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Response of plant community structure and its stability to water and nitrogen

addition in desert grassland
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Abstract; Desert grassland is predicted to be responsive to global climate change, such as increased atmospheric nitrogen
deposition and precipitation. The structure, function and stability of plant community in desert grassland are often directly
and indirectly affected by increased nitrogen deposition and precipitation. However, the response mechanism of plant
community structure and stability in desert grassland to increase nitrogen deposition and precipitation are still not clear. We
conducted the field experiments with water and nitrogen addition in desert grassland of Ningxia, China. We assessed the
effects of increased atmospheric nitrogen deposition and precipitation on the plant community structure, species diversity and
the plant community stability. The field experiment was conducted with four treatments, including control ( CK), water

addition (W), nitrogen addition (N), and water addition +nitrogen addition ( W+N). We found that; (1) the plant
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community structure and aboveground biomass were effected significantly by water and nitrogen addition in desert grassland,
but the plant community stability were not changed significantly (P>0.05). The plant aboveground biomass of Leguminosae
and Gramineae were increased significantly by water addition (101.3% and 57.9%) (P <0.05). The coverage and
aboveground biomass of plant community were significantly increased by 43.2% and 112.4% under water and nitrogen
addition together, respectively. Water and nitrogen addition together also significantly increased the coverage (75.5% and
47.3% ) and aboveground biomass (139.3% and 85.7%) of Leguminosae and Gramineae ( P<0.05). Compared with
nitrogen addition, water and nitrogen addition together significantly increased the height, coverage, aboveground biomass of
plant community and different functional groups ( Leguminosae and Gramineae) ( P<0.05). (2) The Pielou index of plant
community was decreased significantly by water addition, nitrogen addition, water and nitrogen addition together (11.7%,
8.7% and 10.2%) (P<0.05). (3) Plant community stability was improved by water addition, water and nitrogen addition
together in desert grassland, while reduced by nitrogen addition. The effect of plant community stability by water addition
was better than that of water and nitrogen addition together. The results indicated that the plant community structure would
be affected by nitrogen deposition and precipitation increment in desert grassland. The positive effects of the increased
precipitation on plant community stability in desert grassland may potentially offset negative effects of nitrogen deposition.
Increased precipitation might lead to the increase of plant community aboveground biomass and plant community stability in

desert grassland.

Key Words: desert grassland; water addition; nitrogen addition; community structure; aboveground biomass;

community stability
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y) FEEGE (20,80 [ YRR EQ BE 00 g s b e, 26 I 32 52 A AR AR R B2 0 AU 5% 45 (20, 80) , R IAAEY)
BRI AR s )2 WBAER A .
AR B K + 38 SR A PEOGE S VR B T RE ) B R R I 5 ) 50N A1) FH ) R BE ( Response ratio, RR) 47
e,
RR =In(X,/X,) = InX, - InX, (10)
AP X X IE X AL BRI R (RR) 1Y 95% EAF X 18] (95% C1) . £ e KT 0 H 95% B A5 X
[ ASEL 4G O, T 3 B A B XS A 400 AR 5 e Pk EL A B 38 TR 000 5 A5 MR R /T 0 HL 95% B A IX RIS B 45 0, N 36
HH b B A P B e M AT B SR, A SR 959% A IX Tl A4 0, W) 3 BH A B M v R e M e i 3
R
1.5 Hdgkb s
K SPSS 19.0 BT B AT G it o M. FHAUR R 75 22 53 H1 (Two-way ANOVA ) B[R 2 7 22 73 Bt
(One-way ANOVA ) X e i R JFAR Y BE VR LS5 FE b AR W0 2R ORI T RERE ( 2 RF RARH R 242
B FHY 2R SR YR E R b A R AT 25 A M . B A R A O R AT I A A A R
FEFTUHERT S . AHIEFE P T A B 35038 A 56, R /N 8 35 1 2 533k (LSD) 2 L A 30 4 ) 22 5 T f
oz 5 & K- =005,

2 ERE5S

2.1 SEIKORISE SN e T SRR A R 1 | 22 A T B A 5

HETK 25 AR VR R R RV ) R A S R A R B M A DL 2 B B RN R ARHE Y 2 S )
T ARG K AR R v B A G R ) e B ELA BB s HAE R (36 1,P<0.05) . SR L, 3K
+ 3 A 38 I R IAE P 5 1 B RS [R) D BR AR ) 5 B ( SR R ARHME 242550 ) (& 1,P<0.05) . 5
X HEAF EE , 387K+ 35 A B e R A W v B B S 4R = T 19.5% (K1 1, P<0.05) , MR AL B R AR Y 2 1
BEREART 16.2% , 97K +34 F A B A YIRS 2 B MR A BHE ) 22 1 43 00 W 38 PR T 15.9% 1 22.1% (1,
P<0.05) .

F1 HAMEENTREEREEMARGEREYSE . SEMEZEZMNTESIT(P)
Table 1 Results of Two-way ANOVA of the effects of water and nitrogen addition on height, abundance and importance value of plant

community and different functional groups in desert grassland (P)

[ 2 PP A
Qbyg Height Abundance Species important value
Treament ek TR RAR IR T R AAR IRAT T AARE kW
Community  Leguminosae ~ Gramineae Forbs Community  Leguminosae ~ Gramineae Forbs Leguminosae ~ Gramineae Forbs
W 0.024 0.043 0.080 0.014 0.088 0.662 0.196 0.043 0.488 0.949 0.634
N 0.768 0.748 0.862 0.715 0.068 0.050 0.013 0.773 0.031 0.921 0.216
WxN 0.025 0.024 0.050 0.077 0.676 0.061 0.808 0.679 0.444 0.663 0.979

W 37K Water addition; N 3% Nitrogen addition

BERACH G R ) B B MR (3R 1, 2,P<0.05) ., UK SRR /K + 3 U FRS R A BHE 4
SEIGIM (18] 2) o 55X R L, 3K RS B AR YR R P A B 15 RRREIR R 14 ) T3 K + 385 EUAd PR A
YIRETE IR T 15 FhENZE 17 Fh (3R 2) o FETE Th AN R AE Xk 498 K R SR04k 3 A o AN — 350, 1K 35 A/
B 7K+ 38 FAEBE 50535 0 ( Oxytropis aciphylla) KV 5 H3k ( Echinops gmelinii ) F1VY 24 ( Allium mongolicum ) 5 2K
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Fig.1 Effects of water and nitrogen addition on height and abundance of plant community and different functional groups in desert

grassland ( Mean+SE)
ARG b R AN R AL B A 1 R I) — Dh RE AR ) (o BE A 22 25 57 1 3% W2 H97K Water addition; N 37 Nitrogen addition

55 HERE  TE EAE KA, B S BRI M B AE ( Lagochilus ilicifolius) FEEABERM (£ 2) .

2.2 HEKORIE U e o AR ) A v i B A = /4=
o ER B RAR o R%H

R
WOk SR B W R S R A DR RE e [ 200 S %]
(SR RARIRIZS ) B30 K SHARTEY B~ [ e % |
BE L RARI AR SRR BN 2 o
(#3,P<0.05), Bk AR BES %1 RAR B B —
FNZ% 2 BOAH W) 55 5 43 ) S 35 B9 N T 43.2% . 75.5% F ; = i - = -

473% (& 3,P<0.05) , HAANFE G RHE Y 25 B 2 T Important value/%

[y 44.69% (161 3,P<0.05) . UKW ERMBIIRERIL ) HK N 0 T R R ) T B B A B A A
SRR AR ORABHEY AR EAEYI M of different functional groups plant in desert grassland
AR (3R 3,P<0.01)  BRARABHEY A1, 157K g

RO A PR EVE M b 2B FUAS [ D) BB A ( 2 RHRN 2280 ) M b b A= ) AT W A8 BAE (3R 3,P<0.05)
B K+ 14 R SATAE D) B v . b 2B Wi | AR R AR ) RN 2 26 BOAR W Ml b 2R e 43 0 B R T
112.4% .50.1% 139.3%F1 85.7% , 34 7K Wb $ it G R FIRASTHE Py b _E- A= 4 853 50 b 235 0 1 101.3% 1 57.9%
(K 3,P<0.05) , A ALH S FAE Y b A i N T 33.3% (18] 3,P<0.05)

R2 HAMEANTRREREMEEYMARREEEENZME

Table 2 Effects of water and nitrogen addition on species composition and importance value of plant community in desert grassland

YIRERE Functional group Y Species CK W N W+N

TR} Leguminosae S HTEE Hedysarum brachypterum 0.118 0.127 0.119 0.109
K AT Lespedeza davurica 0.215 0.203 0.115 0.202
WILMHE Oxytropis racemosa 0.040 0.036 0.026 0.008
W33 Oxytropis aciphylla 0.016 — — —

ARAEL Gramineae BERSTH Cleistogenes squarrosa 0.031 — 0.035 0.040
JAEELSE Stipa breviflora — 0.061 — —
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IfiE#E Functional group  #Fl Species CK w N W+N
K1EHE Stipa bungeana 0.377 0.347 0.375 0.366

ZRHZ Forbs Bl /R BRI UEAE Aster altaicus 0.191 0.170 0.157 0.149
K& Artemisia dalai-lamae 0.168 0.158 0.139 0.172
B Cirsium japonicum — — — 0.019
& Artemisia frigida — — 0.013 0.032
Wik Echinops gmelinii 0.009 — — —
HIRET Gypsophila davurica 0.310 0.321 0.324 0.380
KM RIBTE Lagochilus ilicifolius 0.090 0.099 0.156 0.097
Z=BR3% Potentilla chinensis — 0.001 0.023 0.025
T3 Polygala tenuifolia 0.040 0.024 — —
HRIRIEIE Convolvulus ammannii — 0.012 — 0.014
6257 Haplophyllum dauricum 0.093 0.109 0.091 0.104
TR Potentilla bifurca 0.057 0.016 0.038 0.011
40 AN Cynanchum hancockianum — — 0.057 0.032
VB2 Allium mongolicum 0.023 — — —
FEBIE Salsola collina — — — 0.006

SRS Total number of species 15 14 14 17

— AR P A AT AR A A

F3 EARMEENEYEENAR R EYEERML EEMER M T ESN
Table 3 Results of Two-way ANOVA of the effects of water and nitrogen addition on coverage and aboveground biomass of plant community

and different functional groups in desert grassland

e #iJE Coverage b AW Aboveground biomass
Treatment  FE Gt RAR KT s i) FAR e
Community Leguminosae Gramineae Forbs Community Leguminosae Gramineae Forbs
W <0.001 0.003 0.001 0.018 <0.001 <0.001 <0.001 0.052
N 0.013 0.001 0.001 0.003 <0.001 0.192 0.001 <0.001
WxN 0.021 0.157 0.008 0.019 0.042 0.004 0.205 0.009

Ock Hw EHN HEW-+N

100 300 -
a
£ 250 |
80+ b E)
= bEAY m?,; 200 |
8 60 a g
o R
5 #HE 150 |
S 40t pb D o F a
i a 2 100 | b
i : a §) a c ¢
20 r b 2 50t
<
0 L L L 0 X o
s =g <2 B o & & = K
S ¥ © 3 2 o
— —

B3 #EAkFERNTEEREREYEER AR EFEYSEND FEY SN
Fig.3 Effects of water and nitrogen addition on coverage and aboveground biomass of plant community and different functional groups in

desert grassland
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Fig.4 Effects of water and nitrogen addition on the percentage of coverage and aboveground biomass of different functional groups in

desert grassland

R0 I K+ A PR AAR T R A X R B B B AN b L A i B TR R B N T R AR 4 X A
%ﬁ%*ﬁ Al AP G STERR (R 4) , BE/KANERIG N T SR ARARHE Y XHE Y S 55 5 A 1A )
I BTRRR , BRAIR T 228 RO ) 0T AR R 5 3 A b A= i 1) T ikoR (L 4)

2.3 BAKCRIE FO e I 5 AR Y S YRR 2 & B Shannon-Wiener F84(F1 Pielou 45 %Y 5 i)

HaK R H A HAE ] B A BETE Pielou 540 ( 35 4,P<0.05) , 3K Ab BRAT W) BETE W) Fl =F &
B, W ARG K+ PR R E R R TR (B 5) o AR BRS AP RE% Shannon-Wiener 5441
HFJ?F%{E.E(IS)O oK YGRS K+ A 3 2 AR T A REVE Pielou $R4X(11.7% .8.7% 1 10.2%) (&
5,P<0.05) .

F4 WBAMBERNTREREMEEDT ZHEERMRE MmN ES T
Table 4 Results of Two-way ANOVA of the effects of water and nitrogen addition on plant community species diversity index and plant

community stability in desert grassland

Ik ¥ /LS Shannon-Wiener 5 %{ Pielou $6 %% TR E T
Treatment Species richness Shannon-Wiener index Pielou index Stability of plant community
W 0.763 0.188 0.010 0.046
N 0.920 0.331 0.141 0.123
WxN 0.275 0.736 0.041 0.782

2.4 RKHIH G FELH SR I R HE R B

HaK B S R RETERA R M (36 4, P<0.05) . 51K AbBRAR H , 10 04 B 5 B R AR T R B R e
(K1 6,P<0.05) . HE/KFNIGIK +34 FUAD PREE =5 T AR BV o M 38 U BRRAIR T AR BEVR R 1 (KT 6)
FEA KRG 7K + 18 AL B A W) B P A A IEAONE , HL 3 /K A B 0 3 v e 50 1 T4 7K + 1 S b B i
A BRXT A YT R e MEA AUV (T 6) o

X R ML A 4R 5 AR AE A AR T 0 (27.22,72.78) (32 5,11 7) , SR BEEFAE 5% 15.(20,80) 19
RiECHEES R 10.21, HE/K RTIE 7K + 38 AL BEAG Fo e ME LA il 2k 5 1146 A0 38 A5 A B 43 A (26,09, 73.91) Al
(26.31,73.69) , STHY &R E 275 15.(20,80) MIBREUIE 253510 8.61 F18.92( 3 5,181 7) , HE/K FIHE K +34
RACFR R RE LG th 4 5 4 A MR IR B3/ IR, 38 RUAGHE A9 RS0 PRI I 26 5 B i 32 i Ak Al
(33.23,66.77) , 3¢ AR AR SAEYIREVE R 5 7% 150 20,80) TR KB R h 18.71 (46 5, [ 7) , KX HRAY KIS
B, Godron FEMES 1CV R TESS R —2, 50T A L, 397K RN 7K + 38 U B8 T R B I oo 1, i
WO R AR TR RE R R E T
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Table 5 Effects of water and nitrogen addition on plant community stability in desert grassland( Godron’ s method )
b3 Ak - S8 A B FC 5
Treatment Fitting curve Intersection coordinates Euclidean distance
CK y=0.0002x>-0.0495x%+3.6606x+5.7778 0.999 (27.22, 72.78) 10.21
W y=0.0002x"—0.0490x” +3.7239x+6.5599 0.999 (26.09, 73.91) 8.61
N »=0.00003x>-0.0180x2 +2.3984x+5.8355 0.999 (33.23, 66.77) 18.71
W+N y=0.0002x"-0.0521x7+3.7794x+6.6792 0.994 (26.31, 73.69) 8.92
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