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The response of vegetation community structure and biomass in Stipa breviflora

desert steppe to water and nitrogen
LI Jing, HONG Mei”, YAN Jin, ZHANG Yu-chen, LIANG Zhi-wei, YE He, GAO Hai-yan,
ZHAO Bayinnamula

Inner Mongolia Key Laboratory of Soil Quality and Nutrient Resource s College of Grassland , Resources and Environment s Inner

Mongolia Agricultural University , Hohhot 010018, China

Abstract: An experiment comprising a factorial combination of three water and four nitrogen levels (12 treat-
ments), laid out in a split plot design, was conducted to understand the effects of precipitation change and ni-
trogen deposition on vegetation community structure and biomass in Stipa breviflora desert steppe in Siziwang
Banner, Inner Mongolia. The main plot treatments were; CK (natural rainfall), W (30% rainfall addition), R
(30% rainfall reduction), while the subplot treatments were 0 (Ny), 30 (N4 ), 50 (N;,), and 100 (Njy) kg
N« ha ' «a'. The results show: 1) The application of water and nitrogen resulted in significant changes in
community composition and species importance values. The R treatment had the lowest number of community

species, and the importance value of dominant species in community was increased. The addition of nitrogen
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resulted in a curve of ‘parabola’ shape for number of species present (i. e. the number of community species
was higher at medium nitrogen application rates than at N, or Ny, ). 2) With increased rate of nitrogen addi-
tion, species richness, Shannon— wiener diversity and Pielou evenness index were initially increased, but de-
creased at higher nitrogen application rates. The maximum values were observed in treatments CK-Ny, , W-Nj,
and R-Nj, in 2016 and 2018, and the lowest value of CK-Ny,, W-Nj,, R-Nj, in the drought year (2017), re-
spectively. The main effects of water, nitrogen and water-nitrogen interaction all have significant effects on the
above three plant diversity indexes (P<C0. 05). 3) Water and nitrogen both stimulated aboveground biomass
increase. Water, nitrogen as well as water and nitrogen interaction have significant effects on aboveground bio-
mass (P<C0.05). The proportion of perennial grasses in the total aboveground biomass was increased by short-
term nitrogen addition, while the percentage of perennial weeds was decreased.

Key words: nitrogen deposition; precipitation variation; desert steppe; community structure; biomass

R K RN DLREAE o R BRI A T IR IR W52 e 5 Bl b A= S R e . B 2B AR R, RS
FUURE AU I I T AE 2050 4RKF) 195 Tg » a2 PR AR G F 747 (100 Tg » a” D, & AU
SRR R B AR DT R 1A RO R R AR A 7 T OB R AR S R G A OR BRAR A R
(7] B o A K ek 7 A RO RE bl e A T I A AR AT AR A I 5 I IBORS i) A A A Al e 17T 2R D12 35 L A R AL T A i
LR 1901 4R LIk B v 243 B2 il 3 10 BBl S g B K i i 50 Rk R TR R T RAES RE B K >
SRR e 7K A S5 A8 Al AN [ RUJE 53 W R 2 B Q2 AR 2 R DR 32 K BRI B e e o U A S R Gt T

PR AR A /D S S AR ) 72 A AR T RE X A 2 R e i AR KRS
TE S A 25 R G UL R A e /K 8 A ok B 52 0 B 4 3R BRTE R B e Vs A b o EI, [ PN b 2 25l 2

— R B K FAR A 0 Wy b 2 R P S i Al T R BRI 5T (B A5 B A 2510 0F A — 2 . Zeng 551 M1 Bai %10 Y
58 #R A R B R NG ML Fh 22 BEVE B AR . Huberty 2577 0 R E B INXT ML 90 Fh ZHEVE O B 5 500 0 A
RTINS BB BN A o 2 R S 2B ST B b — U G R L B R i R R s K S AR
UM A R SCEL L I Hol T A A AR G 2 R P R DX 2 8] Y e K 22 S G S R AR AR AN BE R 1 B
H—MESRGE P,

ST St R R T A R I K X T T e DA k445 A K 22 A M R T 4 R A ARSI S DA A 5l B 22 A T I T
LRI AEST 2 (Stipa breviflora) St HEHIFONBEFER R R TEIK 73 R KoK RS R Tt B85 eI 4540 L W b 22
FEVEFIAE Yy i (R . B4R G LUT Bh o R8T 1) J6 A6 1 5 5 B8 A B e K B IR JR 0 P00 K VAR KRS B A
Qe 52 W) S 95 R DT 7 45 M S 22 R 5 2) K 0 RUER LK GRS CEL O S T IR i A AT TR T 2 BRI A
A AR o IR DR R e I 7R A% Ry 78 P X 8 355 2 D A 285 2R 0 ) S T L 30 6 T 8 2 D A 2 R e 4R AR L 2 0 A
PHOOE R S B AT RS R

1 MBR5FE

1.1 AR XA

TG XA N 52l 5 24 S0 T DU AR S R U R A S R G P AR 2R 0 i b, M B A BR Ry 111°53
E,41°47" N 1450 m, J& TR T 5 2 152 KB M 2 KRR XL AT B R K B8 280 mm, EZEPAE 6—9
H B IE R 3.4 °C, 2017 AR AFEREK R AEAH L 2D, BE 7K &8 258. 8 mm, [E/K R ZEFLE 6.7.10 A,
SRR AR LA BT BT AR 5. 65 °C (B 1) 1R 6 DX b 7 4 B4 2 0 A0 B 356 7 0 5 I, A ) b %
A, ERARIBFA AL R B 7 (Cleistogenes songorica) ,
1.2 K%t

R T 2015 4 12 A FEFEML FIAS N HEAT . SR 2 X331, B X R 3 /KA Ab 3, 43 51l 02 [ SR B K (CKO L3 K
30 %6 (W) R K 30 %6 (R) Rl IX Ry 4 ANE R ARHL, 435102 0 (Ny) .30 (Ny) .50 (Ngy) 100 (Nygo) kg N hm * -
a P ORELE RADTRE R ) 3 12 S0 B, B X4 PR (CK-N, ) L H AR K it %0 30 kg N« hm 2« a ' (CK-Ny ). H



40 ACTA PRATACULTURAE SINICA(2020) Vol. 29,No. 9

SRFEKHE 50 kg N« hm# « a” ' (CK-N5,) . A AR K 100 kg N« hm ? « a™ ' (CK-Nyoo ) 3§ 7K ANt 26 (W-
No) KA 30 kg N« hm? « a ' (W-Nyo ) KA 50 kg N+ hm* « a ' (W-Ngo) Kl %0 100 kg N -
hm ™ « 2" (W-Njo0) BB A (R-No ) Il Kt %L 30 kg N« hm ™« a” ' (R-Nyo) (Il K il & 50 kg N« hm™*
a” " (R-Ny) Jd /K i &l 100 kg N« hm™* « a” ' (R-Nyoo) . KK M ERAE 5—8 A 1—3 H AT, il 1 X 572
LD 22 AT 19 5 7K 00 I R R TN A SR [ K ek 89 A B L SN A0 5 4 5 A (18,4200 .6 H (17,0000 .7 A
(28.3%6) .8 H (36. 300)F X[ /K EEAY 3096, Uil K 12 580 380 o Yl 7K 248 i 2 24 3t 4F - 2 B K Bk 9 30 964 Ik 2 ph 2%k
11t S0 5 3 AR R A o ST g A AR o /N DX TR BRI 30 20 3K B UK 30 26 . AR 4 AR b DX 0T R 15 10 R A 3 B
JSE RIS I3 2 2% [l s L [ S AF 5 9 Ak B 5325 it 0 Ak B 0 R 20 k40 5 /N XA PR 5 (NTHL N O ) it FH 2, O 17 ST
AE 1 500 2R AR AR A KR FR (5 — 9 FID B — U0 A 45 /N X4 Uit FH il 7 4 A9 B 7 T 30 LK P (FE B K Ab B2
JE O AL RN L ARAE K (10 A — B4 4 D R A R/ PO AU 5 £ (AR <72 mm) #ZIE
EH 1 s 10 FRAMR AT AR TC AU ISR i J7 SR RO . i3 3 12 A Ab B 3 el &L 363 T 36 MR L B
AN 7 mX 7 m=49 m?*, H/NXEBE 2 m BB .

[\*]

(=

(=)
(%)
(=)

1 /% 7K & Precipitation —o— i f Temperature

g =
= 20 8
5 150 -
: 102
‘e 100 f 0 o
S o
o 1-10 §
A 50 B —
: L genll IR
% L .ﬂ ...... Micy o n.ﬂ.l'l.”. AT .ﬂ ....... ”.”.I’I ..... n I[g
& 0 -30
1234567 891011121 23 4567 891011121 23 456 7 8 9101112
2016 2017 2018
4y Year

1 3EREBEMEXDE

Fig. 1 The temperature and precipitation patterns in three years
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Table 1 Effects of water and nitrogen addition on important value of different

population in S. breviflora desert steppe in different years

H ¥ {H Important value

AR inemt A 21 B
W CK R
Year Functional groups Species composition
No Nz Nso Nigw N Nz Nyg Nigg  No Nz Nso Nigo
— AR A Y Annual  HIZE C. aristatum - — - - - — 0.05 0.01 — — — —
and biennial plants WEIES. collina 0.11 0.10 0.09 0.07 — 0.07 — 0.12 0.11 — 0.12 0.06
Wek#H C. glaucum — — 0.12 — — — — — — — — 0.13
W A, scoparia 0.08 0.05 — 0.08 0.07 0.09 0.08 — — 0.12 0.09 0.08
ZAEE JR B Perennial weeds A N. pectinata — 0.15 0.11 0.11 0.16 0.09 0.10 0.13 0.15 0.11 0.11 0.13
HWIKIEAE C. ammannii 0.05 0.05 — — — — — — — - — -
B RZEMEAE H. altaicus — — — — — — - 0.05 — — — —
2016 B C. tristachya — — — - 0.02 — 0.11 0.09 — —  0.30 0.11
ZAEHE R Perennial grass  BAE4E S S, breviflora 0.21 0.19 0.20 0.24 0.23 0.20 0.24 0.24 0.25 0.27 0.20 0.19
BT C. songorica  0.13 0.09 0.14 0.11 0.11 0.12 0.08 0.13 0.10 0.11 0.90 0.10
LGNS S, krylovii 0.13 0.09 — 0.09 0.09 0.10 — — 0.13 0.11 0.07 —
ZlrdE A mongolicum —  0.04 0.03 — - 0.04 — — — — - 0.04
gtk A, tenuissimum 0.03 — — 0.04 0.03 — 0.05 — 0.04 0.06 0.03 0.04
BHEAR NEFE K Semi- B AL frigida — - 0.04 — 009 — — — — — — —
shrub and undershrub KUK K. prostrata 0.06 0.08 0.09 0.11 0.08 0.08 0.09 0.07 0.07 0.07 0.06 —
— T AE A MY Annual  HEBE A, scoparia 0.27 0.1 — 010 — 0.13 0.16 — — — — —
and biennial plants
ZAE A 2 B Perennial weeds 8 KEAE C. ammannii — 0.11 — 0.09 — — — — — — — —
ZAEHE R K Perennial grass  BAE4E S S, breviflora 0.51 0.32 0.27 0.30 0.42 0.48 0.62 0.47 0.60 0.59 0.65 0.58
2017 T T8 C. songorica  —  0.10 0.16 0.12 0.06 0.13 0.08 0.07 — —  — 0.10
W REF S S, krylovii 0.20 — 0.11 0.13 — 0.24 0.27 — 0.15 0.18 0.18 —
ik A, mongolicum 0.05 0.04 0.07 - - — — — — — — —
RN E R Semi- KMk K. prostrata 0.05 0.09 0.10 0.14 0.15 0.12 0.22 0.15 0.19 0.17 —  0.20
shrub and undershrub
VAR MY Annual - HIZE C.oaristatum 0.15 0.10 0.12 0.12 0.10 0.05 0.06 0.10 0.05 0.06 0.10 0.05
and biennial plants WEBHS. collina — - 003 — — — — - 001 — — -
KERZE C. laucum 0.13 0.15 0.11 0.19 0.08 0.11 0.09 0.08 0.06 0.07 0.11 0.10
WEHE A. scoparia 0.29 0.12 0.24 0.21 0.06 0.18 0.12 0.06 0.02 0.01 0.05 0.10
Z A JR B Perennial weeds il N. pectinata 0.03 0.09 0.06 0.08 0.04 0.03 0.02 0.04 0.05 — 0.07 0.27
WIKBETE C. ammannii 0.03 0.03 0.04 0.08 — 003 — 0.11 0.05 0.06 0.01 0.03
AR R H Perennial grass  SAEE 3 S. breviflora 0.17 0.20 0.24 0.23 0.24 0.22 0.20 0.22 0.27 0.23 0.24 0.26
TR T C. osongorica  0.13  0.15 0.14 0.10 0.12 0.14 0.15 0.13 0.10 0.13 0.13 0.09
2018 TICE S S, krylovii 0.12 0.09 — 012 — 008 — 0.09 — — — —
FitrdE A, mongolicum 0.04 — 0.06 — 0.04 0.06 0.06 0.04 — 0.07 0.07 —
gtk A, renuissimum 0.05 0.04 — — 0.05 0.04 0.05 0.05 0.07 — 0.06 —
EFEAR N EFE KR Semi- BE A, frigida - 0.09 — — — —  0.05 — 0.0l 0.06 — —
shrub and undershrub ARHR K. prostrata 0.06 0.06 — 0.11 0.08 0.04 0.07 0.08 — 0.13 0.11 0.09
Bt 438 )L Caragana 0.02 — — — — — — — — — 0.05 0.05
stenophylla
NSRS )L Caragana — 0.03 — — — — 0. 04 — — — — —

microphylla

W Hi7K 30%;CK: A SRR K REK 30%, T, “— 728 % A8 P 76 40 Bl b R B,
Note: W: 30% rainfall addition; CK: Natural rainfall; R: 30% rainfall reduction, the same below. “—" means that the plant did not appear in the

treatment.
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Fig 2 Effects of water and nitrogen additions on species richness, Shannon— wiener

index and Pielou evenness index in different years
W 7K 302 ;CK: HRREIK s R:I8K 30% . ARNFKRE F 8RR [ — 7K 40 b 38 TR [6] & %K F- 7] 22 57 8 3 (P<<0. 05) , N F/NE T BE R 7] — &
MR SR 7K 434 B ] 22 5 8 2 (P<<0.05), FlRl, W: 30% rainfall addition; CK: Natural rainfall; R: 30% rainfall reduction. Different capital

letters showed significant difference among different nitrogen levels under the same water treatment (P<C0. 05), different small letters showed sig-

nificant difference among different water treatments under the same nitrogen treatment (P<C0. 05), the same below.

PIbE A A RN 3G 2 oK. 2R R
W Bl LR AR P A B R CKLUR R & A
RS INAE W A DN A AR B A e P
o7 LU B AR IS 3 2 g s . M AR IR
T H£ 0 RBAHY Ay Y E W>CK>R,
2017 J& T F4E 0y 25 U RERE L W A= W) i B A . HE VR
M b AW B AEAEBRE) (2016, 2018 4F) LW i 2 &,
HEFEA IR 2 ERFE YRR E FAAY
b LA AL AR A A R AR Y hE S R M b R
YRR LI 9. 78 %0 NRER 3.58 %, ZAEAE R KA
Yy AERE T b b S AR W R 0 7 EE N 63,75 06 3 i F]

F2 KEFMWEEERYHSHEEZWARNERZFTEDN
Table 2 Two way analysis of variance for the effects of water and

nitrogen addition on species diversity in desert steppe communities

£ an Kb AR KELE
Index Water Nitrogen WaterX

treatment treatment nitrogen

Y Fh £ & B Species richness 71.39"* 7.24"" 2.36"
ZFEPEFE 80 Shannon-wiener index 233.55* " 28,48 4. 87"

5] BE$8 %L Pielou evenness index  37.94* " 5.09" " 3.38" "

“x VRRBEZEF (P<0.05) 4 % x TRIR B E % F (P<<0.0D),
TR, “*” means significant difference (P<C0.05), “ % * ” means ex-

tremely significant difference (P<C0.01), the same below.
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Fig.3 Effects of water and nitrogen additions on total aboveground biomass in different years
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Fig. 4 Effect of water and nitrogen addition on biomass of functional plants in different years
A:— ZAEAHEY) Annual and biennial plants; B: £ 4542 22 5% Perennial weeds; C: £ 4542 R EL Perennial grass; D: 2B #E AR /N2 HE R Semi-shrub and

undershrub.
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Table 3 Two way analysis of variance for the effects of water and nitrogen addition on biomass in desert grassland communities

T 3 E7/h — AR Y ZARE ZARERE A N A
Varintion source Biomass Annual and biennial plants Perennial weeds  Perennial grass Semi-shrub and undershrub
IK S AE 3 Water treatment 265.87" " 88.51" 107.39" * 100. 47" * 13.33" "
A ZE AL FE Nitrogen treatment  69. 45" * 27.89"* 3.91%" 50.10" * 6.18" "
JK A 3¢ H Water X nitrogen 8.83%” 2.54" 4,37% " 2.33" 5.92% "

68. 30 % »HTE 2017 4F , 2P FEAR /N HE R A W AT 2016 F1 2018 e (B 4) 0 i T B /K 045 il 6 A=
Y R, I T T K E RN E 00, S5RETH KD AR USKA BN EAE RS iy Ea
2R (P<<0. 05) , Horb K 40 & BB R G F (£ 3) .
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