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21 Abstract

22 Forage dry matter (DM) yield and its nutrient content are important in livestock nutrition; 

23 however, they have distinct, even opposite responses to mowing regimes. To optimize forage 

24 resources, two independent field experiments were conducted to determine effects of initial 

25 mowing time (15-d intervals from May 15 to Sept 1) and mowing frequency (one to five 

26 times per year) on DM yield and nutritive value of Leymus chinensis (Trin.) Tzvel. The 

27 greatest cumulative DM yield (cDMY), pre-mowing crude protein yield (pCPY) and 

28 cumulative crude protein yield (cCPY) were attained when initial mowing occurrred from 

29 July 15 to August 15. The crude protein (CP) concentration of pDMY was higher, whereas 

30 fiber concentrations were lower, when initial mowing was from May 15 to June 15, with 

31 opposite results when the initial mowing was delayed (July 1 to September 30). When 

32 mowing three times annually, cDMY and cCPY of L. chinensis were higher (P < 0.05) than 

33 with less frequent mowing. With more than three mowings, accumulated CP yield of L. 

34 chinensis was not significantly affected. With four or five yearly mowings, accumulated DM 

35 yield of L. chinensis decreased significantly compared to mowing one to three times. In 

36 conclusion, based on DM yield and nutritive value, the optimal initial mowing date ranged 

37 from July 15 to August 15, whereas optimal mowing frequency was three times yearly.
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40 1｜INTRODUCTION

41 Grasslands account for 25% of the world’s land surface and support the livelihoods of 

42 approximately 1 billion people (Kemp et al., 2013). China has some of the world’s largest 

43 grasslands, which are mostly used for grazing livestock. Since the 1950’s, sheep numbers in 

44 China increased from 7.7 to 249.4 million. Consequently, the grassland area per sheep has 

45 decreased from 3.4 ha in the 1950s to 0.6 ha in 2015 (Jiang, & Meurer, 2001; Liu, 2016). 

46 Such a marked increase in stocking rate requires more careful management of forage supply 

47 and improved forage utilization throughout the year to sustain livestock production (Milne, 

48 Durand, Emile, Huyghe, & Lemaire, 2002; Zheng, & Sun, 2011). 

49 Mowing is a common practice in grassland management to increase forage utilization and 

50 conserve forage production. Many studies have been conducted to examine effects of initial 

51 mowing time and subsequent mowing frequency on grassland productivity under diverse 

52 climate and soil conditions (Binnie, Chestnutt, & Murdoch, 2010; Crews, & Sisk, 2004; 

53 Donaghy, Turner, & Adamczewski, 2008). For example, early initial mowing (May 20 versus 
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54 on June 20) increased the total DM yield of Panicum virgatum L. in Tennessee, America 

55 (Mcintosh et al., 2015). In contrast, the total yield of “Shimanoushie” (a forage sugarcane 

56 variety) was lower with early versus late initial mowing (April versus May) (Sakaigaichi, 

57 Tarumoto, Hattori, Kamiya, & Yoshida, 2017). Such discrepancies in DM yield production 

58 were demonstrate of species × initial mowing time interactions in mowing management. 

59 Regarding impact of mowing frequency on DM yield, Agropyron cristatum (L.) Gaertn had 

60 49 and 78% more DM yield when mowed three or five times yearly, respectively, compared 

61 to mowing once yearly (Abraham, Kyriazopoulos, Parissi, Sklavou, & Tsiouvaras, 2010). In 

62 contrast, mowing once yearly provided the highest annual DM yield of Leymus chinensis 

63 (Trin.) Tzvel compared to mowing twice yearly in a long term (27 y) study (Baoyin, Li, Bao, 

64 Minggagud, & Zhong, 2014). However, in other studies, mowing frequency had no obvious 

65 effect on DM yield of grasses (Ferraro, & Oesterheld, 2002; Man, & Wiktorsson, 2003). 

66 Thus, effects of mowing on forage DM production are dependent on location, pasture species 

67 and mowing regimes, e.g. initial mowing time and mowing frequency. 

68 Mowing time and frequency also impacted nutritional content of diverse forages 

69 (Askarizad, Heshmati, Pessarakli, & Jouri, 2011; Ball, Hoveland, & Lacefield, 2015; Burton, 

70 Primo, & Lowrey, 1986; Pembleton, Rawnsley, Turner, Corkrey, & Donaghy, 2018). For 

71 example, crude protein (CP) was lower and acid detergent fiber (ADFom) and neutral 

72 detergent fiber (NDFom) of perennial ryegrass pastures were higher when the initial mowing 

73 time was delayed from mid-March to mid-April in Ireland (O’Donovan, Delaby, & Peyraud, 

74 2004). In contrast, Panicum virgatum CP and total digestible nutrients (TDNs) were greater 

75 when the initial mowing was delayed from May 20 to June 20 in temperate grassland in the 

76 USA (McIntosh et al. 2016). Regarding impact of mowing frequency on nutritive value, the 

77 CP of Cenchrus clandestinus (Hochst. ex Chiov.) was lower when mowed every seven leaves 

78 per tillers compared to mowing every four leaves per tiller in a Colombian Andean zone in 

79 America (Charry, Rocha, & Fornaguera, 2020). Interestingly, frequent mowing (every 3 wk) 

80 led to a short-term increase in the CP of Stipa grandis P. Smirn. /L. chinensis grassland in the 

81 first year, but it decreased the CP in the second year compared to mowing once yearly in an 

82 Inner Mongolia grassland (Schiborra, Gierus, Wan, Bai, & Taube, 2009). 

83 As one grazing or mowing regime is highly unlikely to be suitable for all forage types and 

84 grassland locations (Holechek, & Pieper, 2011; Pontes, Carrère, Andueza, Louault, & 

85 Soussana, 2010; Rawnsley, Langworthy, Pembleton, Turner, Corkrey, & Donaghy, 2014). 

86 Therefore, regional and forage species specific mowing regimes should be developed to 

87 support sustainable grazing livestock production.
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88 This study focused on L. chinensis, a C3 perennial rhizomatous grazing grass, widely 

89 distributed in Songnen grassland, part of the Eurasian Steppe (1.5 million km2; one of the 

90 largest grazing lands on the planet) (Wang, Du, Zhang, Ba, & Hodgkinson, 2017). L. 

91 chinensis’ biomass accounts for > 85% of total above ground biomass in this area (Chen et al., 

92 2013). Despite the importance of L. chinensis as a forage in the region, there is limited 

93 knowledge of management practices to optimize mowing regimes that maximize forage yield 

94 and nutritive value for animal production. The aim of this study was to determine the DM 

95 yield and nutritive value of L. chinensis and regrowth performance with various initial 

96 mowing times and subsequent mowing frequency in the Songen grassland. The DM yield and 

97 CP yield of L. chinensis have obvious seasonality. Besides, increased DM yield and CP yield 

98 with mowing have been observed in many grassland types. So, we tested the following 

99 hypotheses:1) cumulative DM and CP yield decrease with the delay of initial mowing date; 

100 and 2) the cumulative DM and crude protein yield increase as mowing frequency is increased.

101 2｜MATERIALS AND METHODS

102 2.1｜Site description

103 This study was comprised of two independent experiments conducted at the Songnen 

104 Grassland Ecosystem Research Station, of the Northeast Institute of Geography and 

105 Agroecology, Chinese Academy of Sciences, Jilin Province, China (44o34′N, 123o35′E; 145 

106 m above sea level). The soil type was alkali-saline soil, mainly characterized by sodium 

107 bicarbonate (NaHCO3) and sodium carbonate (Na2CO3) (Table 1) which was classified as a 

108 Salic Solonetz in World Reference Base for Soil Resources. The climate is semi-arid, 

109 characterized by large inter- and intra-annual variability. Mean daily temperature was 7.0 °C 

110 (daily min = 4.9 °C; daily max = 6.4 °C) between 2014 and 2015. Mean annual precipitation 

111 was 347 mm, with 85% received between May and September, with a typical annual growing 

112 season of ~150 d (April to September). Mean daily temperature and precipitation during the 

113 experimental years (2016 and 2017) are shown (Figure 1). Vegetation at the experimental 

114 grassland site was dominated by L. chinensis and lightly grazed by sheep and cattle during the 

115 growing season and/or mowed for haymaking during the 10 y prior to commencement of the 

116 study. A flat, non-degraded 0.3 ha grassland area with uniform growth of L. chinensis was 

117 used. 

118 2.2｜Experimental design and treatments

119 Both Experiments I and II were conducted using a randomized complete block-design with 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

120 three replication plots per treatment. Each replication plot was 20 m2 (4 × 5 m), with a 0.5 m 

121 buffer between plots. Mowing (5 cm stubble height) was done with a small-plot harvester 

122 (Carter Mfg. Co., Inc. Brookston, IN, USA; Swift Machine and Welding Ltd., Swift Current, 

123 SK, Canada). 

124 Grasslands were green on May 1 and duration of growing season was almost 120 d. In 

125 Experiment I, initial mowing was done on May 15, June 1, June 15, July 1, July 15, August 1, 

126 August 15, and September 1 (2016), respectively. On September 30, 2016, all treatment plots 

127 were mowed. Furthermore, control plots were only mowed once on September 30 in 2016. 

128 After the final mowing in 2016, no further mowing was imposed. For assessing the effects of 

129 different initial mowing time on grassland production in following year, all experimental plots 

130 were harvested on August 15, 2017.

131 Experiment II had variations in mowing frequency in 2016, as folows:1) mowing once a 

132 year on August 15, representing current local practice of mid-August hay production; 2) 

133 mowing twice a year (June 1 and October 1); 3) mowing three times a year (June 1, August 1 

134 and October 1); 4) mowing four times a year (June 1, July 10, August 20 and October 1); and 

135 5) mowing five times a year (on June 1, July 1, August 1, September 1 and October 1). After 

136 the final mowing in 2016, no further mowing was done. For assessing effects of mowing 

137 frequency on grassland production in the following year, all experimental plots were 

138 harvested on August 15, 2017.

139 2.3｜Sample collection and measurements

140 For both Experiments I and II, sampling dates corresponded to treatment mowing times in 

141 2016.. At each sampling date, forage was mowed to 5 cm stubble height in six randomly 

142 placed 1  1 m sampling quadrates within each plot. Mowed forage was gathered and 

143 transferred to the laboratory in an ice box. Samples of mowed forage were weighed fresh and 

144 then dried at 65 °C for 72 h in a forced-air drying-oven to a constant weight (to quantify 

145 DM% ), ground to pass through a 1-mm screen (Wiley mill, Arthur H. Thomas, Philadelphia, 

146 PA, USA) and ground samples stored at 4 °C prior to determining nutrient composition. In 

147 Experiment I, the pre-mowing DM yield (pDMY) was the DM of forage material collected at 

148 each initial date, whereas the regrowth DM yield (rDMY) was the DM harvested at the end of 

149 the 2016 growing season (September 30). The cumulative DM yield (cDMY) per treatment in 

150 Experiment I was calculated by adding pDMY and rDMY of year 2016. The accumulated 

151 DM yield was calculated for every treatment in Experiment II by summing total DM yields of 

152 all sampling dates in 2016 and the nutritive value was calculated for every treatment by 
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153 averaging nutritive value of all sampling dates.

154 2.4｜Nutritive value analysis

155 Total nitrogen (N) content was determined by C/N analyzer (Vario Max CN; Elementar 

156 Analysesysteme, Hanau, Germany), based on the DUMAS combustion method and thereafter, 

157 CP content was calculated (6.25 × N). Pre-mowing CP yield (pCPY) was calculated by 

158 pDMY × CP content, whereas regrowth CP yield (rCPY) was calculated by rDMY × CP 

159 content. The cumulative CP yield (cCPY) was calculated by summing pCPY and rCPY of all 

160 sampling dates in 2016. Both NDFom and ADFom were determined by the method of Van Soest, 

161 Robertson, & Lewis (1991) and expressed exclusive of residual ash. Samples for ash analysis 

162 were put in a muffle furnace at 500 °C overnight (AOAC, 1990). Total ether extract (EE) 

163 content was measured using Foss Soxtec 2043 Fat Extraction System (Foss Tecator AB, Eden 

164 Prairie, MN, USA).

165 2.5｜Statistical analyses

166 Six randomly mowed samples in each pot were averaged as one replicate for DM yield and 3 

167 replicates (3 plots) were then used in the data analysis. Regression analysis was used to 

168 expose the changes of chemistry components, DM yield and crude protein yield for L. 

169 chinensis with initial mowing time and mowing frequency (Best-fit equation curve was based 

170 on highest r2). Significance for all statistical tests was defined as P ≤ 0.05. All data were 

171 analyzed using SAS 9.1 (SAS 2002). 

172 3｜RESULTS

173 3.1｜DM Yield under various initial mowing times

174 As the initial mowing time was delayed, pDMY (P = 0.001) and cDMY (P = 0.005) of L. 

175 chinensis increased quadratically and peaked with initial mowing dates ranging from July 15 

176 to August 15 initial (Figure 2a, c). However, pDMY and cDMY of L. chinensis decreased 

177 after August 15. Initial mowing on May 15 or June 1 yielded peak rDMY of L. chinensis and 

178 as initial mowing was delayed, rDMY decreased linearly (P = 0.002; Figure 2b). 

179 Furthermore, as the initial mowing was delayed, pCPY (P = 0.01) and cCPY (P = 0.006) of L. 

180 chinensis increased quadratically, with maximum pCPY and cCPY achieved with initial 

181 mowing from June 1 to August 15 (Figure 2d, f). In addition, initial mowing time 

182 quadratically affected rCPY of L. chinensis (P = 0.027), with peak yield at June 1 (Figure 

183 2e). As initial mowing time was delayed from May 15 to Sep 30, the DM yield of L. chinensis 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

184 in 2017 increased linearly (P = 0.02), with its lowest value (158.2 g. m-2) on May 15 (Figure 

185 3).

186 3.2｜Nutritive Value of L. chinensis under various initial mowing times

187 As the initial mowing was delayed, both CP and ash contents in pDMY of L. chinensis 

188 decreased cubically (P = 0.002), whereas NDFom (P = 0.001) and ADFom (P < 0.001) 

189 contents increased cubically (Figure 4a, b, c and e). Furthermore, CP, NDFom, ADFom and 

190 ash contents in pDMY of L. chinensis changed slowly during July 1 to August 1 initial 

191 mowing, but they increased or decreased rapidly before and after this interval. Initial mowing 

192 time affected the EE content in pDMY of L. chinensis quadratically with lowest values (P < 

193 0.001) when initial mowing was done June 1 to July 1 (Figure 4d). It was noteworthy the CP 

194 (P < 0.001) and ash (P = 0.022) contents in rDMY of L. chinensis increased linearly, whereas 

195 the NDFom (P < 0.001), ADFom (P = 0.001) and EE (P = 0.001) contents decreased linearly 

196 (Figure 4f-k).

197 3.3｜DM yield under various mowing frequencies

198 Mowing frequency changed the accumulated DM yield L. chinensis cubically (P = 0.032) 

199 with the lowest and highest values when mowing two and three times, respectively (Figure 

200 5a). However, as mowing frequency increased, the accumulated CP yield increased cubically 

201 (P = 0.020) with maximum value achieved when mowing four times (Figure 5b). 

202 Furthermore, the accumulated CP yield of L. chinensis had no obvious variation when 

203 mowing from three to five times. The accumulated DM yield of L. chinensis in 2017 

204 decreased cubically (P = 0.010) as mowing frequency was increased (Figure 6). 

205 3.4｜Nutritive Value of L. chinensis under various mowing frequencies

206 As the mowing frequency increased, both average CP (P < 0.001) and ash (P = 0.017) 

207 contents of L. chinensis increased linearly whereas average NDFom (P = 0.003), ADFom (P 

208 = 0.032) and EE (P = 0.010) contents decreased linearly (Figure 7). Furthermore, more 

209 mowing frequencies (mowing three, four and five times) obviously increased the nutritive 

210 value of L. chinensis compared to limited mowing (mowing one and two times).

211 4｜DISCUSSION

212 4.1 ｜ How Did Initial Mowing Time Affect DM Yield and Nutritive Value of L. 

213 chinensis ?
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214 In previous studies, initial mowing in May or June decreased forage yields of various species 

215 compared to mowing in September (Kennedy, O’Donovan, Murphy, Delaby, & O'Mara, 

216 2007; McIntosh et al., 2015; Song, Wu, & Zhou, 2018). Similarly, in the present study, the 

217 pDMY of L. chinensis was lowest (38.8 g.m-2) for a May 15 initial mowing compared to other 

218 treatments. Besides, pDMY of L. chinensis almost doubled, whereas cDMY of L. chinensis 

219 only increased 1.3 times from a June 1 to August 15 initial mowing, attributed to a decrease in 

220 rDMY of L. chinensis when initial mowing was delayed from June 1 to August 15. In this 

221 study, DM yield for initial mowing treatment of May 15 was lower compared to an initial 

222 mowing treatment of June 1. Premature mowing consumed nutrient reserves in the rhizome 

223 and negatively affected regrowth of L. chinensis (Li, Kemp, & Hodgson, 2000; Zhang, Shao, 

224 Chen, Zhang, & Wang, 2013; Zhao, Chen, Han, & Lin, 2009).

225 It is well known that initial mowing influences yield and forage nutritive value (Ball et al., 

226 2015). Nutritive value and forage maturity are important considerations when forages are 

227 harvested as hay (Delaby, & Peyraud, 2004; Waramit, Moore, & Fales, 2012). The CP 

228 concentration of pDMY of L. chinensis was halved from 10.79 to 4.86%, and the pDMY was 

229 doubled, which resulted in a similar pCPY and cCPY for June 1 vs. August 15 initial mowing 

230 treatments. This was consistent with previous studies that the DM yield of L. chinensis was 

231 generally negatively related to its nutritive value in various initial mowing time treatments 

232 (Donaghy et al., 2008; Zhai et al., 2018). In this study, nutritive value of rDMY of L. 

233 chinensis increased as initial mowing time was delayed from May 15 to September 1. An 

234 early initial mowing (e.g. May 15) allowed the plant to have enough time to mature and it 

235 accelerated its phenological process to complete its physiological cycle, which increased 

236 deposition of lignified material (Acosta-Gallo, Casado, Montalvo, & Pineda, 2011). Overall, 

237 for hay production, an initial mowing between July 15 and August 15 seemed to be optimal to 

238 maximize cDMY and cCPY. 

239 4.2｜How Did Mowing Frequency Affect DM Yield and Nutritive Value of L. chinensis ?

240 The CP concentration generally increased as mowing frequency increased, whereas forage 

241 NDFom and ADFom concentrations were generally decreased. This was consistent with other 

242 studies (Donaghy et al., 2008; Fanselow et al., 2011; Hockensmith, Sheaffer, Marten, & 

243 Halgerson, 1997). Furthermore, in present study, cDMY of L. chinensis was highest for three 

244 or four mowings but it was lower when mowed once, twice or five times yearly, in agreement 

245 with previous studies (Loeser, Crews, & Sisk, 2004; Turner, Seasteadt, & Dyer, 1993; Walter, 

246 Grant, Beierkuhnlein, Kreyling, & Jentsch, 2012; Zhao, Chen, & Lin, 2008). Therefore, a 
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247 moderate mowing frequency caused a increased DMY of grasslands. Although our hypothesis 

248 that DMY increases as mowing frequency increases was rejected, we inferred that forage 

249 should be mowed often to enhance forage yield and nutritive value in L.chinensis grassland of 

250 Songnen plain. In contrast, Guo et al. (2012) and Baoyin et al. (2014) reported that 

251 cumulative DMY of L. chinensis grassland was highest with mowing once a year compared to 

252 frequent mowing in typical steppes of northern China. Perhaps more frequent mowing 

253 enabled residual leaves to have better access to light, which simulated plant photosynthesis 

254 (Bork, Broadbent, &, Willms, 2016; Liu et al., 2018; Turner, Donaghy, Lane, & Rawnsley, 

255 2006). In the present study, increased CP content and CP yield of L. chinensis when mowed 

256 three-five times a year compared to only once a year supported this interpretation. In that 

257 regard, N-content of plant leaves are strongly related to photosynthetic capacity (Schiborra et 

258 al., 2009; Vinther, 2010). However more frequent mowing (i.e. mowing five times yearly) 

259 reduced overall photosynthetic capacity and thereby reduced DMY and CPY of L. chinensis 

260 (Li et al., 2015; Oesterheld, & McNaughton 1991). Mowing three times resulted in an optimal 

261 DMY in 2017 (following year). Therefore, if the production cycle is between June the first 

262 year and August the following year, mowing three times a year is the best strategy to optimize 

263 quality and quantity of L. chinensis.

264 4.3｜How Did Interaction of Initial Time and Frequency Affect DM Yield and Nutritive 

265 Value of L. chinensis?

266 In previous studies, initial mowing time and frequency had no interaction on accumulated DM 

267 yield and CP yield of grasses in perennial grassland (Donkor, Bork, & Hudson, 2003; 

268 Lawrence, O’Donovan, Boland, & Kennedy, 2017), whereas their interaction between initial 

269 mowing time and frequency was observed on CP content in a perennial ryegrass sward in 

270 Ireland (Kennedy, O'Donovan Murphy, O'Mara, & Delaby, 2006). Although both initial 

271 mowing time and frequency had strong effects on accumulated DM yield and CP content of 

272 grasses, accumulated CP yield L. chinensis was not significant, because the increase in DM 

273 yield was offset by decrease in CP content as initial mowing time was delayed from June to 

274 August. In a previous study, forage DM yield was increased 1.6 times, whereas CP content of 

275 forage was decreased 1.3 times as the initial mowing was delayed from the boot to dough 

276 stages (Holman, Obour, Roberts, & Maxwell, 2018). Furthermore, mowing frequency had a 

277 strong effect on accumulated CP yield of grasses; in a previous study, accumulated DM yield 

278 and CP content of both Cenchrus ciliaris L. and Chloris gayana K. in the Borana rangelands, 

279 southern Ethiopia increased as mowing frequency increased (Tuffa, Hoag, & Treydte, 2017). 

280 However, in the present study, this increase was not significant when mowing more than three 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

281 times yearly. Therefore, we inferred that increased CP content of L. chinensis compensated 

282 for decreased DM yield, indicating a ceiling in forage CP yield accumulation with more 

283 frequent mowing. In our studies, we separately studied initial mowing date and mowing 

284 frequency. Conversely, the accumulated CP yield was a more important variable for 

285 producers to assess and the interaction between initial mowing time and frequency on 

286 accumulated CP yield may not be significant. In addition, in an effort to characterize an 

287 interaction between initial time and frequency of mowing, it is simply not possible to include 

288 all initial mowing times and frequencies due to limitations inherent in the L. chinensis 

289 growing season.

290 5｜CONCLUSION

291 Base on the current study, an initial mowing between July 15 and August 15 maximized 

292 cDMY and cCPY of hay made from L. chinensis. Further, mowing three times a year was the 

293 best strategy to optimize quality and quantity of L. chinensis.

294 ACKNOWLEDGMENTS

295 This work was financially supported by The Strategic Priority Research Program of the 

296 Chinese Academy of Sciences (Grant No. XDA23070503), The National Key Research and 

297 Development Program, China (Grant No. 2016YFC0500606), CAS Science and Technology 

298 Service Network Initiative (KFJ-STS-ZDTP-075) and The Youth Innovation Promotion 

299 Association of the Chinese Academy of Sciences (No. Y201949). 

300 REFERENCES

301 Abraham, E.M., Kyriazopoulos, A., Parissi, Z.M., Sklavou, P., & Tsiouvaras, C.N. (2010). 

302 Defoliation frequency effects on winter forage production and nutritive value of different 

303 entries of Agropyron cristatum (L.) Gaertn. Spanish Journal Agricultural Research, 8, 

304 703-712. https://doi.org/10.1080/00288230909510508

305 Acosta-Gallo, B., Casado, M.A., Montalvo, J., & Pineda, F.D. (2011). Allometric patterns of 

306 below-ground biomass in Mediterranean grasslands. Plant Biosystems, 145, 584-595. 

307 https://doi.org/10.1080/11263504.2011.578836

308 AOAC. (1990). Official Methods of Analysis. 13ed. Association of Official Analytical 

309 Chemists, Arlington, Virginia, USA.

310 Askarizadeh, D., Heshmati, G.A., Pessarakli, M., & Jouri, M.H. (2011). Survey of evaluation 

311 techniques for studying rangeland grass species nutritional values. Journal of Plant 

312 Nutrition, 34, 2172-2182. https://doi.org/10.1080/01904167.2011.618576

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

313 Ball, D. M., Hoveland, C.S., Lacefield, G.D. (2015). Southern forages: Modern concepts for 

314 forage crop management. 4th edition, Potash and Phosphate Institute, Norcross, GA. 

315 Baoyin, T., Li, F.Y., Bao, Q., Minggagud, H., & Zhong, Y.K. (2014). Effects of mowing 

316 regimes and climate variability on hay production of Leymus chinensis (Trin.) Tzvelev 

317 grassland in northern China. Rangeland Journal, 36, 593-600. 

318 https://doi.org/10.1071/RJ13088

319 Binnie, R.C., Chestnutt, D.M.B., & Murdoch, J.C. (2010). The effect of time of initial 

320 defoliation and height of defoliation on the productivity of perennial ryegrass swards. 

321 Grass and Forage Science, 35, 267-273. 

322 https://doi.org/10.1111/j.1365-2494.1980.tb01522.x

323 Bork, E.W., Broadbent, T.S., & Willms, W.D. (2016). Intermittent growing season defoliation 

324 variably impacts accumulated herbage productivity in mixed grass prairie. Rangeland 

325 Ecology and Management, 70, 307-315. https://doi.org/10.2307/4003241

326 Burton, G.W., Primo, A.T., & Lowrey, R.S. (1986). Effect of clipping frequency and maturity 

327 on the yield and quality of four pearl millets. Crop Science, 26, 79-81. 

328 https://doi.org/10.2135/cropsci1986.0011183X002600010018x

329 Charry, M.A.E., Rocha, E.A.C., & Fornaguera, J.E.C. (2020). Effect of altitude and 

330 defoliation frequency in the quality and growth of Kikuyu grass (Cenchrus clandestinus). 

331 Revista Facultad Nacional de Agronomía Medellín, 73, 9121-9130. 

332 https://doi.org/10.15446/rfnam.v73n1.77330

333 Chen, S., Huang, X., Yan, X., Liang, Y., Wang, Y., Li, X., … Liu, G. (2013). Transcriptome 

334 analysis in sheepgrass (Leymus chinensis): A dominant perennial grass of the Eurasian 

335 Steppe. PLOS ONE, 8, e67974. https://doi.org/10.1371/journal.pone.0067974

336 Crews, T.E., & Sisk, T.D. (2004). Defoliation increased above-ground productivity in a 

337 semi-arid grassland. Journal of Range Management, 57, 442-447. 

338 https://doi.org/10.2307/4003972

339 Delaby, L., & Peyraud, J.L. (2004). Effect of time of initial grazing date and subsequent 

340 stocking rate on pasture production and dairy cow performance. Animal Research, 53, 

341 489-502. https://doi.org/10.1051/animres:2004036

342 Donaghy, D.J., Turner, L.R., & Adamczewski, K.A. (2008). Effect of defoliation 

343 management on water-soluble carbohydrate energy reserves, DM yield, and herbage 

344 quality of tall fescue. Agronomy Journal, 100, 122-127. https://doi.org/ 

345 10.2134/agronj2007.0016

346 Donkor, N.T., Bork, E.W., & Hudson, R.J. (2003). Defoliation regime effects on accumulated 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

347 season-long herbage yield and quality in boreal grassland. Journal of Agronomy and Crop 

348 Science, 189, 39-46. https://doi.org/10.1046/j.1439-037X.2003.00007.x

349 Fanselow, N., Schönbach, P., Gong, X.Y., Lin, S., Taube, F., Loges, R., Pan, Q., … Dittert, 

350 K. (2011). Short-term regrowth responses of four steppe grassland species to grazing 

351 intensity, water and nitrogen in Inner Mongolia. Plant and Soil, 340, 279-289. 

352 https://doi.org/10.1007/s11104-010-0694-6

353 Ferraro, D.O., & Oesterheld, M. (2002). Effect of defoliation on grass growth. A quantitative 

354 review. Oikos, 98, 125-133. https://doi.org/10.2307/3547619

355 Guo, Y.J., Han, L., Li, G.D., Han, J.G., Wang, G.L., Li, Z.Y., & Wilson, B. (2012). The 

356 effects of defoliation on plant community, root biomass and nutrient allocation and soil 

357 chemical properties on semi-arid steppes in northern China. Journal of Arid 

358 Environments, 78, 128-134. https://doi.org/10.1016/j.jaridenv.2011.11.003

359 Hockensmith, R.L., Sheaffer, C.C., Marten, G. C., & Halgerson, J.L. (1997). Maturation 

360 effects on forage quality of Kentucky bluegrass. Canadian Journal of Plant Science, 77, 

361 75-80. https://doi.org/10.4141/P95-200

362 Holechek, J., & Pieper, R. (2011). Range management, principles and practices, 6th ed., 

363 Prentice Hall. https://doi.org/10.2307/142135

364 Holman, J., Obour, A., Roberts, T., & Maxwell, S. (2018). Forage type and maturity effects 

365 on yield and nutritive value. Kansas Agricultural Experiment Station Research Reports, 4, 

366 1-3. https://doi.org/10.4148/2378-5977.7636

367 Jiang, Y., & Meurer, M. (2001). Die Steppen Nordchinas und ihre Belastung durch weideund 

368 landwirtschaftliche Landnutzung. Geographische Rundschau, 53, 48-52.

369 Kennedy, E., O’Donovan, M., Murphy, J.P., Delaby, L., & O'Mara, F.P. (2007). Effect of 

370 spring grazing date and stocking rate on sward characteristics and dairy cow production 

371 during midlactation. Journal of Dairy Science, 2007, 90, 0-2046. https://doi.org/ 

372 10.3168/jds.2006-368

373 Kennedy, E., O'Donovan, M., Murphy, J. P., O'Mara, F. P., & Delaby, L. (2006). The effect 

374 of initial spring grazing date and subsequent stocking rate on the grazing management, 

375 grass dry matter intake and milk production of dairy cows in summer. Grass and Forage 

376 Science, 61, 375-384. https://doi.org/ 10.1111/j.1365-2494.2006.00544.x

377 Kemp, D.R., Han, G.D., Hou, X.Y., Michalk, D. L., Hou, F., Wu, J., & Zhang, Y. (2013). 

378 Innovative grassland management systems for environmental and livelihood benefits. 

379 Proceedings of the National Academy of Sciences of the United States of America, 110, 

380 8369-8374. https://doi.org/10.1073/pnas.1208063110

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

http://med.wanfangdata.com.cn/Paper/Search?q=%e4%bd%9c%e8%80%85%3a(L%2c+Delaby)
http://med.wanfangdata.com.cn/Paper/Search?q=%e4%bd%9c%e8%80%85%3a(F+P%2c+O%27Mara)


This article is protected by copyright. All rights reserved

381 Lawrence, D.C., O’Donovan, M., Boland, T.M., & Kennedy, E. (2017). Effects of autumn 

382 and spring defoliation management on the dry-matter yield and herbage quality of 

383 perennial ryegrass swards throughout the year. Grass and forage Science, 72, 38-49 

384 https://doi.org/10.1111/gfs.12226

385 Li, G.D., Kemp, P.D., & Hodgson, J. (2000). Biomass allocation, regrowth and root 

386 carbohydrate reserves of chicory (Cichorium intybus) in response to defoliation in 

387 glasshouse conditions. Journal of Agricultural Science, 129, 447-458. 

388 https://doi.org/10.1017/S0021859697004875

389 Liu, Y. (2016). National Grassland Monitoring Report. China Animal Husbandry, 453, 20-37. 

390 Liu, Y., Yang, X., Tian, D., Cong R., Zhang, X., Pan, Q., & Shi, Z. (2018). Resource 

391 reallocation of two grass species during regrowth after defoliation. Frontiers in Plant 

392 Science, 9, 1767. https://doi.org/10.3389/fpls.2018.01767

393 Li, X., Wu, Z., Liu, Z., Hou, X., Badgery, W., Guo, H., … Ren, W. (2015). Contrasting 

394 effects of long-term grazing and clipping on plant morphological plasticity: evidence from 

395 a rhizomatous grass. PLOS ONE, 10, e0141055. 

396 https://doi.org/10.1371/journal.pone.0141055

397 Loeser, M.R., Crews, T.E., & Sisk, T.D. 2004. Defoliation increased above-ground 

398 productivity in a semi-arid grassland. Journal of Range Management, 57, 442-447. 

399 https://doi.org/10.2307/4003972

400 Man, N.V., & Wiktorsson, H. (2003). Forage yield, nutritive value, feed intake and 

401 digestibility of three grass species as affected by harvest frequency. Tropical Grasslands, 

402 37, 101-110. https://doi.org/10.1016/S1360-1385(03)00102-X

403 McIntosh, D.W., Bates, G.E., Keyser, P.D., Allen, F.L., Harper, C.A., Waller, J.C., & 

404 Birckhead, J.L. (2015). The impact of forage harvest timing on biomass yield from native 

405 warm-season grass mixtures. Agronomy Journal, 107, 2321-2326. https://doi.org/ 

406 10.2134/agronj15.0251

407 McIntosh, D.W., Bates, G.E., Keyser, P.D., Allen, F.L., Harper, C.A., Waller, J.C., … Backus 

408 W.M. (2016). Forage harvest timing impact on biomass quality from native warm-season 

409 grass mixtures. Agronomy Journal, 108, 1524-1530. 

410 https://doi.org/10.2134/agronj2015.0560

411 Milne, J., Durand, J.L., Emile, J.C., Huyghe, C., & Lemaire, G. (2002). Forage plant 

412 characteristics: how to meet animal requirements. Journal of American Studies, 47, 31-43. 

413 https://doi.org/10.1017/S0021875813001916

414 Oesterheld, M., & McNaughton, S.J. (1991). Effect of stress and time for recovery on the 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

415 amount of compensatory growth after grazing. Oecologia, 85, 305-313. 

416 https://doi.org/10.2307/4219515

417 O’Donovan, M., Delaby, L., & Peyraud, J.L. (2004). Effect of time of initial grazing date and 

418 subsequent stocking rate on pasture production and dairy cow performance. Animal 

419 Research, 53, 489-502. https://doi.org/10.3168/jds.s0022-0302(03)73711-4

420 Pembleton, K.G., Rawnsley, R.P., Turner, L.R., Corkrey, R., & Donaghy, D.J. (2018). 

421 Quantifying the interactions between defoliation interval, defoliation intensity and 

422 nitrogen fertiliser application on the nutritive value of rainfed and irrigated perennial 

423 ryegrass. Crop and Pasture Science, 68, 1100-1111. https://doi.org/10.1071/CP16385

424 Pontes, L.S., Carrère, P., Andueza, D., Louault, F., & Soussana, J.F. (2010). Seasonal 

425 productivity and nutritive value of temperate grasses found in semi-natural pastures in 

426 Europe: responses to cutting frequency and N supply. Grass and Forage Science, 62, 

427 485-496. https://doi.org/10.1111/j.1365-2494.2007.00604.x

428 Rawnsley, R.P., Langworthy, A.D., Pembleton, K.G., Turner, L.R., Corkrey, R., & Donaghy, 

429 D. (2014). Quantifying the interactions between grazing interval, grazing intensity, and 

430 nitrogen on the yield and growth rate of dryland and irrigated perennial ryegrass. Crop 

431 and Pasture Science, 65, 735-746. https://doi.org/10.1071/CP13453

432 Sakaigaichi, T., Tarumoto, Y., Hattori, I., Kamiya, M., & Yoshida, H. (2017). The growth and 

433 yield of forage sugarcane variety, "shimanoushie", under the two harvests per year system 

434 with different harvest times in the Amami Region of Kagoshima Prefecture. Japanese 

435 Journal of Crop Science, 86, 56-61. https://doi.org/10.1626/jcs.86.56

436 SAS. (2002). SAS/STAT® User’s Guide: Statistics. Version 9.1 Edition. SAS Inc., Cary, NC, 

437 USA.

438 Schiborra, A., Gierus, M., Wan, H.W., Bai, Y.F., & Taube, F. (2009). Short-term responses of 

439 a Stipa grandis/Leymus chinensis community to frequent defoliation in the semi-arid 

440 grasslands of Inner Mongolia, China. Agriculture Ecosystems and Environment, 132, 

441 82-90. https://doi.org/10.1016/j.agee.2009.03.002

442 Song, Y., Wu, Y.N., & Zhou, D.W. (2018). Effect of autumn cutting date on regrowth, 

443 turning green, yield and quality of Leymus chinensis grassland in nen Plain, Northeast 

444 China. American Journal of Plant Sciences, 9, 185-195. 

445 https://doi.org/10.4236/ajps.2018.92016

446 Turner, C.L., Seasteadt, T.R., & Dyer, M. I. (1993). Maximization of aboveground grassland 

447 production: the role of defoliation frequency, intensity, and history. Ecology Application, 

448 3, 175-186. https://doi.org/10.2307/1941800

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

http://www.scirp.org/journal/PaperInformation.aspx?PaperID=81986&#abstract


This article is protected by copyright. All rights reserved

449 Tuffa, S., Hoag., & Treydte A C . (2017). Clipping and irrigation enhance grass biomass and 

450 nutrients: Implications for rangeland management. Acta Oecologica, 81, 32-39. 

451 https://doi.org/ 10.1016/j.actao.2017.05.001

452 Turner, L.R., Donaghy, D.J., Lane, P.A., & Rawnsley R.P. (2006). Changes in the physiology 

453 and feed quality of prairie grass (Bromus willdenowii Kunth.) during regrowth. Agronomy 

454 Journal, 98, 1326-1332. https://doi.org/ecite.utas.edu.au/35980

455 Van Soest, P.J., Robertson, H.B., & Lewis, B.A. (1991). Methods for dietary fiber, neutral 

456 detergent fiber, and nonstarch polysaccharides in relation to animal nutrition. Journal of 

457 Dairy Science, 74, 3583-3597. https://doi.org/10.3168/jds.S0022-0302(91)78551-2

458 Vinther, F.P. (2010). Effects of cutting frequency on plant production, N-uptake and N₂ 

459 fixation in above- and below-ground plant biomass of perennial ryegrass-white clover 

460 swards. Grass and Forage Science, 61, 154-163. 

461 https://doi.org/10.1111/j.1365-2494.2006.00519.x

462 Walter, J., Grant, K., Beierkuhnlein, C., Kreyling, J., & Jentsch, A. (2012). Increased rainfall 

463 variability reduces biomass and forage quality of temperate grassland largely independent 

464 of mowing frequency. Agriculture Ecosystems and Environment, 148, 1-10. 

465 https://doi.org/ 10.1016/j.agee.2011.11.015

466 Wang, D., Du, J., Zhang, B., Ba, L., & Hodgkinson, K. C. (2017). Grazing intensity and 

467 phenotypic plasticity in the clonal grass Leymus chinensis. Rangeland Ecology and 

468 Management, 70, 740-747. https://doi.org/10.1016/j.rama.2017.06.011

469  Waramit, N., Moore, K.J., & Fales, S.L. (2012). Forage quality of native warm-season 

470 grasses in response to nitrogen fertilization and harvest date. Animal Feed Science and 

471 Technology, 174, 46-59. https://doi.org/10.1016/j.anifeedsci.2012.02.008

472 Zhang, Y., Shao, X., Chen, C., Zhang, Y. J., & Wang, K. (2013). Morphological 

473 characteristics and biomass allocation of Leymus chinensis (Poaceae) (Trin.) responses to 

474 long-term overgrazing in agro-pastoral ecotone of northern china. Journal of Animal and 

475 Plant Sciences, 23, 933-938. 

476 Zhao, W., Chen, S.P., Han, X.G., & Lin, G.H. (2009). Effects of long-term grazing on the 

477 morphological and functional traits of Leymus chinensis in the semiarid grassland of Inner 

478 Mongolia, China. Ecology Research, 24, 99-108. 

479 https://doi.org/10.1007/s11284-008-0486-0

480 Zhao, W., Chen, S.P., & Lin, G. H. (2008). Compensatory growth responses to clipping 

481 defoliation in Leymus chinensis (Poaceae) under nutrient addition and water deficiency 

482 conditions. Plant Ecology, 196, 85-99. https://doi.org/10.2307/40305476

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

http://med.wanfangdata.com.cn/Paper/Detail/PeriodicalPaper_PM1660498
http://med.wanfangdata.com.cn/Paper/Detail/PeriodicalPaper_PM1660498


This article is protected by copyright. All rights reserved

483 Zhai, X., Zhang, Y., Wang, K., Chen, Q., Li, S., & Huang D. (2018). Grazing effects on the 

484 nutritive value of dominant species in steppe grasslands of northern China. BMC ecology, 

485 18, 30. https://doi.org/10.1186/s12898-018-0186-8

486 Zheng, S., & Sun, Y. (2011). The analysis of human factors on grassland productivity in 

487 western songnen plain. Procedia Environmental Sciences, 10, 1302-1307. 

488 https://doi.org/10.1016/j.proenv.2011.09.208

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

489 TABLE 1 Soil characteristics in study area.

Soil characteristics

pH Na+ 

(mg kg-1)

HCO3
-

(mg kg-1)

CO3
2- 

(mg kg-1)

SWC

(%)

SOC

(g kg-1)

TN

(g kg-1)

TP

(g kg-1)

8.99 1196.7 4188.7 504.5 10.39 10.04 0.91 0.22

490 Abbreviations: SWC, soil water content; SOC, soil organic carbon; TN, total nitrogen content; 

491 TP, total phosphorus content.

492 FIGURE 1 Precipitation and temperature distribution map of Songnen Plain in 2016 (a) and 

493 2017 (b).

494 FIGURE 2 The pDMY (a), rDMY (b), cDMY (c) and pCPY (d), rCPY (e), cCPY (f) of 

495 Leymus chinensis in response to various initial mowing times (all had a second mowing on 

496 Sept 30, 2016). pDMY, the pre mowing dry matter (DM) yield in initial mowing time; rDMY, 

497 the regrowth DM yield in second mowing on Sept 30, 2016; cDMY, the cumulative DM 

498 yield; pCPY, the pre mowing crude protein (CP) yield; rCPY, the regrowth CP yield; cCPY, 

499 the cumulative CP yield. 

500 FIGURE 3 Mean (± SD) dry matter (DM) yield of Leymus chinensis in 2017 after various 

501 initial mowing times in 2016.

502 FIGURE 4 The crude protein (CP), neutral detergent fiber (NDFom), acid detergent fiber 

503 (ADFom), ether extracts (EE) and ash contents of pDMY (a-e) and CP, NDFom, ADFom, EE 

504 and ash contents of rDMY (e-k) of Leymus chinensis in response to various initial mowing 

505 times and each with a second mowing on Sept 30, 2016. pDMY, the pre mowing DM yield in 

506 initial mowing time; rDMY, the regrowth DM yield in second mowing on Sept 30, 2016.

507 FIGURE 5 Mean (± SD) accumulated dry matter (DM) yield (a) and crude protein (CP) yield 

508 (b) of Leymus chinensis response to various mowing frequencies (1, 2, 3, 4 and 5) (horizontal 

509 axis) in 2016. 

510 FIGURE 6 Mean (± SD) dry matter (DM) yield of Leymus chinensis in 2017 after various 

511 mowing frequencies (1, 2, 3, 4 and 5) (horizontal axis) in 2016.

512 FIGURE 7 The average crude protein (CP), neutral detergent fiber (NDFom), acid detergent 

513 fiber (ADFom), ether extracts (EE) and ash contents of Leymus chinensis for various mowing 

514 frequencies (1, 2, 3, 4 and 5) (horizontal axis) in 2016.A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



grs_12314_f1.jpg

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



grs_12314_f2.jpg

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



grs_12314_f3.jpg

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



grs_12314_f4.jpg

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



grs_12314_f5.jpg

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



grs_12314_f6.jpg

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



grs_12314_f7.jpg

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t


