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Abstract 14 

The relationship between diversity and productivity of plant communities is an 15 

important issue in grassland restoration. However, the degree to which this 16 

relationship varies during the restoration stage after trampling disturbance is not 17 

clear. Here, we conducted a five-year study in a steppe after 4-year trampling to 18 

detect restoration patterns of plant community and investigate variation in 19 

diversity-productivity relationships. Our results showed that community cover, 20 

abundance, height, and productivity recovered quickly after the trampling 21 

disturbance ceased. However, the recovery of diversity was slower than biomass in 22 

the steppe. In addition, grass, annual, and biennial recovery was more rapidly than 23 

the recovery of forbs in the steppe. Moreover, following the restoration process, the 24 

positive correlation between productivity and diversity was decoupled, and a 25 

negative correlation between productivity and diversity developed. Our finding 26 

provides the key evidence for the asynchronous relation between productivity and 27 

diversity, and reveals that grass restored more rapidly than forbs in plant community 28 

restoration after disturbance. This study indicates that the trade-off between plant 29 

community structure and function can vary with the restoration process, and 30 

implicates that future modeling and experimental studies should focus on the 31 

different responses of productivity and diversity in plant community restoration.  32 

Key words: functional group, grassland restoration, human disturbance, semi-arid 33 

grassland. 34 
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Grasslands are among the most important terrestrial ecosystems in the world. 36 

They cover 3.4 billion ha, occupy 40% of global terrestrial area and 69% of global 37 

agricultural area [1-2], account for more than 30% of terrestrial net primary 38 

productivity, and provide many services including food production, furs, tourism, 39 

and climate change mitigation. However, grasslands are degrading rapidly[2] due to 40 

climate change (including warming and changing precipitation regimes) and human 41 

disturbance (including the overgrazing, trampling by tourists, and vehicle 42 

disturbance). Symptoms of grassland degradation include rodent outbreaks [3-4], 43 

decreases in the proportion of high-quality forage [5], and reductions in plant 44 

diversity [5-6] and productivity [5]. In response to this degradation, several methods of 45 

grassland restoration have been deployed, including grazing exclusion [7-8], replacing 46 

grazing with mowing [4,9-10], grassland re-establishment [11-13], and some other 47 

methods [14-15]. Trampling by domestic animals and humans is among the more 48 

common disturbances in grassland ecosystems [16-18]. This disturbance often occurs in 49 

conjunction with heavy grazing [19-20], tourism [21] and road construction [22]. 50 

Trampling can compact the soil, thus affecting water cycle [18, 23]. Additionally, 51 

trampling can trigger injury of plant stalks and roots, suppressing plant growth, 52 

limiting productivity [24-25] and decreasing diversity [19, 26-27], which can consequently 53 

induce soil erosion [28]. Moreover, because plant functional groups differ in their 54 

tolerance to trampling, trampling can alter community composition [29]. However, the 55 

effects of trampling on community composition do not appear to be consistent. Some 56 

studies have reported that trampling elevated the dominance of grass in grassland 57 



communities [18, 30], but some others have reported that trampling supported forbs [31] 58 

or did not affect community composition [20].  59 

Reestablishing high biodiversity and productivity is an increasingly common 60 

goal of restoration ecology [9, 32-34]. Thus, considering the relationships between plant 61 

diversity and productivity is important for grassland ecology, and studies on the 62 

relationships between plant diversity and productivity in the restoration stage after 63 

disturbance have important theoretical implications for grassland conservation. A 64 

meta-analysis has reported that in datasets of regional extent, most productivity–65 

richness relationships were positive, and only few studies have reported non-linear 66 

relationships [35]. However, unimodal relationships were also reported in studies at 67 

small and large scales [36-37]. In addition, it has also been reported that the 68 

diversity-productivity relationship in a plant community can change over time [38]. 69 

However, variation in the diversity-productivity relationship during the restoration 70 

stage has not been extensively studied. Furthermore, although most previous studies 71 

have documented effects of trampling on ecosystem structure and function, only a 72 

few studies have investigated changes in plant community composition during the 73 

restoration stage after trampling. To our best knowledge, no study has reported the 74 

variation in the relationship between plant diversity and productivity during the 75 

restoration period after trampling. We conducted a five year investigation of the 76 

plant community in a post-trampled natural grassland in an Inner-Mongolian steppe 77 

to get a better understanding on the above questions. We assessed species richness, 78 

plant community abundance, cover, height, and aboveground productivity, and 79 



diversity was calculated in the experiment. The objectives of this study are 1) to 80 

evaluate the pattern of restoration of the plant community after trampling in the 81 

steppe, and 2) to test the variation in the relationship between plant community 82 

diversity and productivity after trampling in the steppe. 83 

Results 84 

Abundance, cover, and height. Community abundance, cover, and height were all 85 

significantly different between R and C treatments (Table 1). In addition, the 86 

differences in these three variables between the two treatments significantly varied 87 

with year (Table 1). In the first two years, all three variables in the R plot were 88 

significantly lower than in the C plot (Fig. 1). However, in 2016, although 89 

abundance and cover in the R plot remained lower, height was significantly higher 90 

than in the C plot (Fig. 1). In 2017, the difference in abundance and cover between R 91 

and C plots disappeared (Fig. 1). In 2018, the abundance and height of the R plot 92 

was higher, but cover was still lower than in the C plot (Fig. 1).  93 

Moreover, abundance, cover and height of different functional groups also 94 

differed with treatment and year (Fig. 1). Abundance, cover and height of AB in the 95 

R plot were significantly lower than in the C plots in 2014 (Fig. 1). However, in 96 

2015, none of the three variables were significantly different between the two 97 

treatments (Fig. 1). In 2017 and 2018, all of the three variables of AB were 98 

significantly higher in the R plot than in the C plot (Fig. 1). Abundance and cover of 99 

PF were significantly lower in the R plot than in the C plot, though PF height was 100 

significantly higher in the R plot than in the C plot (Fig. 1). The cover and height of 101 



PG in the R plot was lower than in the C plot in 2014. The abundance and height of 102 

PG was lower, but cover of PG was higher, in the R plot than in the C plot in 2015 103 

(Fig. 1). In 2016, only the abundance of PG was lower, but the other two variables 104 

were higher in the R plot than in the C plot (Fig. 1). In 2017 and 2018, all three 105 

variables of PG were higher in the R plot than in the C plot (Fig. 1).  106 

Productivity and aboveground biomass. Aboveground productivity varied 107 

significantly with year (Table 1). The highest (212.9) and lowest (114.4) values 108 

occurred in 2016 and 2014 (Fig. 2a), respectively. In addition, the treatment effect 109 

varied significantly with year (Table 1). Community productivity in the R plot was 110 

86.3% (F = 53.29, P < 0.001, Fig. 2a) and 87.0% (F = 118.16, P < 0.001, Fig. 2a) 111 

lower than in C plots in 2014 and 2015, but 32.2% (F = 64.46, P < 0.001, Fig. 2a) 112 

and 80.2% (F = 21.48, P = 0.004, Fig. 2a) higher than in C plots in 2016 and 2017, 113 

respectively. In the last year, no difference was detected between the two treatments. 114 

Biomass varied significantly among different functional groups and treatments 115 

(Table 1). Biomass of AB and PF was lowest (2.6 g) and highest (131.9 g) in the C 116 

plots (Fig. 2b, 2c, 2d). Biomass of PF and PG was lowest (7.5 g) and highest in the R 117 

(138.5) plots (Fig. 2b, 2c, 2d), respectively. In addition, significant interactions were 118 

detected between functional groups and year (Table 1). Biomass of AB in the R plots 119 

was no different than in the C plots in 2014 (F = 2.91, P = 0.139, Fig. 2b), 2015 (F = 120 

0.60, P = 0.468, Fig. 2b), and 2016 (F = 0.524, P = 0.496, Fig. 2b), but became 121 

significantly higher than in the C plots in 2017 (F = 22.62, P = 0.003, Fig. 2b), and 122 

2018 (F = 12.46, P = 0.012, Fig. 2b). The biomass of PF in the R plot was 86.1 (F = 123 



52.15, P < 0.001, Fig. 2c), 135.1 (F = 150.07, P < 0.001, Fig. 2c), 156.0 (F = 404.48, 124 

P < 0.001, Fig. 2c), 124.9 (F = 75.81, P < 0.001, Fig. 2c), and 119.7 g (F = 298.96, P 125 

< 0.001, Fig. 2c); lower than in C plots in 2014, 2015, 2016, 2017, and 2018, 126 

respectively. The biomass of PG in the R plot was 9.0 and 15.3 g lower than in the C 127 

plot in 2014 (F = 30.88, P < 0.001, Fig. 2d) and 2015 (F = 31.00, P < 0.001, Fig. 2d), 128 

but 223.2 (F = 401.18, P < 0.001, Fig. 2d), 241.3 (F = 54.37, P < 0.001, Fig. 2d), and 129 

73.5 g (F = 67.94, P < 0.001, Fig. 2d) higher than in the C plot in 2016, 2017, and 130 

2018, respectively. 131 

Species richness, plant community diversity, and similarity. Species richness in 132 

the R plot was significantly lower than in the C plot across the five years (Table 1, 133 

Fig. 3a). In addition, the difference in species richness between the two treatments 134 

significantly varied with year (Table 1, Fig. 3a). Species richness in the R plots was 135 

87.2% (F = 230.46, P < 0.001, Fig. 3a), 73.7% (F = 273.80, P < 0.001, Fig. 3a), 41.7% 136 

(F = 16.03, P = 0.007, Fig. 3a), 25.8% (F = 35.53, P < 0.001, Fig. 3a), and 48.0% (F 137 

= 128.00, P < 0.001, Fig. 3a) lower than in the C plot, respectively. 138 

Species number was significantly different among the three groups, and the 139 

difference varied with treatment (Table 1). In addition, significant interactions were 140 

detected among functional group, year, and treatment (Table 1). Species number of 141 

AB in the R plot was 2.7 lower in 2014 (F = 21.43, P = 0.004, Fig. 3b), but 2.4 142 

higher in 2017 (F = 10.57, P = 0.017, Fig. 3b) than in the C plot. Species number did 143 

not vary under the two treatments in 2015 (F = 3.00, P = 0.134, Fig. 3b), 2016 (F = 144 

0.16, P = 0.705, Fig. 3b), or 2018 (F = 0.00, P = 1.000, Fig. 3b). The species richness 145 



of PF in the R plot was 6.3 (F = 1323.00, P < 0.001, Fig. 2c), 4.5 (F = 170.46, P < 146 

0.001, Fig. 2c), 5.4 (F = 34.71, P < 0.001, Fig. 2c), 6.2 (F = 40.33, P < 0.001, Fig. 147 

2c), and 6.6 (F = 54.00, P < 0.001, Fig. 2c) lower than in the C plot in 2014, 2015, 148 

2016, 2017, and 2018, respectively. The species richness of PF in the R plot was 3.3 149 

(F = 33.80, P < 0.001, Fig. 3d), 2.3 (F = 22.09, P = 0.003, Fig. 3d), 1.2 (F = 5.00, P = 150 

0.067, Fig. 3d), and 6.6 (F = 7.74, P = 0.032, Fig. 3d) lower than in the C plot in 151 

2014, 2015, 2016, and 2018, respectively. However, species richness of PF did not 152 

differ between R and C plots in 2017 (F = 1.42, P = 0.278, Fig. 3d). 153 

Shannon-Weiner diversity index significantly varied with year (Table 1), with 154 

the highest (1.71) and lowest (1.31) values in the C plots in 2017 and 2015, 155 

respectively (Fig. 3e). In addition, treatment effects on the Shannon-Weiner diversity 156 

index differed across the five years (Table 1, Fig. 3e). The Shannon-Weiner diversity 157 

index in the R plot was 0.9 (F = 62.71, P < 0.001, Fig. 3e), 0.7 (F = 173.21, P < 158 

0.001, Fig. 3e), 0.8 (F = 40.62, P < 0.001, Fig. 3e), and 0.5 (F = 61.82, P < 0.001, Fig. 159 

3e) units lower than in the C plot in 2014, 2015, 2016, and 2017, respectively. 160 

However, Shannon-Weiner diversity index did not differ between R and C plots in 161 

2018 (F = 0.11, P = 0.750, Fig. 3e). 162 

Similarity significantly varied with year (Table 1, Fig. 3f). Similarity in the last 163 

3 years (2016, 2017, and 2018) was significantly higher than in the first two years 164 

(2014 and 2015, Fig. 3f). No other significant difference in similarity was observed 165 

in the experiment (Fig. 3f) 166 

Restoration trends of AGB and diversity, and relationships between AGB and 167 



diversity. The relationship between R:C diversity and year was a quadratic curve 168 

with a get down to openings (R2 = 0.978, P < 0.001, Fig. 4). However, the 169 

relationship between R:C productivity and year was a quadratic curve going upwards 170 

to openings (R2 = 0.715, P = 0.034, Fig. 4). Productivity in the R plot linearly 171 

increased with diversity in 2014 (R2 = 0.437, P = 0.027, Fig. 4b) and 2015 (R2 = 172 

0.491, P = 0.011, Fig. 5), did not correlate with diversity in 2016 (R2 = 0.196, P = 173 

0.149, Fig. 4b) and 2017 (R2 = 0.089, P = 0.346, Fig. 5), and linearly decreased with 174 

diversity in 2018 (R2 = 0.274, P = 0.080, Fig. 5). 175 

Discussion 176 

We found that the plant community was drastically degraded after four years of 177 

severe trampling. The reductions in abundance, cover, ANPP, as well as species 178 

richness and diversity after trampling were consistent with many previous studies 179 

which have demonstrated that trampling inhibited plant growth [17, 26, 38], but 180 

inconsistent with studies that have recorded minimal effects of trampling on plant 181 

communities [29, 39-41]. This latter discrepancy can be attributed to the much higher 182 

trampling intensity (more than 3500 passes per year) in our study than in some other 183 

study systems. Severe trampling can compact soil, and triggered serious damage on 184 

stalks, foliage, and roots [24-25, 38], decreasing recruitment and survival of plants [42]; 185 

and consequently inducing decreases in plant community variables.  186 

In addition, we found that trampling completely eliminated the forbs, but left 187 

few grasses, annuals, and biennials in the steppe, which supported the results of 188 

many previous studies which have reported that trampling can alter community 189 



composition [29, 31, 43]. These trampling-induced changes in community composition 190 

can be explained by many factors. First, perennial grasses are often more tolerant of 191 

trampling than perennial forbs [18, 30, 44] because of their greater root strength [25, 30]. 192 

Second, trampling often decreases soil water infiltration, reducing the soil water 193 

content in deep soil [18]. Most grass roots are concentrated in the shallow soil layers, 194 

but forbs allocate a certain part of their root mass in the deeper layers of the soil. 195 

Compacted soil may inhibit root growth in the deep layer, and thus suppress the 196 

growth of forbs. Trampling-induced changes in soil water may stimulate grass 197 

growth, but inhibit growth of forbs, consequently altering the community structure. 198 

Third, differences in morphological traits, life forms, and reproductive strategies 199 

among different functional groups can also explain the trampling-induced variation 200 

in plant community composition [45-46]. Previous studies have reported that 201 

stoloniferous, matted or rosette plants are more resistant to trampling than erect forbs 202 

[45-46]. Annuals and biennials often have great ability to survive under adverse 203 

situation due to their high seed production and high seed germination rates [47]. Most 204 

of the forb species in our study site are chamaephytes or hemicryptophytes, which 205 

have buds that are easily hurt by trampling. All in all, our results suggest that 206 

perennial grasses, annuals, and biennials have higher tolerance to trampling than 207 

perennial forbs, which has important implications for restoration management in 208 

grassland ecosystems. 209 

Our results show that plant abundance, cover and height gradually returned to 210 

and even exceeded pre-disturbance conditions after restoration, which is consistent 211 



with studies that reported fast recovery of community parameters after ceasing 212 

disturbance in grasslands [11, 48]. However, the recovery of these traits varied across 213 

different functional groups in our study. Annual and biennial herbs and perennial 214 

grasses recovered more quickly than perennial forbs, which are consistent with one 215 

study that reported fast recovery of graminoid biomass after ceasing disturbance in a 216 

grassland meadow on the Tibetan Plateau [49]. The differences in rates of restoration 217 

among different functional groups can be attributed to the initial status of the plant 218 

community after trampling. Almost all forb individuals disappeared after trampling 219 

in our study, but some grasses survived after trampling. In turn, grasses that survived 220 

could recover quickly because trampling reduced resource competition among the 221 

different functional groups. Annual and biennial plants are usually pioneer species in 222 

the steppe [50-51], have much higher seed germination rate than forbs, and can quickly 223 

occupy a niche after trampling because of the large amount of open spaces created 224 

by trampling. However, forbs must reenter the community through seed germination 225 

and seedling recruitment, and thus their competitive capacity and recovery is lower 226 

than grasses, annuals, and biennials at the early stage of restoration. In addition, our 227 

result showed that community biomass recovered from a very low value to a peak 228 

that exceed biomass in the undisturbed grassland, and then decreased to a value 229 

similar to the undisturbed grassland. This pattern is inconsistent with some studies. 230 

For example, it has been reported sustained increases in cover and biomass over 8 231 

years of restoration of a Tibetan alpine meadow [19]. Several factors are responsible 232 

for the restoration pattern we observed in the steppe. After trampling ceases, the gaps 233 



formed by trampling are beneficial for the recovery of remaining plants and the 234 

establishment of pioneer species. Residual grasses can quickly grow due to minimal 235 

competitive pressure and compensatory effects after disturbance. Annuals and 236 

biennials can also easily grow due to the lack of competitors [41]. Thus biomass can 237 

quickly recover in the steppe. After initial recovery, inter- and intraspecific 238 

competition may prohibit further increases in biomass, and biomass may eventually 239 

decrease because plants may allocate resources to traits that maintain their 240 

competitive advantages. 241 

The continuously increasing species richness in the restored grassland indicates 242 

that recovery of species richness is more difficult than other simple community 243 

parameters, which supports conclusions found in previous studies [11, 52], which 244 

documented that diversity is difficult to recover in severely disturbed area. However, 245 

the restoration rate we observed was slower than that observed in a study in the 246 

Tibetan meadow [19]. This slower restoration rate may be because the species 247 

richness of the semi-arid steppe is much lower than in the meadow, so the 248 

opportunity for a new plant species to enter the disturbed area is lower than it is in 249 

the meadow. In addition, the slower restoration rate is correlated with arid soil 250 

conditions, which only allow species with strong arid resistance to germinate and 251 

recruit in the trampled area. Furthermore, many previous studies have reported that 252 

trampling can lead to soil erosion [24, 53]. The loss of soil nutrients in the erosion 253 

process may exacerbate the difficulty of plant establishment in the restored grassland. 254 

Another interesting pattern in our study is that at the 4th year of restoration, the 255 



diversity index recovered to the level of control plots, but the species richness 256 

remained much lower than in the control treatment. This result indicates that the 257 

plant communities in the trampled plots are more homogeneous than those in the 258 

control plots, and also suggests that the evaluation of many more parameters is 259 

necessary, rather than relying solely on diversity indices as metrics of restoration 260 

success. 261 

The results of our experiment indicate that following the restoration process, the 262 

positive correlation between biomass and diversity is decoupled, and a negative 263 

correlation between biomass and diversity is formed. This pattern is inconsistent 264 

with the common pattern that high diversity often represents high productivity in 265 

undisturbed area. However, this relationship has also been reported in many studies 266 

conducted in ecosystems that have suffered human disturbance. For example, in 267 

some nitrogen addition experiments, nitrogen elevated biomass but often decreased 268 

diversity [49]. One mechanism can explain the variation in relationships between 269 

biomass and diversity. At the early stages of restoration, trampling has formed many 270 

gaps in the community, and competition is very low. Under this situation, the more 271 

species, the higher the resource use efficiency in the community. However, as 272 

restoration progresses, plant density and species number increase quickly. Thus 273 

competitive pressures become much higher. Plants may allocate more energy to 274 

competition rather than growth, so although diversity increases after a period of 275 

restoration, biomass stops increasing and may even decrease. This result suggests 276 

that we must consider variation in the relationship between diversity and biomass 277 



when we predict plant community productivity in restoration ecology. 278 

In conclusion, our results show that community abundance, cover, height, and 279 

biomass recovered more quickly than did diversity. Furthermore, annuals, biennials, 280 

and grasses were more responsive than forbs. Moreover, the diversity-biomass 281 

relationship changed from a negative correlation to a positive correlation following 282 

the restoration process. Our study documented an important implication of the 283 

trade-off between community structure and function for typical grassland restoration, 284 

suggesting that we must simultaneously focus on the productivity and diversity in 285 

the evaluation of grassland restoration process. 286 

Materials and Methods 287 

Site Description. The study area was conducted at the Duolun Restoration Ecology 288 

Station of the Institute of Botany, Chinese Academy of Sciences (42°20′N, 116°17′E), 289 

a semi-arid temperate steppe in Inner-Mongolia. The altitude is 1324m a.s.l. Mean 290 

annual temperature is 2.4 °C, and temperatures range from the annual low (-17.5 °C) 291 

in January to the annual high (18.9 °C) in July. The long-term (1953-2017) mean 292 

annual precipitation at this site is about 380 mm, but it ranged from 286 to 422mm in 293 

the growing season (from May to August) from 2014 to 2018. The soil is classified 294 

as chestnut (Chinese classification). The study site is dominated by a perennial grass 295 

Stipa krylovii and a semi-shrub Artemisia frigida. Other species such as Agropyron 296 

cristatum, Melissilus ruthenicus, Potentilla acaulis, Cleistogenes squarrosa, and 297 

Allium bidentatum are also abundant in the natural grassland.  298 

Experimental design. The experiment was conducted in an abandoned trackway 299 



and adjacent natural grassland. The natural grassland was fenced to exclude 300 

disturbance, kept enclosed since 2000, and referred to as control grassland (C). The 301 

trackway, next to the C plots, was trampled by humans (with an intensity of 30 302 

passes each day in the growing season (from early May to late October) and 4 passes 303 

each day in the non-growing season) from 2011 to 2014, but has been restored since 304 

2015, and is referred to as restoration grassland (R). Four blocks of 30 m x 6 m were 305 

selected along the trackway in late July 2014. Three pairs of 1 m  1 m plots were 306 

selected in each block from 2014 to 2018 along the direction of the trackway. The 307 

distance between two adjacent pairs of plots was 7-9 m. Each set of paired plots 308 

contained a C plot and an R plot. The distance between the C and R plot in each 309 

paired-plot was <5 m to minimize spatial heterogeneity. 310 

Plant community parameters. Plant community parameters were assessed in 311 

mid-August in each year. Plant species were divided into three functional groups 312 

including annuals and biennials (AB), perennial grasses (PG), and perennial forbs 313 

(PF). The number of species, and number of individuals per species, was counted in 314 

each plot. The cover of each plant species, functional group, and community was 315 

estimated visually following methods used in previous grassland studies (Liu et al., 316 

2018). Three individuals of each plant species in the plot were selected, and their 317 

heights were measured and then averaged to estimate the mean height of the species. 318 

The aboveground live part of each measured plant was harvested and separated by 319 

species, oven dried for 48 hours at 65 °C to a constant weight, and then weighed to 320 

determine the biomass of each species. Biomass of all species in a plot was summed 321 



to estimate productivity. The functional group and community level species richness, 322 

abundance, cover, aboveground biomass, height, Shannon-Weiner diversity index, 323 

and Similarity coefficients were calculated with the following functions: 324 

Species richness: R= S 325 

Abundance: A = ∑ NiS1  326 

Aboveground biomass: AGB = ∑ biS1  327 

Height: H = ∑ (Hi  × Ci∑ Ci𝑆1 )𝑠1  328 

Shannon-Weiner diversity index：H = -∑ ( Bi∑ BiS1 × ln ( Bi∑ BiS1 ))S
1  329 

Similarity coefficients：J = 𝑗a+b−j 330 

Where: S is the number of the plant species. Ni, ci, Bi, and Hi is the individual 331 

number, cover, biomass, and height of i species, respectively. Letter j is the number 332 

of species common to both plots and “a” and “b” are the number of species only in 333 

the first (a) or second (b) plot in each of the paired plots54. 334 

Statistical analysis. The differences in species richness, abundance, cover, 335 

aboveground biomass, productivity, and height among time, functional group, and 336 

grassland types were tested with three way ANOVAs. Two-way ANOVAs and LSD 337 

Post-Hoc tests were used to determine the differences in species richness, abundance, 338 

cover, aboveground biomass, productivity, height, and Simpson's diversity index 339 

among the five years and two grassland types. Paired t-test was used to analyze the 340 

differences in the above plant community parameters between the natural and 341 

restored grassland. One way ANOVA and LSD Post-Hoc tests were used to test the 342 

differences in similarity coefficients among different years. The variation trend for 343 



the ratio of AGB between R and C plots (R: C productivity) and ratio of diversity 344 

between R and C plots (R:C diversity) during the experiment was estimated with 345 

curve-estimated regression. The relationships between productivity and diversity in 346 

each year under restoration were determined with linear regression. All statistics 347 

were performed with SPSS 21.0 software package (SPSS Inc., CHI, IL, USA). 348 
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Figures

Figure 1

Mean values (±SE) of abundance, cover, and height for annuals and biennials (AB), perennial grasses
(PG), perennial forbs (PF), and the entire plant community under control (C) and restoration (R)
treatments.



Figure 2

Mean values (±SE) of aboveground biomass for annuals and biennials (AB), perennial grasses (PG),
perennial forbs (PF), and the entire plant community under control (C) and restoration (R) treatments.



Figure 3

Mean values (±SE) of species number for annuals and biennials (AB), perennial grasses (PG), and
perennial forbs (PF), and species richness and the Shannon-Weiner index for the plant community under
control (C) and restoration (R) treatments, and similarity between control (C) and restoration (R)
treatments from 2014 to 2018.



Figure 4

Temporal variation in the ratio of diversity and biomass between restoration (R) and control (C)
treatments, 2014 to 2018.



Figure 5

Temporal variation in the relationships between productivity and diversity in each year from 2014 to
2018.


