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Abstract

Aims Anthropogenic disturbances and climate change have resulted in large scale degradation of grasslands
across the landscapes in Nei Mongol. Fertilization, especially with nitrogen (N) addition, has been proposed and
applied as an important management practice to promote primary production for these degraded grasslands. In this
study, we examined the changes in plant diversity and biomass at three levels of degradations with N addition.
Methods Nitrogen addition experiment was installed in 2011. Six levels of N addition (0, 10, 20, 30, 40, and
50 g'm >-a ') were conducted at grasslands with three levels of degradations. Nitrogen was added at the beginning
of each month from May to August each year. We investigated the changes in plant species richness and above-
ground biomass by species in August, 2016. The total biomass of the community, as well as the biomass of each
plant functional group (grasses and forbs) was calculated based on species composition.

Important findings We found that: (1) N addition decreased species richness and diversity at communities un-
der moderate and severe degradations, but insignificant under extreme degradation. (2) N addition increased the
aboveground biomass at communities under three levels of degradations. (3) N addition increased the above-
ground biomass of the grasses and its proportion to the total biomass, but not on the total biomass of the forbs al-
though it also decreased the proportion of aboveground biomass. These results indicate that the impacts of N addi-
tion on ecosystem function depended on plant function type. In addition, the fertilization effects should are exam-
ined at community level and by the degree of the degradation.

Key words nitrogen addition; grassland degradation; species richness; species diversity; aboveground biomass;
plant functional group
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Fig. 1 Study area and the spatial distribution of study sites. EDG, extremely degraded grassland; MDG, moderately degraded grass-

land; SDG, severely degraded grassland.
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Table1l Plant and soil characteristics at the experimental sites

ZFK Term Bl EDG HERLEH SDG IR ELH MDG
LUE NS o PEHEEE. OE. MER. . WUNMURENS. WIREACR. 3 B DUNURENSE. R A

Species composition

WEHE
Leymus chinensis;, Carex korshin- 7. 2823, JKEL, JR#EF. REfa T2,
skyi, Digitaria sanguinalis, Set- [ /R & MlkiEse

aria viridis; Agriophyllum squar- - cajamagrostis epigeios; Stipa baicalen-
rosum; Chenopodium acuminatum gis; Poa sphondylodes; Carex korsh-
etal. inskyi; Potentilla longifolia; Potentilla

EaRE, RERKNK. BEEREE. %

acaulis, Artemisia frigida; Festuca ru-
bra; Agropyron cristatum; Sellera cha-

R BRBREH., MBEHERE, AHE. %
FIr. UKE.L RERTE. PhlsisT.
Rl IR A UEAL S

Calamagrostis epigeios; Stipa baicalen-
sis; Leymus chinensis, Poa sphondy-
lodes; Potentilla longifolia; Carex kor-
shinskyi; Artemisia frigida; Festuca ru-
bra; Agropyron cristatum; Cleistogenes

maejasme; Cleistogenes squarrosa; Het-

squarrosa; Lespedeza inschanica; He-

eropappus altaicus et al. teropappus altaicus et al.
THURR A AR X 7 34.48 39.53 54.05
Relative coverage of
climax species (%)
TR 7Rl 75 34.48 32.56 29.73
Relative coverage of
degradation indicators (%)
— A YA 25 31.04 2791 16.22
Relative coverage of annuals (%)
+ 448 Soil total carbon (%) 0.83 1.67 2.06
4% Soil total nitrogen (%) 0.06 0.14 0.17
PR & Sand content (%) 66.10 57.30 58.40
LR B ER AR (=1 0.379 0.543 0.642

Grassland degradation index

EDG, extremely degraded grassland; MDG, moderately degraded grassland; SDG, severely degraded grassland.
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3 3o AR R N B SR (B A
xR R AR A ), R E R L B AR
W N S IO A BRI I o A e PR NS R M
R T FR a4 Re Ty, AR E R e R 3L
(Gini)fiT E DI ReRF B R/ NAFSE(Ren et al., 2010).

n

iB X, - X, |

x100

j=1
- 2n* X

b, XoRIX 73 i 2 s T RE A AN RE AR 1R~ 35  BE
NN DR R R, XERARFTA D se BEAE Ak 1735
=
14 it

K HMicrosoft Excel 2007 ¥ ¥ ¥5, Siit ot
KITESPSS 19.07 58 1. FIUEI &7 Z 0 Hr kB 1k B

DOI: 10.17521/cjpe.2017.0135

©U 00000 Chinese Journal of Plant Ecology



434 AWM Chinese Journal of Plant Ecology 2018, 42 (4): 430441

FE R I A BRAE g [ 7 BRI 7, 9 A 4% R - B f 2
LHAERXN BRI S B WP 2R, H B4
ViR, SRR AR R R AR R VE . A
HRT o A B R . TR —IR AR AL A HER R
#7258, Duncan’s% H LI kit 1T £ R B
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ERBDNESVMEERE. SR AR
[ — M R . E B 7ESigmaPlot 10.07 5 i
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FEEMZHMENT T
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AR ERW, FAINAR SRR K22 BAR S5
FEEA REY, 52N (ER2). &
NI 35 BRA 1 v B R B R R A s i S 3 R R B
TEVIF S BRI Z R, (B A B IR Ak Bk 2
FE AR BEVE P h = 5 T AN 22 BRI T B8 35 PR R i (JE12).
Horp, fER R, Mi%E 40, 50 gm >a T,
YRl R B R PR 7 E R R A R i U A30
gm 2al, Wk g S ek IR 2 AH B 0 S PR A (&
2A). IR R U 940 gom >a!, ZREMERE
i, FEEIB L FHHI R N20 gm 2 a!, BREMERE
fK(E2B).
22 AREEBLEHR S HIE P RIRMAG B EH
2RI

IS IMALRAGES B0 Bt B A A B
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ZREVERID b AR R R R T 24 BT

Table 2 Results of two-way ANOVA on the effects of nitrogen (N) on
plant species richness, species diversity and aboveground biomass under
different levels of degradations

M. Response LK Term  df F p
YR F- & Species richness DT 2 40.64 <0.001
N 5 8.50 <0.001
DT x N 10 227 0.035
Shannon—W?enerfEiﬁ( DT 2 12.84 <0.001
Shannon-Wiener index N 5 5.06 0.001
DT xN 10 1.50 0.179
Hh A=Y Aboveground biomass DT 2 42.08 <0.001
N 5 9.53 <0.001
DTN 10 1.30 0.264

DT, iBAE2EA N, FALEE . DB T R BN %
DT, degradation type; N, nitrogen (N) treatment. Bold numbers indicate the
significant contributions to the total variation.
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S, AR BT BAR IR R (R2). EP R
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Hiy A e 8 L 6 B U 0 2 30 S B 0 S AR Y
R T AN IR AR M ) S AE B N TA $1) 40
gm a i, M AR R L R B (EI3B) . EE
IR A bt T A A B B B SR U R i 2 B
SN G B AR A & H (E3B).
2.3 RIRINZEYIINRER T E YIS RN
FAS AR AR B R B EARY) A B
SN, AHEATIAS BAE R IEA B3 IR AHH BE X %
FREHh FAEY R BERm, RN EERNE
R FE A8 FLAR F G 2 SRR b 2R ) B i A
E(R3). Hr, TEINMAFBIF KGR F, &
NI B ER N T RS FAEY R, 55 IR ALAR L,
R EE AR AR B R B AR ) ) 1
BT 3-106% . 2-5M5M2-10/%(&4). % T Z2K ek
b, SXTRRARLL, 3ANAN A IR AGFE B R e R Bt
AR K A N D i AN B (1 4).
BIRIIFRAGER BEXTR B, AR Bt A&
TEREVE L B AP b i L B 25 e, (BAC BLAE
AR (FR3). L3N FRR LR H kb, S0
WM T ARSI b, 75 B R A
B, FARINEIAF30 gm Za ', RG] G
Iy fEE A BAL T, FARINE NS0 gm CaT, K
LR B A I, 0T 35.8% (K15). BN 4k
FEELLLAI (1 5 ) 5 R FEAUIR A I, 7E3 A AR AL
FREE B, IR T AR B LA (B5).

3 i

31 XEFEZHFEARMSMZ M MAE
EAHH

AT, BRI TR EEEMZ
FEME, X 507 A 5T 45 R (Fang et al., 2012; Tian
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F U IN4b PR Nitrogen addition treatment (g-m2-a™)

&2

BT AS [ 1B AL L R A R 2 B (A) P Fh 2 AP (B) I 52 (CE I (B AR HE 1R 22) o BRI 3R U7 22 43 1T, Duncan’s

% LB APAL I 2 RAPHT, AP IR 5 (P < 0.05) A NPE, DU INRONIESE AR, P ph 3 Lt A7 ol
SEAG TR E =R BB IE) NS, p> 0.05; *, p< 0.05; **, p<0.01; *** p<0.001.EDG, #FiE{LH; MDG,

R H; SDG, =BG EHY.

Fig. 2 Effects of nitrogen addition on plant species richness (A) and species diversity (B) at different degraded grasslands (mean +
SE). The letters indicted significant differences in Duncan’s multiple (p < 0.05) range tests based on one-way ANOVA; NS indicates
non-significant (p > 0.05). For each site, regression confidents were estimated based on linear models with nitrogen treatment as the
independent variables (species richness = Intercept + slope X nitrogen addition amount). NS, p> 0.05; *, p < 0.05; **, p < 0.01; ***,
p<0.001. EDG, extremely degraded grassland; MDG, moderately degraded grassland; SDG, severely degraded grassland.

etal., 2015, 2016; Niu et al., 2017)—%k, {HH 07
AR PR PR AL B A BT 22 57 o FRATT A S0 5 SRR A
7EH AN R AL, S IR A L, A g
TR e REG AR R F L, FIR AT
(125 )8 RECS KRR L, BAE R nEe6). RIfEH
5 R EE PR R A B, G D B R B A R R AR A
B EAGIRRIGE N, AT YR LERARE@ R, )L

IZREF SN BEVE N R AR B (2 BB RS
(1) EE BA A P 3 o, S50f — e 55 4 BB T A0 T 55 35 1)
YRR g, N BEAR T PRl 2 FE 1 (2R AR E A,
2010). MIFEM BRI EL L, ThERERE 2 IAVRE AR Y = P
ANX R BT S0, AR TR BEIR SR U
—3, Rk, PR 2 REE A R AR AR RN
(et s B AR, R, R AL R AR B
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RASINHEZ Nitrogen addition rate (g'm2-a™")

E3  HIRIIA A IR R AL B e T B AR i B AR (A) M AR S LR (B R R CE I AR AL 1R ). BT
Z253 M7+ Duncan’sZ B LU AT AL EEIA) 22 5 AT, AR FRERORZER T (p<0.05). BN, DIRRNINE NESA &, Xib
LAY EAT FNASHU G _E A E=EEE R ERINE) . *, p<0.05; **, p< 0.01; *** p<0.001. EDG, #%/EiE L5 H;

MDG, iRk SDG, FEIRLEH,

Fig. 3 Effects of nitrogen addition on aboveground biomass (A) and aboveground biomass response ratio (B) at different degraded
communities (mean + SE). The letters indicate significantly different in Duncan’s multiple (p < 0.05) range tests from one-way
ANOVA. For each site, regression coefficients were estimated by using a linear model with N treatment as the independent variable
(aboveground biomass = intercept + slope X nitrogen addition amount). *, p < 0.05; ** p < 0.01; *** p < 0.001. EDG, extremely
degraded grassland; MDG, moderately degraded grassland; SDG, severely degraded grassland.

i FEHIN(Z160%), #Ev& T2 W0Fh L 8D B 58
40 #](Hautier et al., 2009; Ren et al., 2010), F(f#
—LLY R g, M BEAR T W0 Fh 2 0648, T AEAR
BACE M, BEAAER I B oAk, (Hi
TR A ™ E, VR I 55 FE AR RIR(£940%),
T A=K B2 G BR ) ) 52 A PR, DRI P v 22 1 4 3
AR PR, 6 BTIE 5E 4 T RE A& S NS e
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3 FEASINAEEL. BB LA S A8 BAE IR AN R DR A b ARV B HAETHEVE M AR R BT o LLA (o) M BLER] 35 75 22 43 Wt
Table 3 Results of two-way ANOVA on the effects of nitrogen (N)-treatment and degradation type on aboveground biomass of plant functional groups and
their proportions of the community aboveground biomass

Wi . Response R Term df F p
ARHAEY)E Grass biomass DT 2 11.70 <0.001
N 5 11.76 <0.001
DT xN 10 0.72 0.696
RELF 4 Grass percentage (%) DT 2 12.70 <0.001
N 5 7.34 <0.001
DT xN 10 0.81 0.616
HREAYE Forb biomass DT 2 28.28 <0.001
N 5 1.13 0.358
DT xN 10 1.35 0.238
ZISEH 43 Forb percentage (%) DT 2 12.35 <0.001
N 5 7.01 <0.001
DT xN 10 0.80 0.738

DT, iBEE N, FALH. IR RoR B R

DT, degradation type; N, nitrogen treatment. Bold numbers indicate significant contributions to the total variation.
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RGBS IALPE Nitrogen addition treatment (g-m- a™)
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Fig. 4 Change in aboveground biomass (mean + SE) with nitrogen addition on aboveground biomass by plant function groups under
three levels of degraded grassland. The different letters indicate significant differences in Duncan’s multiple (p < 0.05) range tests
from one-way ANOVA, NS indicates non-significant (p > 0.05). EDG, extremely degraded grassland; MDG, moderately degraded
grassland; SDG; severely degraded grassland.
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Fig. 5 Proportion of aboveground biomass in the total biomass varied with nitrogen addition, plant functional groups (grass vs forb),
and degradation level (mean + SE). The different letters indicate the significant difference from the Duncan’s multiple (p < 0.05)
range tests (one-way ANOVA). EDG, extremely degraded grassland; MDG, moderately degraded grassland; SDG, severely degraded
grassland.
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Fig. 6 Change in Gini coefficiesed on the asymmetry of plant functional groups height with nitrogen addition rate at grasslands
under three different levels of degradations (mean + SE). EDG, extremely degraded grassland; MDG, moderately degraded grassland;
SDG, severely degraded grassland.
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