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Abstract 
A field study was carried out to quantify the effects of different cutting time 
on Leymus chinensis population and community characteristic in Songnen 
grassland of northeast China from August, 2006 to August, 2007. The treat-
ment interval was ten days with the remaining stubble height of 5 cm from 
15th August to 4th October in 2006. Results showed that the L. chinensis 
made up about 90% of the dry matter of aboveground biomass, and there 
were about ten species in the L. chinensis community in the 1 m × 1 m plot. 
The L. chinensis and Kalimeris integrifolia regrew rapidly after autumn cut-
ting in 2016. In the second year, the coefficients of the community similarity 
were high between the different cutting time treatments. The density, height, 
aboveground biomass, stem/leaf ratio, and crude protein of L. chinensis were 
not significant at the turning green stage and harvesting stage, the companion 
species of L. chinensis community contained higher crude protein, but the 
crude protein of the plant community were not significant. Thus, considering 
the weather factor for haymaking, the harvest dates should be concentrated 
from the middle ten days of August to the first ten days in September. 
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1. Introduction 

The Songnen plain covers the western parts of Heilongjiang, Jilin and Liaoning 
provinces of northeastern of China, existing an area of about 170,000 km2 (43˚30' 
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to 48˚40'N; 121˚30' to 127˚00'E), about 40% of which is Leymus chinensis grass-
land [1] [2]. L. chinensis is a perennial rhizome grass and widely distributes in the 
eastern end of the Eurasian steppe zone, with the main locations in China being in 
the Songnen plain and the eastern part of the Inner Mongolian plateau [3]. This 
species is ideal for grazing and forage because of its high palatability and nutrition 
[4]. The usual growing conditions in Songnen plain produce superior herbage 
both in quality and in quantity, thus, this type of grassland is one of the best suited 
in northern China for the grazing land or cutting field [5]. 

The climate type of Songnen plain is a semi-arid, temperate continental mon-
soon, the winter is long and cold, the summer is short and warm, the raining pe-
riod concentrates on from June to August, the growing season in this region is 
mainly from April to October [6]. And the primary productivity is correlative 
with environmental factors [7], especially the precipitation from April to July or 
aridity index [8]. The primary productivity of the forages reaches the maximum 
usually at the middle or last ten days of August [9] [10]. 

Cutting is one of the main ways to utilize and manage grassland [11] [12], this 
way can supply the forage for livestock in winter and next spring and make sure 
them live through the long and cold winter [13], and cutting once per year is ad-
visable in Songnen grassland [11] [14], because cutting two times a year would 
lead some harmful effects on the yield and environment of the grassland even 
adding the fertilizer and water to the grassland [15] [16]. So the farmer usually 
harvests the forage from later summer to early winter in order to gain the max-
imal yield and quality，and this is the best time for making hay of Songnen 
grassland because of the good weather, and the height of the remaining stubble 
usually is 4 - 5 cm [5]. But different cutting dates may not only effect on the 
grass regrowth, and biomass at the current year [17] [18] [19], but also effect on 
the turning green date, biomass, layering distribution of the biomass for the next 
year [11] [14] [20]. Previous studies have showed that all the cutting dates run 
through the whole growing season, such as moderate levels of spring defoliation 
could improve winter range forage quality [21], cutting in May or June de-
creased vegetative tillers, but increased crude protein content and in vitro dry 
digestibility [22], autumn harvest date gained different quality forage [13], win-
ter cutting or grazing didn’t affect the spring ground or spring forage yield if it 
was accomplished before spring growth [23]. However, the time interval was al-
ways long, how different autumn relatively concentrated harvest dates effects on 
L. chinensis community in Songnen grassland had not been reported. 

The objects of this study were: a) determining the cutting dates effecting on 
the regrowth at the end of the current year, b) assessing the effect of cutting 
dates on the grassland for the next year, c) seeking the optimal harvest dates of 
the grassland. 

2. Materials and Methods 
2.1. Study Site 

Experiments were conducted on the cutting field at the Songnen Grassland Eco-
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logical Research Station, operated by Northeast Normal University and located 
at latitude 44˚40'N, longitude 123˚44'E, 150 km northwest of the provincial cap-
ital, PR Changchun, China. The study area has a frost-free period of about 140 
days. The mean annual temperature ranges from 4.6˚C to 6.4˚C, varying from 
−16˚C in January to 25˚C in July. The annual precipitation is 350 - 450 mm and. 
The annual potential evapotranspiration is approximately three times as much as 
the mean annual precipitation. The main soil type of the area is a meadow cher-
nozem with pH is 7.5 - 9.0 and organic matter is 3.5% - 6% in the surface layer. 
The grassland is continual cutting field and the dominant species is L. chinensis 
[1] [3] [17]. 

2.2. Experimental Design and Sampling Methods 

The experiment was from the August 15th, 2006 to August 11th, 2007. The cutting 
date was from August 15th to October 4th in 2006 with every 10 days interval. The 
experiment used a randomized complete block design, the plots area were 5 m × 
5 m, 5 replications, and the height of the remaining stubble was about 5 cm us-
ing the reaphook. Then we investigated the regrowth character of the different 
treatments in October at the current year, including the regrowth plant height, 
leaf number, and aboveground biomass of L. chinensis, constitute of species, and 
density with the sampling area was 1 m × 1 m in each plot. 

We settled two 1 m × 1 m subplots in each plot the on May 10th in next year 
after the grassland had been turning green. The first month we measured the 
length of the second leaf, the height of L. chinensis in each sample, and har-
vested the aboveground biomass of one of the two samples. We harvested the 
aboveground biomass of the other settled subplots on August 11th, 2007, meas-
ured the height of L. chinensis, the species composition of the plant community, 
the aboveground biomass of each species and the stem/leaf of L. chinensis. We 
also made the background investigation of the grassland on August 16th, 2006, 
the plots were 1 m × 1 m with 10 replications. 

The method of harvesting aboveground biomass was using the scissors to cut 
the plants getting closing to the ground. All the samples were oven-dried at 65˚C 
C for at least 48 hours immediately after harvest and weighted. The crude pro-
tein percentage was determined in duplicate using Kijldahl method (Kjeltec 
Analyzer Unit, FOSS TECATOR). 

2.3. Statistical Analysis 

The similarity of community was calculated by Sørensen Coefficient (ISs = 
2C/(A+B), A and B are the number of the species of the two communities, C is 
the number of the common species) [24]. The effect of height, leaf number, leaf 
length, density, aboveground biomass and stem/leaf data were analyzed by 
ANOVA with Tukey test for multiple comparisons among the treatments. All 
statistical analyses were performed using SPSS 13.0 (SPSS Inc., Chicago, USA) at 
0.05 level. 
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3. Results 
3.1. Background Information at the Study Site 

The species number of the community was few, and there were about nine spe-
cies in 1 m2. The fresh and dry weight of L. chinensis made up 86.26% ± 2.25% 
and 89.70% ± 1.70% of the plant community aboveground biomass, the plant 
community fresh and dry weight were 517.17 ± 35.40 g/m2 and 297.66 ± 18.99 
g/m2, separately. The main companion species were Kalimeris integrifolia, 
Echinochloa crusgalli, Eragrostis pilosa, Setaria viridis, Lathyrus quinquenervius, 
Carex duriuscula, Scriprs fluriatilis, Eleocharis intersita, and Polygonum sibiri-
cum. The height and density of L. chinensis were 31.47 ± 1.12 cm, and 1176 ± 66 
plants/m2. 

3.2. Regrowth Character at the End in 2016 

The values of regrowth character of L. chinensis descended as the cutting date 
putting off (Table 1). The height descended quickly after the first cutting date, 
which was 12.05 ± 0.52 cm. There were no significance between August 25th and 
September 4th, and between September 4th and September 14th, but there was sig-
nificant difference between August 25th and September 4th. And the shortest 
height was at the last two cutting dates, September 4th and October 4th. The leaf 
number was significant different among the cutting dates (P < 0.05). The cutting 
dates could be divided into three periods and there were significance in any two 
of the three periods. The regrowth density of L. chinensis was much less than 
that without cutting (1176 ± 66 plants/m2), the highest one was just litter more 
than half of that without cutting, the others were less and less, and L. chinensis 
density of the last cutting date just was as one fifth of that without cutting. The 
regrowth of the aboveground biomass were also light, and the heaviest was 18.44 
± 1.44 g/m2 after the first cutting date. 

The regrowth of other companion species were mainly K. integrifolia and C. 
duriuscula (Table 2). But the height of the species was short. The species such as 
Artemisia scoparia just appeared in some polts, and the cutting date on August 
15th had the most regrowth species number. 

3.3. Turning Green Stage in the Second Year 

The L. chinensis was at the third-leaf stage when we measured the plot on May 
11th, 2007 after the grassland turning green, and we measured the second leaf 
length of L. chinensis (Table 3). The second leaf length were no significance 
among the first three cutting dates, there were significant difference on August 
25th, September 14th and September 24th. And the trends were descending as the 
cutting dates delayed though most of them were not significant (Table 3). 

The height of L. chinensis population was lowest on September 24th, but most 
of the treatments were not significant, the significant dates were between August 
15th, August 25th and September 24th (Table 3). 
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Table 1. The regrowth character of L. chinensis. 

Date Height (cm) Leaf number Density (plants/m2) Biomass (g/m2) 

15 Aug 12.05 ± 0.52a 3.8 ± 0.12a 629.0 ± 49.04a 18.44 ± 1.44a 

25 Aug 8.48 ± 0.47b 3.7 ± 0.06a 535.8 ± 42.75ab 14.28 ± 1.14b 

4 Sep 7.22 ± 0.19bc 3.0 ± 0.08b 493.4 ± 57.85ab 5.12 ± 0.60c 

14 Sep 6.34 ± 0.22c 2.6 ± 0.09b 409.0 ± 42.70bc 3.50 ± 0.37c 

24 Sep 4.04 ± 0.30d 1.9 ± 0.14c 383.2 ± 33.72bc 2.94 ± 0.26c 

4 Oct 4.01 ± 0.15d 1.7 ± 0.15c 236.4 ± 42.53c 1.71 ± 0.31c 

Means ± SE with different letters were significantly different at 0.05 level. 

 
Table 2. The regrowth density of the species excluding L. chinensis. 

Date 
Species density (plants/m2) 

K. integrifolia C. duriuscula 
Artemisia  
scoparia 

Ambiytropis 
muitiflora 

Ixeris  
chinensis 

L.  
quinquenervius 

Potentilla  
flagellaris 

P. sibiricum 

15 Aug 53.6 70.8 0.4 0.4 4.2 2.6 0.2 -- 

25 Aug 37.6 75.2 -- -- 0.2 -- -- -- 

4 Sep 40.4 82.4 0.2 -- -- 1 7.6 0.4 

14 Sep 29.0 45.8 -- 0.4 -- -- 14.6 0.2 

24 Sep 0.2 53.0 -- -- -- -- 3.0 -- 

4 Oct 1.0 88.0 0.2 -- 0.2 0.2 2.2 -- 

--: Meant that the species did not grow in the investigated plots. 

 
Table 3. The turning green characteristic of L. chinensis. 

Date Second leaf length (cm) Height (cm) Density (plants/m2) Aboveground biomass (g/m2) 

15 Aug 6.92 ± 0.18ab 9.33 ± 0.14a 674.6 ± 68.6a 20.55 ± 2.57a 

25 Aug 7.11 ± 0.21a 9.51 ± 0.19a 784.0 ± 91.4a 22.67 ± 1.67a 

4 Sep 6.27 ± 0.22abc 8.60 ± 0.10ab 782.4 ± 84.0a 22.58 ± 3.45a 

14 Sep 6.05 ± 0.28b 8.61 ± 0.32ab 908.8 ± 85.0a 22.54 ± 1.73a 

24 Sep 5.86 ± 0.18c 8.26 ± 0.18b 911.4 ± 54.5a 25.16 ± 0.82a 

4 Oct 6.19 ± 0.22abc 8.92 ± 0.32ab 806.4 ± 69.6a 27.33 ± 2.33a 

Means ± SE with different letters were significantly different at 0.05 level. 

 
Neither the density nor aboveground biomass of L. chinensis were signific-

ance during the different cutting dates at the turning green stage (Table 3). The 
density of the first three cutting dates were less than the remaining treatments. 
The trend of aboveground biomass was ascending as the cutting date delayed. 
The maximum value was 27.33 ± 5.20 g/m2 at the last cutting date. 

3.4. Harvesting Biomass at Middle August in the Second Year 

The three indexes of L. chinensis population which we had measured were not 
significant among the different cutting dates at the harvest time (Table 4). The  
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Table 4. The harvesting characteristic of L. chinensis population. 

Date Height (cm) Density (plants/m2) Aboveground biomass (g/m2) 

15 Aug 24.71 ± 1.07a 992.8 ± 70.6a 174.34 ± 20.59a 

25 Aug 26.05 ± 1.90a 1079.2 ± 55.9a 166.25 ± 11.03a 

4 Sep 24.56 ± 1.24a 1208.4 ± 85.4a 177.23 ± 16.91a 

14 Sep 25.19 ± 1.02a 1273.4 ± 130.4a 199.69 ± 18.20a 

24 Sep 24.30 ± 2.20a 1355.4 ± 41.5a 192.20 ± 12.49a 

4 Oct 29.70 ± 3.61a 1259.48 ± 56.5a 194.01 ± 26.15a 

Means ± SE: with different letters were significantly different at 0.05 level. 

 
highest L. chinensis was on October 4. The character of the density was similar 
as the turning green stage (Table 3), the first three cutting dates were less than 
the remaining treatments. The maximum aboveground biomass was 199.69 ± 
18.20 g/m2 of the cutting on September 14th, and the minimum was 166.25 ± 
11.03 g/m2 of the cutting on August 25th. 

The species number of the plant community were also few, the species satura-
tion were 10, 9, 11, 12, 10 and 10, respectively for the cutting dates. The domi-
nant species was L. chinensis, which made up the most proportion of the com-
munity both in density and aboveground biomass. The dry weight of L. chinen-
sis contributed to at least 90% of the aboveground biomass (Table 4, Figure 
2) .The main companion species were K. integrifolia, L. quinquenervius, C. du-
riuscula, E. intersita, P. sibiricum. But the aboveground biomass of L. chinensis 
community was not significant among the cutting dates, and they were about 
200 g/m2 (Figure 1). 

The coefficients of the community similarity (ISs) were high for the neighbor-
ing two cutting dates, and higher than 0.70. The highest coefficient was 0.84 be-
tween August 15th and August 25th, and, they 8 common species. 

The values of stem/leaf of L. chinensis were not significant different during 
the cutting dates. And they all were lower than 0.70, so the weight of the leaves 
was 1.43 times as much as stems at least. And the cutting date on August 25th, 
the weight of the leaves was next to 2 times as much as stems. The crude protein 
was form 8.0% to 9.5%, but there was not significant among the treatments，the 
companion species contain higher crude protein than L. chinensis, which were 
from 10% to 12% (Figure 2). 

The Songnen grassland plays an important role in stock raising in northeast 
China because of its famous for producing L. chinensis which has high palatabil-
ity and quality [4] [5] [17]. The species richness (species number) of the com-
munity is small, furthermore, the L. chinensis was absolute predominance (Table 4 
and Figure 1). Therefore, the communities were extremely similarly with dif-
ferent cutting dates (Table 5). Mowing in succession years made the above-
ground biomass and density descending, the percentage of the high quality her-
bage in the community decreasing, weeds increasing [25] [26]. In our study, the 
values of height and aboveground biomass of L. chinensis had decreased from  
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Figure 1. The aboveground biomass of L. chinensis community in August, 2007. 

 
Table 5. The coefficient of the community similarity. 

Treatments 15 Aug - 25 Aug 25 Aug - 4 Sep 4 Sep - 14 Sep 14 Sep - 24 Sep 24 Sep - 4 Oct 

ISs 0.84 0.70 0.70 0.76 0.80 

 
2006 to 2007. But the L. chinensis proportion was improved after cutting, proba-
bly because the rainfall was less in 2007 than 2006, and L. chinensis is more to-
lerance than other species in the community [5]. The regrowth character also re-
flected the advantage of L. chinensis (Table 1 and Table 2). 

The value of stem/leaf was an important index of forage quality, intake, and 
diet selection [27], usually the value was smaller and the nutrition was higher, 
because leaf contains more nutrition and is more palatable than stem [28] [29]. 
The stem/leaf which we measured showed that there was no difference by the 
different treatments (Figure 2(a)), and the leaves made up a bigger percentage 
of the aboveground biomass and the quality was fine. And the crude protein 
percentage was also not significant both L. chinensis population and communi-
ty, so we got the conclusion that autumn different cutting dates didn’t influence 
the quality of the L. chinensis grassland. But the plant community had more 
crude protein than L. chinensis population (Figure 2(b)), because the compa-
nion species contained more crude protein, especially the leguminous forage like 
L. quinquenervius [5]. 

The aim of cutting in grassland was to gain hay or ensilage [30], thus the har-
vesting date and forage yield were practical significance [11]. The aboveground 
biomass of L. chinensis population and community were not significant after 
different cutting dates (Figure 1), and the height, density and stem/leaf were also 
not significant. This meant that the concentrated harvest dates had the similar 
influence on the grassland at the remaining stubble was about 5 cm, so when 
farmers harvested the hay, they just need to consider the factors of weather, la-
bor force, nutrition content and yield of the grassland. The aboveground bio-
mass of L. chinensis reached hump at the middle ten days in August [9], but the  

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


Y. T. Song et al. 
 

 

DOI: 10.4236/ajps.2018.92016 192 American Journal of Plant Sciences 
 

 
(a)                                                          (b) 

Figure 2. Forage quality of the (a) stem/leaf of L. chinensis and (b) crude protein of L. chinensis population and community in 
August. 

 
crude protein decreased and fiber increased after L. chinensis turning green, in 
order to get maximum crude protein, the grassland should be cutting in the last 
ten days of July [10] [14]. Considering the weather condition in Songnen grass-
land, we advised that harvest dates should be concentrated from the middle ten 
days of August to the first ten days in September [5]. 

Cutting means removing the organics from the grassland [4] [31], the utiliza-
tion rate of the grassland was less than 50 percent to keep it healthy [25], because 
plant litter played an important role on the grassland ecosystem [11], and it al-
ters the physical and chemical environment, therefore, it may affect the plant 
community structure and dynamics [32]. We also investigated the uncut com-
munity closed to the experimental plots in 2007, the height, aboveground bio-
mass was significant more than the treatments because of the litter, and the 
stem/leaf and crude protein were not significant. However, the stand litter would 
be the obstacle when the farmers mow the grass and decrease the quality of the 
forage, so the managers need to trade-off the yield and quality, and institute the 
scientific cutting systems to keep the grassland continuative production. 

4. Conclusion 

The L. chinensis grassland produces herbage superior both in quality and in 
quantity on the Songnen plain of northeast China, and the L. chinensis makes up 
about 90% of the dry aboveground biomass in the L. chinensis community 
whose species richness is simple. The companion species of L. chinensis com-
munity contains higher crude protein, but the crude protein of the community is 
not significant. The coefficients of the community similarity are high. Further-
more the density, height, aboveground biomass, stem/leaf ratio, and crude pro-
tein of L. chinensis were not significant at the reviving stage and harvesting time. 
Thus, the harvest dates should be concentrated from the middle ten days of Au-
gust to the first ten days in September when the weather is fine in this plain. The 
experiment showed one-year results, and longer-term research is required to get 
more reliable results. 
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