation. The increase in temperature in the growing season
(by 1.8°C over 27 years, Fig. 2) may also mean an increase in the
length of the growing season, but its effect on the time of the
maximum AHP, and thus the best time for haymaking, cannot
be established. The seasonal pattern of herbage mass of the
studied grassland has been monitored over a 22-year period
(from 1982 to 2003; Ma et al. 2010); the data show that the
maximum herbage mass appears mostly in August (the number
of years with the maximum herbage mass in July, August
and September are respectively 5, 15 and 2 years out of the
22 years). The maximum herbage mass in good rainfall years
(1990, 1992 and 1998) are all in August. An increase in the
herbage mass harvested in May, and a decline in the herbage mass
harvested in September, has been detected over the 22-year
period; the spring temperature increase and summer drought
perhaps contributing to the increase in herbage mass in spring and
the decline in the autumn (Ma et al. 2010).

Management implications

Mowing once a year would seem to be the most appropriate for
the L. chinensis grasslands in the region. Less-frequent mowing
(or no mowing in some years) allows the grassland to rest
and increases AHP but this leads to a lower cumulative harvest
of herbage from the grassland. Multiple mowing within a 1-year
period does not produce more hay. These findings from a
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long-term experiment are very valuable for designing the best
mowing regimes for the use of L. chinensis grasslands. However,
non-yield factors that affect haymaking need to be considered
when recommending the best practice. These factors include
the heterogeneity of L. chinensis grasslands, the nutritive value
of the hay under different mowing regimes and the costs of
mowing and these are considered below.

(1) The heterogeneity of L. chinensis grasslands. The
L. chinensis grasslands vary significantly in species
composition (Wu 1980). The production response of
L. chinensis to mowing and to climate variation may be
similar in different grassland communities, but the
production response of these heterogeneous L. chinensis
communities may also vary. The results from this long-term
but one-site study are most applicable to the L. chinensis
‘typical steppe’ grasslands. Caution is necessary when
applying the findings of this study to the L. chinensis
‘meadow steppe’ grasslands in other regions, although a
mowing experiment on the L. chinensis meadow steppe
grassland on the north-east China plain also recommended
‘mowing once a year’ as the appropriate practice (Zhang
1993).

(ii) The nutritive value of hay under different mowing regimes.
The nutritive value of the hay in this experiment was not
monitored over the whole experimental period but was
determined during a 3-year period (Zhong e al. 2012). The
results show that the hay has a higher crude protein content
under mowing twice (134 g kg”' DM) than mowing once
a year (116 g kg~' DM), which is in agreement with the
results of Duo and Zhao (2001) and Schiborra et al. (2006)
that the nutritive value of herbage of L. chinensis grasslands
increases with cutting frequency. The crude protein content
under the three mowing regimes when the herbage was
harvested in August (1-cut, 2/3-cut, 1/2-cut) is very similar
(107-116 gkg ' DM), and the slight difference among them
is mainly from that the different proportions of standing
dead material in the herbage harvested (Zhong et al. 2012).
When considering both the hay yield and nutritive value, it
is obvious that any mowing regimes with grassland unused
in any year (i.e. 1/2-cut or 2/3-cut) will lead to a waste of
herbage production, so is nota choice in practice. Compared
with mowing once a year, mowing twice a year (2-cut)
increases the nutritive value of the hay (Zhong et al. 2012),
though not yield, which appears to suggest mowing twice
a year being a better choice than once a year. However,
mowing twice a year will nearly double the cost of the
mowing operation but result in little increase in profit,
because of the low increase in yield. Another reason that
local herders do not harvest hay in late June is to avoid the
possible wet weather that may reduce the quality of the
mown hay before it can be baled.

(iii) The cost-benefit of mowing. The current (2013) costs of
haymaking from 1ha of grassland consist of the cost
of mowing (90 yuan ha ') and baling (1.5 yuan per bale of
15kg) (1 US$=6.2 yuan). For the average AHP of the
studied grassland (1500kg DM ha'), the cost of
haymaking will be 240 yuan ha™'. The price of the hay is
~0.9 yuankg ', which implies the value of harvestable hay
is 1350 yuanha'. However, during the drought years,
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mowing hay from the short grassland might not be justified.
For example, in the driest year over the experimental
period, the grassland produced only 378kg DM ha'
harvestable herbage. Although the cost of haymaking
(128 yuanha ') is less than the value of the hay made
(340 yuanha "), it is obviously more justified to leave the
grassland for grazing and so save the unnecessary cost of
the mowing operation. Wan et al. (2011) and Schénbach
et al. (2011) tested a mixed land-management system in
the study region in which grasslands were alternatively
grazed and mowed from year to year, and suggested it was
a better system than the traditional continuous grazing
system. Our results support the mixed grassland-
management system but suggest that a more adaptive
mowing strategy should be used as the basis of forage
production, that is, to mow the grassland in high-
production years and graze in low-production years. Our
results also imply that, if the grassland grows well early in
the season, to have a light grazing may increase the nutritive
value of hay harvested in the autumn without increasing the
operational cost.

Conclusions

Herbage production for haymaking from the L. chinensis typical
steppe grassland is the highest under ‘mowing once a year’. More
frequent ‘mowing twice a year’ does not increase the herbage
production, while less frequent mowing (i.e. no mowing in
some years) lead to a lower cumulative harvest of herbage. The
AHP from the grassland generally increases with annual
precipitation, but the production-to-precipitation response is
best described by a quadratic relationship, which suggests a
decline in herbage production under the highest annual
precipitation in the region. The best practice for haymaking from
the L. chinensis grassland needs to adapt to the climate-induced
inter-annual variation in herbage production, and to consider
both the hay yield and nutritive value, and the costs of mowing.
We suggest that the best practice for haymaking should be
based on the rule of ‘mowing once a year’ in high-
production years and grazing in low-production years and a light
grazing in the early season may also be used to increase the
nutritive value of hay mowed in the autumn if the grassland grows
well early in the season.
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